WO 2010/ 065674PCT/ U52009/ 066459 | NHI BI TORS OF HCV NS5A
Statenent of Related Applications [0001] This application clains the benefit
of U S. pwowvoaiwheak applications 61/119,723 filed Dec. PCIOGR0098864573, 590
and 61/214,881 filed April 28, 2009; and 61/182,958 and 61/182,952 fil ed
June 1, 2009. Field of the Invention [0002] The invention relates to
conpounds useful for inhibiting hepatitis Cvirus ("HCV') replication,
particularly functions of the non-structural 5A ("NS5A") protein of HCV.
Background of the Invention NFIRPBOHSOFHE@VNSXN e- st randed RNA virus that
is a menber of the Flaviviridae famly. The virus shows extensive genetic
het erogeneity as there are currently seven identified genotypes and nore

t han 50 |degzhlhgﬂ:§qgnﬁggi> h&nﬁ _infected_ce!ls, vi ral RNA is transl ated
into a pol pru%ern4¥hai—rs—gpeave§§ nto ten individual proteins. At the

am no re truct r.al rot he core . (C

omvor olBdl} Ve ol Sttty gRSha T UL oSy iRl Boda i

f ol | owpekl 3, anoi: 52/17&@9() hn@aatwg&t filed &pal 28 8()89 m@ﬂﬁﬂl@ﬂ@b’&lﬁﬁi 61m82£915|2ns,

NS2, NS3, NS4A,  NS4B, NS5A and NS5B, whi ch play a functional role in the

Hov | fkedlirel.3%8e ~ for exanpl e, Lindenbach, B.D. and C.M Rice, Nature.
436: 933- 938 i A9 OP e ThOQRAL! Nfection by HCV is a serious health issue. It is

estimated that 170 mITion people worldw de are chronically infected with
HCV. Hg%d gf ect i ORLEAR hERFrclaR qm&ﬁ;&&mgv&%hptfmnhlsm gmgﬁatﬁlsdmgf failure
and hepatocel | ul ar carci nona. ronlc H I nfection | us a nmj or

morldmﬂﬂécvéngmhcﬂmmjNﬂhmﬂabamedmmseﬁ@tmp&sanUEJ5AYﬂﬂ$ﬁOD$ﬁﬁheoﬁHé@ént
standard of _care trea qi [egi men for HCV infection invol ves
|nterferon-gﬁgﬁ%;—%ﬁghﬂf—8¥l¥ﬂLconblnatlon with ribavirin. The treatnent is
cunber an meti.res has |tat|n and e.e many
ot et b i CHT A BPg EABaRSHIb i lihris Arentist s bita E b PadddedShiber Rto. of
treat i RgutkRwskRativOBerRtiehet@8aditY ab BREACHe curlhiREVnAfcrtified b b oRd
100061Essential features of the NSHA protein of HCV make it an ideal target

for i ni®E thep S0 idenBfipd wbbipes. dinsléfP‘églafre@te@lé@br Vi &N bl teegslatsel it@Apounds
targeti t nfection
in hu Ggpkﬁggggﬁéﬁ%%ggf%@%éﬁ?ﬁﬂ@?Qﬂggﬁggﬁn shé?&?gﬁﬁﬁPh&ﬁﬂéggggggV|ded
(Ra), Rfotehertkd core &) prstemeind clicethvEloparglybeprgemuE lconldis ti/ngn oftegsalngl e bond,

() RS/ ie TR A ey 1 g BTGB gt by bl e, N2,

-(CR2) NSN( RShi\: GROB; MﬁN}mdmpwhlch f)@%)fﬂ{ﬂcﬂ@ﬁﬁ)rolen{ RV lifecycle. (see,

-(CR2)"-N(RN) - S O)k N(Flh% kf _% - Z1X1 ¢(0) - 0- (CR2) p-
and a HetEpmaleylinderhagh.dbPetdde &?ﬁs%@”@ﬂéﬁﬁ% A8i X0Phg of X1 X1 is CH2,
NH, O or S, Y1, Y2 and Z1 are each independently CHor N, X2 is NH 0 or S
Vis - @4gH-InfectipploHICV. inaeptious hediipipsux & iNestinatsdthet 1 79millisarsppica and b
are n t not both

' "SREROREMLS Yooy oo ruthED. TS REEHIoRTat NAY (PR, RerBl,

|ndepemdém$an@pﬁnmnahmywpmbsﬂthbadmmmhhChnmuﬂECWhu@ansﬁMasmemménon1the

roup con of ..hal o , halogen, Cl to Cl12 allcyl, Cl
oo, e %ﬁof%&{e %ﬂ@fﬁ%&%l@?%%wm aryl, heteroaryl, aral Kyl

al koxy, al koxygcar bon car bano u ted sul onyI

sul foné?@ sul ﬁ’é‘?ﬁeétes a&ﬁarléaoﬁ‘q %&9 treﬁﬂéenhfeﬁ%%@’etﬁépﬁ flngqce%mvo V6t t he

het er oaki¥ifergh-Alha M EhcCSCH cbRERRENTR A kivaalh | Ratchimy Rubhibbisedlc Whd h a
substituent selected fromthe group consisting of -OH, Cl1 to Cl12 alkyl, C1

t o Cl12 spractenesdiak debilitafing ad seypre sidecéfeefe yod manyapagients demet ¢aplly respend Ry |
al koxy nyl ,
sul f ongﬁe%ﬁgyﬁ% P Ig(pn%érfﬁcd% El%?l#d ﬁ%ﬁle I né}elgge%gpé %ﬂe%&’%e%% ﬁ%‘édeQ c and d
are independently 1 or 2, n and p are independently 0, 1, 2 or 3 k is O,
1, or 2, each Ris independently selected fromthe group consisting of
hydr ogen, hal ogen, -OH, -CN, -NO2, halogen, C to Cu alkyl, Cl to Cl12
het er oal kyl, cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al koxy,
al koxycar bonyl , al kanoyl, carbanoyl, substituted sul fonyl, sulfonate,

sul fonam de and ami no,



each RN is independently selected fromthe group consisting of hydrogen,
-OH, Cl to C12 alkyl, C1L to C12 heteroal kyl, cycloalicyl, heterocycle,
aryl , hetwocarolese7ar al kyl , al koxy, al koxycarbonyl, al kaReflys2ernbeivy|
substituted sul fonyl, sulfonate and sul fonam de, and wherein B may be
attached to either side of A so that in the exanple of A being HN, the
WB-A can be B and B' are each independently a 4- to 8-nenbered ring
that is an aryl, heteroaryl, cycloal kyl, or heterocycle, wherein each
hetero atomsuh{m eggmlnvkﬁlélpdependently N, 0 or S and wherein at | east
one of B or s aromatic, each fr is independently selected fromthe
group (E?UD%F st 'lfkg Rfar fBburcs GNthe N J&?éll?gﬁﬂCV%aktth £nlid ﬁlt'ﬁgét GhhibRos12
het er oal ky cyc oal kyl, heterocycP eteroaryf ar al ﬁ ? koxy,
al koxydae bmsyﬂt disglokemdydcribess da&mf IchBdes largetiog tsuN$ Dhytofeig @nhd mn@més

sul f onagpi,de an B' is not aromatic, it may al so be
substi tuhgdl\ﬁfgohtreg%]ggg'm?%n%n oxomangch ris |ndependently 0, 1,2 or 3; Wis

i ndepe Iy eI cted ron1 tzil.zl-X Cy_r xI y2 N

X20y. xg&ﬁﬁ d&‘s) fer&i‘slfx‘i’cf §§°r éﬁna@prOWB%eun X is CH2, NH, 0 or
S, Y1, Y2 and Z1 are each |no,gendently CHor N X2is NH Oor S, Vis

- CHz2- Gﬂ- -CH CH, -NCH, (0 -N(RN)- (CH2) b- or -(CH2),-0-(CH2)r,
wherein a and b are indepeno--tly 0O, 1, 2, or 3 with the proviso that a and
b are not both O, optiongfly iNcludes 1 or 2 nitrogens as heteroatons on
the phenyl WRS optj¥hatty substituted with one or nore substituents
sclected fromthe™Ngfoup co ng of-OH, -CN, -NO2, halogen, Cl to Cl2

al kyl, Cl1 to Cl2 heteroallfcyl, .ycloallcylReheterocycle, aryl, heteroaryl,
aral kyl, al koxy, koxycarboﬁyl oy, carbanoyl, substituted

sul fonyl, sul fopafeXsul fodagigé and amio, Wand ring B can be connected
t hr ough elther a carbdn or a|nitrogen atpmon B, and Cy is a nonocyclic,
bicyclic or tricyclic 5- to ( -nenbered/d al | cyl, heterocycle, aryl
group or heteroaryl group wheréin up hree heteroatons are i ndependently
N, Sor 0 and which is optionally substltuted‘WW¥%nbne or nore substituents

sel ected fr Cl to Cl12
al kyl , ClAtlggacl%L% fgdt;rg;ﬂge ?84;}?&&%{;{3 ‘%IE et e ocg Fgﬁ)ag@lgﬁqp "het eroaryl,

ar ﬂ kyl : al kOB —Q—@Qﬁagm%FN(& )k@iﬁwﬂ—, ~6@ER DAY - NRID S GthlgE;ed s gl f;)lnyl
sul fonat e, n i s i ndependen

sel ected fro‘#%ﬁ‘e%g@g?\gﬁn) ﬁ@ﬁ%h ngﬁgz? I%ergg%)nﬁ?%ﬁ) E%ﬁ@ >al kyl lOCl to Cg
het er oal kyl «(@ERAI-KYD)-@GCR,)4-, {CR J=NIRIPSICHAN(R Mg( ORt) £ Andre(CROR, - NYRSF)oaI kyl,

het erocycl e, heteroaryl or aryl, wherein, each hetero atom if present IS
i ndependently N, 0 or S. each of Re, Rd, Re and Rf may optionall

substituted C8 al kyl , C1t0C8hete oal kyl, aral k - to 8-
menbered ri f;g%bﬂ%_é{:lﬁ%?ﬂ/ %@%@P%ﬁ K9¥D Sellfé’feé]r%ﬁ?lg}e)e/gro%‘ioé‘?%%‘?gf?foor aryl> and

wherein each heteroatom if preseng, |ndepe2ndently N, S Re and Rd
are opti onal >fO| ned 0@\[2 aJ( t| t at eroc ch IS
optionally f o ang - 108 ere ocy Ié teroaryl
ring, and Ré and Rf are optlorvallyjomedto orma 4~ tJd 8-nenbered

het erocycl e whigh 4 s opt i qnalrh fused ot her 3 gg menber ed
het er ocycl e-e</ h@t e oar-)4</r Y agd_ggj‘&gac dent |y carbon or
nitrogen; and % ar e(2 ndent xy sel téd group consi sting

of hydrogen, Cl to C8 ’al kyl, Cl to C8 heteroal kyl, cycI oaI kyl, heterocycle,

aryl, heteroaryl, aralkyl, 1-3 am no aC| ch
-[ U-(CR42) t - NRB= 42 ]U-ZU— CRZ,IVZ)tz1 42)t €R42)t-R8, and
-[ U (CR42) t “NRg- 2)d/1\ 42 42)t- 8in, WO

20101065674PCT/ US 09/ 0664

2
O X
d and O wherein:



Uis selected fromthe group consisting of -C(0)-, -C(S)- and -S(0)2-, each
R4. R5 and R7 is independently selected fromthe group consisting of

hydr ogen,wG@RotiwesS84al kyl , C1 to C8 heteroal kyl, cycl oal lPgIr/UsShemdreisycl e,
aryl, heteroatyl and aralkyl, R8 is selected fromthe group consisting of
hydrogen, Cl to C8 alkyl, Cl1 to C8 heteroal kyl, cycloal kyl, heterocycle,
aryl, heteroaryl, aralkyl, -C(0)-R81, -C(S)-R81, -C(0)-0-R81, -C(0)-N R812,
-S(0)2-R81 and -S(0)2-N-R812, wherein each R81 is independently chosen from
t he group con5|§tisqg{ofg}hyﬂ(;rcggen, Cl to C8 alkyl, C1 to C8 heteroal kyl,

cycl oal kyl , het erocyc e, aryl, heteroaryl and aral kyl, optionally, R7 and
R8 t oget her forma 4- rrenbered rin each t is |ndependently o, 1, 2, 3,

or 4, and uis 8, Y, anélz ﬂméllnﬁelﬁng‘?fﬁ@tc%ﬁbﬂdl nent of the first aspect, A
is selected fromthe group consisting of a si ngle bond, -(CR2)1-0-(CR2)p-,
-(OR2) - NCRN - (GRa N, 00£§R2)1 C(0) - N(RN) - (CR2) p

-(CR2) 11-N(RN) - C(0) - N(RN) - (CR2) p- and - (CR2) n- N(RN) C(0)-0-(CR2)p- and a
heteroaryl 1--Y1lzi- X1Y2 yl X2 group selected frogmthe group consisting of
V2 xo-mr e and YooooHs e SeHoRH- oRbod neRtbNRAE (s r algeot0: s

e T " SR AP R  eat 0 M st SR st o

a third enbodi nentmotdtotl e first aspect, Re, Rd, Re and Rl are each

i ndependently selected fromthe group consisting of: hydrogen, G to C8
alkyl and G to C8 hetgeroallcyl, wherein, each hetero atom if present, is
i ndependently N, O l$zand Rd are optionally joined to forma 4- to

8- menber ed het emg%/zﬁ\ch is optionally fused to another 3- to 6-
nmenber ed heterocy anxt”Re opfichaRy irtl@lcOPlot 2Ratdo¥ny RindRebdtdmd @f thea 4- to
8- menber ed het eroc%/cl e which 1s optionally fused to another 3- to 6-

menber ed heterocy?® eyl 19641i n a fourth enbodi nent of the first aspect, Re
and Rd or Re and Rare optionally joined to forma 4- to 8-nenbered

het erocycl e whi gh ch@o&%ﬂtﬁ’é’l@étér&f r%l-’g?@ﬁip 5@ cBhNG endent! ?Qﬁpﬁon RBgtiaded

het erocycl e. 100121in a fifth odiment of the firs aspec Re and Rd are
joined and form a“h@ltaeﬂrub@y@@m seleatierbiomithreroymeansistied efdrabagen.r- -OH.+GY, group

consisting of \-- 040 SpL4AP 6 028
2 uheroi n RN i s 5ol QerBER Y ¥ BELS Bare e roRh oP Ty A dnseroetfy o

C12 alkyl, G to @ﬂyI Heetrearglahdaikly], alkymj/ m‘ﬂtdxwdrbodyetaﬁ{amylpct?ebanaryyl

het er oaryl arallc H a%{ogy, 1aII 0oX cagfbon 1, c{kanoyl car bam)yl
substituted sul fof S,ltué FORRY SR E U G4 4PH311 n a sixth

enbodi ment of the first aspect, Re and Rjoi ned and forma heterocyclic

fused ring syst@omgrlgess EhréseNbt the hge@ufy! ganpiatd dadlg irdtpendeiBr @itidndRY 1 S
sel ected fromthe oup consisting of hydrogen, -OH, Cl to Cl2 alkyl, G to
C12 heteroal kyl , @@Fi&l&q%\yﬁh a ﬁétsgwéwéleéted érpgn the geopp comisfing of Qi Gito,

al koxy, al koxycar ‘@QJ‘Mir%yl @l {oc@l (BWeroaﬂ(g'i ngent 1, ﬁ%{%%?ctlé’tagq lﬁeltgr{zl hralkyl

sul fonat e and sul fona 1411 n ment” of t first
aspect, B and B' wbgay, h@foxvsurb@iyé@ﬂ@dosﬂr ambaniry L, Xubstigutedsulfyitl qulfohate
and sulfonamide,
a and b are independently 1, 2, or 3.
¢ and d are independently 1 or 2,
n and p are independently 0, 1, 2 or 3,

kis 0,1, or2,

cach R is independently selected from the group consisting of hydrogen, halogen,



X-X)i)-()- X (\, XX\ X,, X group consisting of X-X,, x'=x'" ,and X-X wherein
each X is independently Nor Cand if C, my include a hydrogen as
necessar YWoeIwispé7et e t he val ence shell; each X is i nd@E&ABIMII0Ge45N- or
-CH, with the proviso that no nore than two X are -N-; each Y is

i ndependently selected from-CH2-, -NH , -0-, -S-, -C(0)2-, or -S(0)1_2-;
and B and B' attach to the remai nder of the conpound at any avail abl e
attachnment point on the nolecule. WO 20101065674PCT/ US2009/ 066459 -\\

X-X XN, 0015l . L b
XX Ko 117 LO0IGH, A, o Bropd el o, ke, bRl aeRoEbalkR, a0

X-XX=XX -Xo hxveroxyvl,heimeh heteropryy mék%@llgtxm@lwn@r pr@flmllsanpml t he
remai nder of the n nent of the
first aspect, B a%%wbwb ﬁme%l{lsul\fmvl \?9&&3# Bu%@tin &%gl\%gpn ?éjé IXVX X -- X

t X1 X' - KX1=KX*- X 1--. *-1, X-K* -0 X' 1,...
* L., ..." "eacKRN*ls [n(dajc?l}lctmlyaseteemd tﬁroernhogrormpmbnsun‘tlnghéhﬁdrogan e&Iﬂe@lt B

1 * LI |
and B toget her I %o élz alkyl 80( to élz heterogﬁ((ylqucloalg}(/l heterocygﬂe aryl fxleteroaryl

aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl,

sulfonate and sulfonamide, and

wherein B may be attached to either side of A’ so that in the example of A’ being

B and B’ are cach independently a 4- to 8-membered ring that is an aryl, heteroaryl,
cycloalkyl, or heterocycle, wherein each hetero atom, if present, is independently N, O or

S and wherein at least one of B or B’ is aromatic;

each R" is independently selected from the group consisting of -OH, -CN, -NO,, halogen, C,
to Cy alkyl, C; to Ci; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl,
alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate,
sulfonamide and amino; and if B or B’ is not aromatic, it may also be substituted with one

Oor morc 0Xo,

cach r is independently 0, 1, 2 or 3;

N 7 —
W is independently selected from)\ , J\ )\ Yt Y1J\,



*X =X ,X =X, orX =X wherein * indicates attachnment points to the remai nder
of the conpound -wherein no nore than 2 of X are nitrogen. WO
201010656¥0RCI057809/ 066459 [0018] I n an el event h enbodiPEEFALS2e0/066489 f i 1 St
aspect, B and B together is 0 O0,4) ", Sm*-N0O\ 0 "-N\V 0 XX\ X-X 0
"-NO / X%/ X - X, orX -X wherein * indicates attachnment points to the
remai nder of the conpound and RN is selected fromthe group consisting of
hydrogen, -OH, Cl to Cl12 alkyl, Cl to Cl2 heteroal kyl, cycloallcyl,

heterocycle, agyl heteroaryl aralkyl al koxy, al kox carbon |, al kanoyl ,
car banoyl , suQ@t tu ed s sul §) S and am de 19]1n a
twel fLh enbodipet asp—é T‘anﬁ@\ NN
)- X1% S m%wmn |mhc£esauad1 nt “point’'s to t ermml of- t he
conpound and IS §elect on1the [ Oup COﬂShﬁth of hygrogﬁn -OFT, C1
to C12 al kyl, Nfﬂ t ro Ik c clpal y_{ te ocygze la@y_,
het er oar yl , kz alkox Ry *Q
substi t ut ed sul f onyl , sulfonate dnd sul f onani de.
20101065674PCT/ US2009/ 066459 and RN is sel ect ed fron1the p consisting
of hydrogen, CH Ci to Cl2 alkyl, Cl to,Cl2 heteroal ycloalkyl
heterocycle er Yzaralk aljroxy, al ko= -6ny| alkanoyl,
car banoyl , hlﬂ jﬁj st and A . 100211in a
fourt eent h enbédlﬁb |r51 aspelt , B an gePher is NNNNN
N N
2 2 N
1-Y] /Y /Y N
07 e <2, <1
X! , Cy Cy
Y2 N Y2 N
RACHEASEE A LSS
X2 S X2 ~
Cy\’ N Cy\ \and
wherein:

X'is CH,, NH, O or S,
Y!, Y?and Z' are cach independently CH or N,
X’ is NH, O or S,

Vis _CHQ'CHQ', -CH:CH-, -N:CH-, -(CHz)a-N(RN)-(CHz)b- or —(CHz)a-O-(CHz)b-,
wherein a and b are independently 0, 1, 2, or 3 with the proviso that a and b are

not both 0,

V.
O /Z\Yz
x;L\

residue,

optionally includes 1 or 2 nitrogens as heteroatoms on the phenyl

W is optionally substituted with one or more substituents sclected from the group
consisting of -OH, -CN, -NO,, halogen, C; to Cy; alkyl, C; to C;, heteroalkyl,
cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl,



N N *-N orwherein * indicates attachnment points to the remainder of the
conpound and the six-nenbered ring optionally contains one or two

addi ti onaWworntwiws§ens as heteroatons WO 20101065674PCT/ BETAGAHOH66U5D Wi t h
the proviso that the total number of nitrogens in the six-nenbered ring
does not exceed Owherein * indicates attachnment points to the remai nder
of the conpound and the phenyl noiety optionally contains one or two
nitrogens as heteroatons. 100231lin a sixteenth enbodi nent of the first
aspect, B and B'mk%ﬂﬁﬁQﬁﬂmﬁ@ﬁWmﬂﬁﬁm%Q%BH&ﬂﬁwuﬁﬁﬁﬂ@@ﬁﬂ&bnﬁ&iﬁkaﬁH&'0”a||y
contains one or two ni'trogens as heteroatons; and
20101065674PCT/ US2009/ 066459 R i s sel ected fronlthe group conS|st|ng of
hydr ogen, - ®Handzing B’ @pbe gppayected dirough qither yearberoy aairogeayaiqup an fjs|and

het erocycl e, aryl, heteroaryl, aral kyl, al koxy, al koxycarbonyl, al kanoyl,
car banoyl, guyhks} hfoﬁ&%@h@ lﬂlé}@ﬂé/ b trl%WIfcojn% £2- ﬁﬁglbéféhfcg)a@ﬂkﬁehetérg%‘ﬂf] L2
second aspect of the’invention, compounds have fornula X

1002511 n a f|rstg@mbodhﬁen@mbgﬂmhemse@omuwabpebﬂm0@®np@unm§QWa¢eﬁbd?ﬁhla | T

wherein A is _e& n ond ment of the s cond aspect,
conpounds have  8F Rard At 1 peeafS SERAETRAA T T insdy oA e R

i ndependent | y seﬁe&ﬂﬁdg&mpnmﬁhﬁngbbum{pomsFNObngk@E1ahb@ﬂmnﬂbﬂkerm(Lz
-CH2-CH2-, -C H=CH , S, . S(0)1 2-, -CH20-, -CH CH2S(0)1 2- and

- CH2N(RI) -, wher B ok} gycéw@%#eﬁ%ﬁﬁ @Ybﬁaﬁboaaﬁn%rﬁlétf %@3& hydr ogen, Cl
to Cg allcyl, ClafkexfemtdgiicsRaNY, |carb§ﬂ16§l°§iﬂ§ﬁfﬂuted@ﬁif@1{y@Csﬁﬁt@ate ahlfdnamide

het er oaryl , aralkyl alkanoyl al’koxycar bonyl, carbaroyl and substi tuted

sul fonyl . 10027 1pid aminki r d enbodi ment of the second aspect, conpounds have
formula Ha wherein A' N i sHor [0028]In a fourth enbodi nrent of the second

aspect, coURRUNISRNANFR1iO] difsel o the ¥ onafifost 0, )K Xb
IR, . é?lm? ..... - -d-q.{.l?.ng%&dé Q/Sf S PI% g\é P Sonst B|()S-I|§§c§%pend‘ent ly C
or N. to Cs alkyl, C; to Cg heteroalkyl, aralkyl and a 4- to 8- membered ring which may be

cycloalkyl, heterocycle, heteroaryl or aryl, wherein,
cach hetero atom, if present, is independently N, O or S,

cach of R, R, R® and R may optionally be substituted by C; to Cs alkyl, C; to Cg
heteroalkyl, aralkyl, or a 4- to 8- membered ring which may be cycloalkyl,
heterocycle, heteroaryl or aryl and wherein each heteroatom, if present, is

independently N, O or S,

R¢ and R? are optionally joined to form a 4- to 8-membered heterocycle which is

optionally fused to another 3- to 5- membered heterocycle or heteroaryl ring, and

R® and R are optionally joined to form a 4- to 8-membered heterocycle which is

optionally fused to another 3- to 5- membered heterocycle or heteroaryl ring;
Y and Y’ are each independently carbon or nitrogen; and

Z and Z' arc independently selected from the group consisting of hydrogen, C; to Cg alkyl, C,
to Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, 1-3 amino acids,
—[U~(CR*)~NR’-C(R*)].—U~CR*)—NR'<(CR*)~R®, -UH(CR*,)R?, and
—[U~(CR*)NR’~(CR*))iJ~U~CR*)—O—~(CR*))—R?®, wherein,



[0029]In a fifth enbodi nent of the second aspect, conpounds have fornul a
I[1'b wherein A NisorH [0030]In a sixth enbodi nent of the second aspect,
conmpoundswhao®/ded¢7dul a 11c: (Rs), X-XXbr1=Xb ( Xb NXb =PRKENN2¢BRAp45Nher ei n
X and X' are each independently selected fromthe group consisting of a
bond, -CH2-, WO 20101065674PC T/ US2009/ 066459 -CH2-CH2, CHCH, 0, S,
S(O)l 2-, -CH20-, -CH2S-, -CH2S(0)1 2- and -CH2N(RI')-, wherein Rl is chosen
fromthe group conS|st|ng of hydrogen, Cl to C8 al kyl, CI to Cs

het er oal kyl , qy%h%ﬁk%ﬁ%mnhﬁk%ﬁﬁ@%ﬁhﬁun@QXLcaﬁﬁiEéﬁﬁl kyl, al kanoyl,
alkoxycarbonyl car bamoyl and substituted sulfony 100311 n a seventh

enbodi ment of the second aspect, conpounds have fornula |l c wherein
\ A" isHor [0039)Rn %ﬁnéﬁgmlnd@mﬂhéﬁ@cte# fr@rnéhes&rem@pnaebee@f hydegsBunds

have fornmula Iidg Xﬁ@ﬁ 115t Q@gq Yh r Jy nth
enbodi nent of the seco asp§3%1§é% uﬁﬁggﬁ eﬁ) 912%90§%%%£¥|n A e N
WC isorH WO 20460KR65674PCT/ U52009/ 066459 [0034]In a tenth enbodi nent of

t he second aspect, conpounds have formula lie: (Re), Xbd= Xb Xb X and X

oS Sach oL deUL N R SRS ORI 2y 1 fgbond, o2

CH2N(RI ) -, vx/ner ehé’terBhlkyE c;admﬂle}rl Hot@oeyicheagt, memr@qnsarslkylng:(m‘) Ry drogen, Cl1

et or oaryl " ar al KyiS) Rar RO ATRSTEAT BoryP) R e Bhraay b S < B ut e

sul fonyl . 100351&&h@ﬁ1%| Bl de, ﬁ EiBOM tRE glollf cSREARE oft cpraunds
have fornmula Be rN wherelﬁﬁA' 3 0036]Inga ?&elfthggngggﬁﬁgnt of the

second aspect, c@%ﬁb@hﬁgCh@veoﬁmwhmﬂc ajlyyl, heterocyglgdaryd, hetsropryd epsbardlsit | y C or
N.

optionally, R” and R® together form a 4-7 membered ring,
cach t is independently 0, 1, 2, 3, or 4, and
uis 0, 1, or 2.

[0008] In a first embodiment of the first aspect, A’ is selected from the group consisting of a
single bond, «(CR2):—O0—(CR2),—, «(CR2):~N(R™)~(CR2),—, (CR2):~C(0)-N(R™~(CR2),—,
—~(CR2):N(RM-C(O)-N(R™)~(CR2),~ and «(CR,);~N(R™)-C(0)~O—~(CR;),— and a heteroaryl

Z1’Y Z1 X @\

group sclected from the group consisting of )\ X ,

< LA < 4&«1\%{%@2

Yz\j/ Yz\ﬁ/
# X2 ~ X2
O d and OO .

[0009] In a second embodiment of the first aspect, A’ is sclected from the group consisting of

Iy g -

a single bond,



WO 20101065674PCT/ U52009/ 066459 [0037]In a thirteenth enbodi ment of the
second aspect, conpounds have fornmula IIf wherein A" isHor 10038lin a

f our t eentWoentyodserent of the second aspect, conpounds h&R€CE/UFSRENMIb&5Ii g:
CXc-Xc < 1 %Xe(Ra)r viXe=1-xb I Xb N)/ \ AzXb Xbl...... T.,... ---\\ .
(Ra), N XbXb / 1Z' wherein X and X are each independently selected from
the group consisting of a bond, -CH2 , CH2 CH2 , CHCH, 0, S, S(0)1 2-,
-CH20-, -CH2S-, -CH2S(0)1 2- and -CH2N(RI)-, wherein RL is chosen fromthe

gr oup conS|st|ng of hydrogen, G to C8 aIkyI Cl to Cs he e oaIkyI

cycloalky ; erocy yl aryl , N
al koxyca 'T%? _andTs b al(lfteenth
enbodlnen of th n Nas ect Hco ou ds ave fo nula |Ig erein A

isHor [0040]In a S|xteenth eftbodi ment of the second aspect, conpdunds have
formula Ilh: (Ra), =Xb ®Bjch Xb is independently C or N. WO

20101065674P US2009/ 0664%9\[ 0041] I n a geyenteenth e ment of the
second aspg pound ~fNor mul - <#1 b A isHorH
100421in R en t c%nx ovpounds have
formula H=/(Ra}; (\ ( NXb#Xb b /) XX A HN-A L fL \ X
NN (Ra), p ’ ’ ’ ’

N R
R\q N o
HN’K HN’K HN/’K N

and

[0010] In a third embodiment of the first aspect, R°, RY R® and R are each independently
selected from the group consisting of: hydrogen, C; to Cg alkyl and C; to Cg heteroalkyl,

wherein,
cach hetero atom, if present, is independently N, O or S,

R¢ and R? are optionally joined to form a 4- to 8-membered heterocycle which is

optionally fused to another 3- to 6- membered heterocycle, and

R® and R" are optionally joined to form a 4- to 8-membered heterocycle which is

optionally fused to another 3- to 6- membered heterocycle.

[0011] In a fourth embodiment of the first aspect, R® and R® or R® and R" are optionally
joined to form a 4- to 8-membered heterocycle which is optionally fused to another 3- to 6-

membered heterocycle.

[0012] In a fifth embodiment of the first aspect, R® and R? are joined and form a heterocyclic

fused ring system selected from the group consisting of:

, 5 N N
E"iqzs/\j"i DCC gz Uz O‘; gz,
5 RN, /\W/% RN,

@CE(ZOON/Z bzofO’Sv

, , and
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z 7 z. wherein X and X arc each independently selected fromthe group
consisting of a bond -CH2, CH2 CH2 , CHCH, O, S, S0)1. 2-, -CH0-,
-CH2S-, -wB28(063672- and - CH2N(12.1)-, wherein 12.1 is ®Qa4s0000/066459 he
group consisting of hydrogen, Cl to C8 alkyl, ClL to Cs heteroallcyl,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, alkanoyl,

al koxycar bonyl, carbanoyl and substituted sulfonyl. [0043]1n a nineteenth

enbodi ment of the second aspect, conpounds have formula I1i 1;4 N'""j\
wherein A" isHot [0044]1n a hventicth enbodi nrent of thc second aspect,
conpouﬂdﬁzaqu/Tornula [Ih or 111 wherein Xe is C. [0045]1n an twenty-first

enbodlnenthLNLhe second, aspect, conpounds have formula Il1h or |1l wherein
X is N W 2040vbessRiPew esabbondssrsw @H’éﬁtll)&9’f hydrqgsaepdhded Oy C or N.
[0047] I, t e e ounds have
formul a $(f&§giépkgﬁﬁﬂﬂ ﬁ%ﬁg%ggﬁgflﬁygpt h%%a‘ ﬁﬁéhbo I ment of the
seconda&spamﬂxmgbaﬁemmdsmﬁmn@yfemmum%ﬁdwﬂmjwmm%nméxm1%ﬂ&NN@Ea)r Z' wherein
X and X' are each independently selected fromthe group consisting of a
bond, {@H3], Gh2 sGtRemb&himei of titk ﬁlrs&specﬁ(Rf)ahdZR arc-j@in2dand foGhldBeterocyclic
chosen fromthe group consisting

- CH2 wher ei n S
of hyd%}sﬁgﬁmgﬁ“‘?‘%s@tﬁ% th@("tllbc‘@élswé%%froal kyl , cycl oal kyI het er ocycl e,

aryl, t eroa yI | kyl , kanoyl | koxyc bonyI arbanD and
substlt s£ 6 75a gr 450
twenty-fi 0IﬁEqJ th 0 ound h ve Ia 1K

N-<1 WT ei nZK i sl,ZTor H 1005011 n a,Ztvventy sﬁ %t h entib . second
aspect conmpounds have fornula ...... y1lXe Xe Zl'
..... Xe - RN Rd q#n N-&ch Xb and Xe
IS |nde5%m§52$$y C or sel ected omdthe gr up5§0n5|st|ng of
0X0 g@n,JC% 2 al kyl 4N \)£$ @Az heﬁgooalky
cycIoaI het € ocycle aryI het er oaryl ,- aral kyl , aIkoxy,
al | coxy arbonyl al kanoyl , arbannyl, substituted sulfonyl sul f onat e,
sul f onahirge nm@anino; and
N
2 wherein R is selected from the group consisting of hydrogen, -OH, C; to C1,

alkyl, C; to Ci, heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy,

alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate and sulfonamide.

[0014] In a seventh embodiment of the first aspect, B and B’ together is sclected from the

X x x Y Y YAKY
XX Y,

!
Y
A 1 ) : : 1 : : \1 T
',X§X / \ v T v
- IO SIS YT N :
group consisting of X'—X' X=X = X=X | X=X and X—X wherein

’

cach X is independently N or C and if C, may include a hydrogen as necessary to complete

the valence shell;

cach X' is independently -N— or -CH—, with the proviso that no more than two X’ are
N

cach Y is independently selected from -CH,-, -NH- , -O-, -S-, -C(O),—, or —S(O);.,—; and

B and B’ attach to the remainder of the compound at any available attachment point on the

molecule.



sis 0, 1, 2, or 3. [0051]In a twenty-seventh enbodi nent of the second

aspect, conpounds have fornula Il erk wherein AL isHorH WO
201010656WORCIVUI57809/ 066459 [ 0052] I n a twenty-ei ght h e®oddisaenivcesyt he
second aspect, conpounds have formula JImQ)), wherein X and X are each

i ndependently selected fromthe group consisting of a bond, -CH2 , CH2 CH2
, CHCH, 0, S, S(0)1 2-, -CH0-, -CH2S-, -CH2S(0)1_2- and -CH2N(RI) -
wherein R is chosen from the group conS|st|ng of hydrogen, Cl to C8 aIkyI,
Cl to C8 heteroal kyl, cycloallcyl, heterocycle, aryl, heteraaryl ar al kyl ,
al | canoyl , aIIcoxycarbonyI carbanDyI and substltuted su'T6ny¥ 100531in a
twenty- nlnth enbodi ment of the second aspect, conmpounds hageXfornula Tim
erk wherein A" isHorH 100541lin a thirtieth enbodi nent of‘%he>_econd

aspect [0H&hpounds cighthecnilndimend of the:firstRepegh &t 1dB’ togeghenisxi ‘X afd X is

i ndependently C or N, Xbi is Mor O0; and X'2 is S(0)2 or C(0).Jr WO
201010656 24PCT/ US2 066459 [0%355] In a,YfPi« | rty-first enbodiment of the
second aspegt, co s hav rul a”l <#1 wherein A isHorH 100561lin a
thirty- ,CU d enbg nt, of second §§ﬁ%_ conmpounds have fornul a Ho:
Xb=Xxb 82 71 ( XOXOX I/ Ra)r n X and X. are eac

i ndependéntly sel e t&d from gréﬁp stl YHgToR * indyifg attaghmgpt | o cHR
, CH O into theSemamld®) Jf the @omlgdg@ - CHZS‘ - CH2S(0) 1_2- and CH2 N( 10-,
wherein Pi is chosen fromthe group conS|st|ng of hydrogen, Cl to C8 al kyl,
Cl to Cs heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl, acaficyl,
al kanoyl , alkoxycarbonyl, carbannyl and substituted suITGhMV IO 571in a
thirty-third enbodi nent of the second aspect, conpounds ﬁ&v& for a Ho irN
wherein A isHor [0058]In an thirty-fourth enbodi nent o%%t ‘sefpngXaspect,

X
CorrpouT&ﬁ6ﬁ1av eInfa%qrﬂH emboclhglent of the first aspect, B and B’ together is L _<* ,

- X< X Y. X, g d
' —_— - - NS NS
X . X - X=X x? . Yy *’wﬁkv x” T x X :
X=X =Y.
* X =Y. X
—<\x42/~ \>_* \ 42/7 \>_*
X=X ,or X=X wherein * indicates attachment points to the remainder of
the compound.
XX
X
NS N
X XJ\*

[0017] In a tenth embodiment of the first aspect, B and B’ together is ,
X—X

x——< _*&-*?_-§—J *_4(—*$__)F— XQ{_\ )

, OF X=X wherein * indicates

*
2

attachment points to the remainder of the compound wherein no more than 2 of X are nitrogen.
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yl Xb= Xb xbl ( Xb ( PC X1 Xc Xe (Ra)r xb= xb
(Ra)r Rd each X' and X is independently Cor N, Xbi is Nor 0; and X1)2
i's S(0)2 WO 20065674 0059] In a thirty-fifth enbodi ment of PCRAISS@9OREISASpect ,
conpounds have formula Hp

[0018] In an cleventh embodiment of the first aspect, B and B’ together is

Q 0
> N
/N AN
N O *-N O *-N *—N
X\ 4 X'\Z_gf* X\ 4 XN\
X=X . X=X, X=X ,
O 0 O
YOy M
*_N *_N *_N O
Xl\\ / * Xl\\ / * X'\\ / *
X=X, X=X or X=X wherein * indicates attachment points to the

remainder of the compound and R" is sclected from the group consisting of hydrogen, -OH, C;
to Cyz alkyl, C; to Cy, heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy,

alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate and sulfonamide.

Q
*—N
X'\\ /
[0019] In a twelfth embodiment of the first aspect, B and B’ togetheris ~ X'—X' |
@)
% op 0 3P
*~N” "N-RN *—N" RN-N” » *=N" "N-RN
X'\2_$7* X'\\ / * \ X X\\ /
X—X , X=X X=X X=X
.N RN .N N,
P NTIN NS ;?_\27 N N
L} - * ) T * \ L) L} T
; N4 xg = X XN\ 4
Xl:xl ) Xl:xl ) xl_xl ) Xl_xl ) Xl: v ’01‘ xl_xl

wherein * indicates attachment points to the remainder of the compound and R is selected from
the group consisting of hydrogen, -OH, C; to C;; alkyl, C; to Cy; heteroalkyl, cycloalkyl,
heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted

sulfonyl, sulfonate and sulfonamide.



Il wherein A' isHorH [0060]1n a thirty-sixth enbodi nrent of the second
aspect, conpounds have fornmula Hg: (Ra)r 1---Y1Xbf Xb xbl 1) xI K> ) Xb

) A NXbt WO)R2KI0M66RA) rN -. .. .. 1 7zZ/ Z wherein X and X RC&FE2019/066459

i ndependently sel ected fromthe group consisting of a bond, , CH2 CH2
, CHCH, 0, S, S0)12, di20-, -di2S, -C1250)1_2- and -CH2N(RI') -,
wherein Rl is chosen fromthe group consisting of hydrogen, Cl to C8 al kyl,
Cl to C8 heteroal kyl, cycloallcyl, heterocycle, aryl, heteroaryl, aralkyl,

al I canoyl, all coxycarbonyl, carbanoyl and substituted sulfonyl. kQ061]In a
thirty-seventh enbodi nent of the second aspect, conpounds.hafe |forfula Hq

Il _eN wherein A" isHor WD 20101065674PCT/ U52009/ 066459 [ 0062ftp“a~third

aspect |g20f he Ih'l\{%%érﬁﬁ'emBQ&BQHMShM?asEQJt”B‘B@d Bl thgethtier eRN 7N - NN HNHN
/L A is selected fromthe group conS|st|ng of a single bond,\-N N N

and each r Apeepend n a fj r stx. enbodlnent of the
third aSpéytE;v npou e orWUKé 1 ANt b A i s Fbr/
201010656 74P 2009/066 %9 0064]Nn aXsecond '%Eﬂ t e Iﬁlrd

aspect, ddnpounds have Rornul a Ma: R

S0 <y Uy L
Ixx*

wherein * indicates attachment points to the remainder of the compound
and RN is selected from the group consisting of hydrogen, -OH, C; to Cy; alkyl, C; to Ci»
heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl,

carbamoyl, substituted sulfonyl, sulfonate and sulfonamide.

[0021] In a fourteenth embodiment of the first aspect, B and B’ together is

~3 X *

N\_N__~

__<:i7/ ) ~ Nog”™” = 7
. N\-N.__N N~ . NN
T =< N N O
* * —~ =T *
Sl S AL —TY ﬁj N
i i N’N\?N ) N’N = ) *)
N\ ¥ * = * = * QI/ N\ \
*AQ/ \ m _Q\/N b _Q\/N\)\ *_qj/
\ N__~ N * * \N

N X N
—m _u/J N *_QNU J

or wherein * indicates attachment points to the remainder of the compound

and the six-membered ring optionally contains one or two additional nitrogens as heteroatoms
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wherein X and X are each independently selected fromthe group consisting
of a bond, -CH2-, -CH2-CH2-, -CHCH, 0S, S(0)1 2, CH20-, -CH2S-,

- CH2S( 0) Wo-20me567€H2N( Rl ) -, wherein Rl i s chosen from P&/ GreM6cedNsi st i ng
of hydrogen, Cl to C8 alkyl, CI to Cs heteroal kyl, cycl oal kyl, heterocycle,
aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl and
substituted sulfonyl. [0065]In a third enbodi nent of the third aspect,
conpounds have formula Ilia wherein A is _C Hor

2010 10@@@%@&1}%&5%Qa@%{e(%@t@ﬂﬁiﬁnﬂeﬁﬂgﬁ&hbger@ if tetsh ﬁ%ﬁ%&fﬁg% d88s dohexcelid 1 d
aspect, conpounds have formul a thcrein A is _ 100681lin a sixth
enbodi Emt of the third aspect, conpounds have formula Tile: (Ra)r(Ra),
Xcz1=X0Xbd=Xb cb NzZwherein X and X are each independently selected from
the group consisting of a bond, -CH2 , CH2 CH2 , CHCH, Q/ f S(0)12-,
-CH20-, -CH2S-, -CH2S(0)1 2- and G 2N(RI') - wherei n R i"s shogen from t he
group conS|st|ng of hydrogen, to gg al ky to C8 heterbal Kyl ,

cycl oallfd2] hdperftiege @mbaésment ﬁfetheiﬁ pspect, Eraafi @ytogeféwanoyP

al koxycar lponyl , car banoyl and substltuted squonyI 100691lin a seventh

enbodi mentl\.of Ahe thoyr ct, have o7 ille wherein A
isl- 1OI’*—N[0 I n an lei g enbodl e t he N
formul a Hid R BN "‘V 2009/ 04

d_gspect, conpounds have
6459 [0071]In a ninth
embodi ment of the third aspect,,conpounds have foPmula Me: (R F(Ra)r
Xtrxbxb Z'_x? (xb Xtb NNz _wherein X and X _.are egch independently sel ected
onS|st[I7nga bondf” CH2 CH2 CH, 0, S,
- CH2 S(0) AN2- C}Qbm [
fromtHe ¢ oup conS|st| g of hydrbge Cl to C8 allkyl, Cl to C8

S(0)1 Z/N wherein R is chosen
heteroalkyP cycIoaIkyI heterooycleO aryl, heterSaryI aratkyl , al kanoyl,
al koxycar bgnyl, ¢ rbannyl and substituted sulfonyl [0072]In a tenth
enbOdinEQEWEE;:Téathird aspect, conpounds have forrmula I TN. XeXcXbXb (Ray

X+X XbXp. Rd WO 20101065674PCT/U82009/066459 [0073]In an el eventh

enbodi rfent of the thir ounds. have fornula Il
wh ergn Qslr?f cates atta(r:H)ment points to the remainder of thegcompound and

the phenyl moiety optionally contains one or two nitrogens as heteroatoms.

[0023] In a sixteenth embodiment of the first aspect, B and B’ together is RN ,

O @)
N A | | |
RN éN * O * O * * O
0] O O @] O
R seNgecglesNece
I I
N\ * */kH * */kH *)\O * *)\O

\Y/J \ /7
.S .S
Lo, 0T
AN AN . . . . .
H , OF H wherein * indicates attachment points to the remainder of

the compound; the phenyl moiety optionally contains one or two nitrogens as heteroatoms; and
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X+XcXb+Xb (RE), ) C<\)s -)(b / )( XedHrXe Xb+XbXe (Rir z/ wherein X and X
are each independently selected fromthe group consisting of a bond, -CH2 ,
CH2 CH2 ,wQRoH6s67@ , S, S(0)1 2-, -CH20-, -CH2S-, - CHES(BRWID664aNd
-CH2N(RI') -, wherein Rl is chosen fromthe group consisting of hydrogen, Cl
to Cg alkyl, Cl to Cg heteroal kyl, cycloallcyl, heterocycle, aryl,
heteroaryl, aral kyl, allcanoyl, allcoxycarbonyl, carbanoyl and substituted
sul fonyl. 100741in a twel fth enbodi nent of the third aspect, conpounds have

for mul ®NH Ldiected frd HRREDGEML¥tife &ff hyHrog[%lQQZ)ﬁ e} t@CFzmlHytl &b ) zel@é}gélﬁﬁnt of

the third aspect, conpounds have fornul wherein i sHo
2010106567l RTINS0, 06648 g rdany 78Rkl alkbwradl@émanb@wb@ﬂqamﬁtcaobamqyé third

aspect, a I are each i ndependently sel ected
from t he’ 8?”3%*’@%%@ é{fff";lgte q?‘li g‘ﬂ{?nl‘#&‘me CH2-, -CH2-CH2, CH-CH, 0, S,

o < 2 2: 0204 NCRL) = rrwh R h
fl(’Ozn t ﬁ%ﬂzé' Ouslgggﬁ%ongtais%e’ét %ﬁl;{% 3‘[1 ncoﬁoupg%’ (f‘f E‘)}}ﬁld IL, er ei 28 i's chosen

het er oal kyl, cycloallcyl, heteroc cIe aryl, heteroaryl, aralkyl

al I canoyl , aIIcoxycarbonyI, car bd and subst i t ut ed sulfonyl. [0077]In a
fifteenth enbodj neyit of the third aspect, conpounds have formula |11
wherein A isHBrH Q07811 n a si/kt éenth enbodi ment of the third aspect,

therein a¥e each independe 'Iy
of a bond, | CH2 , CH2 CH2 ,
-CH2S(0)1_2- and CH2N(RI) - RI "i's Cosen from the group conS|sting

of hydrogeﬁ\\gl to C8 aIkyI Cl tpb C8 hetero IkyI cycloalkyl, het er ocycl e,
aryl, H%teroar?l ar al kyl , alkanozt, alkoxbhgf , carbanoyl and
|ghteeg |nent of the third

substltuted sulfonyl. 100801|n af’
aspect, conpounds have formula nil: 01010656 WheRGTAUS 2009Ld 6@59
the third aspect conpounds have

[0081] I n a nineteenth enbodi nent \

formula Hm /)LN ;ﬁts>__ HN’sh_ ”T>__
A 0

the group consisting of a single bond,

- SIS I <0

and

sel ect gg¢ from the group consisting
0)1 2-, -CH0-, -CH2S-,

)>

[0025] In a first embodiment of the second aspect, compounds have formula II wherein A’ is
N
0 <TI0
|
NJ\ N
H or H )

[0026] In a second embodiment of the second aspect, compounds have formula Ila:

(R%)r

T”AQ\
et
X1

wherein X and X' are

14



wherein X and X' are each independently selected fromthe group consisting
of a bond, -CH2, CH2 CH2 , CHCH, 0, S, S(0)1 2-, -CH0O0-, -CH2S-,

- CH2S( 0) WO 20e@S67€H2N( 12. 1) -, wherein 12.1 i s chosen f PEMUS2&IGYr@IIH

consi sting of hydrogen, ClL to C8 alkyl, C1L TO C8 heteroal kyl, cycloallcyl,
het erocycle, aryl, heteroaryl, aral kyl, allcanoyl, allcoxycarbonyl,

car banoyl and substituted sulfonyl. [0082]1n a twentieth enbodi nent of the
third aspect, compounds have fornmula Illn. Z2 (Ra)r(Ra)r ReXe4be' Re )<NI'1
9 ( Xl BGhdHenddli %éé@ed’!@foﬂwﬁé’%{) eakRixpof Svddudepandept, yeig-or N WO
20101065674P8IQ/ U52009/ 066459 In a twenty-first énbo |rrenf of the
third aSpe€i-, cOnpotmdS(Mave —€B@ul-£HSHn-CHsEP bizn and —~CHINROHWhOOBR n a

twenty-s d f Il I 0:
Zi\ 0% %%Q{Ldfrgrﬁgﬁe) 4&5‘%& 156§g70efléjag9§gg<g§1?§%g 2l KL TR ﬁﬁtgl%é{ﬁyl Qggﬂs’él@l

ar e eatbteraedepaingdehdtérpast laedityd chikanoph, hikex gadopylc adbinsdyil agd afbst@utednd, - CL-,
CH2- CH2 CH, 0, S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2- and

CH2N( F{IS)llfon erein R is chosen fromthe group consisting of hydrogen, Cl
to C8 alkyl, C to C8 heteroal kyl, cycl oal kyl, heterocycle, aryl,

het er 0qe027] arialakiird erbddment! of tial oGP RYMmpo Gk Bavemtmala dlasitesdih taut ed

sul fonyl. 100851in a twenty-third enbodi nent of the third aspect, conpounds
have for_{/\NTI Mr Q’l @ n A" isHorH WD 20101065674PCT/ U52009/ 066459

[0028] In a fourth embodiment of the second aspect, compounds have formula IIb:
(R®),
B </°—\°> (5
RS XC_ _ \, \>7
xb— \(
Y.
" d/ \Z ay / \

Wherein cach X°

and X° is independently C or N.

[0029] In a fifth embodiment of the second aspect, compounds have formula IIb wherein A’
N
. <101
|
H or H )

[0030] In a sixth embodiment of the second aspect, compounds have formula Ilc:

S AU

x°=
\/N Xb— X
N, | /

Z wherein X

1S

and X’ are each independently selected from the group consisting of a bond, —CH,—,
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[0086] In a twenty-fourth enbodi nent of the third aspect, conpounds have
formula I'l1p: Rd\zXt.] xb (Ra)r [0087]In a twenty-fifth enbodi nent of

t he t hi r dawapwates67donpounds have fornula 111 qg: )0, .] (RPEMAISRI0/0¥64a0d X
are each independently selected fromthe group consisting of a bond, -CH2 ,
CH2 CH2 , cHCH, 0, S, S(0)1_2-, -CH20-, -CHS-, -CH2S(0)1_2- and
-CH2ZN(RI') -, wherein Rl is chosen fromthe group consisting of hydrogen, Cl
to C8 alkyl, CI TO C8 hetcroal kyl, cycloallcyl, heterocycle, aryl,

het er oapy,.caralLkycrl Leanay! , s@h] coxypanbopyl s— carrbammyl- apd substituted
sul fonyl . * V\q£20101065$74F5CT/ UE35057 064489 [ 0088] | nﬁa)f %%th aspect of the
i nvent i~ohLNRpothedyn Rawechpsoniisna thie\groupydoxgistingeof Alydrogenxé- e C¢ fiyls Ci 1o

oot Sahele Sbdiod negigeic rg el Raflont 3 AELSELBSILOT L0%

C or Ncaibe@8@]and sabstitutat subfiohgdi nent of the fourth aspect, conpounds have
formula IV 4\4u:rein A" is HorH 100901in a second enbodi nent of the fourth

" nacpeMIEATTY BaRetlen Rt o eotrs B andieCEPhio Bt yne S 1€ e i

, CHCH, %N 8(2)_%N > CH20-, -CH2S-, -CH2S(0)1_2- and -CH2N(RI) -,
wherein RI—T¢ dhose 7§@§kgroup consi sting of hydrogen, Cl to C8 al kyl,
Cl to .heteﬁoa k}{l , {§yc alkyl, heterocycle, aryl, heteroaryl, aralkyl,
al kanoyt ° al Koxycdf bonyl , carbamoyl and substituted sulfonyl. [0092]In a

fitth T&&Sft cﬂl a% rcl,f':ghlthné/m notdlirggﬂt 0%81%880?1 Sasphe%g %orl;lgcl)’un lsﬁav\é: forzrrlu\llyg| ﬁhel n: N-k>

(R?)
Y! Xe—X° XP=[=XP
il
D=,
C
R X! Xe=|=xc \ /
a e
) (R, Xb\ / A R
Rd / \Z \Xb—|xb \(
Yl
~—pf
/. TR
(R z wherein each
X" and X® is independently C or N.
[0033] In a ninth embodiment of the second aspect, compounds have formula IId wherein A’

1S

7/ N /N
A =L
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)1, HN1\1 HNA-N A" is selected fromthe group consisting of a single bond,
each r is independently C or Nwith the proviso that no nore than two Xe
are N [08903p1oea67#i r st enbodi ment of the fifth aspect, PEFASeUIDSHIAV e
formula V wherein A" is rN 1-lor WD 20101065674PCT/ U52009/ 066459 [0094] I n
a second enbodi nent of the fifth aspect, conpounds have formula Va: V (pa),
NNz wherein X and X' are each independently selected fromthe group
consisting of a bond, -CH2-, CH2-CH2 , CHCH, 0, S, S(0)1 2-, -CH0-,

- CH2S- 100392 S(1fakerdn eﬁBgdlmWH@SGCOMf)&!t rboEipoh1§dsQﬂ9§§)@m{1faqm the group
consi sting of hydrogen, Cl to C8 al kyl, to Cs heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aralkyl, aIKBﬁoyI alkoxycarbonyl carbannyl
and substituted su//qnyl [0095++m:a thlr)xlb odi ment of the fifth aspect,
conpounds have fa'mul ein C\HorH [0096] I n a fourth
enbodi nent of the|fift ct, co have Kormul a Vb: each Xb is

i ndependently C
enbodi ne ,
100981ixy a si kth enbodi nent of e fifth/aspec
(W, XbAL=Xb IXb Xb Xcl - Xe) ozt a)rXb=I Xox{ Ra) r

formula Vb wherein A" is Hor
, conpounds have fornula Ye:
nd X' arc each

i ndepend fl el ected fromthe group coRsistisig of a 2, CH2 CH2
CHCH, 0, S, 0)1 2-, -CH20-, -CH2S-, X H0)1 2- and - CH2N(12.1)-
wherein Ile is chosen fromthe group consis tli ng of hydr Cl to C8
al kyl, C1 to C8 heteroal kyl, cycl oal kyl, &@{ocycle yl, "heteroaryl,
aral kyl, al kanoyl, al koxycar bonyl, carbanny and subsiltuted sul{enyih -

[0099]In a seventh enbodi ment of the fifth aspect, conmpounds have formul a

Ve whereind XX arc exghiirdepansdently soert]fram the asoupeonsisinsofiarhont. of the fifth
aspect . c¢QMPQyRdsphave ferul g Vs ~S(0)1.2-, ~CH,0—, ~CH,S—, ~CH,S(0),.,— and

_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0035] In an eleventh embodiment of the second aspect, compounds have formula ITe
N
O <1
I
H or H )

[0036] In a twelfth embodiment of the second aspect, compounds have formula IIf:

wherein A’ is

Y. X°
RC
X‘I XC =
Y
/
R¢ ‘\\z

wherein each X°

and X° is independently C or N.
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WO 20101065674PCT/ U52009/ 066459 [0101]In a ninth enbodi nent of the fifth
aspect, conpounds have fornula Ye: wherein X and X arc each independently
sel ect ed WM te867gr oup consi sting of a bond, -CH2, CH2PCHAIS200CH6&H, 0, S
, S(0)1_2-, -CH20-, -CH2S-, -CH2S(0)1 2- and -CH2N(R1)-, wherein Rl is
chosen fromthe group consisting of hydrogen, Cl to C8 alkyl, Cl1 to C8

het er oal kyl, cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al kanoyl,
al koxycar bonyl , carbanoyl and substituted sul fonyl. 101021l n a sixth aspect
of the [ag3¢¢Nt i1Q% thir@eARN¥mEONRRKIYT 1R sc@bi RpedihBmpeeRRGaldoemaR 1fd fth
aspects, Rc, Rd, Re and Rl are each independently selected fromthe group
consisting of: hy en, Cl){ al kyl and C1 to Cg heteroal kyl, wherein,
each hetero atom %i resen ndependently N, 0 or S R and Rd are

opt i onglyedeid At Red Ho fogim aH- to 8-nenbered heterocycle which is
optionally fused to another 3- to 6- nenbered heterocycle, and Re and Rf

are opte@afl | Yinla@bneldnthQnisduihét 8¢ %IE Qe BniTBIRE! S ARG REXFbSMIIEN 1S

optional Iy fused to another 3- to 6- nmenmbered heterocycle. 10103Tin a first
enbodi ment of the six{h aspe ?—F&iand Rd or Re and R are joined to forma
4- to 8-nenbered4ete mhich\is optionally fused to another 3- to 6-
menber ed het eroc +Ie. I n a se¥ond enhgaj ment of the sixth aspect,
both of Re_and j oi ned qo forma 4- to 8-nenbered

i sed to ¥hegtKer 3- to 6- menbered
het er ocycl e. 105] I n a seventh aspect of
t he inngLLg_ each 1?, if present Aer a ts of the
i nventiony |s‘i?dependently - CN, - -CF3, or({-F. 91061in an
ei ght h aspect Zthe invention, iX prese X&ny conpoiind of/any of the
ot her aspects, one of Y and Y is\N. 101071in a first e difrent of the
ei ghth aspect, both Y and Y are N.XIPi®Blin a ninth g€pect of the
invention, Z and Z' in any of the prevVvious aspects afe each 1-3 am no
acids. 101091In a first enbodi nent ofRYhe ninth aspect, the anmi fberti ds are
in the D copfiguration. 101101In a tenth aspect of the invention, Z and Z
i n any YoidRerpeastinlsaendepbetedectrddrom Bis gromesoanisans ¢fp boaflect ed from t he
group cepsi stdmacal_ - CE=ER42ht - NR - §6R42) L (CR4Z XKL -1 2 R8,
- U ( CR4%@1?_,RT80}§ngH§ [’ddjfcmz)’t bNR'\QR( CR(E%' b-bu CR42) t"- 0- %Eg@%%ﬁd [0111] I n
a firstCéhboRi)neviterat R ehpentftonathoereup doosistingfof hydmderz'Ci 40 €5 alkyl, C; fo
[ U (CR - Nl - (CR42)( 1, CR42) . ~NR7- 2) 11~ 101121in a,secgond
R A S I N T e
U- ( CRA 2)rbamNBRA-dnCRARitutdd (uGB4Y) , - NR-- (CR42),-R8 . 101131lin a third
enbodi nent of the tenth aspect, one or both of Z and Z' are U (Cit42)t-N
R7-(Cft4 - R8. 141in a . fourth enbodinment of the tenth as t, one or
ot o 05} Tpa G B BRAINE SRS Fotoy o s TNRE 1% BARST - e,
101151in a fi enbodiNapri, of the tenth aspect, one or both of Z and Z
are -C(O)-(-%j t-NRS(’(U—(CR42)t-NR7-(CR42)t-R8. [0116] I n a sixth
enbodi nent ofN't tentlh aspect, one or both of Z and Z' are
-[C(O)[L{géFMZ)'_{-NRgE( 2)t1u- C(0)- (CR42)t-NR7- (CR42)t-R 8. [0117]In a
sevent h_enbodi nent of the tenth pect, .one or both of Z and Z' are
SE0) - (RED ¢ RS A ROy B oS GO R g T
20101065674PCT/ US2009/ 066459 [0118] | (R*gn ei ght h enbodi nent of the tenth

aspect, one or‘pgmh of Z z areweEb@)-(CR42),-NR7-(CR42),-R8. [0119] I n
a ninth enbodZifen\ of tHe te ,\one or both of Z and Z' are

| =/ Ve

Y.
N (R Y

z wherein X and

RC

cach X" is independently C or N.
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[0120] In a tenth enbodi nent of the tenth aspect, one or both of Z and Z

are -C(0)-(CR42),,-NR--C(0)-R81. 10 1 211lin an el eventh enbodi nent of the
tent h asp®ot2010d8867dr both of Z and Z' are 10 1 221in a PaEEITSRNIBNBISI ment
of the tenth aspect, one or both of Z and Z' are

-C(0)-(CR42) 11-NR7-C(0)-0-R81. [0123]In a thirteenth enbodi nent of the
tenth aspect, one or both of Z and Z' arc -U (CR4AA-R8 [0124]1n a fourteenth
enbodi ment of the tenth aspect, one or both of Z and Z° are [0125]1n a

fift eezﬁdlll?”bqqia@@Wnté%Bthtelﬁﬁ)ohﬁlgEnlﬂ oﬂ%@@géorzlal QR cOL R dPhav€ faRthiZiThar e

[U(CR42),-NR - (CR42) (b-U- (CR42),-0-(CR42)1-1e. [0126]1n a sixteenth
enbodi nent of the Nt h asp e or both of Z and Z' are
U (C.R42)t-NR- (CR U ( CR42)e-R8. 10 1 271lin a seventeenth

enbodi RERteipk’ ishe Henthyaspect, one or both of Z and Z' are
-C(0)-(CR42)t-NR5- (CR42)t-C(0)-(C. R42),-0-(C. R42)t-R8. 10 1 281lin an
ei ght e%('mﬁ! enmbadh r@%meeﬁtfh ft® dinRint Br @S R&Ghd aPRE, FmRRL Rive fordfith Hi: are
-U(C R42)t-0-(CR42),-R8. [0129] An el event h aspect of the invent on
provi des a pharmaceutical conposition cofprising the conpounds of the
invention. [0130] A tiel fth t of t ER¥ention provides use of the
conpounds of t heZ'TnWation/in the manyf act uhe of a nedicament. WO

20101065674PCT/ 9 [01%1 a firs odi nent of the twelfth
aspect, treavpent/of hegatitis C. [0132] A
thirtee the invention proWi r \ng hepatitis

C conprisingfadm nistering to a subject in @?z%,ereof, t hehapeutical ly
effectiv unt of any one of the conpounds™of ‘The invention./Detailed
Descri ption T@}BBlUnless ot herwi se stated, tHK&*follow ngN used in
this application, including the specification and claigw? have the
definitions given below it nust be noted that, as used in the

speci f imdatdioX aadX’ arvecadppdeptadentlyaciested fioe the grypupapndisimgef 2 &ond." an" and
"the" i ud I | r nts und es he c xt ar | i 61 at es

ot her w S8 Dt Poon COF Wl andar @™ craidbtr y b0 TS b SIGhE 8% of er ence
wor kls, —'CmIQN(lg]I)n@v}@iﬁileRl antloSurfeihethg gtAPABhsistAdwEmeede&X, gans Cs Qh@lr,r'? tay

" Vols. A and B, Sprinhger Science+Buysi ness Medi LC, w Yor k. e

pract i & heteraatial svels i Fﬁ%ﬁx%ﬁ@&n‘ oferesph 8 Yﬁﬁh@ggylyﬁhwmr enilndi cat ed,
conventh@aaby Bl ReEisnRéd fydhfiet i ¢ organi c chem stry, nmass spectroscopy,
preparative and anal yti cal nmethods of chromatography, protein chemstry,

bi ochem stry, reconbi nant DNA techni ques and pharnacol ogy. 101341The term
" al kandQ43] as Tnsadndgigepti snkodipeypf ge second asicslo pYNPYIdt pavsi forua Hower al kyl
group as a substit t. [013h] The term "al kenyl - as used herein

cont enpl at es subs«?fﬂted erl u tituted, straight and branched chain

al kene radicals, i ing bothAhe E- and Z-forns, containing fromtwo to
ei ght sdersmAatoms H Themalkéhyl group nay be optionally substituted with
one or nore substituents selected fromthe group consisting of hal ogen,
-ON, - M4 oo repwjar embedinentiqf Ag)speondNs RN, CompRinds ke vavpspaly 21 or 1BR,

- C(0) NGRNZ, e R O) R, -0C(0) N(RN) 2, S(0) R, S2R, - S(0) 2N(RN) 2, phosphat e,
phosphonate, cycloal kyl, cycl oal kenyl, aryl and heteroaryl. 101361The term
"al koxyg, u I, : | I up as
2 subst ATy 150 SFhT) Hr SRR Sne oY ARt bbofnd T SBESKUELELE The
| i ke. il wlksin XKhsINides di val ent substituents |inked to two separated oxygen
atonms such as, without limtation, -0-(CH2)1-4-0-(CH2CH2-0)14- and

-(0- CH2CH2- 0) 14-. WD 20101065674PCT/ U52009/ 066459 101371The term

“al koxycar bonyl " as used herein conttnplates a carbonyl group )Nrith an

al koxy group as a substituent. 101381The term "al kyl" as used herein
contenpl ates substituted or unsubstituted, straight and branched chain

al kyl radicals containing fromone to fifteen carbon atonms. The term "Il ower
al kyl" as used herein contenpl ates both strai ght and branched chain al kyl
radical s containing fromone to six carbon atons and incl udes nethyl,

et hyl, propyl, isopropyl, butyl, isobutyl, ten-butyl and the |ike. The

al kyl group nmay be optionally substituted with one or nore substituents

sel ected from hal ogen, -CN, -NX2, -C(0)2R, -C(0)R, -0-R, -N(RN)2

-N(RN) C(0)R, - N(RN)S(0)2R, -SR -C(0)®(110)2, -0C(0)R -0C(0)N(RN)2, -SOR,
-S2R, -SMBR, -S(0)2N(RN)2, phosphate, phosphonate, cycl oal kyl,
cycl oal kenyl, aryl and heteroaryl. 101391The term "al kyl ene, " "al kenyl ene"
and "al kynyl ene" as used herein refers to the groups "al kyl," "al kenyr and
"al kynyl" respectively, when they are divalent, ie, attached to two atons.




101401The term "al kyl sul fonyl " as used herein contenplates a sul fonyl group
whi ch has a | ower al kyl group as a substituent. 101411The term "al kynyl - as
used her eWvO 20mt6867| at es substituted or unsubstituted, PCTAISYIMNI/0a6IEY
branched carbon chain containing fromtw to eight carbon atons and having
at | east one carbon-carbon triple bond. The term al kynyl includes, for
exanpl e ethynyl, 1-propynyl, 2- propynyl, 1-butynyl, 3-nethyl-1-butynyl and
t he Iike The all cynyl group nay be optionally substituted with one or nore
subst i ?—?S sl‘ﬁla%%@? sfaédﬁﬁ"e%'o@lmen@f th@'@%oncgg%azt oBnds v EformHN) 2,

- N( RN) ) NC RN) -0C(0)R, -0C(0)N(02, -SOR -
SO2R, -SCBR -S(0)2N(RN)2 phosphate ﬁdhosphonate cycl oal kyl

cycl oal kenyl , XThe term ami no- as used herein

contenpl ates & st ,re -NRN2.  101431The term amino acid" as
used herein cq ure WO

2010105 3 \ s ngt ligRted to the twenty
"standard"Tam no aci ds: isol cucinc, | ¥si ne, hi oni ne,

phenyl al anine, threonine, tryptophan, xeal ani ne, \ aspar agi ne,
aspartatg/YQXSteine, gl utamat e, gl ut am ne, ﬁycine, proline, serine,
tyrosi 8, argini ne and histidine. The presénr inventbzh\aHSo i ncl udes,
without limtation, D configuration am no acids, befa-anm no wdeirds, am no
aci ds having si de chains as well as all non-natural am no acids known to
one skillg }{ (ﬁ% Lﬁhg erm arallcyl" as used herein
contenplates “a ower a?ky grouap ich has as a substituent an aromatic
group, which aronatlc group may be substituted or unsubstituted. The

aral kyl graoh X’ ireipdéyendgtly 6haiNy substituted with one or nore substitucnts
sel ected from hal ogen, -CN, -NO2, -CO2R, -C(0)R -0-R -N(RN)2

-N(RN) N 2R, - 2, - SOR,
RS %E%%m?&ﬂwanbc%ﬁ%ggﬁ%@g L2 Byt RS

cycl oal kenyl , aryI het e s- % 0145]The terms "aryl," "aromatic group"
or "aromatic ri j\useonterrpl ates substituted or unsubstituted
S|ngle“;|ﬁg%gng |p ar C groups (for exanple, phenyl, pyridyl and
pyrazol'e, 5 and polycycllc rlng syst ens (naphthyl and quinolinyl

etc.) pm f ] two_ or at ons
are tolfBR Fo *Vs&yof?%?ﬁ%m?."%’fnfa%rﬁe? s g R cbipfilgh Ptk 18 %) cne
one of the rings is aromatic, e.g., the @&bher rings can be cycl oal kyl s,

cycl oal | cenyl s, ar yhy; het er pcycl es and| ket croaryls. The aryl group may
be optionally sufjsti ubstitucnts selected from

hal ogen, al kyl, S Ay %>N(RN)2 -N(RN) C(0) R,

- N(RN) S(0) 2R, -Z(0) N(R -SG{-&IR-S@R
-S(0) 2N(AN2<Si R3 X - phona | o |,
cycl oal*Xenyl ,/ aryl and heteroaryl [0146]Th arylsu fonyh,, as used
hereln)anlg | ates a sul fonyl group which h¥4s a& a substitueny an aryl
group. The temNqis neant to include, without KR%itation, al ent as well
as multiply valént aryls (eg, divalent aryls). 101471The/tern1"carbanDyI"

as used herein contenplates a group of the structure 0“C-NR\2 WD
2010106ﬂﬁ%ﬁE§IhHBQ@ﬁ&h&ﬁ&d&&nﬁ&ﬁ@&k%h@dmenmmégamb@nmhtmgsfusaﬂlherein

conttnplatts group e ruct ur [0149] The term used
her ei n E%hﬁe ZaPEQ’a%§¥6gB b"ﬁ%“gggé?'_éHg Tﬁ Z‘WTéhégﬁﬁé

"cycl oatkyN R1§5 madn hers%hss&qr&ﬁtmlg%@%oﬁnhﬁigl éf%a%ga{ om@@pakylt 4 ﬁﬂ
cyclic aIkyI radicals containing fromthree to twelve carbon atons and

i ncl udés hetgedaipnt. spglbalkiy betenpeyrlss laryl. dyetdroielx gralkah dlieheyl) dlkexycathenytler m
Cyc'O%EKFBHQk%ﬁshﬂfhﬂgfﬁuﬁﬁlyCyC|'C systens having two rings in which two
or % 1o adjoining rings (the rings are "fused").
The cycloallcyl group may be optionally substituted with one or nore
substituents selected fromhalo, -CN, -NO®2, -CR2R, -C(0)R -0-R -NRN) 2,
-N(RN)C(0)R, -N(RN) S(0)2R, - SR -C(O)N(RN)2, -0C(0)R, -0C(O)N(RN) 2, -SOR
-S2R, -S(0)2N(RN) 2, phosphate, phosphonate, al kyl, cycloal kenyl, aryl and
heteroaryl. 101511The term "cycl oal kenyl - as used herein contenpl ates
substituted or unsubstituted cyclic al kenyl radicals containing fromfour
to twelve carbon atons in which there2ds at | east one doubl e bond between
two of the ring carbons and includes cycl opentenyl, cyclohexenyl and the
i ke. The term "cycl oal kenyl - al so includes pol ycyclic systens having two
rings in which two or nore atons are common to two adjoining rings (the
rings are "fused"). The cycl oal kenyl group may be optionally substituted
with one or nore substituents selected fromhalo, -CN, -NO2, - CO2R

-Q(0)R_-0-R -N(RN)2, -N(RNC(O)R -N(RN)S(0) 2R, - SR, C(O)N(RN)Z

NN N\ N AN A\ RIZ PSRN P — AR IZ <R N 7~ I T [ T




WO 20101065674PCT/ U52009/ 066459 hydrochl oric acid, hydrobrom c acid,
sulfuric acid, nitric acid, phosphoric acid and thc like; or formed with
or gani c MOAE8108048674as acetic acid, propionic acid, hexameTASAWIDH6459
cycl opent anepropionic acid, glycolic acid, pyruvic acid, lactic acid,
mal oni ¢ acid, succinic acid, malic acid, naleic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl) benzoic
acid, cinnam c acid, mandelic acid, nethanesul fonic acid, cthancsulfonic
aci d, ]FO(}"49¥3t haR G-l sylifanin AThGht o 2B ¥R ¥§I-BRBGRMANhS caGinthla TTk _
bcnzenesul foni ¢ aci d, 4-chl orobenzenesul fonic acid, 2-naphthal cnesul fonic
acid, 4-tol uenesul JoNic aci g l.~1horsulfonic aci d,
4-nethy|bicyclo[Z.%,iL:oct- e -carboxylic acid, glucoheptonic acid,
3- phenyiRropPhoRi ¢ &ci d, ot rimethylacetic acid, tcrtiary butylacetic acid,
| auryl sul furic acid, gluconic acid, glutam c acid, hydroxynaphthoic acid,
sal i cylagsoRcC! din aSHERY LG R GhBodi RS ITHif R4 AP IBRPbIR ha®! fofrddlaghl TS
formed when an acidic proton present in the parent conpound is replaced by
a netal ion, e.g., an alkali netal ioq an al kaline earth ion or an

0

RPY .
rdhnlc base such as et hanol am ne,

alum numion; or coordinates with an
diethanolanin%#/rY et han 75F* | ucam ne, norpholine, piperidine,
i ol ncluded are salts of am no

di et hyl am ne,
aci ds sych as
gl ucur garagt unori cyagids and
1977, ./. Pharm Set. 66:1-19). [0159] Th te{ns ' phos e" and
"phosphonatc" as uscd hercif®)refcr to the ‘ge=dipes havin§ the fol | owi ng
structurgs¥\L%§pectiver: o0 1111 -0-F-OR -QFQR OROR 102601The terns

"sal ts"R%@nd "Wydrates- refers to the hydratédrforns ot/fﬁé‘gbnpound t hat
woul d favorably affect the physical or pharnacoki net ¥c properties of the
conmpound, such as solubility, palatability, absorption, distribution,

net aboMhsaitind excretion. Other factors, nore practical in nature, which
those skilled in thc art may takc into account in the selection includc the
cost of thc ek rader iigindepcadedlydf oelNyst al | i zation, yield, stability,
solubility, hygroscopicity, flowability and manufacturability of the

resul ting betdh Ririggplcctadran o106860uPSTMLSX009/ 066459 N 01 &2l CGide iz

sul fonam de as her ej enpl [ t o 0

NRN2 O 101621ﬁ“§ﬁf(glrtﬁq%£%f&¥?r§%g%lé‘%%&& LR ek, %‘2%?‘2%5 a@?’e%%%% *havi ng
t he structure dkdSyCarRmyl \wiienheyincddansy1,sabeitited sdlfonpl, siiéngteosipfoaamngicst i ng of
hydrogen, C1-Cl1Q al.kyl, C2- C10 al kenyl, C2-C10 al kynyl, C1-C10 al kanoyl,

or Cl1-C10 aIkd?@@HF%%ﬁ?@. 101631The term "sul fonyl" as used herein
contenpl ates . a group having the structure O | | [0164]"Substituted sul fonyl
as used heré#ﬂxgo%ﬂgﬁplates a group having the structure 0 S-R incl uding,

but not limted to al kylsul fonyl and arylsul fonyl. 101651The term
"t hi ocdfWdhy| ,n agwepfysavandt enbpdines 0§ the seennd gaRact. Rrapaigs ApvedRyada it om has

been replaced with Nsulfur¢41| Q61Each R is independently selected from
hydr ogen, -COH, —Gl(a NOZ,—h@ICl to Cl12 alkyl, Cl to Cl12 heteroal kyl,
al kenyl , al kynyl, gyc alkygL heterocycl e, aryl, heteroaryl, aralkyl,

al koxy WhslaidRyEar bonyl , ©%al kdhoyl, carbanoyl, substituted sul fonyl,

sul fonate, sulfonam de, am no, and oxo. 101671Each RN i s i ndependently
selected fromthe group consisting of hydrogen, -OH, Cl to Cl12 alkyl, Cl to
Cl2 heteroallcyl, alkenyl, allcynyl, cycloal kyl, heterocycle, aryl,

het eroaryl, aral kyl, al koxy, al koxycarbonyl, al kanoyl, carbanoyl,
substituted sul fonyl, sulfonate and sul fonam de. Two RN nay be taken
together with C, 0, Nor Sto which they are attached to forma five to
seven nenbered ring which may optionally contain a further heteroatom

[ 0168] The conpounds of the present invention may be used to inhibit or
reduce the activity of HCV, particularly HCV's NSH5A protein. In these
contexts, inhibition and reduction of activity of the NS5A protein refers
to a lower level of the neasured activity relative to a control experinment
in which the cells or the subjects are not treated with the test conpound.
in particular aspects, the inhibition or reduction in the neasured activity
is at least a 10% reduction or inhibiRion. One of skill in the art wll
appreciate that reduction or inhibition of the neasured activity of at

| east 20% 50% 75% 90% or 100% or any nunber in between, may be
preferred for particular applications. [0169]1n a first aspect, conpounds
of formula | are provided: (Ra), wherein: A is selected fromthe group
consisting of single bond, -(CR2).-C(0)-(CR2)p-, (CR2)-0-(CR2)p-,
-(CR2)-N(R )-(CR2)p-, (CR2)"-C(0)-N (RN )-(CR2)p-, -(CR)N-N (RN

7~ 7 M\ A 17 ™A N

am’Re, N
ne an th

l'i ke.

ke ( & 9., rge et cd.,




(CR2)"-N(RN)-C(0)-0-(CR2)p- and a heteroaryl group selected fromthe group
Z1- \zi-X1bY2 consisting of ---AXn ---A;:h -S(2 y2_ "",I>, | X2 X1l is
CH2, NH, Woao10®65673, Y2 and Z1 are each independent!|y CHCrUSRPOINB645E NH, O
or' S, Vis -CH2-CH2-, -CHCH, -NCH, (CH2)a-N(RNHCH211,- O
-(CH2)a-0-(CH2) h-, wherein a and b are independently 0, 1, 2, or 3 with the
proviso that a and b are not both 0, phenyl residue, the carbons of the
het eroaryl group are each independently optionally substituted with a

subst i t[MfSQl Sah&q fe'i%mﬂ L6 IOMR F BRNSEHI B8k cPlcoRBLARR Rave Ohnula Gh: - NC2,
hal ogen, Cl to C12 alkyl, Cl to 2 heteroallcyl, cycloal kyl, heterocycle,
aryl, heteroaryl, aral kyl, al koxy, allcaRy)carbonyl, allcanoyl, carbanoyl,
substituted sul fonyl; sul fogratexe sul fo ife and am no, the nitrogens, if

present, of the 4iet edparyl /group\are i Ndependently optionally
substituted w th|fa su rtyent s Xed fro ’group consi sting of -OH,
Cl to Cl2.al kyl o0 Cl2\etg evpal kyl , heterocycle, aryl,
het er oar| , al kyl X al koxyX#rXoxycar al ka Agar yl,
substityted gul fonyl, sul fonak® and sul fonan de, /a and%ependently
1, 2, or\3._nc and d are independently 1 or 2T and p ar eidzd/ependently 0,
1, 2 or 3, k i\szo, 1, or 2, each R is indepentRhtly sel egl romthe group
consi sting of hydrogen, halogen, - OH -CN, -NO2, halo , Cl to C12 al kyl,
Cl to Cl12 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl, arallcyl,
al koxy whatduoXyand Xyervydach aldkmmdgritly scetfodfioyd the grnptconsisting of abbaby| |,

sul f ona S o] 1 d anm.no, . ea RN i s.jnde ent ected from
the or ol condl Sty o Ryl ogerS- cOler bHe2 Bitkyr G ersh

het er oalCkyN(R'¢y GhRadikR! is dneiearfﬁﬁlyﬂie%ro@@bhsisth@tcﬁ‘mgaﬂogén, G@rACKylkyl, @ koxy,
al koxycar bonyl , al kanoyl, carbanmoyl, substituted sulfaonyl, sulfonate and
sul f on&nihgsroaialwhigpalkl. beteragydhe 2Bl thetmietryh araliivl. plraney qdkgpeabonsd, t hat i n
t he exggg%ﬁo fanfsulgtiQ flfoptihe WB-A' can be B and B' are each

i ndepen entlg a 4- to 8-nenbered ring that is an aryl, heteroaryl,

cycl oal kyl , or heterocycle, wherein each hetero atom if present, is

i ndepet®ftdi | y INa tyery-rSith puibogiment of tha sdcebaspentiecopfpoBndsrhap@ foarmularlbnat i c;
each Ra is indepengently selgc fromthe group consisting of-CH, -CN,

- N2, hal ogen, Cl—<?B|NClZ %@yﬁ;t 0o Cl12 heteroal kyl, cycl oal kyl,

het erocycl e, aryl, NhJe\t\er oar W kyl, al koxy, al koxycarbonyl, al kanoyl,
car bamsfereisAbist i t tt ed @ul f dhyl, sulfonate, sul fonanide and amino; and if B
or B is not aromatic, it may al so be substituted with one Or nore o0xo;
each r [9054] nddperbietth gmbodiment ofthezsecordaspect \wompopnd dpenientlayinsel ect ed
fromXiX1-1", z 1 -X1X1-z1 ))- ylyl

. Z|1/>_<\| )~ ) \% .

z wherein:

H

cach X" and X° is independently C or N;
X" is N or O; and

X" is S(0); or C(O).
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wherein: Xis CH2, NH, O or S, Y1, Y2 and Z1 are each independently CH or
N, X2is NH Oor S Vis -CH2-CH2-, -CH=CH, -N=CH, (CH2).-N(Rr)-(CH2)s-
or wher eiwo20amsséy4ar e i ndependently 0, 1, 2, or 3 w t hPCRAISPEOWHEISIt hat a
and b are not both 0, optionally includes 1 or 2 nitrogens as heteroatons
on the phenyl Wis optionally substituted with one or nore substituents
sel ected fromthe group consisting of-OH, -CN, -NO2, halogen, Cl to Cl2

al kyl, Cl1 to Cl2 beteroalicyl, cycloallcyl, heterocycle, aryl, heteroaryl,

ar al kyljgosa} koxm,a RSO CATRAM N O%K%&MB asRBl DARYIngs BHRThintu BH Sul fonyl,
sulfonate sul fonani de and am no, Wand ring B" can be connected through

ei ther a carbon orgzanNnitrog on B, and Cy is a nonocyclic, bicyclic
or tricyclic 5- to li\nenbe IoaIkyI, het er ocycl e, aryl group or
het er o&fhlei9AOKP mHerelnfup o three heteroatons are independently N, S or
0 and which is optionally substituted with one or nore substituents

sel ect T@OS%! om IBQth?%H&n‘a%ﬁﬁioaﬁﬂéﬂgoptile (dond &dect; Drkpould 088 Pornfula 18 C12

al kyl , o Cl2 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl,
aralkyl aIIcoxy,/aNkoxycarbbﬂyX: alkamby+x”carbannyl substituted
sulfonyl sul f ongt e, \sul f ofam de\and eacthe, Rd Re and Rf is

i i SA1 of : hydrogen Cl to C8

6\8 nenbered ring which
ach hetero

0O

al kyl ,
may be clo

atom iR pregent, is independently N, O or - -¥- and Rf may
opt i onal B _substituted by Cl1 to C8 al kyl, Cﬂ T yl, aral kyl,
or a 4- to 8-\n§nbered ring which may be cycld&hkyl het N | e,

het er oaryl or aryl and wherein each heteroatom if presen IS
|ndependentI§V ' or S, Re and Rd are optionally joined to forma 4- to
8- menbevherein taedé%wl eeclw\mﬁemnd@ltbrpﬁﬂeehérfnoyl tildgedlptcensaﬁ’qmg l9ép bgnd,t 0 5-

menber e et cyel e ar vy
j oi ned tgpfoiﬁgaéﬁl neﬁb@re he?g%bé ﬁ s’ od%?@ﬁgllygaused to
anot her-CBEN(R')E 5-whma1ﬂnﬁll ecbhbﬁ:meframcmIgeouprcohettergaﬁmyﬂrogemg;l td/CamhﬁleCl &are each

et A
20101065644A6E R8I Qb&Heyit 0 C8 heteroal kyl, cycl oal kyl, heterocycle,

aryl, heteroaryl, aralkyl 1-3 am no acids,

[U-(CR42 1- NR5- R42% % ({CR42)1 NR7 - (CR42)1 R8, -U-(CR42),-R8, and
wher ei #0001 | s 18 eTeicydaird poho IREN G Sifpice iR r?@nwpunde(heyeformdeéso and
-S(0)2-, each R4. and R7 N ndependent |y selected fromthe group
consi st i ng of hydffs n, C+<foky| , Cl to C8 heteroal kyl, cycl oal kyl,
heteroc%% aryl, oat aral kyl, R8 is selected fromthe group
consi st ﬁmbﬁ ﬁydrggen 0%1 t CB aIkyI Cl to C8 heteroalkyl cycl oal kyl ,
het er ocycl e, aryl, heteroaryl caral k 0) - R81, R81, -C(0)-0- R81
_C(0) - MOGBL2, Inapahictyfiguthgiebodipent of %iwnm apest é?rﬁp@@éﬁhmfomulal
independently chosen fromthe group consisting of hydrogen, ClL to C8 al kyl,
Cl to C8 hetergabkyl, cygfsakkyl, h glycle, aryl, het eroaryl and
aral |l cyl, opt? na R7 and ther forma 4-7 nmenbered ring, each t
i s i ndepcndent 1, or 2. 101701The conpounds
of the C I cceptable salts of | as
wel | as anJoptically puré gnantlontr ra enatc or di ereoneri c m xtures
thereof. [Q171]In a first @&bodi nent of the:iwﬁst aspe t, A is selected
fromthe_graup consisting of a single bond, (CR2) CRZ)p-,

- ( CR2) FI“N(RNE- (CRR) p-, - (CR2) - C(0) - N(RN) - 6@?2 ~r

-(CR2)"-N(RN)-C(0)-N(RN) - (CR2) p- and -(CR2)11- N(RN)ZtXO)-O-(Gﬁﬁmpﬁ and a
het eroaryl Zi-Xly2 group selected fromthe group consisting of XI-Y1X2 WO
20101065674 5N XS2A09/196@45%Adentlyl@3/R1i n a second enbodi ment of the first
aspect, A is selected fromthe group consisting of "'E NHH
W ----- N b1 N bNDNind&c a singl e bond, HN. . [0173] I n a third enbodi ment
of thc first aspect, Re, Rd, Re and Rf arc each i ndependently sel ected from
t he group consisting of: hydrogen, Cl to C8 alkyl and C1 TO C8
hcteroal I cyl, wherein, each hetero atom if present, is independently N, O
or S, 23




Re and Rd are optionally joined to forma 4- to 8-nenbered heterocycle
which is optionally fused to another 3- to 6- nenbered heterocycle, and Re
and Rf arwoeptiwpeakl y joined to forma 4- to 8-nenber ed POFER@OING6489 Whi ch
is optionally fused to another 3- to 6- nenbered heterocycle. WO
20101065674PCT/ U52009/ 066459 [0174] I n a fourth enbodi nent of the first
aspect, Re and Rd or Re and Rare optionally joined to forma 4- to

8- menbered heterocycle which is optionally fused to another 3- to 6-
nmenber ed hete@tRaye),er cl@1L751In a fifth enbodi ment of the first aspect, Re
and Rd are joined and forma heterocyclic fused ring system selected from

the gr gasef ONShSLthig-ffk embdBaP of th d aspeft, MGpSInds RN Srr3dth pipt €d from
t he grgup gonsistiﬁg of %@ rogen? -8ﬁf“%1aﬂ6 C12 gﬁk&f, éﬁ %o C?g

het er oal kyl , cycl ogatkyl, he | e, aryl, heteroaryl, aral kyl, alkoxy,
al koxycar bonyl , a aﬁQyI, c%[ |, substituted sul fonyl, sulfonate and
sul f ongi.Agn At R176HI n a,si xtth enbodi ment of the first aspect, Re and Rf are

joined and forma heterocyclic fused ring system selected fromthe group
consi St[M@] of IﬁlaKMiH?-s%h Eﬂb@i&e%ﬁﬁ@s@:k&)@ aspftﬁ(,@o%lohr?&élh’avgﬁ)trﬁﬁﬁqy .l e, aryl,
heteroaryl, arallcyl, al koxY, allcoxycarbonyl, alkanoyl, carbanoyl,
substituted sul fonyl, sulfonat®:-and sul fonam de. WD 20101065674PC

T/ U52009/ 066459 [01%7]In a se h enmbogirexitt of the first aspect, B and B
together is sele Eed\\ronlt e'Y A XXy y XXYYYYit"

t X - X/\K-0O){( X b group consisting of
X1-X1 , X-X , h X is independently N

or C ang/if t he val ence
shel | ; Xach is independently -N- or -CH , \w /the proviso t gt no nore
t han t&g\z;, re -N-; each Y is independently % ted fron1-0-1g-, -NH
-0-, -S-,7-C()2-, or -S(0)1,2-; and B and B' @&%,ach to tha i nder of

t he conpound at Zany avail abl e attachment point on the nDLéEuIe. X, 2( X-X
4, ,H* [0178]1n an eighth enbodinent of the first aspectt, B and B' together

IS X - Xherein X¥Md XK' are eachindépéndentlyl sklette fivh the kfolp codsistivglofa bdnd,, (,),  XIN./
"lce X - XX =XIXI - XlorX -Xwherein * indicates attachnent points to

the rembithderCHer CHee €8m0 61793 (N e nCHe R-erfBbd ménS6P)ehend i r st
aspect '—C%Qﬁ'ﬂg])gwﬁepegﬁkh fchbsen fonY thE "oup consisting of hydrogen, C; to Cg alkyl, C; to

Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,

:xy , X -X a X - X\ wher
may i’hcl ude &°hydfogen ax

carbamoyl and substituted sulfonyl.

[0061] In a thirty-seventh embodiment of the second aspect, compounds have formula IIq

N N
A I

wherein A’ is
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*vY'' X )-(/ "X "N, XXX XX WO 20101065674PCT/ U52009/ 066459 X. X
*-Y' orX =X wherein * indicates attachment points to the remainder of the
conpound. Wi '20100656744* X' ji? [0180]In a tenth enbodi menPCFUSRING/0b645%t
aspect, B and B together is X-X, /'X attachment points to thc remai nder of
t he conpound whcrein no nore than 2 of X are nitrogen. [0181]In an el cventh
enbodi nent of the first aspect, B and B' together is 00"po, *-N O *-N O *-N
0 *-N X \\, *X\\ XA\, / X\ /XIS X -X, orXl-Xlwherein * indicates

at t achigys] pOHH%%hﬁ@aﬁ@&cﬁﬂﬁﬁhﬂQﬁBnQ%n&@%uﬁ@ﬁﬁ?%%ﬂu@ﬁﬁ RN is selected from
the group con5|st|ng of hydrogen, -OH, Cl to C12 alkyl, Cl to Ci12

hct croal kyl, cycloallc het er ogygic, aryl, hetcroaryl ar al kyl, al koxy,
aIIcoxycarbonyI, P car ba nyI substi t ut ed sulfonyl, sul fonate and
sul f onam de. 2009/ 066459 0"0 ,'S, *-N NRN RN, NN

N'-NNNN\ X* X% XXX, or wherein * indicates at t achment
points to the 8\ cdfpolind and RN i s sel ected fromthe group
consi sting of 4 12 al kyl, G to Cl2 heteroal kyl,

cycl oal kyl, he het er par yl °kyl , al koxy, alkoxycarbonyl,
al kanoyl ; ony | fonate and sul f onani de.

*-n -1X1 W't gent h enb dinment of the first aspect, B

and B' togdther isRN and RN i s| sel ected Airomthe group consisting of
hydrogen, Q4 Cl to Cl2 alkyl, @)to Cl2 hetecgal kyl, cycloal kyl,
hetero®fcl e, aryl, heteroaryl, aralkyl, a¥koxy, a#,géxparbonyl al kanoyl ,
car banoyl, substituted sul fonyl, sulfonate and sul fonam de

/)LIP__ if[jﬁ»—- HN/N%——
A is selected from the group consisting of a single bond, H = , )Q N ,

- - IO I ST

, , and

H ; and
cach X° is independently C or N.

[0063] In a first embodiment of the third aspect, compounds have formula III wherein A’ is

N N
A I
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WD 20101065674PCT/ U52009/ 066459 [0184]In a fourteenth enbodi nent of the
first aspect, B and B together is *N # * and the six-nmenbered ring
opt i onal IWOoceWmséyd one or two additional nitrogens as RETASeVONGISM t h t he
proviso that the total nunber of nitrogcns in the six-nenbered ring does
not exceed two. [0185]In a fifteenth enbodi ment of the first aspect, B and
B' together is WO 20101065674PCT/ U52009/ 066459 Owherein * indicates
attachnment points to the renmi nder of the conmpound and the phenyl npiety
opt i onghdes) Conhal s@&n@@ﬁlbgﬂln{e‘fWoﬂh& fl@ﬂ%@?@c@%oﬁ%%ﬂc@%ﬁ%rm{ﬂg1ﬁ§] In a

si xteent h enbodi nent of first as B and B' together is t he
conpound; the phenyl nnleRVroptlonaq "y contains one or two nitrogens as

het eroatons; and RN is g gted fr t he group consi sting of hydrogen, -OH,
G to Cl2 alkyl, G to/Cl Q cycl oal kyl, heterocycle, aryl,

het eroaryl , aral kyl Rl ko jonyl , alkanoyl car banoyl ,
substituted sul fopyl, Qul fondte and su fonanlde [0187]In a second aspect
of the invention, xhave /formua 11: WO

201010656 £4PCT/ Ny oup coQsi sting of a single bond,
81 wa fir enbsdi nent of the second
flerein A i\s HorX
N/

HN -N ) N NMNI®R\ andH [O01S8
Z wherein X and X' are

aspect ,X conmpolnds halle formula 11

cach independently selected from the group consisting of a bond, -CH,—, -CH,—CH,—,
—~CH=CH-, —O—, -S—, —S(0);.,—, -CH,0—, -CH,S—, -CH,S(0);.— and -CH,N(R")—, wherein R'
is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to Cg heteroalkyl, cycloalkyl,
heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl, carbamoyl and substituted
sulfonyl.

[0065] In a third embodiment of the third aspect, compounds have formula Illa wherein A’ is
N
N <L
|
H or H )

[0066] In a fourth embodiment of the third aspect, compounds have formula Illb:

a a

~ H
£ >y

Rd//'\\\z

wherein each

X is independently C or N.
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[0189] I n a second enbodi nent of the second aspect, conpounds have formul a
Ha: (Rd), Cy wherein X and X are each independently selected fromthe
group corsPingse# a bond, -CH2-, -CH2-CH2-, -CH=CH, OPCT&S2008(00§459 2-,
-CH20-, -CH2S-, -CH2S(0)1_2- and -CH2N(RI)-, wherein Rl is chosen fromthe
group consi sting of hydrogen, Cl to C8 alkyl, Cl to C8 heteroal kyl,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al kanoyl,

al koxycar bonyl , carbanoyl and substituted sulfonyl. WO

201010 6afp0f PC—% WSAROMQRGAST oF L QLT ﬂ%e& %%ﬂﬁjc?s fe F&ﬁu&rlﬁ%%ﬁeré iMKeRtion

i ncl ude pharnaceutlcally acceptable salts of Ha as well as an optically
pure en NNer, ra - di astereoneri c m xtures thereof [0191]In a
third e nt ot \econd aspect, conpounds have forrmula Ha wherein A
i sHor [01 2]Inma f@urt enbodi nent of the second aspect, conpounds have
fornula i b: R, yl zr ) Xe-Xe ( (Ra), IX6 Xb %.?2,.,2 "' ... . " -------- Xi <

) \XkPO068 d. .1n-a- smtlYembodlﬁl%nt)g?ﬂ;e“thﬁ(d a&ﬂg@) Edm zfphzlve(fgiziﬁula Hﬁ:nd ris

i ndependently C or N 93] The conpoun s of the present invention include
phar maceutical | y acceptaﬁﬁérsalts of Rl as well as an optically pure
enanti omer, racemate orxﬁtﬁsiereonex? —metures thereof [0194]1n a fifth

enbodi nent of the seco d sp ct, c np unds have formula Il b wherein A
i sHor H
/Yk <

xb= Xb
/”\/
Z ‘ wherein
X and X’ are each independently selected from the group consisting of a bond,
—CH,—, -CH,—CH,—, -CH=CH-, -O—, —-S—, —S(0)1.,—, -CH,0—, —CH,S—, -CH3,S(0O);.o— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,

carbamoyl and substituted sulfonyl.

[0069] In a seventh embodiment of the third aspect, compounds have formula Illc wherein
N
N <L
I
H or H .

[0070] Inan eighth embodiment of the third aspect, compounds have formula IIld:

A'is

a a

b
N x
(Ra
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[0195] I n a sixth enbodi nent of the second aspect, conpounds have fornul a
He: (Ra), ylXC XXb+Xb ZT1Xb xc=1=xc (Ra)rXb/) Xb=Xb NN (Ra)r ANt hercin X
and X' arwoeauWesstdependent|y sel ected fromthe group c@®aFIERINGees9a bond,
-CH2-, -CH2-CH2 CHCHOS, S0)1_2-, -CH0-, -CH2S-, -CH2S(0)1_2- and
WO 20101065674PC T/ US2009/ 066459 - CH2N(RI)-, wherein Rl is chosen fromthe
group consisting of hydrogen, ClL to C8 alkyl, Cl to Cs heteroal kyl,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al kanoyl,
a'kOXY?ﬁﬁﬁ?”YHnaq%hﬁ%HBM&nﬁHﬂﬁ%H@ﬁhﬂ%Hk%ﬂc&ﬂ &gmyhmmhgﬁgﬁhﬁmﬁ conpounds  of
the present invention include pharnaceutlcal y acceptable salts of 11lc as
well as an optically puréRémantloner (RPacemat e or di astereoneric nixtures
thereof [0198]1n an ei N%t:&hbodlnenf "t he second aspect, conpounds have
formula lid: (Ra), Xc- 3 b ) Xb/Xi Xc=\=Xc (Ra), Rdxb-xb wherein each Xb
and Xe is indepeng he present

i nvention includepphar iidNas well

as an

I'd wher c |sHorH [0201]In a tenthX dﬂinent aspect,

conpou fornula lie: WD 20101065674 [/ U52009/ 066459 \yl) (c-xpC ZT
xc=1=xc r X and X' arc each |ndepen ently selected frlomt group
consi sting of &bond, CH2 , CH2 CH2 , 0, S, S0)1 20- ,

- CH2S-, -CHZS(O)%;2- and CH2N(RI) -, mhereln RI is chosen fj the group
consisting of hydrogen, G to C8 alkyl, Cl to Cs heteroal kyl, cycloalkyl
het er oogtetein Xamy X' afeatel ddejydnderalyaklkeyted fidbkhagylup cahdoxy ofin bomy| |, carbanoyl

and sub tut fony| . 102 oun ft pre i nvention
|nclude ééﬁ#éé?ﬁt{gibég 'ﬁ? g&gp &%TS égf (QHZOﬁ?écally
pure eﬂ@mqu(T‘EI, WHeRG# RmsQ:h@§enQ1r(§1§f}1%rg?&iﬁfohﬁstmgﬂfllh&@l%g@lﬂ e et alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0072] In a tenth embodiment of the third aspect, compounds have formula IIIf:

(R®), (R?),

X R R,
O
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102031in an el eventh enbodi nent of the second aspect, conpounds have
formula Tie N wherein A" isl-1or 102041lIn a twelfth enbodi ment of the
second aswecnlv/wssrpounds have forrmula I1f: and X i sPchdspendesitsty C or
N. WD 20101065674PCT/ U52009/ 066459 [ 0205] The conpounds of the present

i nvention include pharmaceutically acceptable salts of IIf as well as an
optically pure enantioner, racenmate or diastereoneric m xtures thereof
[0206] I n a thirteenth enbodi mrent of the second aspect, conpounds have
formul o] _ahvn\WReksh @nlﬁodlf&hp(;f tﬁ@%@fﬁ]akﬁkcta cI) sues BiR ebadipient of the
second aspcct conpounds have forml a : e ZT9%e(Ra), Xc=1l-xb Xb N
I Xb (Rak N XbXb Z'
group consi sting of
0-, -d42 s, -CH2
group consi stin

r X and XRar e each |ndependently sel ected fromthe
?=|=XCHchz, 0, S, S(0)1_2, CH

N(Rl.) - m Rl is chosen fromthe
to csR‘ kyI \M%gfk het er oal kyl ,

cycl oal kyl, het roary al kyl anoyl ,
al koxycay, (tyted sul onyy( [ OR08] Thc conpounds of
thc pr nvent#on includc phar ma&guXi cal | y<° ptabl c salts of Ilg as

C m xtures
Xonpounds
odi nent of

wel | as\an tically pure enantioner,Rpaccmate or diaste
t hercof . ]In a fifteenth enbodi nent of the sccdnd aspect,
have formula H§ wherein Ht-N A isHor 102101l n a sixteent
t he second aspect, conpounds have fornula Tih: WO

20101065674PCT/ U52009/ 066459 each X" is independently C or N [0211] The

conpoundsredi Xtdh@ Xpaesack indeyadéitgncicoel tiden tbaroupeenidtvalof ¥ bags;ept abl e
salts of Ilh as well as an optlcaIIyQPure enanti oner, raccnate or

di ast er&&herimt Heure ST 60 192150 na S Bvent <diedh €ribodentnds t he
second _a$pRatY)- GAHFRGYRIR dRa¥s o HdloRodp ddnsiier ihdReed, $HRE B, alkyl, C; to

Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0074] In a twelfth embodiment of the third aspect, compounds have formula IITh:
(R®); (R®);

XC:I=X° xb:|=xb\

\¢b
oYY
Re
RC
N b N———X
H Q& £{
N *_ "~
R¢ z (R?), Z'/ R wherein each X" is

independently C or N.

[0075] In a thirteenth embodiment of the third aspect, compounds have formula I1Th wherein

RSB

A'is
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wherein X and X' arc each independently selected fromthe group consisting
of a bond -CH2, CH2 CH2 , CHCH, 0, S, S(0)1_2-, -CH20-, -CHS-,

- CH2S( 0) WO 20e@s67€H2N( 121) -, wherein 121 i s chosen fr omCTHE2¢MOGEHISI

consi sting of hydrogen, Cl to C8 alkyl, Cl to Cs heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sul fonyl. 102141The conpounds of the present invention

i ncl ude pharmaceutically acceptable salts of H as well as an optically
pure 92@0%] OMEh 4 RERAREntRimn2 8 BF @RRBLh &t BoXdpd iR HalefoRRlita IO

201010 5674PCT/U52009/066459 [0215]1n a ni net eent h enbodi ment of the second
aspect, conpounds have fé&fPula 11 _OFIN A -<1 wherein A isHorH 102161in
a twentieth enbodi ment gfi+tke secongbgspect, conpounds have fornula iih or
H wherein Xe is C. [0Z17]1n\an tw#nty-fNrst enbodiment of the second

aspect, conpounds f or mul or Ilixthereinr is N Xeis -CH2-, -NH
or -CH2-CH2-, i y Cor N [0219] The conpounds of
the present invenffion i ge phar I cally accepjable salts of I1j as
wel | as apQopti re enanti ongr, ragemate or astexeoneric m xtures

nty-third erbodi ne A econd| aspect, conpounds
, Wherein A isHor‘}{l\l 22//1lin a twen\y-folirth enbodi nent of
t he secaggzgﬁpect, conmpounds have f&%%uka ilk: WO N
20101065674PCTNUS2009/ 066459 z' mher?ﬁﬁ X and X ard each independently
sel ected fromthe group consisting of"a bond, -CH2,z CH2 CHdhereitht Gd x7 0, S
, S(0)1 2-, -CH20-, -CH2S-, -CH2S(0)1 2- and -CH2N(RI)-, wherein Rl is
chosen afa@ph thlepapdently sebateid Stommidre gfoulpycdnagmg, of €@bond Gl kyl , Cl to Cs

het er oa neychpa r aralk al kanoyl ,
alkoxycgﬁ%ony?'_é Eﬁﬁb??_'__'_%%ﬁtﬁtuéﬁgggukg%gy %ﬁfé fT%e conpounds of
the presenN®R I)VeﬂierfﬁnlﬂRll Rahuse fohahzreai doadhting dtgeprabics teak alkyoT, td k as

wel | as an optically pure enantio racemat dlaste eomeri c m xtures
t her eofCsPetspsfivh ¢ clpaéghlt {eteropyghe, éﬁ@&ﬁtmw ﬁ&Yﬂéﬂ%@dnﬂ AYpHELNYLconpounds

have f Qumuhdylldnll s€bstitutdh@lighn A isor [0224]1n a twenty-sixth enbodi ment of

have fad%nul a

t he second aspect, conpounds have formula I11: Xe=Xe Z1"-Y1l Rc( XlXe He
(Rbk Rd wherein: each Xb and X is independently C or N, each IS

sel ect 077} omlpwéﬁf@ﬁ@thﬁn@@ﬁ@egt pihe drdgwpect, x@qpourdwhavq\mnulﬁéﬂb‘gb%emc:l to
Cl12 al kyl, t Cl2 hgtergal kyl, cycloal kyl, heterocycle, aryl,

het er oar yI kyl —&l k WD 20101065674PCT/ U52009/ 066459
aIIcoxycarbo ) alkann Car banoyl, substituted sul fonyl, sulfonatc,

sul f ondvide dhd affno;Mand s i-s 0, 1, 2, or 3. [ 0225] The conpounds of the

present invention include pharnaceutlcally acceptabl e salts of
[0078] In a sixteenth embodiment of the third aspect, compounds have formula I11j:

30



111 as well as an optically pure enantioner, racemate or diastereoneric
m xtures thereof. 102261In a twenty-seventh enbodi nent of the second
aspect, cwopouwds6Have forrmula 1 T] N wherein A isHor [ @ZIAISREDIAN66459
twenty-ei ghth enbodi nent of the second aspect, conpounds have fornula IInv
(Rb), 1 wherein X and X are each independently selected fromthe group
consisting of a bond, -CH2 , CH2 CH2 , CHCH, 0, S, S(0)1 2-, -CH0-,
-CH2S-, -CH2S(0)1 2- and -CH2N(RI')-, wherein R is chosen fromthe group
consi St[ﬂm of IH%@E%%nth%ﬂo@m%t @f t‘fﬁ! lthlrcﬁtjs iR, c%plaﬁﬁd%rh‘a@é Fthulaqug! oal I cyl,
heterocycle aryl, hetcroaryl ar al Pcanoy , all coxycarbonyl,

car banoyl and substltutedaéulfonyl 1 ﬁQSlThe conpounds of the present

i nvention include phar magedki cal |y getepbtable salts of IImas well as an
[ dNast ereoneri c m xtures thereof

of thexsecond aspect, conpounds has c

formula I'lm_eN 4 NA. N\wher 102301|n a thirtieth enbodi ment of
t he second aspect : N
201010656 PCT/ xb2yxbi/ ) Xb yl Xb=l Xb

(Ra)r wheyei n:

and xb2(|s S(P)2 0) or C(0) [0231]
i ncl ude Yharnpceutically acceptablex us of Ilnﬁas wel [Tas an_optically
pure enantionex,_ racemate or diasterconeric m xtures theleof. f0232]ln a
thirty-first enbodi ment of the secon 3spect conpounds aigj(ornula lin
_erk wherein A" isHorH 102331in a thirty-second enbodiaént of the second
aspect, conpounds have formul a Fb: Xc =Xcxb xb2 1)) XZXO- - XcxbIwkdrein

of & bontne X arpeachippaient (TGHA o 1 o Gpasiste oL ps - cpe .
- CH2S( O, 2- CﬁrﬁdCHgﬂZN([%bHﬂ —waeiw ns«oyl [ @H@@emdﬂztsm ld'fezsg@wp af®@nsi sting
of hydrogIe Clto CBRE , heteroalky , cycloaghé heterocycle
aryl NGy WheggimRKipl ¢ Ownl&g%ghe SrEnCeRyisEES My firogen Ch Anby hlkaln 61 to

substi @%%E%Hyglﬁ:gg%%ﬂa%lgﬁﬁ%yﬁe gmﬁgﬁgﬁ)&awg aHJaﬁ n&lkdx?g?‘ggﬁﬁ n include

phar maceut | e salt's "of opt| 'y "pure
enant i ecadrmoyland welbsatused dilfasyler eonmeri ¢ m xt ur es ther eof

Xbi is Nor O;
t invention

[0080] In an cighteenth embodiment of the third aspect, compounds have formula IIII:
(R, (R®),
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WD 20101065674PCT/ US2009/ 066459 [0235]1n a thirty-third enbodi ment of the
second aspect, conpounds have forrmula lio _el4 N\ wherein A isHor
1023611 n o 20ti/065674f our t h enbodi ment of the second aspe®CI/SemMIBGHIAS have
formula lip: xc=xc xb2 (Ra)r xbi Xb / ) Xb=1 Xb (Rak each X' and X is
i ndependently Cor N, Xbi is Nor O; and Xis S(0)2 or C(0) [0237] The
conpounds of the present invention include pharmaceutically acceptable
salts of lip as well as an optically pure enantioner, racenate or

di ast ef@ATE" | GnAnilddcBfh étllﬁ%rdﬁﬁ)ént [)pt%ggﬂlfd"asﬁeét moﬁﬁpY)ulfldsfHabe epedimpt of the
second aspect, conpounds have formula |lip wherein A" isHor [0239]1n a
thirty-sixth enbodi nent ®¥ the secdBd aspect, conpounds have fornula (Ra),
Xcf)c Xb Xb2) N, Xb=[ Xb#tmﬂ 1/ ATXMeERe) , N wherein X and X' are each

i ndependent |y sel ect &onsisting of a bond, -CH2 , CH2 CH2

, CHCH, 0 S, S -CH2@60)1_2- and WO
20101065674PCT/ 009NQ664 mhereln Rl is chosen fromthe
group consi sting rogen {0 Cs heteroal kyl,

cycl oal k X aryl, al kanoyl ,

al koxy fbon |, carbanmoyl and st 840]The conmpounds of
t he preéent |nvent|on i ncl ude ph i eptaljl e salts of |Il1q as
wel | caIIy pure enantione i astler eonery ¢ m xtures

thereof 102411|n a thirty-seventh éﬁﬂodlnent of thenSecon p
conmpounds have fornmula IN irN wherein A isHor [0245]In a third Aspect of
the i nvention, conpounds have forrmula Ill1: Rf wherein N-\\j/

ZY
wherein X and X’ are each independently selected from the group consisting of a bond,

_CHQ—, _CHQ_CHQ_, —CH:CH—, —O—, —S—, —S(O)l_z—, _CHQO_, _CHQS_, —CHzS(O)l_z— and

t,

_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0082] In a twentieth embodiment of the third aspect, compounds have formula IIn:

Z' Rf
N

RS N
Rd\
Y N
\ H
Z
wherein each X" is
independently C or N.
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A is selected fromthe group consisting of a single bond, N S> HNMN
N?S_ N'-S_ -Kl1 J,IN; and N and each r is independently C or N [0243] The
conpoundswof2otesgresent i nventi on include pharnaceuti cRCMUSAWODPE4ad| e

salts of Ill as well as an optically pure enantioner, racenate or
di astereoneric m xtures thereof. WO 20101065674PCT/ U52009/ 066459 [ 0244]In a
first enbodi nent of the third aspect, conpounds have fornmula IIl rherein A

i s Hor 102451in a second enbodi nent of the third aspect, conmpounds have

for mul goddag: e[ﬁ%hwhﬂ%@ﬁﬁ%ﬁ%%ﬂen%@f {RE He JS%&@CBHI%OQI{(Q%Qv&fa'ﬁﬁ{ll%tﬂlﬂg of a
bond, -CH2-, - 1.2-, -CH0-, -CHS-,

-CH28(0)1_2 anq_<gH8N(RLlﬂf in Rl i's chosen fromthe group consisting
of hydrogen, to aIkyI Cs heteroal kyl, cycloal kyl, heterocycle,
aryl, Ralgroar ¥l , aral ﬁjkanoyl alkoxycarbonyl, car banoyl and

substituted sulfonyl [0246]The conpounds of the present invention include
phar mageygyl calthy REHGREA DB RnPEf the lfrdaSpde 'cbmﬁ@mﬁ@ hRL oG th YTIRUT €
enanti omer, racemate or di astereomeric m xtures t hereof. 102471in a third
enbodi mrent of the third aspect, conpounds have f la I na wherein A is rN
or [0248]1n a fourth enbodi nent of the third aspect) ounds have fornul a
[11b: WD 20101065674PCT/ U52009/ 066459 (Ra)r(Ra)r Xe+XcXp+Xb ( Xb XeXb
XbXb (Ra)r Xb is independently C or N 102491The cgnpoungs of the present
invention include pharma@ytically accefi’pbl e salt b as well as an
optically pure enangjonerl Xacemate or dister ric mxtures thereof.
102501 odrEnt xt he t hxrd as t, conmpounds have fornul a

wherein X and
X’ are each independently selected from the group consisting of a bond, -CH,—,

—CH,—CH,—, -CH=CH-, -O—, -S—, —=S(0O)1.—, -CH,0—, —CH;,S—, -CH,S(0)..— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0085] In a twenty-third embodiment of the third aspect, compounds have formula Illo

7/ N A
A I

wherein A’ is
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1025111 n a sixth enbodi nent of the third aspect, conpounds have formula
111c: X*XcXbd=Xb cbXb ) Xb Xb (Ra), wherein X and X are each independently
sel ect ed WM te867gr oup consi sting of a bond, -CH2, CH2PCHAIS200CH6&H, 0, S
, S(0)1_2-, -CH20-, -CH2S-, -CH2S(0)1 2- and -CH2N(RI')-, wherein Rl is
chosen fromthe group consisting of hydrogen, Cl to C8 alkyl, C1 TO C8

het er oal kyl, cycloallcyl, heterocycle, aryl, heteroaryl, aralkyl,

al | canoyl, allcoxycarbonyl, carbanmoyl and substituted sulfonyl. WO

201010656 PCTih Wa 2009 10GRAGHAARERLF IR B2 RS fouhdRE S8R fifjvent | on

i ncl ude pharmaceutically acceptable salts Iilc as well as an optically
pure enantionmer, racenmate or diastereoneric ggeof [0253]In a
seventh enbodi nent of th hird aspecire) co ormula Illc wherein
A" isHor [0254]1In an elg: enbodlnEQi of
formul a I nd:
conpou

ures th

spect, compounds have
SCI™~N Xbet rXoN H Rd-z [ 0255] The
de phaﬁnaceutvcgjly accept abl e
salts of as optlc |1y pyre enanti r, racemate or
di ast ereongri c nNxtur e
aspect, cospound® have ¥or mul
wher ei mrd X are each ind ndently selected fromthe group consisting
of a bond, -C?FQ , CH2 CH2 , 0, S, §0)12-, -CH0-, -CH2S-,
-CH2S(0)i 2- and -CH2N(RI) -, mq ﬁ%ln Rl is chosen fromthe group conS|st|ng
of hydrogen, Cl to C8 alkyl, CI t'o heteroal kyl, cycl oal kyl, heterocycle,
aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl WO
20101066674 PCTih URR0RY/MBAARD ARACR B ihi AN SYBShidobh &chasd F AN 1] 0257] The
conpounds of the preSent invention include pharnaceutlcally acceptable
salts of W as well as an optlcally pure enan

aspect, conpounds have fok Ia Elf: Sﬁa

_LIN \:>/</ :[XC X

Z XK*xf/

(R, wherein X
and X' are cach independently selected from the group consisting of a bond,
—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.
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Xbr XbX (Ra)r 102591The conpounds of the present invention include

phar maceutically acceptable salts of Tiff as well as an optically pure
enant i omeWoQ 20tdehAEte or di astereoneric m xtures ther eof PCOAGRPIMCEHTI

el eventh enbodi nent of the third aspect, conpounds have fornula |IHg: X+
XeXb+ Xb Xb / )( \ Xef X (Rah | 4cl) X+ XIX (Fe), z. wherein X and X arc
each independently selected fromthe group consisting of a bond, -CH2 , CH2
CH2 , CHCH, 0, S, S0)1_2-, -CH20-, -CH2S-, -CH2S(0)1 _2- and

- CH2N( %088F V\h‘ﬁra%ﬂtﬂslglaé o?ﬁﬁﬁﬁxﬂzn{l&? %h@@urgfs PHR: foRRs$Yi ng of hydrogen, C1

to C8 alkyl, C1 to eteroal kyl, cycloal kyl, heterocycle, aryl,

het er oaryl , ara 1, alkanQyL—xaIkoxycaVbonyl x&ar banoyl and substltuted
sul fonyl . 0 65674FCT/ USR009/ 06445 026N khe conpounds of the

pr esent invent on i phar Kgal ly [pcceptapbl e salts of 111g as wel |
as an qgtically pur \\oner race |d|§%§giz?nerlc m xtures

t her eof . ]I twel ft odi nment L spect, Ronpounds have

formula 1114h: xb fxb RdZ(Ra% i ndependent | y or N. ANUr Z' wherei n each
Xb is 102d31The conpounds dR)the present i nvention incl ude
pharnacegpﬂ&ally acceptable salts of H Il as well as an optically pure
enanti dtfer, raéemate or diastereoneric m xtures thereof. [02684]/n a

thirteenth enbodi nent of the third aspect, conpounds h?y fornula [11h
-wherein N A" isHor [0265]1n a fourteenth enbodi nent of the thi rdh&siBect ,

conmpounds have fornmula I11li: are each independently selected fromthe
group consisting of a bond, -CH2- Cl12-042 , GHﬁgﬂ_, 0 r S, S(QPl 2-,
-Cl1120-, -CH2S-, -Cl1125(0)1_2- and CH2N(R1) - ereln s cﬁﬁteg__ron1

;Big%‘é;mg@ @@%ﬁ%@@@f@éﬂ&%@%@éyclboa%. Lo *
St 3{;y 2 mm4 mmy o

N

~

=

N
_</N |
H ; and

cach X" and X is independently C or N.

[0089] In a first embodiment of the fourth aspect, compounds have formula IV wherein A’ is
N
~H <TI0
I
NJ\ N
H or H )
[0090] In a second embodiment of the fourth aspect, compounds have formula IVa:
Y] Xo=
1= \ / \ Xb
> <\c /> <
X x X
X (R?),

\/ N\Z /N \/X'

Zl

wherein X and X’ are each independently selected from the group consisting of a bond,
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[ 0266] The conpounds of the present invention include pharnmaceutically
acceptable salts of 11li as well as an optically pure enantioner, racenate
or di ast aVOAHEY(6867H1 Xt ur es thereof 102671l n a fifteent hPEFIHEAIIONE45DT t he
third aspect, compounds have fornula IIli wherein ,(7-N A isHor [0268]1n a
si xtecnth cnbodi ncnt of the third aspect, conpounds have formula Hit
102691The conpounds of the present invention include pharnmaceutically
acceptable salts of ifij as well as an optically pure enantionmer, racemate
or di aster,eongyie xtypgﬁilh@Leq;_lQ NCf,Se Ve gentdy ggnt of the
third aspéc c ng%hnd§ have formula %@Q}l 0101055674PC§¥?§%009/066459

t her ei ﬁCKzH(ﬁll )X'Wlmfnn Rawstehpseadpsem thegroup ®e$letmgeqi hiydeggen. ke t@E@@nlbylc @mm sting

of ab , QEQ

- CH2S( 8;;%?’? %a]%d %ﬁ% t?r,o%%ra Qfl’nheﬁm%%l’ c%g(g'é H%n%ym% gc%rgﬂn COI’ISI sting
of hydragemopylGhdisobsGital dayfonylC1l t o C8 het er oal kyl , cycloalkyl het er ocycl e,
aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl carbannyl and

substi 711T ounds of the, pr ntlon |nclude
ohar et c ﬁpﬂqﬁﬁga%%@ﬁ%@% OB b Rt R R T LA
enantionerv,,@cenateN astereoneric m xtures thereof. 102721in an

ei ght een g@gdlneﬁ he third aspect, conmpounds have formula Til

[ 0273] The 4$np unds gf e present invention include pharnaceutlcally
acceptdbl e salt$ of 1111 as well as an optlcally pure enantiomer, racematc

or dia oner i ture t hereof. 10274 nt h enbodlnent of the

Ohi ro J0REL s Ahe RE s RERRT SO PrHE: No i1 Seneya

PCT/U52009/066459 grein X and X' areereach i ndependently sel ected from
CH2 CH2 , CHCH, 0, S, S(0)1 2-,

, Wherein RL is chosen fromthe

CI\to |l Kyl, C1 to C8 heteroal kyl,

cycl oal | cyl, aryl, aral kyl, all canoyl,
al | coxytabo { sul fonyl. 102751The conpounds of
t he presen Sﬁar i CB aaccepttabl e salts of H m as

well as an |optically pure enantloner ate o | astereoneric m xtures
t hereof 102(61ln a twentieth enbodi ne of the thikd aspect, conpounds have
for mul g Y (Ra), (Ra)r Reb 'xo04k Rdy NI bl xR.xN1 H
(Ra)r / ~~ Rf
z wherein:
NTN N
|/§>—- HN-N HN-
A’ is selected from the group consisting of a single bond, H , N ,
- - IO <A Q
)\ )\ , and
N N
— =
N— P
H ;and

cach X° is independently C or N with the proviso that no more than two X are N.

[0093] In a first embodiment of the fifth aspect, compounds have formula V wherein A’ is

N N
A ~<ICL
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i ndependently C or N. WD 20101065674PCT/ US2009/ 066459 [ 0277] The conpounds
of the present invention include pharmaceutically acceptable salts of Illn
as wel | awozan10psé7dal | y pure enantioner, racenate or di RETATSRUWIBHE4S9

m xtures thereof. [0278]1n a twenty-first enbodi nent of the third aspect,
compounds have fornmula IlIn _Cry wherein A' isHor [0279]1n a twenty-second
enbodi nent of the third aspect, conpounds have fornmula Rio: (Ra)r Ib X Xb4
Xb wherein X and X are each independently selected fromthe
group ¢euvg St ima sefond e%@glmengﬁ?the ﬁftﬁ:‘aﬁ'%cgcﬁgpoun@ﬁhgé forrhla V& » S(0)1 2-,

- CH20-, -CH2S-, -CH2S 2- and CH2N(R1)-, wherein R is chosen fron1the
group conS|st|ng of hydras n, Clto C8 aIEVL, Cl to C8 heteroal kyl,

cycl oal kyl, heterocyc)€ aral kyl, al kanoyl,
al koxycar bonyl , N ; 102801The conpounds of
the present inventi icelfti gal lly acceptable salts of -filo as
well as an optic Nt i o di astereoneri c m xtures
t her eof . % i gf the third aspect, conpounds
have f gl a [ 'a twe -fourth
enbodi ngnt off the third aspect (Ronpounds hag¥e fornu 1T ™No: WO
201010g§BZAP®I<P52009/066459 (1:1a)r(Ra Xb Rd \z X

z R, Va

z wherein X

and X’ are each independently selected from the group consisting of a bond, —CH,—,
—CH,—CH,—, -CH=CH-, -O—, -S—, —=S(0O)1.—, -CH,0—, —CH;,S—, -CH,S(0)..— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0095] In a third embodiment of the fifth aspect, compounds have formula Va wherein A’ is
N
. <1
I
N \
H or H )

[0096] In a fourth embodiment of the fifth aspect, compounds have formula Vb:

Xe—|-x° ! R®
(Ra)r Xb=xb \(
Y.
/ \ (Ra) ,
R¢ z ' /Y ~~ Rf
z wherein

cach X" is independently C or N.
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NSxe bX x, (1:1a)r 102831The conpounds of the present invention include
phar maceutically acceptable salts of Illp as well as an optically pure
enant i omeWO 20HAEe or di astereoneric m xtures thereof PCIOB2DI0n6489
twenty-fifth enbodi nent of the third aspect, conmpounds have fornula My: and
X are each independently selected fromthe group consisting of a bond,

-CH2 , cH2 CH2 , CHCH, 0, S, S(0)1 2, CHO-, -CH2S, -CH2S(0)1_2- and
-CH2N(RI ) -, wherein Rl i s chosen from the group conS|st|ng of hydrogen, Cl

to C8 gégort cﬂi tfﬁ’[h%mﬁhﬁérf?%k ¥ eGP RbnpYhinds MET EfoRaNIE Vb wikr¥ih.A” is

heteroaryl, aralkyl, allcanoyl, allcoxycarbonyl, carbanoyl and substituted
sul fonyl . /TR285] Th unds of the present invention include
phar mace Lﬁg}ly a le salts of Illg as well as an optically pure

enanti omeH, ragemate or diastereoneric mixtures thereof. [0286]1n a fourth
aspect of the invention, conpounds have fornula IV: WO
201010@&%@0%@%@9%9&%5& offflc HREEFLAL corlfouhds b sAfhuNRY N ">~ A s
selected fromthe group consisting of a single bond, N N and each r and
r is independently C op"N_ [0287] The conpRiynds of the present invention

[ i &bl e salxs|-ofr IV as well as an optically

pure enantiomner,Zz i agt ereo i xtures thereof [0288]1n a
first enbodinent|of t rth a <\ Conpo Xiave formula IV wherein A
is orH 102891i digfent o aspect, conpounds have
fornul a 1010656 K&HEX? U52009X A arc each
|ndependentl sel ected fromt group consi s\i f a bon , CH2 CH2
, CH CH 0 N S, S(0)1_2-, -CHO-, -CH2S-, 0)1 _2- and CHEN(RI)-
wher ei n \Qhosen fromthe group COﬂSIStInmR@f hydr ogeny, \g%/(o C8 al kyl,
Cl to C8 heteroélkyl cycl oal kyl, heterocycle, aryl, hete oa , aral kyl,

al kanoyl , alkoxycarbonyl carbannyl and substituted sul fzon 102901The
Compouie 05 BLeSS BESTELEn ke ok mceutLagl 3 sgpeni 1
di ast erepner-iCH,MTKLU ugﬂztd}er, eof, -\ Lkeo)l1l CN,0-, —CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0099] In a seventh embodiment of the fifth aspect, compounds have formula V¢ wherein A’
N
N I
I
H or H )

[0100] In an eighth embodiment of the fifth aspect, compounds have formula Vd:

v (Re),

1S
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A is selected fromthe group consisting of a single bond, NND 1 _<#.,
N'--"N:"\ HN...... -Nzs... 1 N'---\\ H and each X is independently C or
N with t WOopptMics&@4t hat no nore than two Xe are N. WO  PCT/US2009/066459
20101065674PCT/ U52009/ 066459 [ 0293] The conpounds of the present invention
i ncl ude pharmaceutically acceptable salts of V as well as an optically pure
enantioner, racenmate or diastereoneric m xtures thereof [0294]In a first
enbodi ment of the fifth aspect, conpounds have fornmula V wherein A" is _ei;
4 Hor Hi§ {4 P5] 11 aahisR cRBLaisIROSH thefifih YpetDeodpdubll RSRESmuI£OBPOUNdS have
formula Va: wherein X and X' are each i ndependently selected fromthe group
consi sting of a bond, \,CH2-, - CH2- CHZ2ga CHCH , O, S, S(0)1_2-, -CH20-,
-CH2S-, -CH2S(0)1 2.7an -CH%N(RI)-um”_gxein Rl is chosen fromthe group
—To\C8 alkyl, \Cl1 to C8 heteroal kyl, cycloallcyl,
, kyl, | coxycar bonyl ,
sul fonyl .\LOZ

ude bharnacéh#ﬂ@ally e

het er ocycl e, ar
car banoyl _and

i nventi of [Va as well as an
optically pure enantionmer, ®Fmacemate or d)@gg " } t her eof
[0297] I n Nii rd enbodi nent of the fifth 3%@ cohtpound¥ have,fornul a Va

wherein A ig\g N Hor [0298]In a fourth e dinment of the ¥ifth aspect,
conpounds have formula Vb: WO 20101065674PCT/ U52009/ 0664 erein each
Xb is independently C or N [ 0299] The conpounds of the/present invention

i ncl ude pharpaceuytically acceptaple salts of Vb as wel] a n optically
pur e en‘éﬁfqnb%@@?? aesieh @%el?en o tsslreétaﬁéﬁorrbthﬁgmﬁ@@l%tﬁgpzagon 03001In a

fifth epppdi topf— Uegifdit hoaspect g ®emporpds_have st ord)s : b_wherein A
is N\ g?BF0301 Ingé si xth énboainént«%?g?he??ifih aspéct,éggﬁgounds have
f or mul aOVeN(R")—wheran R % chngenxromathe geaupronsistézeridediorsn, SalteCt eyl ot t he

group nsi sting of 0 - CH2 CH2 S 0x1 2-,
O rph. CHGID ZhoRBilyocdiE ary Bifer, sraliil llanod, grRycaftb@Ao2-0

group cadbainsyliang sobstinyelr afenyl. CL to C8 al kyl, Cl to C8 heteroal kyl,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, alkanoyl,

| k . b | d tituted sul f | . 02] Th ds of
The. oy SCOAE™ et B R TR B B it abE ForBpand Rt i e SRR AR 5
wel | agsmotsORY, RE R mdRibR QbaiMibsHBEtly BB FROthe dioad LEHEMMBIF:C M Xt ures

thereof. WD 20101065674PCT/ U52009/ 066459 [0303] I n a seventh enbodi nent of
the fifhy#rogapéeto Cetlplardds sy betewpll. hocinher ein A

cach hetero atom, if present, is independently N, O or S,

R® and R are optionally joined to form a 4- to 8-membered heterocycle which is

optionally fused to another 3- to 6- membered heterocycle, and

R® and R are optionally joined to form a 4- to 8-membered heterocycle which is

optionally fused to another 3- to 6- membered heterocycle.

[0103] In a first embodiment of the sixth aspect, R® and R% or R® and R' are joined to form a
4- to 8-membered heterocycle which is optionally fused to another 3- to 6- membered

heterocycle.

[0104] In a second embodiment of the sixth aspect, both of R and R? and R and R' are
joined to form a 4- to 8-membered heterocycle which is optionally fused to another 3- to 6-

membered heterocycle.
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_€e--- jHorH 103041In an eighth enbodi ment of the fifth aspect, conpounds
have formula Yd: [0305] Thc conpounds of thc present invention include

phar macewpeallosseidcept abl e salts of Vd as wel|l as an opCirds2009/0pesse
enantiomer, raccnmate or diasterconeric mxtures thereof. [0306]1n a ninth
enbodi mrent of the fifth aspect, conpounds have fornmula ye: wherein X and X
arc each independently sel ected fromthe group consisting of a bond, CH
, CH2 CH2 , 0, S, §0)1 2-, -CH20-, -CH2S-, -CH2S(0)1_2- and
CH2N( 1@0105gﬂerl‘ﬁ'ar§e%ntﬂ %p&ﬁ%%ﬁi% ufnl‘e@lﬂbﬁ Q@c}QR@k’fH)rgs‘éﬂﬁh% BBthQBthQV egeps Cl to
C8 alk het er oa cloal kyl, heterocycle, aryl eteroaryl,
ar al kylthe iav&ginoyb lnd&D%dRI}tb’ar(é&ﬁ(])E%Fcaf%lfmyCFand ~Bubstituted sul fonyl .
103071The conpounds of the present invention include pharnaceutically
accept d108] sal lnsnefghtfeaspect wethe imesnaen, ofyressat inyanp gowpemdr coyref the ptheenat e or
di astereo I’InC Wanl.arye,s wer eof WD 20101065674PCT/ U52009/ 066459 [0308] I n a
sixth a%@étogfothe hvantion, in any conpound of any of the second through

fifth ts, | ected f th
aroup SEfIET ¢ .Iﬂa'f%?te‘ﬂ%%%e& BB TSRO 3 her et gt

wher ei ch het er at om se i nde dentl N, O or S, and
o o TOBT o IR E B el Brahd igP i spd 2h AT BEME G itts Pansgls Rl kb 1 + o
opt i onahins fcitged to another 3- to 6- nenbered heterocycle, and Re and Rf

are optionally joined to forma 4- to 8-nenbered heterocycle which is

optionggioy) f usgd e ANRUMSIt 3F tht Qinflr adFBADAE SR IM¥EIRE AsYialtee DEOSBAAtbna first

enmbodi ment of the sixth aspect, Re and Rd or Re and Rf are joined to forma
4- to orfepbergd hgh §§Iﬁ&y&|ﬂ?€ W ftidn] B 2Py lﬁagy b¥thE YREfuL G RBQLARLB- Lo 6-
menber ed heterocycle. [0310]1n a second enbodi nent of the sixth aspect,

bot h ofindRpcralentlReblcated fRen thedr®fp @nesting ofed t o form a 4- to 8-nenbered

het er oc RG] fused-+0 t he 65 nmenbered
heterocygl@Rmbg%l] g"sev@# )téﬁsl%eg?f{ altiﬁl’)l B |or211 deach Ra, if
present Uﬂt(C@ﬁMt—NfRSJ:(IQm“QI (@R‘p_)%@@s((mf‘z)tphé i nvent| on, is independently
-CN, -OCHF2, -0CF3, -CFlI, or -F. 103121In an eighth aspect of the invention,

if pr eEE@Iltl]i n Iﬁﬁﬁr@t@i’ﬁlﬁdﬂﬁkn@ﬁfﬁh@lfenﬂfasb&ﬂ wthef Z aspecds, one of Y and Y' is
N. 103131in g first er;(bo ment, of the ejghth aspect, both Y and Y are N
1031417 HVACR ﬁt—NRas(Sé?c%)t oUARR I TNVBM{¢B)B - and Zz© in any of the previous
aspects are each 1-3 am no acids. 103151in a first enbodi ment of the ninth
aspect [0%13¢ arhlﬁée%f@ﬁﬁglbafi@qnhofith@t%ﬂwnﬁtgwwfb@th of famd &l pi§ a tenth aspect

of the | A\ a7 therprevi ous aspects arc each
g*e‘lé@f]@“ gﬁ‘lli R ﬂ@(ck NXQO(ERQR

i ndepen dfrom the group consi sting of

i& g CR @1%] NR Tn%@ﬁ%@k @%@iﬁie tegﬁ%%ﬁgﬁé %ﬁ%i%%ifﬁwé 1E i rRSt aggbodl ment

of the-UetEth' ﬁQﬁRe(CR‘bMRf of Z and Z' are
-[ U (CRA2), - NR?- (CR42) , ] - U- (CR42) , - NR7- (CR42) , -R8. WO
201010664 44 PCTlh B520@10¢ ik Snt [0 8ik8¢dth agpesic canet terbetit s’ a6 t he tenth

aap)?&ag@)%ﬁﬁ%@ ?)Ot ) SO{C&P)%MS:RQWR(ﬁZZ)FRRS [0319]in a third

enbodi nent. of the tenth aspect, one or both of Z and Z _ar

U ( CR4:§911 NR1- Ieepﬁkfﬁaem@élmff%séﬁlﬁtwt%a%psﬂr o %&B@oqfr?eﬁtd 7ofaret he tenth aspect,

one or tUé (C
-[C(0) - ( 4£@ ER%R(éRﬁzz? yiR)t( NR? (CR42)t-R8. 103211lin a fifth

“50). @45’{ h%%l’&?%%@@%{*h&%?h%?e@f’ Oty BB B35 n st

embodi FEGAIO)EfCR ‘e NREntIR ‘adp €t 0)—-(6R&)ONRbaCR D RZ and Z' are
-[ C(0) - (CRAA- NR5- (CRAAL-C(0) - (CR42)t-NR7- (CR42)t - Rs.
[0117] In a seventh embodiment of the tenth aspect, one or both of Z and 7’ are

—C(0O)«CR*)—NR’~(CR*)—C(0)~«(CR*)—NR’—(CR*))—R®.
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[0323] I n a seventh enbodi nent of the tenth aspect, one or both of Z and Z
are -C(0)-(CR42)t-NRs- (CR42)t-C(0) - (CRAA-NR7- (CR42)t-R8. [0324]1n an eighth
enbodi mrerwoabh1wiedsent h aspect, one or both of Z and Z' P&TAIS2009/066459
C(0)-(CR42),-NR7-(CR42),-R8. [0325]in a ninth enbodi nent of the tenth
aspect, one or both of Z and Z° are [0326]in a tenth enbodi nent of the
tenth aspect, one or both of Z and Z' are C(0)-(CR42)11-NR7-C(0)-1e.
103271in an el eventh enbodi nent of the tenth aspect, one or both of Z and

Z arej Oﬁ@?) (I%ﬂ%}g:‘lagh Wod(t@ﬂ%}‘ﬂle%rgﬂ aQ)eE’@éne k@3d8di Nary 2Rl ft h enbodi ment

of the tenth a§KIFN one or both of Z and Z' are

- C( 0) - (CRARYaR-, Re@@?\-zm— .81 . [0329]In a thirteenth enbodi ment of the
tenth aspect, one or both of Z and Z' arc -U- (CR42)t-R8. [0330]In a
f our t ed®k19] entlodiniehembpditivet ¢fehg tenthsyspot, ononebah obdtehd df argz and Z' are

o R P et - e

ermbodi ERY of RIS TRRPROUESEL OREMGFPSOPR: B0 Ahd o2 Zafig” oo

U—(CR42)3(@j\I@R(2§;RNRLC(G)(1@R42)( 0 (CR42),-R8. 103331In a sevent eenth
enbodi nent of the tenth aspect, one or both of Z and Z' are

-C(0) - (64p) t Ihllaﬁe(&aﬁﬂkﬁbﬁl%n(@maaehﬁl%ﬁ%%é br B2h 8 zhQ334dtn an

ei ghteent h enbodi ment of the tenth aspect, one or both of Z and Z' are

- U ( CRa& P 6CRaRaNRRICREIE(Q)-OKnt hesi s [ 0335] The fol | owi ng scherus
exenplify sonme of the synthetic routes that are used for the preparations
of comp®\Ztis dna tWhléﬁhreHéWéIleéofthetqm&e@pM Qugios bptheddtand affhese skilled in
the art A L Hn?ﬁe ﬁbaﬂ% i’fl alternative routes may al so be used to reach

t he sane & unc ifonalized internedi ates and target nol ecul es.

Al tern r tsf LV ormalon re. a ssi bl e.
103361?‘?112\‘/;)e ol | ela%%ﬂmee rerélvocg %tnoéftﬂéer eentus { 0?%8@?@& %éﬁfl(ggaaﬁf)l i cation:
ACNACeLDJn(CER‘izjt—eR8 quueous BnBenzyI BnOHBenzyl al cohol Boct - but oxycar bonyl
DCEDi chl or oet hane DCMDI chl or omet hane DI EA( DI PEA) Di i sopr opyl et hyl am ne

DMANI\F Dozl hyllacabatdcde dMolimeht BY the tdnaixypbhianie dNEINNFD fmatAyis or mam de
methi/T u} foxi de DMIMWK- (4, 6- Di met hoxy-1, 3, 5-triazin-2-yl)-4-
net hyI mbfBhéERnitin chi ori de DPPADI phenyl phosphoryl azide WO

20101065674PCT/ U52009/ 066459 DTTDi t hi ot hrei t ol
[0125] In a fifteenth embodiment of the tenth aspect, one or both of Z and Z' are

—[U~(CR*)~NR*~(CR*))].—U~(CR*,)—O—(CR*))—R®.

[0126] In a sixteenth embodiment of the tenth aspect, one or both of Z and Z' are
—U—(CR*)~NR’~(CR*))~U~CR*)~O—~(CR")R®.

[0127] In a seventeenth embodiment of the tenth aspect, one or both of Z and Z' are
~C(0)~CR*)~NR’~CR*)~C(0)«(CR*)~O—~CR*)R®.

[0128] In an cighteenth embodiment of the tenth aspect, one or both of Z and 7’ are
~U~(CR%)—~O—~CR*%)R".

[0129] An cleventh aspect of the invention provides a pharmaceutical composition

comprising the compounds of the invention.

[0130] A twelfth aspect of the invention provides use of the compounds of the invention in

the manufacture of a medicament.
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EDCEt hyl car bodi i m de hydrochl ori de EDC1l - Ethyl -3-13-(di met hyl am no)
propyl ] carbodii m de hydrochl ori de EDTAEt hyl ene di am ne tetraacetic acid
ESI El ect rwopoayocb@ni zati on Et 3N, TEATri et hyl am ne Et OAc PCEUSC®VlIgé45acet at e
Et OHEt hanol G an(s) Hour(s)

HBTUO- Benzotriazol -1-yl -N, N, N , N -tetranmet hyl uroni um hexaf| uorophosph ate
HCBtl-FNdroxybenzotrrazole ICSoThe concentration of an inhibitor that
causes a 50% reduction in a neasured activity LAHLithi um al um num hydri de
LDAL'tW&Hﬁ]d'Hﬁ%&ﬁ&&%ﬁ%ﬁhﬂﬁt&QM@E&&Hth&%Hﬁﬁ@&QQﬁﬁQﬁMs%ﬁ%ﬁe§@%&&hQﬁEtry
Mel Met h odi de MeOHMet hanol m nM nute(s) mml M |11 nol e(s)

NIVIV4 - N@@m¥mmﬁ}pholrne NVPN- et hyl pyrrol i di none PGProtective G oup PTTPhenyl
trimethyl tribrom de PyPyridine rtRoomtenperature TEAT ri ethyl ami ne
Tf Tri f [QIG2bmetA dnesuklf opeatt of thad 201 Q1 POS R PETHIE 20 08dtDgdupgitis C

TFATri Tl uorrlolraltcé]mlm %ndtTaFAABTrr £l uar. a(%etf Lad rahé/c[i1 e %[ Tetlrahll\{d%ofur an
TLCThrﬁOTBy%rg et ér%pﬁﬁj%6§§¥f& %hts SHECE ST VERt S USSR Be o can be
obt ai nede Hf hocempFEKis bathe $oudnt@s such as Al drich Chemical Co. (M | waukee,
W sconsin, USA).. 1H NVR spectra were recorded on a Braker 400 MHz or 500
Mz NVR spe&‘ﬁﬂ!&ﬂ@ﬂ@%&ti ficant peaks are tabul at ed in the order
multiplicity (s, ; d, doublet; t, triplet; g, quartet; mul tiplet;

hr s, B934 sr%FSétO}herw%tateﬁgthe&t@Warﬁ f(cesls rﬁedﬂeﬂrw@h&a}loaﬂaclﬁeﬁeéhe of
pr ot ong,. i e6LE ARP 1%){15519Jv@¥he' h&i%hé b, T8RSt BPRGEA AAELE ¥scANRksi s was

conducted on a Hewl ett: Packar 1100 gﬁectros ray nass spectroneter

usi ng sheifHRion @6l hPhpehded dainp) @edmgulvefoyms Mééarépadtﬂle’hmthlyle phisall ts are
reporte as . th ti t re ative
Cbondarde O i B b e aET RV ARTNER: DLEpRgF et IR B R
(or, asnayeedund\h hfcichee x@@ﬂtt Ahdlidigg Chey s SusdhrpR0et)omdeaicsdegase | sot ope
patterns correglpond to the exgwcted formula.in all _ cases. Normally t he

anal yt &bgastyi s Il vEals; » 2pd Bharigizendcioncet Ryyingss Mrdiag- I NDY Vee Ws i nf used

with the del 6Mﬁé YreSQk URBAtidn W@l oyTRAR sSREGW LR &lted, @m&ﬁtloﬁﬁtﬁfﬁ@@l@dg rom
100 to 1500 daltons. Al compounds ¢oul d be analyzed i'n the positive ESI

nmode, ©§ smtghealn oag?etcmhcmrﬂtIWema&ﬂzge@noaQPenltremami»@e@@d@ndy:teqabmcthpds e in H20

W th 0 % f aci deI Y sol.vent ded bel ow
could ST B bR RRhe R Bt GaCO TR Al ionc

acet oniphinlaeblog20 as del i very sol vent. Enantioneric purity was determ ned
using a Hewl ett-Packard Series 1050 system equi pped with a chiral HLPC

col um [13a] r al PakerAD; alkanOyIrma ¥sciFRreM candhplsees adrbenye kttlup @thuslo®er k95

i sopropanol - hexane as a nobil e phase. 103381The conpounds were nanmed using
ChenDr &i9UBris grabatfueim Canbri dge Soft | nc. WO

20101065674PCT/ U52009/ 066459 EXAMPLE 1 - Synthesis of conpounds of Fornul a
He [ 0330438t henkheterm ke e gsqsk heprin atrrtenpleres ﬁlshsgetedrﬁrrleww@teénﬂratghér r

[ 03401 & SBlHeRYTHER R G TR Pl PERORA SR BRI 1 b
(1 L) weht 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,

NR"),, -NRM)C(O)R, -N(RM)S(O):R, -SR, -C(O)N(R™),, -OC(O)R, -OC(O)N(R™),, S(O)R,

SO,R, -SO3R, -S(0),N(R™),, phosphate, phosphonate, cycloalkyl, cycloalkenyl, aryl and

heteroaryl.

[0136] 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-(CH2)1_4-O-, 'O'CFQ'O', -O-(CHQ)1_4-0-(CH2CH2-O)1_4- and -(O-CHQCH2-0)1_4-.
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added Al C13 (44.0 g, 330 nmmol) and 2-chl oroacetyl chloride (34.0 g, 330
mmol) at 0 'C. The reaction mxture was stirred at 0 Cfor 1 h and then H20
added (5080rR)o/mpef4ext ract ed. The organi c | ayer was wasR€d/useds/obta89 dri ed
over anhydrous Na2SO4 evaporat ed under reduced pressure to give 80 g crude
product, which was purified by re-crystallization from 10% Et OAchexane
(v/iv) toyield b (28 g, 36%yield) as a white solid: IHNVR (500 WHz, CDC13)
8.44 (s 111) 8.07 (s, 111), 8.04 (d, J= 11.0 Hz, 1H), 7.84 (d, J= 8.5 Hz,
2H) é 7{d, B t§up-dioxyddibonyt: %%sé@her&'ﬁ')coﬁﬂam?la af‘t%%l)gr%wgﬁgn 9 (M+
Hr. [0341]Step b. To a solution of m.) was
added N&B@EgﬂmpPS@S@mm@@HI7 g, 115 nnDI) and Et 1N ( 70. 0 m., 500 nmmol) and
the m xture was stirred at rt for 2 h. The m xture was concentrated under

r educecﬂﬂdﬁbssdﬂe teron SKNIT ab wedlecm thteutplalx@wb@elded orr urishigstinesd, smielpi wi t hout

further r|f| T 462 + 103421 ep C., 10 _a

ol ut 1 SpE Bfeheteizhh gk Gat sl ot e b st sibod A8, SLERaAR (77

1. 0 nola)ky@ngd ubdEhadidix Cotemplates Bbﬂhrsfreghtadnd]blﬁtcﬁcd chagt sk ghhdicanebneamagnt r at ed
under reduced pressure. The resulting residue was purified by S|I|ca gel

col urm TRt P SEr ARy 295t andiiaivAce rEm EtiyAPTaPY (9 RF§ DY Lt Ryt £ IF%J%UHY de{(’30 g,
68% yi L) a@bthd |ike! t@/u%}ql glnstg) Ihegv tt&ﬂn%%ny t%gtltééa with(OME r fibie subQRd3ksSt ep d.

To a sol ution of i 1 anhydr ous ( m.) and equa
nol ar  ofletsed fmlatheloeema@Nadﬂ@d @@931%1 PO, @lﬁ -PGRS 1) -%)I@F@Ei 4(1.6 g, 2 3
mol ), }ﬁ?dﬁi g rM Na2C3B sol ution. The m xture was refluxed under argon
overnig 9 organi ¢ sol vent was renoved under reduced pressure and the
r esi dueSMraSj((DnﬁRlN@d M@)RHZDI:(CBN(R%gt-SdRWSOtREtma (20%,N2RO), miHosphbie
conbineg %ﬁrgg (ﬁﬂﬁled |Itered and concentrated in vacuo to

gi ve aPrew P nyh ey ﬁylﬁiT?%ﬁlgel colunn chr omat ogr aphy
(petroleuntether/EtOAc 3:1(v/v)) to afford f (10 96% yi el d) as a yell ow
solid. [93%s (Estym ralkyenzgy alicpyipny” and “alkygylensy @&a‘céél?r@perf%@db@/ 066459
[ 0344] e X & « i e (3
) vl e o M R SR L el By ARl kS 20
stirredtaats.rt for 4 h, and then concentrated to yield a yellow sh solid
(134 ng), which was used directly for the next step. The residue (134 ny,
0.290 tcH0) wakhederspéiddsalfony!Tlef-uged hetein eomtienDl 28 0foBEl grbyp whshhdded and
fol | owed by dition of thoxycarbonyl L-Vval -OH (151 ng, 0.860 nmol).
After sStTFrH Pﬁggthai%Stﬁh Ty (328 ng, 0.860 nnDI) was added and thc

m xt ur rred a t,jor ot her h dt concen

resi duim:@i puliSFPEY aﬁr’?’ "¥'0 c%%?lgpﬁ{%és b&ﬁ% Ori@é}}% fﬁ) Stralgﬁlt

\\ > andKBianchitd Cabdid Chadn \:orﬁalﬁlntg}frorﬂt two toQight cMELR BdE QRO BAAM R/18462609/ 066459
[ 0345] Step a. REfeerQ%,to Schene 1-2, to a solution of conpound 3(2.0 g,

45 nmolcyrbprrogrbes finde by tegasaligaybipchdes, fprigrampls ciyaxlah®r¢msyhe) After

e e T

used disulstitutgd Wil onde mex substigenisistlhded fromrtale FCIHUNOLI (2R, 600)H.0048] St ep b.

adai ng“ipe T4 oIl SRR e R iBRosE

5.4 mMrSO,R, ACLR! -SSO)N(RTG, pibsphatef PiospBonaieNcy dldigkyll egelobi@Bnyn afylwheé was added
slowy to H20 (400 nL). A white solid precipitated was filtered and dried
to gi vE°EH#pBund 6 (2.2 g, 98%yield). LCMS (EST): mz 499.1 (MH) .
[0347] Step c. To a mixture of conpound 6 (800 ng, 1.6 mmol ), coppound 7
(718 mi0142] 6 nthsityrm Faindadsesed hgoinegntemplatenggroun of the rugfietNBxy et hane
(15nL) and H20 (5nmL) was added Pd(dppf)Cl2 (59 ng, 0.08 mol). After
stirrim@f4dl sothedeiat ringhe acifdes usghherempeoptsmpiatesta guup efifbe stalEt on i xt ure
was concentrated. @he residue was partitigned between 20% net hanol / CHC11
(100 nit) and H20 (|100 nL) The or anlc ph se was separated and the aqueous
phase was xtr C g h 20% net 1(100 nL) again. The conbi ned
organic ph ?a

onsequently wa brine, dried with anhydrous
Na2SO™4, filtergd, and concentrated T e residue was purified by silica gel
col uim chr omat Bgr aphy (Petrof eum et heR/ Et 0Ac =1 citlfor the) ) ot thedi acafigompound 8
(1.0 g, 85%yield) as a yellowsolid. LCM (EST): mz 732.4 (MtH) I

[0348] Step d. To a solution of conpoudd 8 (200 ngy, 0.27 mml) in dioxane (3
0 nmL) was added 4 N HC1 in dioxane (3.0 nL) After stirring at rt for 2 h,
the reaction m xture was concentrated and the residue was dried in vacua to
give an HCl salt in quantitative yield, which was used directly for the
next step without further purification. 103491Step e. To a solution of the
salt (0.27 mmol) in DVF (5.0 nL) was added DI PEA (0.47nlL, 2.7 mol),
follomed by addlng N N—dlnethyl D- phenyl gl ycine (59 ng, 0 33 nnDI) and

A ~N—- ~ NS AL 2 o, e o, . r T 1 1 . o



[0353] Step d. To a solution of the salt (0.27 nmmol) in DMF (5 0 nL) was
added DI PEA (0.47 nth, 2.7 mol), followed by addi ng N, N-di net hyl - D- phenyl
gl yci ne (%0 2019/0686733 nunol ) and HATU (125 ng, 0.33 nmol PCTASR@/086459 ri ng at
rt for Ih, the reaction m xture was partitioned between 1120 and DCM The
organi ¢ phase was consequently washed with H20 and brine, dried with
anhydrous Na2SO4, filtered, and concentrated. The residue was purified by
prep-HPLC to give conpound 15. LC-Ms (EST): mz 793.4 (M+H)t WO

201010638 ARG 15&2@&9/1@@@&5(9&%% Estgnd'ar@/aﬂ{ﬂ@ 8dig: ablempaLnss:, ffidkor mul a

Ik [0354] Step a. Referring to Schene 2-1, to a m xture of conpound 1 (5 05
g, 13. @qﬁlnoml)le nbcrg(lﬁiama@@hra@roqujltltymoohat( Yalmlegalamize gspanagdine, aspatatkQAste(8, 2

32.5 0 5 mmlj
artor " SRphE o 260N G i he Tl iR S L ARPRIH G PRMRsas P on

m xt ur Gh%ﬁﬁorﬁﬂﬁb:ﬂhlhﬂ@s‘, evﬁtho&hﬁmraﬁsn dmem@@mwnlaimadadn@s bethtab@ngeadidc ol um
chromat ogr a Petrol e mether Et AC=271(Vv/ Vv I ve conpoyn 3.0 g,
5506 y1 SO Sty teahns S e Ie A eyt zmie o0 Mo g ShodakEad b %t
a m xt ype of conmpound 2 (522 ng, 1. 26 nunol ), compound 3 (500 ny, 1.13
mol ), and NaHCO3 (333 ng, 3.96 mmol) in 1, 2-di nmet hoxyethane (30 niL) and
H20 ( 1Qo1d4) Waﬁleesa%darﬁ@&ldapﬁge@%%rewéonrf@mplgesla OWRE Aiky Afrb &S whichhhd i at 80C

overni ght under an atnosphere of N2, the reaction mXxture was concentr at ed.
The r esilptitiensan gamatia grows dvibe emptiC@oyprarly an st is@HEH T Lrgdsituiedadde H20

100

et r act S Er RSB, PR S BB TR B S gl o AR S BB g
Ph?tse v, ow@e@@mt-cw)ms@eg MR, EN{RIGC(OIR, eN(RM)sde)mhsﬁlr@a@)N{a@wi
iltere residue ilica col um
chr omtggﬁ%ﬁ%&j&(k’e b1 %1?503(?2 §b% §@%§‘1@§3 Os(pﬁl%a , 55%
yi el d) cagodkyiely MRV Syl Aifd R ré mz 649.3 (IV!+H) +. [0356] Step c. To a
stirred sol ution of compound 4 (16 ng, 0.25 mml) in dioxane (2.0 nL) was

added 1(')\14|§F1 'The(:{b%aﬂﬁlléz‘argnﬁh% groﬁf)’t’ &F “a%rhitfc'r'ﬂ%”%g u§etdhfef%r1n gtfhtetﬁﬁl@te§ eaction
m xture was concentrated and the residue was dried in mato to give an HCl

sal t i nubstisied erampwhstitpias) %glewhng mwmgltmkemordatrcammm (fo rexarhlele maxnylst ep

vvithout f.ur.t her r|f|ct|on 35718te ut| f bgve salt

(. 50 el RS it S Py S AR SRl ol SR AL ME POL oy
addi ng pblyopdlityings afab doet @voLorTﬂitrreﬁngsma v(}ﬁdlﬂtwmga,torﬁs o2 cmﬂiﬁio)l t@fwb MHdibing240 ny,
0.63 mml ), After stirring at. rt for the reaction m xture was

partit F’Bﬁ%ﬁh%‘ﬁgﬁé’é% "lﬂ@ﬁd ‘ah%reweaﬁfw&e BF HaRINes SREYRtas Se Bl OB ERET Pwashed

with 1320yapsdkg 'c?@loa]ﬁéﬂﬁéj aMiL tHat ¥eg QIS@OINQ 1sf Thd 49t @dup 8RAY be

concentrat ed. The residue was purified by (E) LC to give conpound 5 as a
whi t e poteratly splstivsd w1 pre cmr;zorkz@trbssu(emwlwe tipmdiatrgen aH@d,eCN -NO4 -ON Ha

in d| a k\~_pehypE DI .EAN L 10=40;0..... \
7 T00CER ORCORENEE, SR AR SRR i o1
K; 1/ 1k®C(O)R t—OR(O)N(RV)z-—SOZR\ tSOR, ASOgR ~S(Q):N(R™M \SiRs,,-P(O)R, pﬁb‘ﬁbhdﬂ: EA, DWF
- \1?14 --Pdéd:ﬁ % O\{l 10X ne, 100C 14--i O\ O: ,.." | 1 7:5- H
C N phos onate cyeloalkyl, cyc %ﬂkeny aryl a etefoary (\ ---(5\LI-\ --:N. CB, \
N Q" Ph,I(PPfts) MhlaZCOB/Dh/E 80C/ NH \ rrC\% f-IN'" < 0,
he n at

[0146] term “arylsulfo as used herein contemplates a sulfony 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).

[0147] The term “carbamoyl” as used herein contemplates a group of the structure
O

——C—NRY,
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Schene 2-11 WD 20101065674PCT/ U52009/ 066459 [0358] Step a. Referring to
Schene 2-2, to a mxture of conmpound 2 (1.16 g, 2.32 mmol), conpound 6(1.40
g, 3.39 nMwol2p10/@mpef4NaHCO3 (823 nmg, 9.8 nunol) in 1, 2-diPeatusesopdvéane (30
m.) and H20 (10 m ) was added Pd(dppfiCl2 (103 ng, 0.14 mmol). After
stirring at 80C over night under an atnosphere of N2, the reaction m xture
was concentrated. The residue was partitioned between 20% net hanol / CHC13
(150 nL) and H20 (150 nlL). The aqueous phase was extracted with 20%

met han @h{48YICL HpLSO o riRAR s uddiehcROTBONEA IO R Bichp RRARG MG ErCcONSequent | y
washed with brine, dried W th anhydrous Na2SO4, fi Ft ered, and concentrat ed.
The residug was purified by silica gel colum chronatography (Petrol eum

et heriacetgne=1.5/1 (v/v)) to give conpound 16 (1.32g, 80%yield) as a

yel | ow-set+Ce—+tC- M5 (ESI): nilz 706.4 (M+ H'. [0359]Step b. To a solution
of conmpound 16 (200 ng, 0.28 mmol) in dioxane (3 0 nth) was added 4 N HCl
in di oxers| (3. Thetbon AlattkyBtak LEddT@rad corlterhlatea BroupREtHe@@aétbRN M Xture was
concentrated and the residue was dried in vacua to give the HClL salt of
conpound 1? in quantitative yield, which was used directly for the next
step. [036(] Step c. To a solution of the salt (0.28 mmol) in DVF (5.0 nL)
was added—OrPER—(0749 nlL, 2.8 mmol ), foll owed by adding

N, N- di et hyl - D- phenyl glycine (61 ng, 0.34 mol) and HATU (129 ng, 0.34
mol ) . [¥0¢r STherteinn@GytloalklY aatusgdtherdih eontaaplhico pubstittadroe unabstitatetlicy ¢l@ned
bet ween H20 and DCM .The or.ganj c ase_ was consequent | shed wth H20 and
bri ne, aH&Yf@&lﬁﬂﬁrCﬂmawmﬁn*?%ﬂﬁm@é&@ef?ﬁ%Ff@al,sa T ARG, The resi due
was  puichElbsshtYeyRloBBxyREEHE AkE] YR RANPOHMhIAS? alkECimMadéEdycycié dktchR7- 4

( M+H) .y , ﬁéﬁvﬁh%(ﬁqm 5674PCT/ U52009/ 066459 k33%,361] St ,ep-fl.%-)l)?gf er r}%ng to
Schene havigg tworiagsss Mpi¢how ot megarpfema d@reicopynan tg twe @dioinieplingsi(thedingx aise (40
m) was d I [ ) NSy . rni ght,
the reabtron s Pistdahol Brodh SHATE oty b ARAET wih bhe bR hubtin YR B 3)
filtersdectadittomirakg -CN, WL R, af (AR-GRyyROGH ORI YIE(HRL INRN)H(ONR, Ft at i ve

e e
N et h%gﬁ?%%ﬁs}%icﬁlg?g%%%aa{iﬁ!itg@‘%mrhm%/) “and HATU (4.6 g, 12.1 mol).

Af ter ZMS?;U NgriRlterint “dyRloalkBnylt Aeuse@ Al InQdniBmpldESub@iuB@bi hdshBfiadepet ween
H20 an The organi ¢ phase was consequently washed with H20 and bri ne,

dried welie adkmybiadigsls emgong fram for entwedredathonetamsyiatédch tigrs iy @deagtencnas

(i v)) TP b el YT G ETERTE PRI S LN SR S

( MrH) +likf 0B63]eBh épyctoal Kbayll atdoxtdiudes pblycpuiiosystemd AaviiROG omings In @hithowd or

conmpound 19 (700 , 1.7 nmol), .and HCO3 (561, 0 ). in 1,

O g e At T oy AR LB T U s B e b b Ve 89 g,

0. 25 mmly)be opfib @NlyStibstititeOwah oROSr BYRsIbitientiREREcA ot KRS POR! &NOf - N2, the
reaction mxture was congentra ed. The resi due was then E@{;tl ti oned between

20% metdiaRot COHR1D-R1 U RmL) -NRDHEOR (-B KD ) RTHR. ag(@DUB bhase was

extract i h R%N(EN at C ( 1\%)N agai | rgani ¢ phase
was congg&%\jgﬁtkﬁ) § was eg’ %Q%({é%%ﬁejg&g%i d)z\?\%i}]&%%%%%&%g? A[t?glg( d, and
concentcydbv@kkenyTheylned hduwamwhs purified by silica gel columm chromat ography
(Petrol eum et her/ Et 0Ac=2/1(v/v)) to give conpound 20 (600 ng, 52%yield) as
a yel | ¢go152pl i dlhelt@nMVha{dESt ) halogen” 40 6sed hehinl iy uded Gkt Sthégrind, brémiee adl ut i on
of conmpound 20 (200 ng, 0.28 mmol ) in dioxane (3 0 nL) was added 4N HC1 in
di oxan&®{%-0 m.) After stirring at rt for 2h, the reaction mxture was
concentrated and the residue was dried in vacua to yield the M salt of
corrpourli@sﬂ inl dsrmiheé&r?ﬁléﬁy?wsagilewwnmf%% irl & PePpMOfhe next
step wWptRputonfur ther purification. 103651Step e. To a solution of conpound
21(0.28 mml) in DM (5.0 nm) was added DI PEA (0.49 nL, 2.8 mvol), foll owed
by N, et hy- cine: : T ng, 0.34
ol ) M%ﬁr gl%e??@ggﬁ}é%m%mf’gra ﬁlf(l%?lyﬁte}m?%gg% %‘ﬂm@t@%fﬁ%ﬁs&%ﬁ titioned
bet ween H20 and DCM The organi ¢ phase was washed successively with H20 and
brine, dried WD 20101065674PCT/ U52009/ 066459 wi t h anhydr ous Na2SO4,
filtered, and concentrated. The residd& was purified by prep-HPLC to give
conmpound 22. LC-Ms (ES1): 'wiz 767.4 (M+tH) . Schene 2-4 103661Step a. To a
m xture of conpound 74 (510 ng, 1.09 mmol ), conpound 138 (300 ny, 0.68
nmol ), NaHCO3 (228 ng, 2.72 mol) in 1, 2-dinmethoxyethane (20 nL) and H20
(5 nm.) was added Pd(dppeCl2CH2C12 (111 ng, 0.140 nmol) at rt under an

at nosphere of N2. After stirring at 80C overni ght under an atnosphere of
N2, the reaction m xture was concentrated and the residue was diluted with

N AN I A PN M7 Y. .Y N o



O O ONH NHN-)--1. 7 HN(:1 o0/ O\ Schenme 3-1 103691Step a. Referring to
Schene 3-1, to a solution of conpound 1(49.7 g, 0.25 nol) in DVSO was added
40% ag. HBO200/B%7M0l ) drop wise at rt. After stifling RCTIAG2M9/066458 h, t he
WO 20101065674PCT/ U52009/ 066459 reaction m xture was poured into H20and t he
resulting mxture was kept at 50-60 C. The yell ow solid was collected by
filtration and re-crystallized in acetone/H20 (1/19 (v/v) two tinmes to give
compound 2 (50 g, 87%yield). LCGM (LSI): mz 212.9 (l\/HrH) . [0370] Step b.
A m xt ygesspf zl“lfe]tgrnp“lﬁter&gfcgc BRb ) <Rttty di WH&%@{@ICJHH 250 @EhRRIA 15. 0 g,
80.0 nunol) in (180 tnL) was refluxed overni gs c‘uently, t he

r eact i gantpmnplates euhvamtmruedlhshm@d: ac@nﬂmndﬁheamand el redictle baang by

filtra fi I.C r Vi

COWOU#&QP (gl% tctfp(gl,ltdne %g %rn@é’ m%h&)/er 8Pr %re% fs?étg{dg)écﬁlp E%%tﬁgs}é coﬁtgln%%_f%r I\/S
(ESI) of%ix ridig 2tdng Wikt 1nc1u]i@§z7t1é|a‘§t@m}eterd\ammdndnﬁclmfes Cmmﬁnﬁies&ué}ﬂaSB g, 5.4

, bIS i nacol d|b 9. ssium.acetate (3.8
38 mmmorp I&Oﬂam@ﬁ% 4130 @e& t?fsghe C%Pfs%fh%%w?h Py gl atlm()o tnE)
was st idifafglddbyBR ind @E likd. hrdaﬁuﬂi%e@tbc?tltmg%@tiw Ss®ferh¥d “houbseouepdpy, the

reaction mxture was filtered. The filtered cake was washed W th Et0Ac (50
nth x 3ynte@platessinglening hefdie-afamatic graphdnt was redudgifram potodhvge Hetprodtowist h

anhydr I v d r urified b
oY oo M ORER frrc Tl i Phenie PR BBl RGBT o1 e Y
conpoundsdidzedn thiddiadok:, Rydin@P¥eayine| whridasing pyaimidiof andehye bke.sBinetesn LC- MBS ( ES
[): m Mt The correspondi boro acid was al so.isolated and
AR 87 A S e R e e S A T e A e

of compRsIBEmoft AMs drc cohnfdno two #djSMMg)ringé §he tgEd ard Uﬁm’éd”?wﬁé'ein%ﬂ Qeast

1H i m dazol - 2-yl ) pyrrolidi ne-1-car boxyl ate %P% ,. sodi um

bi car bepapkthe Ilnssgahf@r%ﬁﬂmg ﬁﬁd)t}%(ldgfma}l@zy k:ztlz, C(mlwmwls,@rm mmol ) in
DIVE/ H2 r cat nosphere
of Ar. ngt(e@{ %%]lsée/énntﬁ?or(hgg he rlse\é\%%i s Jf\;gld%%dﬁg%t %@#\%%%t*g% anrf the residue
was di lquinetinapiigokuit ke C@mﬂﬁlenic)rahy'ﬂm@smugwhnc, duapealingaguineshed wi th brine
and driied.with anh us Na25 4. Th sol ve S ved and t he residue
tns purtribiny e S e R R e e Ao PR eneBnG: B! T (Vry))
to gi vechmeuRIsy rholgidde, h2RBo1oByriditand ¢ Hic. SFhetheRpddyclid grogf i@y ibs ONer s.
LCMs (EST): nilz 677.3 (MfH) 103731Step e. A m xture of corrpounds 5 and 5
(200 w@ptlwaﬁy ﬁmﬂﬂyut%wah OINPTNIgre |Shbsdflt95%téﬁ‘e‘e%ti@)frﬁ@)th%&f@u%??ftstsélag af hale,

over ni ghﬁd @ﬂe ﬁ@ ERV\gg?S)rRer@q@dN?gdﬁ W)@@ﬂyeN&@g% %I@dSRn vacuo to

gi ve an sal't, used fo ext Stép Wt further

puri fi CAOMSR™ )LEQ@@)BE&D@(O)M& M. F3OR, (S@ﬂH} -SO:RAES(0),N(R™),, -SiRs, -P(O)R,

20101065674PCT/ U52009/ 06645 374].St e tl t he HC1 | t
di ssol \Pg |ﬁn dtl)ﬁs %?nﬁ[fjcyﬁré)dﬁvLéy?lgéé nlyl A langpﬁ? g&gs gequeﬁtl al | ;aadd\é\/gs

o oL BRSe: Thegivony e Getsin Rt SReer e it wif Al 2>t

pouredbbmo H20 (50 nL) and the resulting suspension was extracted with DCM
several tinmes (20 nL x 3). The extracts were conbi ned, washed with bri ne,

and drij@gs7y t hB@rRh RS MIPEocpthBR” 80k ptﬁﬂhac\éﬁﬁglaaﬁyre&egtad@d istgant gsi due was

purlfled by preparative HPLC and to give conpounds 6 and 6' as a pair of
regi o- imgdaTEf whic wsb(@@qallymr@thﬁwsmwtmble ls@ﬂt@rmatglain[ad:b%] Step a.
Referri,pg e t , 1),
(9t er At WG adhy gl it i Ay Bha AP el AR ifrab B0 1,
2. 04 magleleterang mhiakdC@Bth(aB 51 thg compddentaadlthe ¢ampbsitida di which oy etrhi@ingd. ( 100 nl)
and H20 (30 nL) was added Pd(dppf)Cl2 (152 ng, 0.186 nmol)at rt under an
atnDsmeEB]of‘mhmnﬂkemkmﬂyhmmﬂh@eaﬂtBﬁﬁﬁﬁo@mehnfghhnmndébf&m1mmmnsmhere of
Ar, the I actl nhxture.mes ﬁonce ted The residue Mﬁﬁfdl|uted with
cHzc12 Y ? © WHR&OBF AN F Y eP Wal © i SneReeRY resPRRE fefr i ed with
anhydr %Hﬁn{ﬂ@@tﬁ@ﬂi usdgdsPhivIepEss RS tRIBMadd mﬁ&tﬂogl@ﬁ'a&%tyvﬁ%dqwiérﬁ' ed by
silica gel columm chromatography (DCM Ad4eOH = 50:1 (v/v)) to give conpound
8 (700 cApoBBlysSyrle bats mcudsl\e)@eelaédlﬁm salg7rmeq wikhkjnorgqngaesissidpesh. To a
stirred solution of conmpound 8 (200 ng, 0.296 mmol) in dioxanc (3 nL) was
added 4 N HC1 in dioxane (3 nL) After stirring at rt for 4 h, the reaction
m xture was WO 20101065674PCT/ U520094066459 concentrated and the residue
was dried in vacuo to give an HClL salt, which was used for the next step

wi thout further purification. LCM (ESI)mz: 476.2 (MrH) +. [0377] Step c.
Subsequently, the HCl1 salt was dissolved in DM (3 nL) and the resulting

m xture was sequentially added D1EA (388 ng, 3.0 mml ), N-Mc-L-Val-0OH (116
ng, 0.66 mmol) and HATU (251 ng, 0.66 mml ). After stirring at rt for 2 h,
the reactlon ntxture was poured |nto H20 (50 nL) and the resultlng

T 1 e




chloride (14.3 g, 75.0 mml) and concentrated hydrochloric acid (17 nit).
After stirring at rt for 3.5 h, the reaction m xture was carefully added
sat ur at edwaOeNeS67MaHCO. sol ution (470 ). The resul t i RGTAISO0/06645S
extracted with ethyl acetate (100 nL x 3). The extracts were conbi ned and
washed with brine and dried with anhydrous Na2SO4. The sol vent was renoved
and thc residue was dried in vacua to give crude conpound 13 (2.5 g).
LCGMs: (ESI) mz = 300.0 (M+tH) [0381] Step d. To a solution of 13 (300 ngy,

1.0 mmglalroblﬂoﬁé)gcﬁ "lgﬁﬁ)tb?(qm'é@é id( Qufdec abid, Mﬁ'ﬁ a%ﬁﬂ sPh&R détd A RE 111Na|blp2( 76

ng, 1.1 mol) drop w se at ter stirring at 0 C for 30
mn, t tﬁermeéazeth Qmarm ?(Qldﬁﬁélc sacatieleqjd,tmomom Iauth lspangfic #2¢E03 ( 207 nmy, 15

I 4 eth
?T]Tg 0) n;%?‘ﬁ ﬁe;a I_%xéglg;i% ag{dhély?ﬁal){}uggd }) Qlc a%% l_a@‘gc %cjfd Irrrllal'lgnlcs %) 3 esﬂclflcq{;' &dewg hezi

W t h Haglic hbidninplerndidl furﬁdlcvuctdhtaaﬂhg/ﬁicnd)wstnblaaﬂplébnzaiheclepI vent was renoved

and th si.due, was ied. in vactio to.give rud 50 nmg),
AR MR e oWy s R ERnMMERGIGE MF fflﬁéfl PRt e e (LSl):
n z 384:th11nésMﬂ$ﬂ1€ac@o}?’@-%tlﬁh@ﬂls@lfon-[@acﬁd %}ﬂ%)@/@th@ﬁ%ﬁﬂ&ﬁ@ﬂ@@ bl%ﬂz&les@foglc 4.7
mml) and LiBr (834 ng, 9.6 mml) in acetonitrile (10 mL) was added TMSCI
(782 mygeidzd-phlarabryzegesuifoninpeids 2-genhihalangsdfonged, frdplugreswianic 4did react | on

T T M T

(50 mL 3xph8hylpibip@néxdcid aimecthgnetic anid eetchry maghedicwicidnlaonil ndfurgndiddri ed wit h

anhydr o Na2S The s t was nove nd..t he si.due was purifjed by
1Y Ca BPNE G B oEs Sk SO R BEAE A 718 o OL SERES St 05 i ve
compounfd &2 1kd; & (9) sah Woric@ kthbn all-%&@ prdt&opesdit 7 the 388nt%ollbiMdHs 1038318t ep

li To a solution of 15 (300 ny 82 mmol ) in dioxane (20 nit) was
sequent¢raddcd by ddesial pos €45, ﬁaemahtrmﬁtaillmna@ﬁ boeaptl iorgorsm ammm}lm iptoissi um
acet at ) at rt
nder g3 ARt ke p R CERAC Pty e Qe RN EERC )

at nos phemethyfglwamind eorgabine, pmenidive Ldimctiaandnd, dictidy lavnink afd thAdlk(: 18Goml) The

resultin Xt ur s washed with Hi drous . The
o vent g s e AR FRES suhind et op et G PRGOS B G o

chr omateh@uapbyr (A taeeicQdRls andtht lik¥ () e.d OBGRY & AOMPDUIAPHLGm( 827 gy, 60%
yield) LCGM (ES1): mz 459.3 (MtH)+. (The WD 20101065674PCT/ US2009/ 066459
corresﬁéﬂdﬁ%g boronic acid was al so isolated and used as an active
internediate for the next step). 103841Step g. A solution of 16 (300 ng,

0. 65 mid3Pli n Thertrmpo Phawhte] %d)d TBoSHAPRYtc Vittgisabbieinrefar toyhamaises having
(S)-te dazol - 2-yl ) pyrrolidine-1-carboxylate (595
my, 1. %}%%ﬂnfg%f\laﬁ%&g’q?ﬁg‘}r& 5.28 mmol ), and Pd(dppf)Cl2- CH2C12 (126 ny,
0 13 nmol) at rt under an atm$sphere of Ar. After stirring at 80C for 17 h
under an atnosphere of Ar, —th&-G&actioff-@PRxture was diluted with EtOAc (150
m.) The organic | ayer was |solcmed waolked with brine, and dried with
anhydrous Na2SO4. The solvent was rcnoi, al and the residue was purified by
si | i ca[@i0] col Therteradsr suiat’ agad érghlyatésPEéfatseb dra:ehydraﬁe’d]ibrtﬁs/c)f)the oorgboneddmﬂpound
17 (151 34% el | W|sh olid. LC.-MS (ESI) :
03651 &gt § OBy ATeC e Tyl or BRI TS BB Rt (5 CEBIRE POl oxane
(2 nl) symbiliad demtafiliy, Bedorptibnd @80, Zndidbblidh ahd exotiodl CRhdrItidterd, Bbref t
overnight, the sol vent was repmoved and the residue was dried in vittcuo to

gi ve amradtealgmpatureyihich these sliledingts art may fke inte eegeuni in Hasucloption melude

purifi H‘QEW” ution of
t he HC%}?etsdé)?ﬂthfltn %tgé %r%)eaépgfc%cfe% E%&q%gkgﬁﬁ%ﬁu?ﬁg&m%ﬁs&p?%{yf owed by
N- Moc - [ffoWabHi@Hindbamufpcti@al8ityrofohe) resudtmaf T Wrugl141 ng, 0.37 mmol ). After
stirring at rt for 30 mn, the reaction solution was poured into H20 (50
m.). The suspension was filtered and the solid was purified by preparative
HPLC to give conpound 18. 1H NWR (500 MHz, CD30D) 6 9.69 (s, 1H ), 8.80 (d,
211, J =7.5), 8.49 (s, 111), 8.35 (d, 211, J =8.0), 8.24 (d, 2H, J =
8.5), 8.15 (s, 1H), 8.12 (s, 111), 8.01 (s, 2H), 7.93 (d, 2H, J= 8.5),
5.30- 5.26 (m 2H), 4.25 (d, 2H, J =6.5), 4.12 (s, 2H), 3.91 (s, 2H), 3.67
(s, 6H, 2.61-2.60 (m 2H), 2.31-2.17 (m 6H), 2.08-2.05 (m 2H), 1.02-0.91
(m 12H) ppm LC-Ms (EST) mz: 791.4 ¢M+ H' WO

20101065674PCT/ U52009/ 066459 Scheme 3-4 103871Step a. Referring to
Schenme 3-4, a solution of 19 (5.00 g, 19.8 mml) in CHICN (200 nL) was
respectively added EDC1 (9.10 g, 47.6 nunol), HOBt (1.34 g, 5.95 mml),
MeNH(OMe) HC1 (2.93 g, 30 mmol ), and Et3N (6.6 g, 65.3 mmol) at rt. After
stirring at rt for 3 h, the reaction mxture was concentrated and the

re5| due was pur| f| ed by 5| I [ ca geI col um chr omat ogr aphy (Petrol eum
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7.83 -7.78 (m 4H), 7.72 (d, 2H, J =8.0) , 5.56 (in, 1H), 5.38 - 5.32 (m
2H),4.46 - 4.42 (m 1H), 4.27 - 4.26 (m 1H), 4.21 -4.13 (m 2H), 3.97 -
3.94 (in,WOHp10/B5©8 (s, 6H), 2.89 - 2.86 (m 1H), 2.64 PCIB2000p643%), 2.34
- 2.25(m 3H, 2.01 - 1.96 (m 2H , 0.94 - 0.87 (m 12H ppm LC M
(ES1): mz 790.4 (M+ H) . Schenme 3-5 [0395]Step a. Referring to Schene
3-5, a mxture of trichloroaceteal dehyde (7.2 g, 48 mmol) in water (120 nlL)
was added Na2SO4 (104 g), followed by 4-bronmobenzenam ne (35) in coned. aq.
HC1 (1@0f@1¥ anth N #96dmid8 a8 ughd HarchPcdMinplhs £12Qub hAQnfink-strchRr
refluxing for WO 20101065674PCT/ U52009/ 066‘2159 1 h, the reaction m xture
was cool ed®to rt. The solid was coll ected by f||trat|on and dried in vacua
to give coffpound 36(8.0 g, 91% as a yellow solid. LCMs (ES1) miz: 243.0
(M + H—+F8396N8tep b. To a round-bottoned flask was charged with 20 nlL of
H2SO4 (98%| and the solution was warnmed to 50 C. Subsequently, compound 36
(4.8 g, 20pgmol) was added at such a rate as to keep the tenperature
bet ween 60 and 70C. After the conpletion of adding conpound 36, the
resul ti re was 0 C and st red for, another 10 min. The
it ur d0GRL Coedertt Sor S Bach APueRblald et @) RSO s
collected by filtration, washed with water for several tinmes, and dried in
vacua to gllve compound 37 (3.6 g, 80%yield) as an orange solid. LC M
(ESI) mz.g 225? Rs(M+ H)'. [0397]Step c. A mixture of conmpound 37(1.35 g,
4-

6.0 mol ), | brormphenyl) et hanone (1.14 g, 5.7 nunol), and potassium
hydr oxi de gl 02 g, 18.3 mml) in ethanol (50 nL) was refluxed overnight.
The reacti®n m xt uvkeroiaR’ @&mée@ﬁ:ﬂrfmdlegmptq@eswt@gocmmdlwa@n,éﬁﬂGaa dlyMLh

petrolgial lﬁény?r ) 89%(?;}1 gj% %?%tﬁﬁl hglo Oxycalg(%gyeous phase was

i sol at acrd en- ex Cted with ethyl acetate
(50 nmL T xtracts C dried with
S T ARSI B e PuRBe
vacua to gbve crude conpound 38 (1.2 g) as a red solid, which was used for
t he next s“ep without further purification. LC-MS (EST) miz: 405.9 (M+ H)'
103981Stepgd A flask that charged with conpound 5 (1.2 g, 2.95 mmmol) was

heated to BOO C for 30 mi n under an atnosphere of Ar. The solid was then
purified by silica gel columm chromatography (Petrol eumether/Et0Ac = 19:1
(v/v)) to give conpound 39 (160 ng, 15%yield) as a yellow solid. LC M5

(ES1) mz: 361.9 (M+ H. [0399]Step e. A mxture of conpound 39 (0.11 g,
0. 30 mi$od] bi §@b$tﬁ%@$ldf0@YHla§@?Q§lﬁle(@n sentgmplatega grawp havipp thessueiicacet at e
(0.15 g, 15 mmol ), and Pd(dppf)Cl2 (50 ng, 0.06 nmmol) and di oxane (20 nl)
was sti rrﬁﬂ at 80 C overnight under an atnosphere of Ar. Subsequently, the
reaction xture was diluted with EtOAc (100 nL). The resulting m xture was
washed With F28 (50 nL) and dried with anhydrous Na2SO4. The sol vent was
renoved anf] the residue was purified by silica gel colum chromatography
(Pet r ol eunfet her{namaﬁlgp@tﬁoﬂl%ﬁed%/amy)sumngiaﬁ@ag@m@md 40 (0.12 g, 86%
yield). LCGM (EST) nilz: 458.3 (M+ H)'. (The correspondi ng boronic acid
was al $@16530! atiRde@nthissftoRs,” Al uRethe¥en, |nEBaﬁ§ edbaty® whereid 4o xRyt atshep) -
WO 20101065674PCT/ U52009/ 066459 [ 0400] St’ ep f. A solution of conmpound 40
(120 mias bz replesicyl wWith apvEpH20 (3/ 1( v/ v) 24 nL) was sequentially added
(S)-tert-butyl 2- 25 i odo-1H-i m dazol - K(}pyrrolldl ne- 1- car boxyl ate (290
my, 0. $0l6ehpl )Eac epg@@nthgseleztee fren hydrogeme- @d{ﬂ?@bﬂ)l@z,ilamgzmﬁa 062 ny,

0. 064 ) rt r f

over ni g};@i Cdg{sarc ahr?%g ergﬁgﬁ(@ﬁg &cﬁéauégahgﬁréﬁ% Lglétglqv\ﬁ c?%ﬁk)?éd wth
Et OAc (@IKORY, mﬂl@oxyd’dnborml guﬁmncyll ayleamoyh subsobted aﬂfonyxkasdiﬁﬂiaw {ubfobarhide, and
dried w th ancwdrous Na2SO4. The sol vent was renoved and the resi due was

purifi By 2 ta gel colum chromatography (PE/ acetone = 2/1(v/v)) to
gi ve conmpound 17 (151 ng, 86%vyiel d) .as yellow solid, LC-M5 (ESI): rr|Iz
676.4 ( Fash 1]1Stné5pfade iySalegftefi.fﬁogatﬁegmylp.ce?ﬁl%mgeéh%a%@ AH(qple

0.18 mm) Qlkylncﬂj{o%ﬁ'ﬁaeﬂo%lkm—)aﬂéé@ﬁ addsd 4Mokitl1 diereange, adiMokero At er

stirring at” rt overnight reaction m xture was concentrated and the

r esi dueraligs, %Ilquefdalkwwmbgraylt %dk@ovle carharpioyl, sdbtitutedisplémyhaslfensécendor t he next
step without further purification. LGMs (LSI): mz 476.2 (M-H) +.

[0402] Step h. To a mi xture of the HCl48alt in DVF (2 nL) was added D1PEA
(0.3 nm, 18 mol), followed by N-Mc-L-Val-OH (79 ng, 0.45 nmmol) and HATU
(169 ng, 0.45 mmol ). After stirring at rt for 30 mn, the reaction m xture
was slowy poured into 1-120. The solid was collected by filtration and
purified by preparative HPLC to give conmpound 42. 1H NMR (500 MHz, CD30D) 6
8.96 (d, 2H, J = 9.5 Hz), 8.63 (s, 111), 8.53 (d, 2H, J = 10.0 Hz)
,8.40-8.39 (m 3H), 8.18 (s, 1H), 8 08 (d 2H, 1= 13 Hz ), 5 29-5. 28 (m

PN NSNS "~ N~ N



WO 20101065674PCT/ US2009/ 066459 Scheme 3-6 [0403] Step a. Referring to
Schene 3-6, a m xture of 4-nmethoxy-2-nitrobenzal dehyde (42) (1.4 g, 7.7
nunol ) arloO20méth@xyphenyl acetonitrile (1.13 g, 7.7 mm@OX/tisaenadelsel to a
solution of sodiumnethylate (0.4 g, 7.7 mmol) in nmethanol (10 inL) at rt.
After stirring at rt for 5 h, the reaction mxture was filtered. The solid
was washed with water and 95% et hanol, respectively, and dried in vactto to
gi ve conmpound 43 (1.82 g, 77%yield) as a yell ow powder. NVR (500 MHz,
CDCl3) s@lfc?na%qde( CI1“wo RE nf %elfgkien mfﬁheg waR Cé@ N](h’)S tozvlﬁal tﬁlgy areZtt‘tac%eQ tcHZ 1H) '
63 (d ZHZ; 8 (d 4 (s,
3H) 3f@mft§ve ®H)evqmn¢rn rwsrn(lm ich IIFﬂYZOpBQllaﬂl/ c@Mam artjunher[lameaqtenep b A
solution of conpound 43(15.5 g, 50 muol) in THF/ et hanol (5/1 (v/v), 240
i nL) wd@l68tded NaBRoRIs®T the pT@emion)ntiatlnrat’beAﬁetdetp ightibit pif ieducztthe activoy 4 h,

the r .?.%%HCQP erﬂttf((:t larl}/n%%P Agpq%tl)%‘? f, aC![ Cege %ﬂt chxts \iax%dbltlcl;r? g‘&dergdt\llgtitorq o% N ag.

HC1. eres
2010 106&6@[%&159@0 PIAEH 4T s b HRAGvel B ehdf the &}asuﬂ_ddeic&sxityf RGikiSc wer @ntohbi ned,
washed with brine, and dried with anhydrous Na2 The sol vent was rem)ved

and t h&XpPawna i whish Hicicsls orihe sbifstsae geteated vl tbet%fcmﬁa)oa -(19.8 g), which
was us dmfc%rt ecty%mﬁtbﬁnnvartm%oﬁ Mrttlétaeasmerdlafcha? i qmeaé:f@w&a e&Rbbn M 2
335.1 (M + 0405] S ep c. A mxture of conpound g, 29 nunol) and
10% Pd/oon(mtnt’aorg)Omerpf“sHﬂ ip 2carhwill appeechasibal e duation ov\alblbsitqrmféhb measygdC f or

ceL1 e I PR P S B bk AP ZR A R Pl Wi T 0190

filtratfe paascuboapdithtiaised and the residue was purified by silica gel colum
chromat ography (Petrol eum ether / Ethyl acetate 9:1) to give conpound 45
(5.5 g,[0169] % Vinelfih)t adfccd combbgnds of ftmulkH NMRo(REe@ MHz, CDC13) 67.16 (d, J=
K5 Hz, 2H), 6.91-6.87 (m 3H), 6.25 (d, J= 8.5 Hz, 1H), 6.12 (s, 111), 3.80
(s, 311), 3.75 (s, 3H, 3.41(Hx, 1= 11.0 Hz, 1H), 3.27 (t, 11.0 Hz, 1H),
3.11-3.05 (m 1H), 2.90 (d, JJ = 8.0 Hz, 2H) ppm LC M (ES1): mz 270.1 (M
+ H+. [0406] Step d. A m xtarp~of conpound 45 (2.7 g, 10 mmol) and 10% Pd/ C
(1.4 g) was stlizcrred 270-280 § for 30 mn under an atnosphere of Ar. The
m xture was purink{e y si\i ca gel col um chromat ogr aphy (Petrol eum

et her/ Et OAc = 6/\11\5//v)) tp~grvg conpound 46 (1.8 g, 68% as a white solid.
LCGMS (EST): nil 66.1 (M + 4 ' —20071S e. To a solution of conmpound
46 (0.80g. 3.0 mupfq in CGRCl2 ¢30 ni) s added 4 N BBn/CH2C12 (4.5 m, 18
mol ) at -40 Ré‘Afterzstirrig at rt oveynight, the reaction m xture was
diluted with water (30 nlL). The resulting. m xture was treated with 1 N aq.
NaOH sol ution to adjust the (®to 8, a e?‘tRfacted with Et0OAc (60 nth x 2).
The extracts were conbi ned, washed wizh brine,,apd,dried w th anhydrous

Na2SO4. The solvent was renoved and the residue was purified by silica gel
chr omat oghaip keleqtébirem teagroen tasistnOdicsingl@bdnd; w(GR.)— €60 )i Wiko)eonpound 47(0. 7

2 sotuti on ol Dstnary (TN I o RSk (087 16 ol )

in CH2C12 (4&@}%}}@8@@5@ TER 3 N6R ) cm)mt)y(emz)%. After stirring

at rt for 30 m

{ tur ey d th d
i ed by G e AR et R S GRE S Pt Oac 101 (viv) )
t afd a al | mz 502.1
(M J h ?On\r}\gmglﬁoe)oc e %%g’mog/éo%gﬁfgdgh?gf@ Sléftégegg()hﬁhﬁ%{u b o

conpound 48 (0.40 g, 0.80 nmol ) y1bi s(plﬂa’amt\o)dl TE; g2 4 0 nmol ),
pot assi um acet at e (0 W.—5. 6 myol) pt—)< (400 % 24 mml)
and di oxane c§&Qtiffk xstir Yat 80 ht dhden” an at

Ar . Subsequently, the react | on mxture vvas d| I ut ed with EtDAc (100 tnL) The

resulting m xtu vvastg HZ? and \d e, Wi th anhydrous
Na2SO4. The nt |wa |ve ;_\Ll ed by silica gel
col utm chr onat 6@ (PetXroIreum et he>FI ablct ne = 16 VAY)) to give
conmpound 49 (0.20 g, 54%yield). LC M (ESI) ntz 458.3 (M+ H)'. (The
correspondi ng boronic acid was al so isolated and used as an active
internediate for the next step). [0410] Step h. A solution of conmpound 49
(160 ng, 0.35 mml) in DME/H20 (3/1(v/v); 40 nL) was sequentially added
(S)-tert-butyl 2-(5-iodo-1Hi m dazol-29yl)pyrrolidine-1-carboxylate (388
ng, 1.07 mml), NaHCO3 (289 ng, 3.44 nunol), and Pd(dppf)Cl2. CH2C12 (71 ng,
0.090 mml ) at rt under an atnosphere of Ar. After stirring at 80 C

overni ght under an atnosphere of Ar, the reaction mxture was diluted with
Et OAc (100 nlL). The organic |l ayer was isol ated, washed with brine, and
dried with anhydrous Na2504. The sol vent was renpved and the residue was
pur| f| ed by 5| I | ca gel coI um chr omat ogr aphy (Pet roI eum et her/acetone =

o f A r~a - 7~ R A~




WO 20101065674PCT/ U52009/ 066459 [0419] Step g. To a solution of conpound 59
(2.0 g, 7.5 mon in CHC12 (75 nL) was added 4N BBrl in CH2Cl2 (12 nlL, 45
nmol ) at WOQO/wAger an at nosphere of N2. After stirrin@Catuseeomeersni ght ,
the reaction was quenched by adding water (10 nmi). Subsequently, the

m xture was treated with saturated aqueous NaHCO3 to adjust the pH value to
8. The organic | ayer was washed with brine and dried with anhydrous Na2SO4.
The sol vent was renoved and the residue was purified by silica gel colum
chr omat ography (Petrol eum ether/Et0OAc = 2/1 (v/v)) to@ive conpound 60
(1.36 g, 76%@?}2 Wi t e SoBgLC MBA(HESI) o ni p7Y23KI (MFH) [0420] Step h.
To a solutioMD Zs ran,r@%b' g, Ib. ﬁm;l) |arﬁi‘ yridine (2.03g, 25.7
mmol) in CH2C12 X120 ) was adled -Tf20%(5.84 g, 20.7 mwol) in CH2Cl2 (30
m.) at OC. After stirring at O Cfgg 30 mn, the reaction m xture was
concentrated and the residue wgs uﬁi/fi ed by silicdigel colum

chr omat ogr aphy (P Yx.ol gum et --@ X 20 gi ve conpound 61
(2.4 g, 840@_@%\5&3 @ ¢ MS (ESI):/Ti\z #02.0 (M+H)+. [0421] Step
i. Amxture onpg 61 /0 o4 4.ngm)l bi s(pin %gr@io)diboron(S.l
g, 20 mmol), potassium acetate (2.7 g, 2 mmol ), and Pgl‘? ppt)Cl2 (0.98 g,
1.2 mol ) and di oxane (80 nmL) was stirred at 80 cC overni ght under an

at nosphere of AK. isSibs®fuénerlSy, the reaction mxture was diluted with Et0Ac
(100 nL). The resulting m xture was washed with H20 (50 nm.) and dried with
anhydr ous Na2SG41 the residue was purified by
silica gel col S?mYf%rﬁ%%%%?%}bi\g@é%e@@%ﬁgﬂﬁqp& her/acetone = 10/1 (v/v)) to
gi ve conmpound 62 (986 ng, 54%yvyield). LCGM (ESI) ,n/z: 45K3 (M+ H'. (The
correspondi ng b¥f si¥ld, Qoi 8 was al so i sol ated and used as an active
internediate for the next step). [0422]Step j. A solution of conpound

62(1.7 g, 3.7 )N ~BVE/ K20~ {3/ /) 0Ny sequentialy ded
(S)-tert-butyl rrgq% SQ%Iﬁggylaﬁmcggz%I%- y(l'c)}%gr% Pgleﬁé)b 10902(?%8%?: (f,iquz?b(,s_ 70
g, 10.0 mmol), NaM@Gereir 2and lgare3Zicpemiahily 0,and, KA el the@t@vi{dthbx ang,b fe 80
nunol ) at rt under an atnosphere of Ar. After stirring at 80 C overnight
under an at nnspheP@tat%H‘h the reaction mxture was diluted with Et0Ac (150
m.). The organic |ayer was isolated, washed with brine, and dried with
anhydrous Na2SO4. Thegol vent was renoved and the residue was purified by
silica gel colum /eh at-9§r aphy (Petrol eum etherlacctone = 2/1(v/v)) to
gi ve conpound 63 '@? 12“@% as a yellowsolid. LCGM (ESI): nilz 676.4
(MrH) | . [0423] Step K. ToVa swoptienaly éxsiyges der dmiteagaporsigtesstqueom thg, 0. 3
mol ) in di oxane gﬁdﬁ#ﬁ%ﬁ@ added 4N HC1 in dioxane (3 tnL) at rt. After
stirring at rt overni'ght, the reaction m xture was WO

20101065674PCT/ US2009/ 066459 concenftated and the residue was dried in
vacuo to give atheki@bossaifithe héredryhgrsumsie dafhoind¢rvadamély toptidrtably wubstitteder

purification. LGN, (ES1).: mz 476 +. [ 0424] St | ... Spbseguently, a
P ur o of “the rit i vibp gty feigcd ok Mo op RIS AR doen SRROYED Y, &
fol I owed by N-MbcNGVaileg, (LB aglkyd C7T4OCHRIckoalianctytibdliyl Bkroogclc 0. 740

nmol ) After stirring at rt for 3 the reaction m xture was poured into

H20. The solid wad™ d}ereé%%ldalﬁvygiaﬁqpf%t%“%ﬂ%aﬁbowﬁrﬂﬁapgﬂ’ P4 Wpar at i ve HPLC
(5 9pts g, ShrdingMRRRIG, GRAUORAD (5 1), 9,575 1

oH), 4.12 (s, 2H), 4.03-3.90 (m 2H), 3.66 (s, 6H), 2.61 (s, 2H). 2. 31-2.08
(m 8H), 1.09- 0thopitfogenss Hipyesentopfshe frtgrparyhgroup gy ek mdspqfantiscpsipaly- 8 wo
2010100567 4PCT VoSO AORIT, ML 28y 6y AR o

N, O D net hyl hydr o@i amlhél tv')@]rzchcﬂatcxaﬂdyil@yélﬂzalkﬁl, beterdbydle, mﬁbl Beferbiaflaabkyl5 g,

16.2 mmol ), and Et 3N (2,22 22, 0..mol.) re added. t stirging at rt
for 24 the r eattPsh Moz e Ghd BRI Fatad R b FlooP el &1 i e
with DCM (150 nl) andbigforbosiddr € was washed with saturated aqueous NHACL and
brine, respectively, and dried with anhydrous Na2SO4. The sol vent was
renoved and thc residue was purified by silica gel colum chromatography
(Petroleun1ethe??%ﬁ%%ﬁ“¥£%W¥k?%¥L¥§of gi ve conpound 133 (3.78 g, 87%
yield) as a yellow solid. LCGM (ESI): mz 295.0 (M+ H) . [0426] Step b. To
a solution of compound 133 (3.53 g, 13200 nmml) in THF (80 nL) was slowy
added 3M MeMgCL in THF (6 nL) at O C. After stirring at OC for 1 h and then
at rt for another 1 h, the reaction was quenched by addi ng saturated
aqueous NHAC1l. The reaction m xture was concentrated and the residue was
added saturated aqueous NaHCO3 (25 nL) and Et 0OAc (100 nl) The organi c phase
was washed with brine and dried with anhydrous Na2SO4. The sol vent was
removed and the residue was dried in vacua to give conpound 134 (3.0 g,

A NN A A o -, o N OOR AN  f e\ o ~ N A PN AN A~ — o




[0434] Step a.Referring to Schenme 4-1, a solution of conmpound 27(5.0 g, 20
nmol) in CH3CN (200 nth) was added EDCl1 (5.8 g, 30 nmol), HOBt (675 ng, 30
nmol ), NMNWBQROM6SHEL (2. 93 g, 30 nmol ), and Et 3N (6.1 gPCBOIUSAMII0p64a9 rt .
After stirring at rt for 3 h, the reaction m xture was concentrated and the
residue was purified by silica gel colum chromatography (Petrol eum
ether/Et0OAc = 5/1 (v/iv)) to give conpound 28 (5.4 g, 92%yield) as a white
solid. LCG-Ms (EST): mz 294.0 (M+ H)'. 104351Step b. To a sol ution of
conpound 28 (2. 9adh d 40 ikd¥ptadehdly THE (100 nL) was slowy added 3M MeMyCl in
THF (20 nmmol ) at OC under an atnosphere of N2. After stirring at OCfor 1 h
and then at rt for 1 h, thc reaction was quenched by addi ng sevcral drops
of ag. NH4Cl. ThendraetndspcrdertiuPel. @S 3concentrated and the rcsi due was
diluted with Et0Ac (100 nL) Thc organi c phase was washed with sat. ag.
NaHCO3 and dri egd;w t hyanhydrous Na2SO4. The sol vent was renpved and the
residue was purified by silica gel colum chromat ography (Petrol eum

et her/ AcOEt = 10: 1(v/ \/r?ge to give conpound 29(2.3 g, 92%yvyield). LC M
(EST): mz 249.@chR isindepadambisicstsddronTihe grayp) cgnsigimgost hydrogan, 8alogen, 7, 4
mmol ) in DCM (100 _MRS AGHOR- WM, SE d r . : at 0 C
After stirring at ’C&ﬁbrﬂgﬁﬂﬁ%\e%&’t@hé@reggd%ﬁo@hl t%%%lﬁe}%o%%él, %:r meal’to rt
with stirring for haweoichde, a2ylhhetSolnsk quadintl ] ajkoxty hdkoxyaabowy, atkadoylk e was
respectively washed, wi t ter, .and satur.ated ueou HCO3, and the
organi ¢ phase was ‘HPPBEEY ml?’ﬁ“%‘?ﬂﬁﬁ&%’Sﬂlﬁ%‘?&?ﬁ%%n%%%ﬁpl%s rtmoved and
the residue was dried in vacua to give crude conpound 30 (2.0 g) as a

yel | ?yv sol i d, \L\égclﬁ/ﬂs}N\(/i%ﬁlilwrdézrftggglgbtgd Mﬁiéhsgﬁ?p%%ﬁiﬁghg ofgydrg@ern, iOH,_C1 f
purification. - : Z . - tep d. solution o
conpound 30 (1. 95%?1255@ rfridP 113 bt x%wcma}ky\(fvé@teaw@aa Y BBECaM.0- OH (1. 6
g, 7.3 mmol) and ( Iggm)g [k L rt for 2
h, the reaction m%atm}'rl ’eajrkm(/)gig %%X#E%I%SM th %%n?{yjlr’ g%rg?jr%l\?ﬂl’isr&)%hgtﬁg kltﬁ)lgilﬁle
respectivel y; thesdiqatandghlfgamidsandr i ed wi t h anhydrous Na2SO4. The

sol vent was renoved and the residue was dried in vacua to give crude

g 3????2& |3 (1)n( 2 L‘%héﬁ%m (%'ﬁ Be é\?z}h%ﬁ%ﬁtﬁ?ﬁ%‘cﬁ A[‘%é@a? ffRe WAL b AW AL
20101065674PCT/ U52009/ 066459 [ 0438] St ep_e,/ A\ni xture of conpound 31 (2.4 g,

5.2 mmol ) and NH40Ae (4.0 g, 52 mmol) in tofyene (52 nL) stirred at 110 C
overni ght. SubsequentNy, the reaction mxfuge

nas-"gool ed to rt and diluted
wi th Et0Ac (100 m_\)\(’l' i Xxture was washed _wt h ‘§at rat ed aqueous Na2CO3
(50 mL x 2), and bmHNte, r.elsp@cBiA/ehybet he organi aseorwas dried with

anhydrous Na2SO4. The _sgl vent was renoved and the residue was purified by
silica gel colum ,chyogayography (Petroleum etherl EtOAc = 1/1(v/v)) to give
conmpound 32 (1.4 g, < as a_yellowsolid. LCGM (ESI): nilz 442.1 (M+H) .
[0439] Step f To a m e~ C ound 32 (1.0 g, 2.3 mmol), (S)-ieri-butyl
24544-
(4,4,5,5-tetramet hyl-1, 3, 2- d oxaborol an- 2-y1) - 1Hi m dazol - 2- yf | pyrol i di ne-1
-earboxylate (1.0 g, 2.3 nmol), and NaHCO3 (0.76 g, 9.0 mol ) in 1,

S- gi met hOiB)y@d Bgzne eéc&Qn&ép)?ndiﬂﬁdy HZO]EO(&gle%%rem&gﬂﬁhﬂﬁhn%ﬁldpggrbgyg (277 Eg,
.34 nuno under an atnosphere of N2. After stirring,at over ni ght
under an at foEper eordrtergey clenwhsreig cesohrterp giom df Riassnt snadsnepdpndy N ther
residue was sdinh WherkithtisHER JriorBr)is A0Ratible aqueous phase was extracted
with EtOAc (50 int x 3). The extracts were conbi ned and washed with brine
and dried with anhydrous Na2SO4. The sol vent was renoved and the residue

was puri f4aeli Rbis inddperdenge belecsedifiom dhe eraen eqpsiphg o P& roNeu¥Rzhilegen. €1 0AC =

5/2 (v/iv)) to~qi : %Y.yl id. LC M5
(ESI): nmlz E%ggzi‘“‘(%&ﬁ%qﬁ)@fzr\%f%g%@s%é’g’%%%%&g?%r r ldﬂ?é%rﬁtlﬁll ?\gﬁﬁgl’ conpound
33 (250 ng, alko8y, athomlJarbamytliateasyd, dagbamioy], walsstititabsulosel sultedated 4. ON HCL1 in
di oxane (3nL) .at rt. After stirrjng at rt for.4. h, the . reaction mxture was
Consentr st edfmgmdr et anb S B FndirRtisa sy GRoSean LI OLHIE Shp: oh
was used foprbBe dx@xt step without further purification. LCGMS (ES1): nmz
475.3 (M + Ht [0441] Step h. Subsequently, the HCl salt was suspended in
THE (5 nit) and D1PEA (0.35 nL) and N-Moc-L-Val-OH (130 ng, 0.74 nmmol) at
rt. After stirring at rt for 15 min, BATU (340 ng, 0.89 nmol) was added and
the resulting reaction m xture was stirred at rt for another 2 h. The

sol vent was renoved and the residue was purified by preparative HPLC to

gi ve compound 34. 1H NMR (500 MHz, CDC13) 6 8.04-8.06 (m 1H), 7.96-7.99
(m 2H), 7.91-7.92 (m 2H), 7.79 (s, 1H, 7.70-7.71 (m 2H), 7.66-7.67 (m
2H), 7.60-7.61 (in, 2H), 5.29-5.31 (m 2H), 4.27 (s, 2H), 4.13 (s, 2H),
3.92 (s, 2H), 3.68 (s, 6H), 2.63 (s, 2H), 2.17-2.32 (m 6H), 2.12 (s,
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1H i m dazol - 2-yl ) pyrrolidi ne-1-carboxylate (9.50 g, 26.2 nunol), NaHCC3
(7.30 g, 87 2 mmol) in 1, 2-di net hoxyet hane (500 nL) and water (150 tnL) was
added Pd(WEpRPI@L267¢3. 6 g, 4.4 nunol) under an at nospher @CFfUSRRI/ 084581
stirring at 80 C overnight, the reaction m xture was concentrated and the
residue was diluted with Et0Ac (250 nlL) and water (50 nmlL) Thc organic |ayer
was washed with brine and dried with anhydrous Na2SO4. The sol vent was
renoved and the residue was purified by silica gel columm chromatography
(DCMI\/EOH:aChﬂSJm& el\{a&lﬂ;,@ gle&gCOITpOUI’Id 72 (5.30 g, 64%yield) as a yellow
solid. LC-M (ES 'z7381.2 (M+ H)'. 104471Step c. To a sol ution of
conpound 72(2.0 g 5 26 nunol) in 40 n1_ pyr| di ne Was dr op- WI sely added Tf 20
(3.71 g, 13.1 nmol) at 0 C. Afterz'¥ éTrH_ﬁgYaZ1 0CA-& %&T l{’ﬁdﬁat rt for 3 h,
the reactjion m xture wa concent Si d S pu ed by silica
gel col un¥ léllf’rdéﬂ%ﬁdé'&}ya%’iiﬁ? Iﬁé’tn?‘ole et her)/(acetone 4/ 1 ( v)) to give
conmpound 73 (2, Q ﬁ 60%y| el d} as a yeIIow sol id. LC-I\/IS (ESI) n12 645 1 (M

+ H +. 1044 To Xe .. nd 7
met hyl (S)- 3- ! 4 5 B thry msth_%e 2 di
oxaborol an -2- yl) 1 Hben'%odazol > - ) but a -yl Carb (74) ~(419 ny,

0.89 mmmol ), an 3. 56 yin 1, 2 2d| et hoxycgha (60 n)
and water (2N ﬁﬁ dppf Cl (\\},41 |1 nmol g K} under an
at rmsphere 0 y_er Sk xbver%gb r phere of

the reaction mxture was condentrated The residue was diluted’with
EtOAc (100 m.) and water (25 nmlL) The organic | ayer was ma%h/ed with brine
and dried with anh drous Na2804 The sol ye e & the residue
was purifie \ puth et her / acet one =
1:1 (v/v)) gi rrpon 5 0 4 ellow solid. LG M
(ESI) nilz 707 W + ' N10¥ﬁ918te . of conpound 75 (114
ng, 0.161 mmol) in di xane (2 nm.) was added 4N HCl in dioxane (2 nL) at it.
After stirring at rt/" 3 h, the reactlzon m xture was concentrated and the
resi due was dri e et 0 tq,Ygl ve an t, whi used for the next

pur i abl-g mz |3 M+ H'. W
%2009/ 0664€9x{1 0450] St

20101065674P Subseque Iy, tRe. HCL salt was
di ssolved in DMF (2 nl), foIIowed by addlng Et 3N (0. 11rrL 0.81 mol ),
N-Moc- L- Val - OjY{gZ>ng, 0. 18YhgoR), and 9 ny, O. / i) at rt. After
stirring at ; h, yeactli on S concen edgland the

resi due was pu?(l fied Qm,preﬁarail \Fé/\HPLCXto Wi v@y\cgﬁ@our?d 78, g M5 (ES1):
mz 764.4 (M+ HO /' Boc 79 Scheme 6-2 104511Step a. Referring to

Schene 6-2, WAewsluti on of conpound 78 (50.0 g, 0.30 nol) in THE (500 i)
and H20 (500 m.) was added K2CO3 (83 g, 0.60 nol) and (Boc)20 (73.0g, 0.330
nol). After overnight, the reaction m xture was concentrated
and the res?%&geé%srngﬁgg%t ed with Et0Ac (250 nL x 3). The extracts were
combi ned, washed with brine, and dried with anhydrous Na2SO4. The sol vent
was rt moved Yan¥® amieZ 'res¢agh endsaendgnthedHion Nsacua t o gi ve crude conpound 78
(62 9), WhICh vvas used for the next step without further purification.

LG M5 (ES1) @ﬁl (M+ [0452] Step b. To a solution of conpound 78(60.0
g, 260 mmol |n Ef_ (Sl L) was slowy added NaBH4 (50.0 g, 1.30 nol) at rt.

After stirring at rt overnight, the reaction was quenched by WO
20101065674 Ma¥-0s26836.06645H1- ad\ﬁﬁ% 6D ONER DAE Haky) OfH‘(é?Phh‘ﬁxK@Hﬁg, m xture
was concentr at ed nd. t he resi t ed A i.n The

m xture was washé eremt%a%lbare dl%%%éé\l%gl}tg'e%qf% Or\aglc‘%frc}l E‘f%r&'w@g&gﬁtan%sar? enoved
and the residue wabogud,i fied by silica gel columm chromatography (Petrol eum
ether/EtOAc = 1/1 (v/v)) to give conmpound 79 (42.0 g, 80%yield) as a white
solid. LC M5 (ESl)Vn12 202.1 (M + Ht 104531Step c. To a solution of
conmpound 79 (3Q._07G; Jéo mmol ) and DVSO (35.0 g, 450 mmol) in DCM (1 L) was
added oxal yl A . %IZ\KOQ 220 mmol ) at -78 C. After stirring at - 78 C
for 4 h, the reacti or2mjpd 6@al¥x}ﬁﬁcl§&i§§qcbr§tr§ﬂ}bée§9a@h@erozﬁ@fﬂsHHlt})ep’i‘l g1t he
resulting mxture was stirred for another 1 h at -78 C. Subsequently, the
reacti on was quefeldgg by addi ng H20. The organic |layer was separated and

t he aqueous | ayer was extracted with DCM (200m. x 2). The extracts were
conbi ned, washed with brine, and dried2w th Na2SO4. The sol vent was renpoved
and the residue was dried in vacua to give crude conmpound 80 (22.0 g) as a
colorless oil, which was used i Mmedi ately w thout further purification.
LCGMs (ES1)mz 200.1 (M+ H [0454] Step d. A m xture of conpound 80 (7.7 g,
38 5 mml ), 6-bronopyridine-2,3-diamne (8.0 g, 42.8 muol) (PCT Intl. Appl.
WO 2008021851) , and iodine (1.08 g, 4.28 mmvl) in AcCH (30 nL) was stirred
at rt overnight. The reacti on mxture was neutral i zed by addi ng saturat ed
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WD 20101065674PCT/ U52009/ 066459 was concentrated and the residue was
diluted with Et0Ac (500 nL) The resulting m xture was washed with water for
several twoe810(b8@4l nL x 3) and dried with anhydrous NaPSDAS2009866i59 vent
was renoved and the residue was dried in vacuo to give a m xture of crude
conmpounds 96 and 96', which were used for the next step w thout further
purification. LCGM (ES1): mz 384.1 (MtH)+. 104601Step b. A m xture of
crude conpounds 96 and 96' obtained fromthe reaction above in AcOH (1000
m) was sti iy @bp@bndt EbdtRited #ith onSHPSBRUGR HYonts SRR A8 FGh] @B glupt Ur € was
carefully neutralized by adding saturated aqueous sodi um bi carbonate

sol ution to adj usensisheg pHQHI-G&, tNO S halphen, e sulCta atly Lo Ghehafgrsallsyt r act ed
with EtOAc for s t] 5 e I nbi ned,
washed with wat e(rg%%aand/ l’c]{re?%?fy\%\nl%t %yghﬁtiérc?% &’sa %g%s%&%%%o%‘% a\soeo(rﬁ; ’was renoved
and the residue wasngylrchifbamdybhyutstitutedaufehyl cduifonme,agifapimidd Hetanaheum
ether/Et0OAc = 4/1 (v/v)) to give 97 (35 g, 71%vyield, two steps from95) as
a yell ow sol, d., LC S1): 366..1 .(M+H) + 046l] Step.c. A_m xture of
conmpound 97%16%“@% ﬁ/sﬁglgeﬁé%’&ge,‘zi PGS TQ%"P %reat%}{r%g?él g g aud. o
mmol ), D PEA (3.5 g, 27.3 nmol ), Cul (220 ng, 1.15 mmol), PPh; (1.2 g, 4.6
mmol ), and P(iPPibhpAChi2 (blcydligor RicElitrmlq 12-meaibbiedcpelsalyiFhdt @06y cid, hryvas

refl uxed overni ght under an at nosphere of . The reaction m xture
Concontrar 6. andeioHs of Erata GRS HPSTLe Wiikie REEIRAOMLHEF wﬁﬁpen%vélyrﬁf%s ure

was washed with By ORRd aMethds behnwily SubaithedvakSoldad dte subiusitl ¥@&tkedNas
renmoved and the residue was purified by silica gel columm chromatography

(Pet r ol eum et her fremgpg group cansisiing pi -Qld, -€dhpsindhager, 180 &2 Bi5ghs i tel(d) .

§-Qd,
LCGMs (ESI): nmlz [ e . .xt ound 98 (7.7
g, 20 mol ) and @%i&(é%@%ﬂ&%‘gﬁ%ﬂe’ Fﬁﬂ?ﬁérd(g‘féoﬁﬁﬁg%‘ggﬁerOH (150 ni)
was stirred at rulkboycadbohyl, dikeénoyk aetbamnylrsutistitue dwakortyil | sulfoede, tshif@iagltide
CELI TEr m 545 ande‘tgﬂe filtered cake was washed with Et0OAc (100 nmL x 3). The
filtrate was cont®ntf8Ped and the residue was diluted with DCM (250 nl).
The m xture was washed with brined and ried with anhydrous Na2SO4. The
sol vent wash RETFOYRaI W it hdef@gdedaclwasd Pk the @ebupXosdidting @ f:g8krogeh,umm
chromat ography (Petrol eum et herlacctone = 2/1 (v/v)) tq give conpound 99
(4.7 g, 75%@5@%;12 CLie-Qectaemyllyl, aplkylend at- tqfppymberpdripsyvhich pnay beto a
sol ution of gb){g; 0 g, 0.24 nol) in dry CHC11
(245 i) WALl owlﬁﬁgégﬁ@bg‘%%%%gl%%%%&%&o. 24 rol) over 40-45 nin at
rt. After WO 20101065674PCT/ U52009/ 066459 conpl etion of the addition, the
reaction m seairhsto@atont ifmresgntats indepesientin N, SubSequent | y, sat urat ed aqueous
NaHCO3 was carefully added to neutralize the mxture. The organic |ayer was
washed with i c elr, | el Wi and the
resi due was e%ihlde}g{ ?Er(’j\l}a%(gﬂtlﬁﬁ%l tgﬁ%r%%eesu-g%%%grl?\é@%t(t)olé?%%&g@gﬁ@% br own
solid. LC- M5 ( EShiteronikyl, 200kyd of W4+td§- mafkkbailBigwhich nihy ba cgdbalkylon of
conpound 101 (10 49.8 . npl) in anhydrous .THF/ /1 (v/Vv), 120 nlL) was
Caba Nak (2. 0 ghmeisie iy SREVE Shee R bt atem FrRbE Snder an
at mosphere of N2ind8fdn@entBINI@bng, at rt for 30 mm the mixture was added
benzyl bromde (8.7 nmL, 73 mml) over 20-25 min. The resulting m xture was

stirred at rt oyejnight and.the reactign ) enched by addi sat ur at ed

aqueous Nm&ale%g ﬁfﬁ%?ﬂq*wﬁya%aﬂﬁo e 9t 8 er&@ﬁ@swe?ﬁ% gﬁlCﬁﬁ% the

residue was di | ubghnwily RusEl RAmothtdS. tls) nféﬁﬂel\@@%@trercfcg%e ameu,?ﬂagrypﬁg%mh@ phase
. n

was washed with brine and dried with anhydrous Na2S The solvent was
renoved and the residue was purified by silica gel colum chromatography
(Pet r ol eum & At REtre pptiong)ly jqingdyf9 Yorgp %(p 98- BeRPpBehbctaroydawhigh is7704 v el d) .
LC-Ms (ES1): niz, %agy koo thtP$63 %Shfncﬂlbgred'ﬁet?}c?&kglé 6r Rt r%QfngHQd 99(2. 80
g, 9.0 nmol), conpound 102 (2.6 g, 9.0 mmol), PA(PPh) 2C12 (6.3 g,>0.9
mmol ), Cu! (2.55 g, 1.34 mol), EtIN (2.5 nL, 18 nmol ), and PPIIIl (4.7 g,
1. 8 mmol )Yiand [Bi/meecadoindenendendly saibpp eonigog@oand or 12 h. Subsequently, the
reaction m xture was concentrated. The residue was diluted with Et0Ac (150
m.) and (20: r I i I N dri ed
with an h%%lg(tij% %g%@len&}ﬁg&g%%gﬁ?%g Ef&eﬁﬁséﬁﬁ%%%f%t’%%é ibaﬁogcﬁaggylbglr i fied
by silica gel colum chronmatography (Petroleumether/EtOAc = 10/1 (v/v)) to
gi ve compound 103 (4.0 g, 86%yield).58C- M5 (ESI): mz 522.2 (M+ H) .
104661Step h. A solution of compound 103 (4.1 g, 7.9 nmmol) in EtOH (100 nl)
was added hydroxyl am ne hydrochl oride (650 ng, 9.4 mml) and NaOAc (770 nyg,
9 4 nunol), respectively, at rt. After stirring at 60 C. for 2 h, the
reaction m xture was added K2C01 (1.64 g, 11.85 nmol) and water (20 ni).
The resulting m xture was refluxed for 12 h. Subsequently, the reaction

m xture was concentrated and the residue was diluted with Et OAc (200 i)

. ~rN N o



WD 20101065674PCT/ U52009/ 066459 [0477] Step e. A m xture of conpound 114 (3
g, 6.55 mmol ), bis(pinacolato)diboron (1.83 g, 7.2 mml), and K2C01 (1. 67
g, 17.03 woablo/ienc7d, 4-di oxane (100 inL) was added Pd(dppe@CB20iD0M469. 8 g,
0.98 mmol ) under an atnosphere of N2. After stirring at 80 C overni ght
under an atnosphere of N2, the reaction mxture was filtered through

CELI TEI nb45 and the filtered cake was washed with Et0Ac (100 nL x 3). The
filtrate was washed with brine and dried with anhydrous Na2SO4. The sol vent

was reno’ cd t@@ghétﬁlﬂ%alkg blﬁ‘}t%l%@%e%dyt:]eegyp}ﬁetéfolafﬁ aarﬂ%ll P@laﬁﬁﬁb ac1

S
chr omat ogr aph ve conmpound 115 g, 61%
yield). LC I’VBH(ESI z))rNR?JrQ(R%:Ot& —BF—H(OR -t)d-PﬂR [—%A[?%]tfﬁ epUH(CRo2)aRn %mdur e of

conmpound 111 QUIT £ , 1.78 mml ), and
NaHOOB (328 k‘ﬁgg(gggg |(%R%ﬁ§5(‘%§ H?F@R SR m) was added
Pd(dpp0C12-DCM (106 ng, 0.13 mol) under an atnosphere of N2. After
stirring at 80U wiceterifigit thaigdemp cansisiinged phied)e, (SN andreS(Ogact i on mi xture
was concentrated and the residue was diluted with EtOAc (100 m) and water
(N;gSIOZL) ngesg{ \%ﬁt %\;\glr;alg rﬁz 18 1nc§e&)en(§egﬁ¥ ﬁc\e’inected P %m es\%rggp cqnms? n%V\ﬁ hyrar agzégydr ous
chr omat ogr aphy ( Peta ©f €kyh €f foely/hzaedaing, cyckbhlkyl Wetedorydle, @ylyl@et@ﬁﬂ‘pbmiﬂd 116
(310 ny, 35%yield flS a yellowsolid. LCGM (ESI): nilz 703.3 (M + Na)
104791St ep g. To*@™Stirred sol ution of conpound 116 (150 ng, 0.31 nmol) in
di oxane (3.0 nlL) was added4 N HCl in dioxane (3.0 nL) at rt. After stirring

at rt for 3 h,RYibeclé@arfréfhd@riliplésibasy @ﬂi}@ﬂfgteﬁa@ﬁﬁ Aatkyt g 16 €gi due was
dried in vacua to give an HCl1 salt, which was used for the ne step

without further peeioriyheydenlkylgnsumpsiciepanl, hogrsadusnkyly-CEOIR HCL sal t was

s 25 ol ) b L VRPRE (SO SR IR R Y HESy o. 0

mmol ), respectiveich.R Nstledepsmdenﬁy nl@psam from th@groﬁh gortsiseing eﬁhydr@gtnnﬁ?xtou(ige was

concentrat ed and pur par af | ve ive
conpound 117. M?E%%eﬁ?rﬁﬂ cylfﬁ(t%yi ‘133/“ e ary eteroa an dra v,
20101065674PCT/ U52009/ 066459 EXAMPLE 7 - Synthesis of conpounds of Fornmul a
My Scheme 7-1 dpBidBdlySRépndER Refehéri fogn hd-Sabebeedridg, to a sol ution of

6- br omoqui nol i n-2(111) - one (70) (0.40 g, 1.8 mol ) in anhydrous pyridine
(12 m) was added dr.op-w hTf 0.81 g, 229 mol) at 0 C. After
stirring at 0 eéetPBlns lﬂdéﬁe‘?iﬁﬁﬂa?’vf’ ’%6’? the reaction m xture was
concentrated. The residue was dissol ved in DCM (100 m.); the resulting

m xture was washk@dl wirth water (25 nL x3) and dried with anhydrous Na2SO4.
The sol vent was renoved and the residue was purified by silica gel colum

chroma phy . (Petrole t her/ acet one = v/ v to give & rrp und 86

o 24 ST PR5 itsicayodunh S i e Ronaon e ket acc iR SreT

[0482] PueRel as J&olﬁlcﬁll%f)&i{e%nﬁftloﬁféméﬁéﬁﬁte&ﬁ(d@asﬁzﬂeoﬂien% 19X ARR| thore dfS) - tert butyl
2-(6- (4,4,5 5-tetranethyl -1, 3, 2-di oxaborol an-2-y1) - 14 benzo [d]

i m daz %rﬂLyl IR anﬁioaﬁneln o £RE iR YoREE Al ik-séftctdd m3mOh8 bRab )cens%qg N@L:'COB
(1.01 g, 0 nunol) 1, 2- di net hoxyet hane (30 ml) and wat er was

added mmya(@mmcm)pﬂ(gm& R?Mc;zz)at, w(@Rﬂn&?é@)éﬁRai Bp)here of N2.

Af t t ed

e esf AMAE BTt edon (e o (GB6 A and bt o eboond PRGREF o0 ¢

phase was isol ated, washed with br| ne Yand dr| .84 vvlth \alus Na2SO4. The
C

sol vent was renoved and the resi duepgﬁg ec,i_by—s(/ll gel colum

chronma 11/1 44 to shpound 87 (1.0
g, 95%%3?%35?&3@2&{;2{3 ?wggﬁﬁlgﬁgm (ESi) nil )z)’7oo )91% (M + $ u (

[0483] Step ¢. To a solution of conpound 87 (100 ng, 0.14 nmol) in di oxane
(2 nL) was added 4N HCl in dioxane (2 nL) at rt. After stirring at rt for 4
h, the reaction m xture was WD 20101065674PCT/ U52009/ 066459 concentr at ed
and the residue was dried in vacuo to give an HCl1 salt, which was used
directly for the next step without further purification. LCM (ES1)m z
500.2 (M+ H) . [0484] Step d. Subsequently, the HCl salt was dissolved in
DMF (2 nL) and the resulting m xture was added EtIN (0.20 niL, 1.4 mmol),

N- Moc-L-Val -OH (55 ng, 0.32 nunol), and HATU (122 ng, 0.32 nunol),
respectively. After stirring at rt fos430 mn, the reaction m xture was
concentrated and the residue was purified by preparative HPLC to give
conpound 88. LC-M5 (ESI): mz 814.3 (M+ [0485] Step a. Referring to Schene
7-2, a mxture of conpound 89 (7.44 g, 40 O mol ) and Et hyl

2, 2-di et hoxyacetate (9.15 g, 52.0 mmol) was stirred at 130C for 7 h. The
reaction m xture was dissolved in petroleumether (250 nmL). The resulting
nlxture was mashed mnth sat aq. MD 20101065674PCT/U52009/066459 NH4C1 and

. 1 N PSNI~NA —— N



[0493] Step ¢c. A m xture of crude conpound 120 (37 g) and NH40Ac (69.2 g,
899 no!) in xylene (100 nL) was stirred at 140 C overnight. The reaction

m Xt ure VWO 20MBeeTr at ed and the residue was dil uted w PETREAEBOSHL). The
m xture was washed with brine and dried with anhydrous Na2SO4. The sol vent
was renoved and the residue was purified by silica gel colum

chromat ogr aphy (Petrol eum ether/acetone = 10/1 (v/v)) to give conpound 121
(12g, 40%yield; three steps from conmpound 119) as a white solid. LC M
(ESI): n12 392 1 (M+ . [0494] Step d. To a m xture of copnpound 121 (3 g,

7.65 rrrml) (p| na di org Hs24 g, :s;gg? Ac 4287 g, 19.
nmol ) |T< aneg %L) sﬁié(ﬁe'd @- 02\765 nmol )
under an atnd\sphere f.ter XSTIFr i g at over nrght ufder, an

at nosphere of N2, the reaction mxture was filtered through CELI TETNA545
and the filt ke was washediyith EtOAc (100 nL x 3). The filtrate was
washed w th A nexzand dried phydrous Na2SO4. The sol vent was renoved
and the : /€ silica gel colum chromat ography
(Petrol e ¢ (v/v)) to give conpound 122 (2.9 g, 86%

yield) as a gray sol S (ESI) mz 440.3 (M + H) . 104951Step e. To a
o) vdt 35&13%8%0@ eg%a?ﬁ??eﬁ & B T St SR g B RS ERh 4D TR BB,
43.5mmol ). After ting fhe addition, tNe reactlon mxture was refl uxed
for 30 mn. The r |on gixtur 652 Si 25)_91066459 col cd
to rt a@g,giégotngr ed HThe SO d mmm%ﬁm ghd in vacuo to

give cru conpound 124 (50 g), which was used for the nhext step W|thout

furthe |f cation. LCI\/B(ESIQ z 251. (M+ H)t [O tep |i
mxtur ou Nnu ){“was added
EDO (18. 3, erz

Di net hyl hyidroxyl am ne1 hy rochl orhide (4.8 g,H50 nm)l) at rt After stirring
at rt overnight, the reac ion mxture was concentrated and the residue was
diluted with DCM (250 m_ \ The m xture was washed with_saturated aqgueous
NH4Cl, saturatead aqueous BHSO8, and brifie\ respecti v and dried with
anhydr ous/ N&SZ4-N The en s rtpaced ANt he 1 g nwas purified by
silica g Achr oy gr 2R @ eknenE (v/v)) to give
conpound 125 (3H6 g, 31%y| el H) as a white solid. LC—IVB*("EéfL): mz 294.0 (M
+ 1971Step g. To a solution of conpound 125 (3.60 g, 12.2 mml) in THF (150
m.) was sllgv\Ay added SMMel\/gtlln THF (8.31 nit) at 0OC. After stirring at

OC for 1 h 3andat rt for the reactd was quenched by addi ng saturated
aqueous NH4 3 : so ven was_yenoYed and the residye was dil uted

@ @ g anhydr ous
col urm' chr orrat'?%/gphy (Pet ;Tgll

%ﬂand par f~ed by silica gel
e et her/AdﬂE arich/l (v/v)) o gi ve conpound
126 (3 05 g, 100%yield) as a white solid. LG M (ESI): nilz 249.0 (M +

H ' . [ (e#98] St ap ahthird émBodE@bttof @ frkt gspéaoqumd Rand B &5 cah ﬂ&&mam&) in DCM
(100 m.). was slowy added, Br2 1511 93

After Stlpgied figmghe group genspng p éwiir@&%rf C@ﬁp %a%lknk?eﬁ&éd%pet%ahkﬁé sat ur at ed
aqueous, HRFICO3 (10 nmL) The organic |ayer was washed with brine and dried
wi t h anhydrous Na2SO4. The sol vent was renoved and the residue was dried in

vacuo to gi 1; NWb' was used for the next step
wi t hout fur}é%h%%g(?? AN %é‘f\é‘?dﬁ% m{og%?,ze 9 (M+ Ht 104991Step i.

To a soluti @l 4 added
(8)-NBoc- P(rﬁo-&iﬁ %g%ﬁﬂgn%ﬂ?i&ggd%%g#%ﬁd ??ﬁﬁk%@gye&&d%}ﬁ% . After
stirring at rtoptional® fnsedttbensteadt toft membarekhat@ascywbnerdt r at ed and t he
residue was diluted with DCM (200 nlL). Subsequently, the m xture was washed
wi t h sat ur aRédn@RUeoustid Cliagido et 4respachbsied haadcybld ebichid h anhydr ous
Na2SO4. The sol vent s renmoved and the residue was dried in vacua to WO
20101065674P09H38%b%ﬁd6a8’90t57f@et%‘? JB@H'EQSE%"&G?{HC (5.6 g), which was
used for the next step without further purification. LCM (EST): mz 462.1
(M+ H) . [0500]Step j. A mxture of crude conpound 128 (5. 6 g) and NH40Ac
(9.36 g, 122 nmmol) in toluene (80 nL) was stirred at 110 C overnight. The
reaction m xture was concentrated andsfhe residue was diluted with DCM (250
m.). The m xture was washed with water and dried w th anhydrous Na2SO4. The
sol vent was renoved and the residue was purified by silica gel colum
chromat ography (Petroleumether/Et0OAc = 5/1 (v/v)) to give conpound 129
(3.0 g, 56 yield) as a white solid. LCM (ESI): nilz 442.1 (M+ H"'.
105011Step k. To a m xture of compound 122 (633 ngy, 1.44 nmol), conpound
129 (500 ng, 1.31 rrrml) and NaHCO (330 ng, 301 nmol ) in!,
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ng, 0.76 mmol) and HATU (87 ng, 0.23 mml) in DVF was stirred at rt for 30
mn. 7 (80 ng, 0.076 nml) was added as solid. The reaction m xture was
stirred awor010fwse72 h, and then dropped into water. The PETAS2I91066489 was
formed and collected by filtration. The crude product was WO
20101065674PCT/ US2009/ 066459 purified by prep HPLC to afford conpound 8 (16
ng). 1H NMR (CDC13, 300 MHz) 6 7.8-7.6 (4H, m, 7.5-7.3 (3H, m, 7.08 (2H,
s), 5554(2H d, 5.3-5.2 (2H, m, 5.05 (1H, s), 4.5-4.3 (2H, rr)
4 2-4. iﬂﬁﬂig 1a fSurfr b dibht omhe f?tstzﬁpe(c@"[i’zc aﬁa Rd 8rﬁ gndq{f(a;eoe'fmoHlHy .10 (6H,
5 H, ppm LG M (EST): nil Mt+H) erre 9-2
105111&19@'@ fmei efr forfgmeabge éhterogycze Wtﬂtchas mt)otl@rlmﬁl@ctdt@@hptdmlrﬁt tQé6 31 g, 35
nmol ) T 4 , 38.5 mol,) in CTIT3CN (150 nL) was added slowy
Dl EPA %‘%d%eﬁ gr%rrL 70 mmol ). The resulting m xture was stirred at rt
for T ture ng be aci ester
1 (6. 3:[61}@7%] OIn ar}efh en%(bl;dme thqu% IRn&ré ﬁh'flrer]?m? dfr?rnﬁa(ijlertﬁrocycélactl on
was quémheﬁg‘éydtémsaédﬂécaﬂr@dthagﬂGXiﬁccﬁ@istiﬁg@th and extract ed with EtOAc.
(3x150 ni). Conbi ned organic phases V\ere washed with H20 (2x2Q0 nlL) and

brine (20 mL w fi nd o) en ed_dn a rotary
evapor at he cr xt S pKri f| ed oI hr o@o aphy el uting
hexane N(é)i\c =N/,1 e Bia N0 A,[>94%2) as

yel | ow br owh solrd LC—I\/B’ (EST) rﬁz (I\/HrH)+ 343 (MH)" 341. I05121Step b.
A mxture of th product (11 2Rrg WM) ro agnov ction in AcOH (100
e te

nm.) was ure owed to warmto 60
C, and <uyrther eahl xtur Ur s(gﬁ\,un% materi al was
consuned Sed o -4 zysi s. The excess soI veot rnegoved on a

rotary evaporator to give a crude nmixture, which WO

201010Q§ 2009/ 066459 was subj ect to purification by colum

chr omat i@ eluting with hexane/ Et0Ac = 3/1 (v/v) to give a

functionali ‘B%Eért%‘i@%@k&e&é@ﬁ&n%e @rgt( Yd&lsehh oil-lgdh@ QE% Cl% @312325 1
(MtH) 105131Step c¢c. A mxture of the product Og 1 mmol’) fromthe
above raéfalt;tﬁldmCazridtd_oﬂ}ﬂ(CZ’cmlkgl heteBtyefol aryli hretwe@b‘ll @mlm_ﬂiowas heat ed
under flux .con | on i d| fied with 10%
HeL solthersa oYl &%‘Eyl Cﬁ‘rbantﬂytf Stbsp‘%tég suﬁf}%nt? tlfrg%%e SR sitbpemide precipitate
was col filtr on_a en dri ord.co nd 3
(80 g0 ERhn .I?asr%e ?rf’éafm%%t fﬂfsmgeﬁﬁ?%&ﬂﬁéﬁ ateﬁglnﬁiﬁt%rlaa KTt Ee

furt heruUkink isgadrh Oflectéd T theEDbip cdis&tindst 1 (MrH) . 105141Step d. A

m xt ure of 3(89g, 31 mmol) in thionyl chloride (60 nL) was refluxed for
3 h. Th reac io ture wgs c ncenl;é‘ ated ag ed in

vacuo to Ci chI orlgje Was mL susWd |%ﬁ\xture f dried
di et hyl_. e FIN-FAF £ 58 ). Si a opwi se a

flash gener atZed di azorret ha’ne sol uti’ on (appr’oxr rrately 166 nmol of
di azonet hane sol uti on e erated fgom 251 mmol, of

4-N, N-t I b dépNat o, rR"strfr\q{d\Nt at 0 Cto rt
over ni ght ). oIa i vvas,\re ved on tary ewagcﬁ tor to give a
resi due” res'z-d’ue hﬁ e7d by“col urmzc’hrhr%

g Zphy @ Uti g
hexanes/ Et OAc 3/1 (v/ v) to give a yellow solid (1.89g. 17%yi el d).
105151Sfep To a mxture of

2-di azo- 1 QPQQ di azo-acetyl) - phenyll-1-nethyl-1H

o (2o ) was SHREUT G Bry PO SRR AR S han LT )

rt. Thalky&syltd Cnoheradiky] ecyoRalkst, lhétl’eﬁb@ydb diyl, fleﬂéroé@l hrallanchitdxen all vol atile
was rempved on a rotar¥ evapor at or 66grve crude m xture, The crude m xture
was f urtiesycaghangl alkpreyliarazasl. éﬁbsaﬂr stonydy sibiopafe apd ulfogamidlery ) "t o gi ve
conpound 4 as yellow solid, which was used for the next step w thout
further purification. LCM (LSI): mz 448.9 (MtH)+. 105161Step f. To a
crude m xture of conpound 4 (-5.49 muol) in CH, CN (50 nL) was added
N-Boc-L-Proline (2.59 g, 12.01 mmol ), followed by adding DI EPA (3.71 mi,
22.9 mmol ) at rt. The resulting mxture was stirred at rt for 5 h, and
quenched with H20. The m xture was extracted with Et0OAc (3 x 50 nL). The
conbi ned organi ¢ phases were washed wséh H20 (50 nL) and brined (50 ni),
dried over Na2SO4, filtered, and concentrated on a rotary evaporator. The
crude m xture was used for the next step wi thout further purification.
LC-M5 (ESI): mz 719.3 (M+tH)+. WD 20101065674PCT/ U52009/ 066459 [ 0517] St ep
g. To a crude solution of 5 (-5.72 mmol) in xylene (50 nL) was added
181140Ac (6.61 g, 85.8 mml) The resulting m xture was heated at 145C for
1.5 h, and then aII solvent was reaned on a rotary evaporator to grve a
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- 0<O0ONa: OOM.:10OM O it WD 20101065674PCT/ U52009/ 066459
[0522] Step a. A m xture of nethyl 3-am no-4-hydroxybenzoate (2.5 g, 15
nmol ) andwoebileser4f or nyl benzoate (2.46 g, 15 nmol) i n WETABAI/066459 L) was
stirred at rt overnight. The sol vent was evaporated under reduced pressure
and the remai ning residue was di ssolved in dichloronethane (150 niL). DDQ
(3.5 g, 15.4 moO was added and the reaction m xture was stirred at rt for
1 h. Saturated NaHCO3 (200 nlL) was added. The suspension was filtered off,
the re?[M7t7! Ng QbR ¥RENEH oMHcTirsak M AEeehdBGESh & R cleled 1AL B (50
and ethyl acetate (100 nL) and dried in vacuo tg give conmpound 1 (4 g,
86% yield) as yellow sel id. 1952318;t(e;p b. \A_Vn xt ur er’?ﬁ‘fydl ester 1 (4 g, 12.8
nol ) and 1ithium hydg¢oxkde vfonohydr atde (¥.7 %, 64ynmol) in a sol vent
m xture of net hanol andxwate 60 nmet h | / wat ey=X/ 5) was refluxed for
6 h. Methanol was evepor &t ang tNc FJemxr\nl ng aquepusxsol ution was
neutralgta@ctobystmgof( OO-H)( Th<e—xesu|xt=Fxrg suspensihan Xsekutywrdecwas filtered
off, the solid with water 50 nit) and dried in vacuo to give
the corre&¥gbidp H@ieatrtfiamtyoWr Canddf @ I(lev melyde gbwrg?get e B I GHREF| d.
105241Step g0 Al of- of the dicarboxylic acid (2.88 g, 10.2 nmol) was
suspended in thiony chI oride (30 nL), the mxture refluxed for 6 h. The
reaction m xture was evaporated under reduced pressure and dried in vacuo
to provi dack Keisdadaperdsordi-Ng odi-@bly! With thsmireidsq( Bata® rggre alpanytep Xowres ol i d.
105251St ep dy_A suspension of the diacyl chloride obtained (1.5 g, 4.7
nmol ) in ether was treated with diazonethane (71 nm., 0.33 Nin ether, 23
mmol) at O0C for 2 h. The sol vent was evaporated under reduced pressure and
dri ed i n asak Yos trslepindentiyne]lccted rfemp aridhi-ndNH , aQo k&t 6OE)f1 ob5S(@)1-asankl | ow
solid. LC M5 (ESO Mz 332.1 [MrHI . [0526] Step e. The di azoket one obt ai ned
(1.55qg, 7 Sus n acet | nd the m fure was
dr op-w se y (gggeém%)hﬁ&r am&je/&c (: %mB%un% & %y%‘(ajiobl cﬁ mﬁntd)omlthe r‘eacti on
m xt ur e was niohenlewar red up to rt and stlrred for 1 h Sat ur at ed Na2CO3 was
added slowy into the reaction m xture to neutralize the acid. The
resul ting suspension solution was filtered off and the solig¢ was washed
with water and dried in vacuo to give bromoketone 2 (1.38—(, %9%yield) as
yel l ow solid. 105271Step f. A solution of bronoketone 2 (1x3§ g, 3.2
mmol ), N-Boc-LProline (2.7 g, 12.6 mmvol) and DI PEA (2.2 mx\12,>—e mml) in
acet oni[0178] e (I3 afkejghesEnisddirhéR @f eHe fIrtt HONRE B GIIB’ todder is X —X
20101065674PCT/ U52009/ 066459 Acctonitril e was evaporated and the remai ni ng
residue wag partitiomed betwesenvethyl agetate (50 nl) and water (25 ni) The

or gani C‘—p’ha e helx coktect e and g edYyover Na2SO4. After concentration
under q&%_epr esy t he de pr odu}:t:gv\gs purified over silica gel
(et hyl Xget yi heXene | 6\t oygi've e§§ery)3*(0.56 g, 25%yield) as yellow

solid. L& (ESI)X—rﬁz 706.8—KMrHot. 205X81Stveprain * Auditatdsartechnfenest er 3

(560 moni um acetate (1.84g. 24 mmol) in degasscd xyl cne
(33 gt%f"?%toéhesrggg H’gerp(ga]?e%? ROY 53 was stirred at 140 C for 90 min. Upon
renoval of volatile solvents the residual material was puryfied bx( silica

gel chronotagraphy (ethyl acetate 100% then ethyl acetatE aethah’oly-c%/ 10
(v/v)) to give bisimdazole 4 (474 ng, 89%yield) as yel wax sol i LC M5
(ESI): nilz 666.3 [MrH . 105291Step h. To a sol ution of(\blsqm azoke 4
(474 071 ntnol) in THF (20 m.) was added 4N HCl in di('ea(@ne 34K nm, 14
mml)ng‘tl The nigth embpdimeniafithelinggaspaeti B eadBatogetherfisr 2 h.* The solvent
was evaponyatyed angtxhe residue was dried in vacuo to give 5 (ca. 330 ng) as
yel | ow+HGL s¥l tx, i'sh was used for the next step without further
purificat}&E( LC \ESI)M;O(% 465. 2 Mr4]. 1053018t i. To x.sogkution of
5 (135 0x29 '8 X/al X ng,Y mml) DMfW
(240.5 %-@( 87 @@I v (jﬁe/)qf DIVE- THE 42 m/ﬁ;ai;iﬁ,l/s
(v/v)) was added DI P (0 X | ) Xat Bt 'Yhe>f=eact|on m Xt ur e, was
stirred at rt for 2 h. THF was evaporated and the remaining reaction

m xture was purified via prep-HPLC to provide conpound 6 as white solid. 1H
NVR (300 MHz, CDIOD) 0.92 (m 12 H), 2.05 (m 4 H. 2.26 (m 411), 3.65 (s,
6 H, 3.9 (in, 2 H, 3.99 (m 211), 4.22 (in, 211), 5.18 (m 211), 7.33 (s,
111), 7.48 (s, 1H), 7.64 (d, J=8.7 Hz571 H), 7.73 (d, J=8.1 Hz, 1 H), 7.88
(d, J=8.1 Hz, 2 H), 7.99 (s, 111), 8.21 (d, J=8.7 Hz, 2H) ppm LC M (ESI):
mz 780.4 (MH) +. WO 20101065674PCT/ U52009/ 066459 [ 0531] Step a.
Referring to Schene 9-4, ethyl 2-brono-6-benothiazol ecarboxylate (100 ng,
0.35 nmmol ), 4-acetyl phenyl boronic acid (69 ng, 0.42 nunol), Pd(dppf)Cl2 (14
ng, 0.05 nunol) and Cs2CA3 (228 ng, 0.70 mmol) were dissolved in a m xed
sol vent (THF/DIVF 3: 2 5 |nL) |n a Schl enk flask The reaction m xture was
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[0534] Step d. To the suspension of the acyl chloride above (3 g, 9.5 muol)
in the m xed solvent of DCM THF (7/3 (v/v), 100 nL) at OC was added
fr esh- mmawodhez@Aehane (5.0 equiv.) in diethyl ether. Po&/USREO0HEKI M Xt ure
was stirred fromOCto rt |h. LCM and 1H NVR showed reacti on was
conpl eted. The solvent was renoved to give crude product diazoketone. 1H
NVMR (300 MHz, CDC13) 6 8.43 (s, 1H), 8.20-8.23 (d, J= 7.5, 2H), 8.08-8.15
(m 3H, 7.86 (d, J=7.8, 1H), 6.0 (s, 1H, 2.68 (s, 3H) ppm [0535]Step e.
The di zokgtone was di ssgkved in acetic acid (50 nL) and HBr (1.1 cquiv, 48%
sol*u on)—was added, kred at rt for Ih, concentrated to give
corrpound 4 5\>-g)* [0586—)%’? )3—f To a solution of the NNCbz L-Prolinc (3.59
g, 14.4 nmmol¥=ikh acat oni t XTE ( 1@erein) * arittatdatt{dhtheft Poiv@so dda@thinder of
dllsopropyl ethylamne (6.0 nL, 36 nmol) and 2 (4.5 g, 12 mol) in
acet oniiG§MWOPBH i nL) The reaction mixture was stirred at rt overni ght. The
sol vent was WO 20101065674PCT/ U52009/ 066459 renpoved and produygt was

extracted with dichl oronet hane (3x), washed w th NaHCO (2 X and bri ne,
dried over Na2SO4. After renoval of the solvent, the crude htoduct was
purifi eghep s'Ihlaqanﬁ@ﬁmmuﬂeaﬁm@ﬁ@%& cﬁaaﬁdlB(%éédém; gfve’8 (1.2 g).
LC-Ms (ES1): mz .2 (MtH) +. [0537] Step g. Toasolutlon of 3 (1.2 g, 2.2

nunol ) .an ﬁ(EA (2 18 m., 13.2 nunol) in DCI\/Iv;gg(added TMS-Orf (0.8 ni, 44
mol ) af \ 78%C. Afxt_e(r the reactiogwas stisrgd ty r.t overnight, PTT (910
ng, 2.4 &d. Thexr ct|>an was sthirfed at rt for 2h and
quenched™y NaH /so i 7 Thye—yn xt ure s st tioned between water
and CH2CI2(3X), and yx&’ organlxw;phase was waxked vuv;ﬂgrg%k%,lcadersl ed
filtered and concentrated I n vacua to dgive crude conpound 4 (1 g).

[ 0538] 8tteghntent flonts tesihk nerhanda bf fieBompourdrwhdreie np 588 thgn 22 & 1D tl)og'mm
acetonitrile (10 nL) was added D1PEA (0.54 nL, 3.3 nunol) and 4 (1.37 g,
2. 2 mmpd181i n doensheventh embfdimentof.theThet aspedt B end Bi togethe imas stirred at rt
overni ght. The solsdlent was repoved a pr oduct was extra ted with

di chl or onet hane ( washedani t h Na (200 nit)~and b dried with

Nazsm.*_,ﬁ(ﬁ% al pf Lhﬁ’ sohveni_ crude/prpdyet . was pyrified on
silica co (Hexanes/ Et 0AcN=(/1/1 (O to give_L (900 4% yi el d) .
LC M5 (55 hZ ¥ MR 1 9185( p \—sTo sa/ sojuti on 900 ng, 1.19
mmol) in 4 | ene 32213( m.) i r)\(a pr essus(e_ ube \A@%_a(dded amionj{-um acetate

(2.75 g, 35 7 mmol) and friethylamine (5 nL,” 35.7 mmol). The tube was

seal ed §r§, eat edoﬁ/\l 0 C fd? h, cooled to rt The volatile conponent
was r enpvi d i\n vac um and the res due was partitioned between water and

CH2C12, Oried, filtered and concentrated in
vacuum . was pur| fied by a flash chr omat ogr aphy
(Hex: i.d resi 4% vyi el d) .
LC M (Es’i) 0540) Bhes®y | isER uiehe Bt fida0” o,

0. 88 mM@hdindd? omvlc() oﬁﬂd)anuaé“ iddelededrém (R gbdp coRRtih€aCyidedel] WG wWas

stirred at rt for ; TFA was renoved to give a TFA salt, which was used

for thé ﬁeﬂk@,t(élﬁo\ﬂu brserpalkyly ewécraﬂiyéprhefqrw@lieo@fyl befsrpandiasgky; alifekya sol ut i on
of the 1 Moc- L-Val - OH
(308 a?%&%%??gndy& capo(aﬁ%ﬁms}ltdtéh %nyfl Qﬂ@ha‘[e\éﬁ@s@fw%ﬁ% %II-_ £ o8
nmml ). The reaction was stirred at rtrt overnlght The solvent was renoved
under reduced pressure. The crude product was purified on silica gel columm
(CH2C12/ MeOH = 9.8 / 0.2 (v/v)) to give 7 (500 ng, 74%yield). LCM (ESI):
mz 773.3 (MtH) +. WO 20101065674PCT/ U52009/ 066459 [0542] Step |I. To a
solution of 7 (500 ng, 0.647 mmol) in McOH (20 nlL) was added Pd/ C (50 ny)
and several drops of con. HCl, purged with H2. The reaction m xture was
shaken in the shaker under 60 psi for 48h. The mi xture was filtered on
CELI TEl m and concentrated; the residue was purified on silica gel colunm
(DCM MeOH = 8;2 (v/v)) to give a free amne (300 ng). 105431Step m To a
solution of the free amne fromStep 8a (100 ng, 0.16 nmol) in DMF (5 )
was added N Moc-D-Phg-OH (43 ng, 0.204 mmol ), HATU (60 ng, 0.157 mol) and
Dl PEA (155 M., 0.942 mmol ) The reaction was stirred at rtrt overnight. The
sol vent was renoved under reduced pressure. The crude product was purified
on preparative HPLC to give 8 (33 ng)58in which R" is a methyl group. LC M
(ESI'): mz 830.3 (MIH)I. [0544] Additional Exanples. Simlarly taking a
sanple of the free amne from Step 8a and by substituting N Boc-D Phg- CH
for NN-Mbc-D-Phg-OH in Step b above, the correspondi ng NBoc anal og 9 was
obtained (75 ng). LC-Ms (ESI) mz: 872.4 (MrH)1. 10545] Taki ng a sanple of 9
(70 mg, 0.08 mmol) in DCM (15 nit) and treated with TFA (4 nL). The
correspondlng de- Boc product was obtalned as a TFA sal t. 105461To a
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105511Step 5. A sanple of compound 4 (0.50 g, 0.70 mol ), dissolved in
dioxane (2 nL) with stirring, was treated with 4M HCLl in di oxane (14.3 ni,
57. 3 mmolWOoAbtwssei rring at rt for 2 h, the reacti on nmPXTUISRO0ANS6459
concentrated and the residue was dried in vacuo to give an HCl1 salt, which
was used for the next next wi thout further purification.rt The HCL salt (50
, 0.097mmol) and N-Moc-L-Valine (34 ng, 0.194 mmol) were dissolved in DVF
(2 m) DPEA (0.2 n, 1.16 nmol) and DMIMM (53.6 ng, 0.19 nunol) were added
to the mxture. After stirring at rt for overnight, the rea@tion m xture
was concentrated and the residue was purified by preparative HPLC to give
rt conmpound 5 (9.3 ng) as a light yellow solid 1H NVR (CBB80D, 300 MHz) 6
8.18 (1H, s), 7.52-6.99 (7H, m, 5.35-5.27(111, m, 5.19-5 (211, m,
4.33 (2H, s), 4.25-4.19 (2H, M, 4.03-3.95 (3H, ), 3.90-XB80A2H, n),
3. 70- 3 [@2{ 6H, Ins)tweBthsoetd ditenf @fthe fiyst aﬁa_e@tOBZm@B' (@ethens, X28-1..98 (12H,
m, 0.99-0.88 (12H, ppm LG M5 ( ESI OniIz 83 ( M+H) + WO
20101065674PCT/ U5200 / 066459 MPLE 1In# Synt hes ¢ of co nds of Fornul a

ye 10554 «Refigt rong t-oNSCRer® 14N”f to Rt oiN TherRdrom de 1
I, p ared a ding t ubl i she nditio i n di oxane
S aydded ;b s( acgly at i bog: *32—g4 1% mol PPh3) 4 (0.49

(2.0 g, 4

(60 m).

g, 0.42 nnek) and >pe{anS| urrxacoetate ( —&6 g, 210l ) un xnltrogen
at mosphere. The reactlon m xture was stirred at 800C for 5 h, and then

di | ut ed_ et hyAX t e (FBONNL) «_ or gahig- e was ed with H20
rifed over sdlumslf te ana,_cpncentrafe
was fur ér\ uri fi SI| cJu chro

(20 n.), i n vacup. /The residue
.aphy (Maxanpes/ et hyl
acetate x4 to 0/ =(:Jv)) t ve 2( 278 g, geld) LM (EST): mz
523.3 (M+H) 1. [055 Step b. A mxtare of 2- dui nol i nol tYiflatc 3 (0.72 g,
1. 4I n‘rmdh)srenbblirmllftlatbsa&ﬁ@tﬁnea( foirts écgt;éle :i:enélali‘iiltﬂb|o)“1;heled(n@pl}il‘fd)265312%I D@Md lf)clékﬂfrdﬂi’g 0.14
nmo in 2 M Na2CB ( I oxan reat a process
of degé%e HALP ?@ﬁtﬂl%@ﬁmdf%eﬁ. ﬁfbé?eﬁo Fm@i‘@/ﬁ’tw@ 1 W3 ket Bt ur e vias
then stlttef&gld@tarﬁoh&‘elﬁwﬁarém r:QERy, AkSBIRBSHA, diRdnof1, étrb%oﬁemgmﬁ@al ed,
the m xture was luted with THF, and then filtered through a pad
CELlTEWOITVIhéul‘fMaW%ttdesulfa@an@é‘hcentrat ed and the crude product was purl fied
by flash chronatography (NRI OH acetonitrile/ethyl acetate, 1:8:100)
affording a pure product 4 (0.80 g, 75%yield) as a white sol XL;@ VS
(EST): nilz 759.4 (M+H) . 105541Step c. Trifluoroacetic ati )Q) was
slowy added into a solution of 4 (0.80 g, 1.5 nmmol) in CHZCi\Q B .0>pl) at
rtrt. TOk83t esubhtithigieentk tmbedivmst Qa“tt]nfr ﬁl@dasatctrB pd Boogdhdr,is anB™ t hen ,
concentrated t0 dr,,ynesgi The cru ct Mmas dried in vacua to give a TFA

salt, wh;gﬁzgas\ used_f h@<next Wr hout f H‘e pur| fication, .«
(ESI) : 5)55] StepN m—xg;g A paﬁ((eg 1

ng, 0.11 I:\mm)l obt ai necngr m above Eeac |on in Qe?éi DI PEA
(0.23 n, 1.4 rrrml) foll owed by L-

Nmet hoxycarq L( (4- tetrahxdro 2H pyra yOgI yci nex(30*rrg Nl xmrol) and
HATU(52g</0|14 mml stlrM{;g t fg@ t| xture
was sl ow yo Oxvhlles HQ\ The ult(tng pr ewas

col | ected by f||trat|on The crude product was pur| ed by prep- HPLC to0
afford prodygt & ( 4.5 ng). 11-1 NWR (CDC13, 300 MHz) 6 7.90 (m 111),
7.80- 7.6 m 4 75(m 2H), 7.36 (d, 1H), 7.10 (broad s, 2H), 7.56 (d,

(m’ 713 56 (m 7edvres peel sbidincpeibihe ud iyhles of Weboggoni] %5

1. 80- 1.a4@RA1sdgelected OOt Grdup cofdidngrmy G &S5 -OHSE) to (Dﬂzélkgﬁ@l% CMrH) +. WO
20101065674PCT/ U82009/ 066459 [0556] Step e. A solution of conmpound 5 (37.7
my, 0. daErasfkyl.eyclombyl hesergevalc. ayldwlereansh gralkyl glkory gk axyerrbomy Litkane ¥t | uxed
for 2. %aIIBam'S‘gllt besﬁtﬁf@ﬁvsﬁllfo@fl shﬁ@na?@én\ﬁesﬂifonatnﬁ@ecrUde product was purified by
prep-HPLC to afford 6 (23 yel | ow powder. NMR (CDC1l3, 300 MHz) 6
8.40-7.40 (m 10H), 722(5 1H) 560540(m 3H), 5.30 (m 2H),
4.60-4.40 (m 2H), 4.20-3.80 (m 6H), 3.70 (m 7H), 3.44 (m 3H), 2.50-2.00
(m 13H), 1.10-0.92 (m 6H) ppm LC-Ms (ESI): mz 856.4 (MtH) | .
105571Fol | om ng procedures and conditions described in Schene 11-1 and
substituting conpound | a for conmpound52, conpound 6a was prepared. 1 1-1
NVR (300 MHz, CD 41)11)) 6 9.21-9.18 (m 1H), 8.79 (s, 1H), 8.56-8.50 (m
3H), 8.26-8.19 (m 3H), 8.10-8.07 (m 1H), 5.32- 5.25 (m 2H), 4.34-4.24
(m 2H), 4.13-4.06 (m 2H), 3.95-3.89 (m 4H), 3.67 (s, 6H), 3.24-3.09 (m
6H), 2.65-2.10 (m 12H), 1.60-1.30 (m 4H), 1.01 -0.91 (m 6H) ppm LC M
(EST): nilz 872.4 (MrH)+. WD 20101065674PCT/ U52009/ 066459 EXAMPLE 12 -
Addi ti onal Synt het| c Scherres for Corrpounds of the Invent| on Schenme 12-1

~ e o AN N



1. 4.0N HCl in dioxane 2. HATU D E& DW 0 HO O Schene 12-4 WO
20101065674PCT/ U52009/ 066459 . 4N HO /di oxane 2. HATU, DI PEA, DMF HO 0O
41, ,t0 0 wWOo10/68¢7ére 12-7 WO 20101065674PCT/ U52009/ 06®€FAIS2009066489 N HCl ,
THF 2. DMIMV DI PEA DMF- THF NHCO2Me NHCO2Me 601 / MeO2CNH Schene 12-8
[0558] Step a. Referring to Schene 12-8, a m xture of ethyl

4- br onp- 2- et hyl benzoate (1.0 g, 4.11 nmmol) and NBS (1.15 g, 6.46 mml) in
CCl4 (13 7 mL) was heated to reflux for 6 h. The white precipitate was

fi11er ggisaff GIHQ%ﬁ%eﬁ!h'éﬁt%ﬁﬁné@@%fﬁ@@i?ﬁ'ﬁ&ﬂe@tt echdlesecligdced pressure to

obtain yel om10|I 1 whi ch cont ai ned approx. 25% of unreacted
startlng y LCY T e Ccr erlal *Mﬁt ther
purlflcatPO epTb.> C}udb S dIS |n

2

gl aci al acetic aC|d (1SN

——<jj/ h N =S N
NN @K\K @ N =

« TTNCNN \_N N \-Ns
ST AT iy T
* \ * N\ == ~= N *

Nz N~ ——<P\T/\T/, ——(\7/ N\_N__~

N \)\* N . N /N \N/N\)/ .

N X N§(§N NNy .

Nerr X" g N

= . \\O\ . \ N * \ N\J\ . \(j/
*AQ\/N P _Q/ \N/ _Q/ \/\* _Q/ P . _Q\/N\N/

N N
OIS IR RN v S AN

*

or wherein * indicates attachment points to the remainder of the compound
and the six-membered ring optionally contains one or two additional nitrogens as heteroatoms

with the proviso that the total number of nitrogens in the six-membered ring does not exceed

Nl

1
11 *

[0185] In a fifteenth embodiment of the first aspect, B and B’ together is O ,

oo
Q@

two.

&QOQCQ
?@»9@?@

60



and 4-bronmoanaline (0.85 g, 4.93 mmol) was added to the solution. The
reaction mxture was then heated to reflux for 12 h and cooled to rt. H20
(150 nlL) wexondgsed4and neutralized with solid Na2CO3 t o PEHUR2009l8€6482Uue0US
solution was extracted with ethyl acetate (3x100 nL), and the organic

| ayers were dried over Na2SO4, filtered and concentrated under vacuum The
crude material was purified by flash colum chromatograph eluted with
hexanesl et hyl acetate (12/1 to 10/1) to renoved byproduct and then with
pure ethyIN C to afford brown solid 2 (0.54 g, 36%yield). 1H NWR (300
Mz, CDCI3) 9-7.69 (m 3H), 7.68-7.67 (m 2H), 7.65-7.52 (m 211), 4.82
(m 211) 5601Step c¢c. A m xture of conpound 2 (0.54g. 1.46 mol),

pinacal o Horane (0,028 3,28 Bl KO (0,58, g, 8,76 DL ), 00, 20

catal yst (
2010106t T ThdieR QPRLLBIG 40 kaine Bher @o idOfent & hed@odtomdhe reaction m xture
was cooled to rt and diluted with H20. The aqueous | ayer was extracted with
ethyl acetate, and the organic |ayer was dried over Na2Sa4, biltered and
concentrated under vacuum The crude material was purified by flLash col unui
chromat ograph eluted with ethyl acetate to afford dark yell ' d 3 (0.49
g, 73%yield). 1H NWR (300 MHz, CDC13) 6 7.90-7.70 (m 7 L 8 211),
40-1.20 (m 2411) p [0561]St d. A mxture of 3 (40 n 0.87 'mmol ),
|od0|m%I]z§?$)IeI€6‘r?B6‘iﬁ‘? %HR@%e%ﬁfﬁlff?§%FﬁWWeﬁpﬁ§4( 00ny, 0.17
mol ) and got assi um cardonate (311 ny, 2.25 mml) in DMSO (1 m.) and H20

(3.5 n. S heated at
and dilu red H20 4
organi c | X re g

vacuum Thg, crude *nat erdal ' G ) ]

(et hyl ace'tqat e/ methandt = 97/-3 (v/ v)) to afford 5 (357 ny, 61% yi el d) as
a light yehlow solid. I NMR (CDClSO 300 M—Iz) 67 95-6.90 (m 11) 4.95(m
2H), 3.,41 m 4H) 2. 99| ( 2. A8-1.85 ( 1.50 (s, 148(s
9H) ppm 5t ep eN o@ tirrey sn5|onNof \1 ng N I) in
THF (0. 6mL t vya»g\ deg 4 N b SQ tion '~ oxa and
t he mxtur@ was St”l freq rt To*r 4Hh The re*actpon mxt*ure

concentrated in vacua to gi ve an HCl1 salt (37 ng, 100% yi el d) Whl ch was
used wit i purlflcatpoﬁ in the next step. LC-Ms (ES1) mz: [(M211)/2]+

478.5. [|§ ep f Toy” ed solution of HCl salt from above (37 nmg,

0. 059 nzygmonyl L-valine (22.6 ng, 0.13 nmol) in DVF (2

m.) was ad Fg 13ngo$nfollowedb d||soropleth¥/ nf‘nne
0.59 mol ‘)r er bei ngVaEFiRy dgdiggtes gttachment prints (R dhe reaindgho

m xt ur %é’@)‘ﬁlﬁéhh&' ttﬁ‘@pﬁ%&lhn&i@t@r @ﬂgnm&tc%ﬁﬁhﬁ Qn¥bf Ry Higb Rt QRGBS ms; e

(0.1 ni,
conbi ne organic |ayers were dried over Na2SO4, filtered and concent r at ed

under Racubsateates! fger e dreurceandisting efdwdrogemnOth szacsC Wty Gado By: mtespalkipl C t o

give 6 3

7.95-7. &83 ﬁg‘ﬁﬁt&éé%g ‘%#)hfﬁfoa?%m%ﬁ‘gl qu %ﬂﬁ@%&@“&%ﬁoy&%’% M&%o- 1.90
(m 12xdYstitBedmlfodd, sbtbhdte afid @0fopadide6H) . LC-MS (ES1) m(z: [M 11]- 793.
[0564] Step g. Simlarly, the six-nenbered anal ogs (2a, 2b, 2c) of conpound
2 wer e [@r8gpar dd afsetdndwkspegt eliht insBetbnpe @agdindelsave Copuburids 2a, 2b and 2c
were further transforned follow ng the sane synthetic sequences and
conditions described above afford their perspective anal ogs of conpound 6.
WO 20101065674PCT/ U52009/ 066459 [ 0565] Step a. Referring to Schene 12-9, to
ethyl pyruvate (24.4 g, 23.4 nlL, 210 nunol) was added dropw se H202 (35%
13.6 g, 13.6 nm., 140 nmol) at OC followed by stirring for 5 min. To a

m xture of 6-brono-benzothiazole (10.0 g, 46.7 mml) in H20 (45 nlL) and
H2SO4 (13.7 g, 7.5 nmL, 140 nunol) was added sinultaneously the fresh
prepared ethyl pyruvate m xture and FeSO4 7H20 (38.9 g, 140 mmol) in H20
(90 nit) at 0 C. The resulting mxture was kept at 0 C and stirred at rt
overnight. To the m xture was added additional H2SO4 (27.4 g, 15.0 ni, 280
mol ) followed by fresh prepared ethyl pyruvate m xture (28.8 g of ethyl
pyruvate, 46.8 nL, 420 nmmol and H202 35% 27.2 g, 27.2 niL, 280 mmol) and
FeSO4 7H20 (77.8 g, 280 nmml) in H20 (180 nL) at 0 C After stirring at 0C
for 7.5 h, excess ice was added to thélreaction m xture and the pH was
adjusted to 10-11 with a 2.0 M KOH sol ution. The basic m xture was
extracted with Et0OAc (5 x 300 nmL), and the conbined organic |ayers were
dried over Na2SO4, filtered, and concentrated on a rotary evaporator to
give yellow oil. The crude product 1 was used for the next step w thout
further purification. LCM (ES1) mz: (Mtl) 288. [0566] Step b. To a crude
nlxture of 1 (- 46 7 nnDI) |n MeOH (250 nL) was added KCH (25 2 g, 450

I Y AL 2 M [ 1 N 1 Y LT 1 I |




[0576] On Day 1 (the day after plating), each conpound is added in
triplicate to the cells. Plates incubated for 72 h prior to running the

| uci f er aswOasHENsS6TENZYNME activity was nmeasured using a BCTgisReoooc4dt (cat .
nunber E2620) manufactured by Pronega Corporation. The follow ng equation
was used to generate a percent control value for each compound. % Control =
(Aver age Conpound Val ue/ Average Control)* 100 [0577] The EC50val ue was
determ ned using G aphPad Prismand the follow ng equation: Y = Bottom +
(Top-Bottom! (1+10" ((Logi C50-X) 54011 Slope)) WO
20101065674PCT/U52009/066459 105f fECBO val ues of conpounds are repeated
several tines s&y. 105791Exanpl e conpounds of the

re illustyated\ n Tables 1 and 2. Table 1 includes

inhibitory actifvity onpounds with respect to HCV | b.
Addi ti d¥iql |y é% ectronetry s are provided. Table 2 provides
addi t i onal YYéxanpl € conpounds o nvention. Rhe biological activity is

i ndi cat ed
nM 999 nM¢to 10 nM 9.9 NM to '
Cbnposh@k6h§\\}05801An el eventh a pect of th i nvention provides a
pharmaceuti cal “conposition conprigng conpo Yds—Qf the invention. In a
first enmbodi nent, the pharnaceutlcal conpggition funther ARQ r|s one or
more phar maceuti cal |y accept abl e eXC|p|ents or veh A" A58 aCIsHP ?ﬁﬂ?ily

ot her therapeutic and/or prophyl gplents _nSuch exglplents are

known to those of skill in the ar ou%gggu og_Lh i nvention
i ncl udey,, é@bﬁp%gls{lh&ftaaglhggborgpm c monp such=ag fr @ases A thorough
di scussi on of pharmaceutically acceptable eXC|p|ents and salts is avail abl e

in Renlngton S Phjlrye \-utlcaw ce d|t| , Pennsyl vani a:
Mack Pu ng—é% 19 81ID@pe di hg on ded node of
adnlnls I on, ar .ce i oH |t|ons By b |n f orm of

o]

solid, sem - sdlld or I|qu1d sage fOrns such as, for exanple tabl et s,
cre

Supposi es, ui ensi o ns,

o hEredd B PGl ermb["ﬁg“%‘ REme SRARER ey SRt 5 2R B b RSB e ¢ or
single ad nlstrat|c- a precise dosage. The conpOS|t|ons will include an
effectWI{/]|=|~ unt I ected drug in conbination with a

pharnaceuﬁl O a¢tep ab e carrier and, in addition, may include other
pharmaceuti cal “agents, adjuvants, dlluents buffers, etc. 105821The

i nventi ncl.udes a ph rogaceutical copposition co |S|n onpound of

the” or 2 "F UeREr SRR ReTRG Y FEtsraPL BT R s BR FHB v ur 05. of
i soners, or pharnaceutlcally acceptgidle salts or solvates thereof together
with one or nore phaYmaceutlcaIIy aclcept abl e carriers and optionally other

h co onds to EC50 ranges of >1000
or <l respectively. Pharnaceuti cal

t herapeutic and/ gn-prygphyl actic ipgred| ents. 105831For solid conpositions,
conventional nont X|a§§QLL_y i ncl ude, for exanple, pharmaceutical
grades of mannit | 3£t ose gnesi um st earate, sodi um saccharin
talc, cel g se, sucrose,—TEYRNesi um carbonate and the |ike. WO
20101065674PCF/ U52009/ 066459 [ 05§4] For alpradmi nigtration, the conposition

will generallly take the formof & tabl g
nonaqueghs,sdlution, suspensi on or ~gyTup. Tab

ts angXcapsul es are
preferred oral mnistration forns.| Tablets a \Eazzﬁles for oral use wll
general ly include one or nore commof)y used carri€ such as | act ose and
corn starch. Lubricating agents, such as magn s|un1stear J
typically added. Wen |iquid suspensions are used, the %.??W Qﬁ%gznﬁay bc

conbi negehwhil eﬁdi@#ﬂtl?lsél&’été‘tgfrarﬂdhég@ﬂ@Bﬁisﬂﬂnggﬂzﬂb&}d L(Engscr@ct;HJJ avori ng,
col oring and/or sweeteni ng agents as wel Q her gtlonq

l.
conponehts b Prncorpob@i-on—+Hee- ar&iylsaJ QE&Sﬁ‘BllarP‘%fh (Wéfrl‘é(an)—bW el but

arc no ts and
The 11 e b PR Y R A ST S G; HEkSERTh S e
corrpoumd@rawclt Heeyli hatembryb rarallryl,tdhleannalnalm(amC&rbenyif cabamedil eadrerbstitufed586] I n a
first e ment of the twelfth aspect, the nmedicanment is for the treatnent
of hepdt ?12 [0587] A thirteenth aspect of the invention provides a

met hod of treating hepatitis C conprising admnistering to a subject in
need thereof a therapeutically effectb2e anobunt of a compound of the
invention, optionally in a pharnmaceutical conposition. A pharmaceutically
or therapeutically effective anmobunt of the conposition will be delivered to
the subject. The precise effective amount will vary from subject to subject
and wi Il depend upon the species, age, the subject's size and health, the
nature and extent of the condition being treated, recommendati ons of the
treati ng physician, and the t herapeutics or conblnatlon of therapeutlcs

I T T I L T —y M Y o,

e, soft gel capsule



WD 20101065674PCT/ U52009/ 066459 i ncl ude those disclosed in the foll ow ng
publications: U S. Pat. No. 5,807,876; U S. Pat. No. 6,498,178, U S. Pat.
No. 6, 344W08810/065@4 Pat. No. 6,054, 472; W97/40028; WOBLCANB3109/09@89/ 56331,
WD 02/ 04425; WD 03/007945; WO 03/010141; WO 03/000254; WO 01/32153; WD
00/ 06529; WO 00/ 18231; WD 00/10573; WO 00/13708; WO 01/85172; WD 03/037893;
WO 03/ 037894; WD 03/037895; WO 02/ 100851; WD 02/ 100846; EP 1256628; WD
99/ 01582; WD 00/ 09543; WO02/18369; W98/17679, WO00/056331; WD 98/22496; WO
99/ 0773590Y0 OB QLB Ends WIS QLA 0H MR RBHIRELFicall PRI A dikiisqypal | Y,
conbi nations of, for exanple, ribavirin and interferon, nmay be adm nistered
as nul tiaps evetlarbi nplidady privenaponyirithceamatt epdiastapenaic mx&reschpeefhds of the
present invention. The present invention is not limted to the
af or emi®t9ild ne dnelthisé esbatimentroh therrdsondridpao o wpplrads dgvddoownla dladvhpesin A’
conpounds apd conbi ngti ogs of biologically active agents (see, Strader,
D.B., Wi_g{ftq,lN T, ME@E L. and Seeff, LB., AASLD Practice Guidelines.
1-22, 2009 Mannsy ‘S~ Foster, G R, Rockstroh, J.K , Zeuzem S.
Zoul i mis F. tAnd soughffon, M ,. Nature Revi ews Drug Discovery. 6:991-1000,
2007, Paw otsky, J-M, Chevaliez, S. and MHutchinson, J.G
Gast r 0¢t93t ol dgy.fourBPemb @l O8] tirGecond akpasti eninpcinds Bad. foemda Rbce, CM ,
Nat ure 436:933-938, 2005, Kiehl, B.M, Kurtenbach, A, Salassidis, K
Daub, H and Herget, T., Antiviral CK&€nri.sliy & Chenotherapy. 16:69-90,
2005, Beaulieu, R{L., Cuxt Cpinibhkbﬁ | nvesti gational Drugs. K614-634,
2007, Kim S-§., \m J/H., ({m YG, hNm HS and Oh, WJ., The Journal
of Bi ol ogi cal [|Che kanoto, T., N shinura, Y.
| chi murfay. T. T T., MrRrishi, K and
Mat suura, Y., The EAIBO hal . l-ﬁl, ori 4 ., Peters, MG and
Zeuzem S.|Cdinical Infectious Diseases.\#&:313-320, 009, Huang, Z.,
Mirray, M-G and Secrist, J.A, Antiviral Research. 7i:351-362, 2006 and
Neyts, RJ., Antiviral Research. 71:363-371, 2006, eagh of~wmwhich is
incorporated by reference in their entirety herein¥. it iswheteemerst X hat
conbinat%%p-th raﬂ%%k%eﬂF%@e present invention include any chemcally

ation o

conpatﬁ% e Conmbitn a conmpound of this inventive group with other

compou f the inventjv roup _or other co unds qutside of, .th
" vent 10935 ou® BBy S et AT nsFIR BB A fhafiant s o

ant i - vilibals vatitds \ah byti@illy e enfem? trabfmdtbSdihdistesthérikemt@tPthercof. he
anti-viral activity of the pharmaceutical conposition itself.

[ 0593] @rval natiharfifithesRRYMEABT BR sealafidakompdidils havetfo@allaraptwhatdimAone
agent first and then a second agent (for exanple, where each treatnent
conpri ses ffere ound of the WD 20101065674PCT/ U52009/ 066459

i nvention & ere oge eqt nent conprises a conmpound of the invention and
t he ot her otnpripgses Bne or nore biologically active agents) or it can be
treatment with both agents at the sane tine (concurrently). Sequenti al

t her apxm@? I nalaugeh smb&AseRNaT R detdRl @bdc cotipButRMRl &lok@hlalc: t he first
therapy before beginning the second therapy. Treatnment with both agents at
the sanme time can be in the sane dai
Combi nation therapyneed pST He | i
or norc agents. bot
therapy wll or pti/fon, i i @@, netabolismand excretion
rates of np nts o xtga i thgﬁapyAas wel | as other factors
known tx0 onefof skill in theeart. Dosage yaljueg wl| So Xary with the
severitw of the condition to be aIIeviated@ﬁFKbis to be furfher understood
that for “any warticul ar subject, specific desage regi ne nd schedul es nmay
be adjusted ovér tine according to the individual's péed and the .

prof essi onal judgnent of the person administering of supervisWh@eWHE

adm ni j : i I | bat i ons and
patentaggnggg??iﬁga%P%gl f§@§:?20%%§%Q$¥%8%§gﬁﬂ%§£éR@#@i%ﬁ?ﬁcorporated by
r ef er enCélaSHiA, -€Heb H-ndDvi-$uat-S(EUbiH ¢@Hi@n -6Hpat-éRt.SEppb+ avlt i on were
specifically and individually indicated to be incorporated by reference.
105951Al t hough the foregoing invention has been described in sone detail by
way of illustration and exanple for péBposes of clarity of understanding,

it wll be readily apparent to one of ordinary skill in the art in |light of
the teachings of this invention that certain changes and nodifications may
be made thereto without departing fromthe spirit or scope of the invention
as defined in the appended clainms. WD 2010/ 065674PCT/ 1JS2009/ 066459 Tabl e
1 Conpound Structure Inhibition of HCV genotype Ib M5 (MtH)+ 1 NH 0" ""

HN, fO O-- **** 789.4 itllia NO NH Ca-0 / 2

yTdose or in separate doses.
é¢=¥o two agents and may include three




N'NHcr- HO-- *** 789.4 S* N HNO NH/ 3 NNC NH /c2\ o---

0- -

*xx%x 821. 4 a ea H/ NO NH / 4 Nit 'NOH NH

WO 2010/065674 PCT/US2009/066459

_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0196] The compounds of the present invention include pharmaccutically acceptable salts of

IIc as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0197] In a seventh embodiment of the second aspect, compounds have formula IIc wherein
N
N <1
I
N/k N
H or H )

[0198] In an eighth embodiment of the second aspect, compounds have formula IId:

A'is

(R%);

Re

)
b A
N N/ \(
R z Xb_‘ Xb

Y'
\
(R TR .
r Z wherein cach

X" and X° is independently C or N.

[0199] The compounds of the present invention include pharmaceutically acceptable salts of

IId as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0200] In a ninth embodiment of the second aspect, compounds have formula IId wherein A’
N
—N . <1
I
N \
H or H )

[0201] In a tenth embodiment of the second aspect, compounds have formula Ile:

1S
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CV , HN,"60 [ **** 793.4 ea, HV NO HONH ."4'0 / N a aa,

H/ NO HHN SDi O-- 188 WD 20101065674PCT/ U52009/ 066459 Conpound
WO 2010/065674 PCT/US2009/066459
(R®),
v X—XC xb:|:xb
il
\>—</ \ \ e
X! Xe=|=x° /
X (R3),
\/ Xb 5
N
N, \,_7 \(\x.
N/
(R9), / ,
Z wherein

X and X' are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0202] The compounds of the present invention include pharmaccutically acceptable salts of

ITe as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0203] In an eleventh embodiment of the second aspect, compounds have formula ITe
N
_(/\N / :©\
I
NJ\ N
H or H )
[0204] In a twelfth embodiment of the second aspect, compounds have formula IIf:
XC XC\
/7 N\

X‘I XCZ

wherein A’ is

1

Z1/Y

(R%);

RC

wherein each X°

and X° is independently C or N.
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793. 4 O NH/ a aa v 7NN NHOOHLZL,,..,0Of **** 823.4
HO WO 2010/065674 PCT/US2009/066459

[0205] The compounds of the present invention include pharmaceutically acceptable salts of

IIf as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0206] In a thirteenth embodiment of the second aspect, compounds have formula ITIf
N
N <1
|
TR \
H or H )

[0207] In a fourteenth embodiment of the second aspect, compounds have formula Ilg:

wherein A’ is

wherein
X and X' are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0208] The compounds of the present invention include pharmaccutically acceptable salts of

IIg as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0209] In a fifteenth embodiment of the second aspect, compounds have formula IIg wherein
N
. <1
|
TR \
H or H :

[0210] In a sixteenth embodiment of the second aspect, compounds have formula ITh:

A'is
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NH /O atai V 8 N Ho HNMOO\ **** 823.4 HNO NHO/ alea V

9 N

NH o 40 **** 819.4 NNI HONHO/ a A

WO 2010/065674 PCT/US2009/066459
(R,
1 bo]— yb
Z1/Y X _|_X
| \ Xc4< Xb
« N/ \ .
X'I Xb A
|
v Xb|=Xb
Rd/ \Z (R3), /Y'\Rf

z wherein X° and

cach X" is independently C or N.

[0211] The compounds of the present invention include pharmaceutically acceptable salts of

ITh as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0212] In a seventeenth embodiment of the second aspect, compounds have formula ITh
N
N <1
|
TR \
H or H )

[0213] In an eighteenth embodiment of the second aspect, compounds have formula Ili:

wherein A’ is

R,

(
b b
-~ ecbox
| x°—<\ x>
X 4T
X X
N
\— N (R N/
z /
Z’
wherein X and X’ are each independently selected from the group consisting of a bond,
_CHQ—, _CHQ_CHQ_, —CH:CH—, —O—, —S—, —S(O)l_z—, _CHQO_, _CHQS_, —CHzS(O)l_z— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0214] The compounds of the present invention include pharmaceutically acceptable salts of

ITi as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.
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[0215] In a nineteenth embodiment of the second aspect, compounds have formula Ili
N
N <O
I
N \
H or H )

[0216] In a twentieth embodiment of the second aspect, compounds have formula ITh or IIi

wherein A’ is

wherein X is C.

[0217] In an twenty-first embodiment of the second aspect, compounds have formula ITh or

ITi wherein X¢ is N.

[0218] In a twenty-second embodiment of the second aspect, compounds have formula I1j:
(R?);

b b
. _Y! X :|:X
| \ \ Xb
R X! Xo / \>—A' R®
XP=—=x> \(
/Y\ a .
Rd z
z wherein
X¢is -CH,—, -NH- or —-CH,—CH,— and

cach X" is independently C or N.

[0219] The compounds of the present invention include pharmaceutically acceptable salts of

IIj as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0220] In a twenty-third embodiment of the second aspect, compounds have formula 1Ij
N
N <TI0
|
N \
H or H :

[0221] In a twenty-fourth embodiment of the second aspect, compounds have formula IIk:

wherein A’ is
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H O-Ckyl.' HNO O.,, **** 791.4 | N HN* NO NH Co / 12 NwN H NO
NH0"-0/ / ON-4 ON 791.4 13 HHVD 0\ 790.4 N\\
WO 2010/065674 PCT/US2009/066459

N (R?), N

wherein X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH,—, -CH=CH-, —-O—, -S—, —=S(0)..—, -CH,0—, —CH;,S—, -CH,S(0).— and
—CH,N(R")~, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0222] The compounds of the present invention include pharmaceutically acceptable salts of

ITk as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0223] In a twenty-fifth embodiment of the second aspect, compounds have formula ITk
N
N <TI0
|
NJ\ N
H or H )

[0224] In a twenty-sixth embodiment of the second aspect, compounds have formula III:

wherein A’ is

wherein:
cach X® and X° is independently C or N;

cach R is selected from the group consisting of oxo, -OH, -CN, -NO,, halogen, C; to Cy»
alkyl, C,; to Cy; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy,
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alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate, sulfonamide

and amino; and
sis 0,1, 2, or 3.

[0225] The compounds of the present invention include pharmaceutically acceptable salts of

III as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0226] In a twenty-seventh embodiment of the second aspect, compounds have formula II1
N
N <1
I
H or H )

[0227] In a twenty-eighth embodiment of the second aspect, compounds have formula ITm:

wherein A’ is

AN (R?), N\/

wherein X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH,—, -CH=CH-, -O—, -S—, —=S(0)..—, -CH,0—, —CH;,S—, -CH,S(0)..— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0228] The compounds of the present invention include pharmaceutically acceptable salts of

IIm as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0229] In a twenty-ninth embodiment of the second aspect, compounds have formula IIm
N
N <O
|
H or H .

[0230] In a thirtiecth embodiment of the second aspect, compounds have formula IIn:

wherein A’ is
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Re “H_ H_ X%Y

Y.
R N, )

/ \
wherein:
cach X" and X° is independently C or N;
X" is N or O; and
X" is S(0), or C(O).

[0231] The compounds of the present invention include pharmaccutically acceptable salts of

IIn as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0232] In a thirty-first embodiment of the second aspect, compounds have formula IIn
N
N <1
-
H or H )

[0233] In a thirty-second embodiment of the second aspect, compounds have formula Ilo:

wherein A’ is

c c b b2
. /K X X /x —X
DU an R
x1 \Xc_ —X{ Xb1 / \>7A'
X (R®), xb|=xb Y\X'
-+ |
\Z (R%) /N\/

wherein X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0234] The compounds of the present invention include pharmaccutically acceptable salts of

ITo as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.
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cf-1-1 O **** 791.4 HNO Crl-HN-Na NO N.,.6 HO / NNHI HNO 't O N
*rxx 822.4 18 aaH NOCD' NHn.. -NH/ 19 NHer''" " HNO t Q ****
790. 4 a VO 2010/065674 PCT/US2009/066459

[0235] In a thirty-third embodiment of the second aspect, compounds have formula ITo
N
N <O
I
N \
H or H )

[0236] In an thirty-fourth embodiment of the second aspect, compounds have formula IIp:
Z1/Y1 XC——=X¢ / Xb1
| \>—<\ / X
RS e
X! Xe—[=xc X2 / \>—A' R
(Ra)r Xb::xb \(
( Y

Y.
e \ R?) ,
d r ~~
R z A / Rf

wherein A’ is

wherein:
cach X" and X° is independently C or N;

X" is N or O; and

X" is S(0); or C(O).

[0237] The compounds of the present invention include pharmaccutically acceptable salts of

IIp as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0238] In a thirty-fifth embodiment of the second aspect, compounds have formula IIp
N
0 <L
|
N \
H or H :

[0239] In a thirty-sixth embodiment of the second aspect, compounds have formula Ilq:
(R%),

e
Rava®aw

AN (R?), N

wherein A’ is

wherein X and X’ are each independently selected from the group consisting of a bond,

_CHQ—, _CHQ_CHQ_, —CH:CH—, —O—, —S—, —S(O)l_z—, _CHQO_, _CHQS_, —CHzS(O)l_z— and
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_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0240] The compounds of the present invention include pharmaccutically acceptable salts of

IIq as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0241] In a thirty-seventh embodiment of the second aspect, compounds have formula IIq
N
N <TI0
I
H or H :

[0242] In a third aspect of the invention, compounds have formula III:

wherein A’ is

(Ra (R,

%i” Dt

A’ is selected from the group consisting of a single bond,

N N NSy
- - O A L

Wherein

NTN
|/>— HN-N HN-N
iy taySe

and

H ; and
cach X° is independently C or N.
[0243] The compounds of the present invention include pharmaccutically acceptable salts of

IIT as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

73
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WO 2010/065674 PCT/US2009/066459

[0244] In a first embodiment of the third aspect, compounds have formula III wherein A’ is
N
N <1
I
N \
H or H )

[0245] In a second embodiment of the third aspect, compounds have formula Illa:

(R?), (R®);
xc:,z XC
/ﬁb_ e
\/N\ (R?), \/Q\/

z A wherein X and X' are
cach independently selected from the group consisting of a bond, -CH,—, -CH,—CH,—,
—~CH=CH-, —O—, -S—, —S(0);.,—, -CH,0—, -CH,S—, -CH,S(0);.— and -CH,N(R")—, wherein R'
is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to Cg heteroalkyl, cycloalkyl,
heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl, carbamoyl and substituted

sulfonyl.

[0246] The compounds of the present invention include pharmaceutically acceptable salts of

IMTa as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0247] In a third embodiment of the third aspect, compounds have formula Illa wherein A’ is
N
N <T
|
H or H )

[0248] In a fourth embodiment of the third aspect, compounds have formula ITIb:
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NO NHO ™ /0 24 NHo HN,,,.0 O **** 848.4 a ea 0 NH oN H 25 a

**%* 864. 4 1 NO CS'NH 7( ¥ HO--"c H\10 0\
WO 2010/065674 PCT/US2009/066459
(R%), (R%),
x°=|=x° Xb:*:Xb
N X
\ 7 N\ / \ .
/ X° XP A R
RC
N XPF=XP
(Ra)r Y'\ f
R
d/ Y\ Z'/ .
R Y4 wherein each

X is independently C or N.

[0249] The compounds of the present invention include pharmaccutically acceptable salts of

ITIb as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0250] In a fifth embodiment of the third aspect, compounds have formula IIIb wherein A’ is
N
. <T
|
H or H :

[0251] In a sixth embodiment of the third aspect, compounds have formula Illc:

(R?) (R%):
X°:|:XC XP=[=XP
N > < X
/Yk/g\; i \>7A
N xblsz
. " I \/
(R, N
\/ N \ 2 / ‘
z wherein

X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.
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[0252] The compounds of the present invention include pharmaceutically acceptable salts of

IIIc as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0253] In a seventh embodiment of the third aspect, compounds have formula Illc wherein
1 <0

[0254] In an eighth embodiment of the third aspect, compounds have formula IIId:

a a

/H\ X

%ﬁ

[0255] The compounds of the present invention include pharmaccutically acceptable salts of

A'is

I11d as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0256] In a ninth embodiment of the third aspect, compounds have formula Ille:

Zl

a a

s tpts

Z

wherein X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
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carbamoyl and substituted sulfonyl.

[0257] The compounds of the present invention include pharmaceutically acceptable salts of

IIIe as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0258] In a tenth embodiment of the third aspect, compounds have formula IIIf:

(R®) (R?),
x°;'=xC xb:|:xb (:T;)r
X° XC=X°
3 EAYavaw
R N Xb:|=Xb \Xc / \
H R®
(R?), N)\(
Rd/Y\z "
/T

[0259] The compounds of the present invention include pharmaccutically acceptable salts of
IIIf as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0260] In an eleventh embodiment of the third aspect, compounds have formula ITIg:

(R®), (R®),

ebx o -
\/N\Z o H)\i\/x
/

7
wherein X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH,~, -CH=CH-, -O—, -S—, =5(0).,—, -CH,0—, —-CH,S—, -CH,S(0).,— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.
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[0261] The compounds of the present invention include pharmaceutically acceptable salts of

ITlg as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0262] In a twelfth embodiment of the third aspect, compounds have formula IlTh:
(R?) (R?),

xczlzxc xb:‘=xb\

. b .
wherein each X' is

independently C or N.
[0263] The compounds of the present invention include pharmaccutically acceptable salts of
IITh as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0264] In a thirteenth embodiment of the third aspect, compounds have formula I1Th wherein
N
N <1
|
H or H )

[0265] In a fourteenth embodiment of the third aspect, compounds have formula IIIi:
(R®), (R®);

x°:I=xc xb=‘=xb\

A'is

N (R%)r /

Z | .
VA wherein X and X'

arc cach independently selected from the group consisting of a bond, -CH,—,
_CHQ—CHQ_, —CH:CH—, —O—, —S—, —S(O)l_z—, —CHQO_, —CHQS—, —CHzS(O)l_z— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
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Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0266] The compounds of the present invention include pharmaccutically acceptable salts of

I1Ii as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0267] In a fifteenth embodiment of the third aspect, compounds have formula IIli wherein

[0268] In a sixteenth embodiment of the third aspect, compounds have formula IIIj:

(R%) (R%);

Re

Y'—
Rf
z / _

[0269] The compounds of the present invention include pharmaccutically acceptable salts of

I11j as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0270] In a seventeenth embodiment of the third aspect, compounds have formula ITTk:
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wherein
X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0271] The compounds of the present invention include pharmaccutically acceptable salts of

Ik as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0272] In an cighteenth embodiment of the third aspect, compounds have formula IIII:

[0273] The compounds of the present invention include pharmaceutically acceptable salts of

11 as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0274] In a nineteenth embodiment of the third aspect, compounds have formula ITIm:
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/Z

/

7
wherein X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0275] The compounds of the present invention include pharmaccutically acceptable salts of

IIm as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0276] In a twenticth embodiment of the third aspect, compounds have formula IIn:

Z' Rf
N,

RS N
Rd\
Y N
\ H
Z
wherein each X" is
independently C or N.
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[0277] The compounds of the present invention include pharmaceutically acceptable salts of

ITIn as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0278] In a twenty-first embodiment of the third aspect, compounds have formula I1In
N
N <1
|
TR \
H or H )

[0279] In a twenty-second embodiment of the third aspect, compounds have formula IIlo:

wherein A’ is

wherein X and
X’ are each independently selected from the group consisting of a bond, -CH,—,

—CH,—CH,—, -CH=CH-, -O—, -S—, —=S(0O)1.—, -CH,0—, —CH;,S—, -CH,S(0)..— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0280] The compounds of the present invention include pharmaccutically acceptable salts of

Mo as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0281] In a twenty-third embodiment of the third aspect, compounds have formula Illo
N
. <O
I
N \
H or H )

[0282] In a twenty-fourth embodiment of the third aspect, compounds have formula IIp:

wherein A’ is
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[0283] The compounds of the present invention include pharmaccutically acceptable salts of

IIp as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0284] In a twenty-fifth embodiment of the third aspect, compounds have formula Illq:

aaey MM

XC
z xb

(Ra)r wherein X
and X’ are each independently selected from the group consisting of a bond,
_CHQ—, _CHQ_CHQ_, —CH:CH—, —O—, —S—, —S(O)l_z—, _CHQO_, _CHQS_, —CHzS(O)l_z— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0285] The compounds of the present invention include pharmaccutically acceptable salts of

ITlq as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0286] In a fourth aspect of the invention, compounds have formula I'V:
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Re

wherein:

-

HN-N HN’N\>_
A is selected from the group consisting of a single bond, H , N ,
~ I~ T~
N N
)l:\>_ )l:\>_ N N" N N NF
S , @] , H , H , H

N N

— 7 =
N
H

and

4
; and

cach X" and X° is independently C or N.

[0287] The compounds of the present invention include pharmaceutically acceptable salts of

IV as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0288] In a first embodiment of the fourth aspect, compounds have formula IV wherein A’ is
N
. <1
|
N \
H or H )

[0289] In a second embodiment of the fourth aspect, compounds have formula IVa:

Zf/:\H\ H be

X

y
N, N\/

x\/N
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wherein X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0290] The compounds of the present invention include pharmaccutically acceptable salts of

I'Va as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0291] In a third embodiment of the fourth aspect, compounds have formula IVa wherein A’
N
N <1
|
H or H )

[0292] In a fifth aspect of the invention, compounds have formula V:

1S

V (R%),

Y.
N
R z a Y'
(R%), / Rf
Z wherein:

N
-
A’ is selected from the group consisting of a single bond, H

N N NSy
B S N

, and

HN-N HNN
N_ %N>_’

2

H ;and

cach X° is independently C or N with the proviso that no more than two X are N.
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[0293] The compounds of the present invention include pharmaceutically acceptable salts of

V as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0294] In a first embodiment of the fifth aspect, compounds have formula V wherein A’ is
N
N <L
|
H or H :

[0295] In a second embodiment of the fifth aspect, compounds have formula Va:

v (R,
Z \ =X
/W/I\ 1 \ / -
g XC_|_XC B A
X a
N\ R \(\x.
pe R, /N\/

z wherein X
and X’ are each independently selected from the group consisting of a bond, —CH,—,
—CH,—CH,—, -CH=CH-, -O—, -S—, —=S(0O)1.—, -CH,0—, —CH;,S—, -CH,S(0)..— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0296] The compounds of the present invention include pharmaccutically acceptable salts of

Va as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0297] In a third embodiment of the fifth aspect, compounds have formula Va wherein A’ is
N
. <1
N
H or H :

[0298] In a fourth embodiment of the fifth aspect, compounds have formula Vb:
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XC_ _XC
R%):,

%QH

Ra)

Z' Wherein
cach X" is independently C or N.

[0299] The compounds of the present invention include pharmaceutically acceptable salts of

Vb as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0300] In a fifth embodiment of the fifth aspect, compounds have formula Vb wherein A’ is
N
N <L
|
H or H )

[0301] In a sixth embodiment of the fifth aspect, compounds have formula Vc:

Z N

wherein X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0302] The compounds of the present invention include pharmaccutically acceptable salts of

V¢ as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.
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[0303] In a seventh embodiment of the fifth aspect, compounds have formula V¢ wherein A’
N
_(/\N / D\
I _<
NJ\ N
H or H

[0304] In an eighth embodiment of the fifth aspect, compounds have formula Vd:

1S

a

—X°

ﬁ/L \ />”<\ /7
xb|=xb ©

[0305] The compounds of the present invention include pharmaccutically acceptable salts of

Vd as well as an optically pure enantiomer, racemate or diastereomeric mixtures thercof.
[0306] In a ninth embodiment of the fifth aspect, compounds have formula Ve:

(R®)
_Xb

\_H <

Ra)r

Z.
wherein X and X’ are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH;,—, -CH=CH-, —-O—, —S—, —S(0)1..—, -CH,0—, -CH,S—, -CH,S(0);.— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl,
carbamoyl and substituted sulfonyl.

[0307] The compounds of the present invention include pharmaccutically acceptable salts of

Ve as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.
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[0308] In a sixth aspect of the invention, in any compound of any of the second through fifth
aspects, RS, RY, R® and R" are each independently selected from the group consisting of:

hydrogen, C; to Cs alkyl and C; to Cs heteroalkyl, wherein,
cach hetero atom, if present, is independently N, O or S,

R¢ and R are optionally joined to form a 4- to 8-membered heterocycle which is

optionally fused to another 3- to 6- membered heterocycle, and

R® and R" are optionally joined to form a 4- to 8-membered heterocycle which is

optionally fused to another 3- to 6- membered heterocycle.

[0309] In a first embodiment of the sixth aspect, R® and RY or R® and R are joined to form a
4- to 8-membered heterocycle which is optionally fused to another 3- to 6- membered

heterocycle.

[0310] In a second embodiment of the sixth aspect, both of R® and R® and R® and R' are
joined to form a 4- to 8-membered heterocycle which is optionally fused to another 3- to 6-

membered heterocycle.

[0311] In a seventh aspect of the invention, each R?, if present in any of the other aspects of

the invention, is independently —-CN,—OCHF,, —OCF3, —CF3, or —F.

[0312] In an cighth aspect of the invention, if present in any compound of any of the other

aspects, one of Y and Y’ is N.
[0313] In a first embodiment of the cighth aspect, both Y and Y’ are N.

[0314] In a ninth aspect of the invention, Z and Z’ in any of the previous aspects are cach 1-3

amino acids.
[0315] In a first embodiment of the ninth aspect, the amino acids are in the D configuration.

[0316] In a tenth aspect of the invention, Z and Z' in any of the previous aspects arec cach
independently selected from the group consisting of
~[U~(CR%)~NR’~(CR%)].~U~(CR*)-NR'<(CR*%)R®, ~-U~(CR*;)R® and
—[U~(CR*)-~NR*~(CR*),],~U~(CR*,)—O~(CR",)-R".

[0317] In a first embodiment of the tenth aspect, both of Z and Z' are
—[U—~(CR*)~NR’~(CR*))Js~U~(CR*)—NR’—(CR*,)R®.
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[0318] In a second embodiment of the tenth aspect, one or both of Z and Z’ are
—U—(CR*)~NR’~(CR*))~U—~(CR"*,)~NR'(CR*))—R".

[0319] In a third embodiment of the tenth aspect, one or both of Z and 7’ are
—U—(CR*)~NR'—(CR*))R?.

[0320] In a fourth embodiment of the tenth aspect, one or both of Z and 7’ are
—[C(0)«(CR*)~NR’~(CR*)],~U~(CR*)~NR’<(CR*,)R".

[0321] In a fifth embodiment of the tenth aspect, one or both of Z and 7’ are
~C(0)~(CR*)~NR’+CR*)~U—(CR*))~NR'-(CR*,)—R®.

[0322] In a sixth embodiment of the tenth aspect, one or both of Z and Z’ are
—[C(0)«(CR*)~NR’~(CR*)],~C(O)«(CR*)~NR’<(CR",)R".

[0323] In a seventh embodiment of the tenth aspect, one or both of Z and 7’ are
—C(0)~(CR*)~NR’~CR*)—C(0)~(CR*)~NR’—(CR*))R®.

[0324] In an cighth embodiment of the tenth aspect, one or both of Z and Z' are
~C(0)~CR*)~NR’(CR*)R®.

[0325] In a ninth embodiment of the tenth aspect, one or both of Z and 7’ are
—C(0)~(CR*);-NR’—(CR*)),—C(0)-R*".

[0326] In a tenth embodiment of the tenth aspect, one or both of Z and Z' are
~C(0)~(CR*,);~NR’-C(0)-R*".

[0327] In an cleventh embodiment of the tenth aspect, one or both of Z and Z' are
~C(0)~(CR*);-NR’—(CR*,),—C(0)-O-R*".

[0328] In a twelfth embodiment of the tenth aspect, one or both of Z and Z' are
~C(0)«CR*),~NR'-C(0)-O-R"".

[0329] In a thirteenth embodiment of the tenth aspect, one or both of Z and Z’ are
~U—(CR*)~R".

[0330] In a fourteenth embodiment of the tenth aspect, one or both of Z and Z’ are
—C(O)«CR*)—R®.
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[0331] In a fifteenth embodiment of the tenth aspect, one or both of Z and 7’ are

—[U~(CR*)-NR*~(CR*))J.-U~(CR*)—O—~(CR*))—R".

[0332]
—U—(CR*)~NR’—(CR*)~U~CR*,)—O—~(CR*)~R".

In a sixteenth embodiment of the tenth aspect, one or both of Z and Z' are

[0333]
—C(0)~(CR*)—NR’~CR*)—~C(0)~(CR*)—O—CR*,)R®.

In a seventeenth embodiment of the tenth aspect, one or both of Z and Z' are

[0334]
~U—(CR*)~0O—(CR*)~R®.

General Svnthesis

In an eighteenth embodiment of the tenth aspect, one or both of Z and Z’ are

[0335]

preparations of compounds and their analogs included in this invention. These skilled in the art

The following schemes exemplify some of the synthetic routes that are used for the

will understand that alternative routes may also be used to reach the same and similarly
functionalized intermediates and target molecules. Alternative reagents for a given

transformation are also possible.

[0336] The following abbreviations are used throughout this application:
ACN Acetonitrile
aq Aqueous
Bn Benzyl
BnOH Benzyl alcohol
Boc t-butoxycarbonyl
DCE Dichloroethane
DCM Dichloromethane
DIEA(DIPEA) Diisopropylethylamine
DMA N,N-Dimethylacetamide
DME 1,2-Dimethoxyethane
DMF N,N-Dimethylformamide
DMSO Dimethylsulfoxide
DMTMM 4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-
methylmorpholinium chloride
DPPA Diphenylphosphoryl azide

91

N



0% 0 N 41 54 N NHI LT

N

N Ho HNO O\ ****x 877.4
WO 2010/065674

DTT
EDC
EDCI

EDTA

ESI

Et;sN, TEA
EtOAc, EtAc
EtOH

g

h

HBTU

HOBt
ICs

LAH
LDA
LCMS
Mel
MeOH
min
mmol
NMM
NMP
PG
PTT

TEA
Tf
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Dithiothreitol

Ethylcarbodiimide hydrochloride
1-Ethyl-3-[3-(dimethylamino) propyl]carbodiimide
hydrochloride

Ethylene diamine tetraacetic acid

Electrospray Ionization

Tricthylamine

Ethyl acctate

Ethanol

Gram(s)

Hour(s)

0O-Benzotriazol-1-yl-N,N,N’ N’-tetramethyluronium
hexafluorophosphate

1-Hydroxybenzotriazole

The concentration of an inhibitor that causes a 50 %
reduction in a measured activity

Lithium aluminum hydride

Lithium diisopropylamide

Liquid Chramatography Mass Spectrometry
Methyl Todide

Methanol

Minute(s)

Millimole(s)

4-Methylmorpholine

N-methylpyrrolidinone

Protective Group

Phenyl trimethyl tribromide

Pyridine

Room temperature

Tricthylamine

Trifluoromethanesulfonate
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TFA Trifluoroacetic acid
TFAA Trifluoroacetic anhydride
THF Tetrahydrofuran
TLC Thin Layer Chromatography

[0337] Reagents and solvents used below can be obtained from commercial sources such as
Aldrich Chemical Co. (Milwaukee, Wisconsin, USA). 1H-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/ HO gradient
(10%-90%) acetonitrile in H,O 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
acctonitrile/ H,O as delivery solvent. Enantiomeric purity was determined using a Hewlett-
Packard Series 1050 system equipped with a chiral HLPC column (ChiralPak AD, 4.6 mm x

150mm) and isocratic elution using 5:95 isopropanol-hexane as a mobile phase.

[0338] The compounds were named using ChemDraw program from Cambridge Soft Inc.
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EXAMPLE 1 — Synthesis of compounds of Formula Ilc

[0339] Scheme 1-1 describes preparation of target molecules and their analogs with

symmetrical and non-symmetrical functionalized ends.

[0340] Step a. To a solution of 2-bromonaphthane a (62.0 g, 300 mmol) in DCM (1 L) was
added AlICl; (44.0 g, 330 mmol) and 2-chloroacetyl chloride (34.0 g, 330 mmol) at 0 °C. The
reaction mixture was stirred at 0 °C for 1 h and then H,O added (500 mL) and extracted. The
organic layer was washed with H,O, dried over anhydrous Na,SO4, evaporated under reduced
pressure to give 80 g crude product, which was purified by re-crystallization from 10% EtOAc-
hexane (v/v) to yield b (28 g, 36% yield) as a white solid: "H NMR (500 MHz, CDCls) § 8.44
(s, 1H), 8.07 (s, 1H), 8.04 (d, /= 11.0 Hz, 1H), 7.84 (d, J= 8.5 Hz, 2H), 7.66 (d, J = 8.5 Hz, 1H),
4.81 (s, 2H) ppm; LCMS (ESI) m/z 282.9 (M + H)".

[0341] Step b. To a solution of b (28.0 g, 100 mmol) in DCM (500 mL) was added N-Boc-
L-Pro-OH (24.7 g, 115 mmol) and Et3N (70.0 mL, 500 mmol) and the mixture was stirred at rt
for 2 h. The mixture was concentrated under reduced pressure to afford crude ¢ which was used

for the next step without further purification. LC-MS (ESI) m/z 462.1 (M + H)".

[0342] Step ¢. To a solution of ¢ (46.0 g, 100 mmol) in toluene (500 mL) was added
NH4OAc (77 g, 1.0 mol) and the mixture was stirred at 110 °C overnight, and concentrated under
reduced pressure. The resulting residue was purified by silica gel column chromatography
(petroleum cther/EtOAc 1:1(v/v)) to afford d (30 g, 68% yicld) as a yellow solid: LC-MS (ESI)
m/z442.1 M + H)".

[0343] Step d. To a solution of d (10.0 g, 23.0 mmol) in anhydrous DME (200 mL) and
equal molar of boronate e was added PPhs (1.2 g, 4.6 mmol), Pd(PPhs)4 (1.6 g, 2.3 mmol), and
2.0 M Na,COs solution. The mixture was refluxed under argon overnight. The organic solvent
was removed under reduced pressure and the residue was treated with H,O, extracted with
EtOAc (2 x 200 mL). The combined organic phase was dried, filtered, and concentrated in vacuo
to give a residue, which was purified by silica gel column chromatography (petroleum
cther/EtOAc 3:1(v/v)) to afford f (10 g, 96% yield) as a yellow solid. LC-MS (ESI): m/z 709.3
(M+H)".
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[0344] Step e. To a stirred solution of f (150 mg, 0.29 mmol) in dioxane (3 mL) was added
4.0 N HCl in dioxane (3 mL) dropwise. The mixture was stirred at rt for 4 h, and then
concentrated to yield a yellowish solid (134 mg), which was used directly for the next step. The
residue (134 mg, 0.290 mmol) was suspended in THF (5 mL) and DIPEA (0.32 mL) was added
and followed by addition of N-methoxycarbonyl-L-Val-OH (151 mg, 0.860 mmol). After stirring
for 15 min, HATU (328 mg, 0.860 mmol) was added and the mixture was stirred at rt for another
2 h and then concentrated. The residue was purified by prep-HPLC to obtain g (40 mg, 19%
yield).
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[0345] Step a. Referring to Scheme 1-2, to a solution of compound 3 (2.0 g, 4.5 mmol) in
dioxane (25 mL) was added 4.0 N HCI in dioxane (25 mL). After stirring at rt for 4 h, the
reaction mixture was concentrated and the residue was dried in vacuo to give a yellowish solid

(2.1 g), which was used directly for the next step without further purification.

[0346] Step b. To the residue of step a (4.5mmol) was added DMF (25 mL), followed by
adding DIPEA (3.7 mL, 22.5 mmol) and N-methyl carbamate-L-valine (945 mg, 5.4 mmol).
After stirring at rt for 15 min, the reaction mixture was added slowly to H,O (400 mL). A white
solid precipitated was filtered and dried to give compound 6 (2.2 g, 98% yield). LC-MS (ESI):
m/z 499.1 (M+H)".

[0347] Step c. To a mixture of compound 6 (800 mg, 1.6 mmol), compound 7 (718 mg, 1.6
mmol), and NaHCO3 (480 mg, 5.7 mmol) in 1,2-dimethoxyethane (15mL) and H,O (5mL) was
added Pd(dppf)Cl, (59 mg, 0.08 mmol). After stirring at 80°C overnight under an atmosphere of
N», the reaction mixture was concentrated. The residue was partitioned between 20%
methanol/CHCl; (100 mL) and H,O (100 mL). The organic phase was separated and the aqueous
phase was extracted with 20% methanol/CHCI; (100 mL) again. The combined organic phase
was consequently washed with brine, dried with anhydrous Na,SQO,, filtered, and concentrated.
The residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc=15:1(v/v)) to give compound 8 (1.0 g, 85% yield) as a yellow solid. LC-MS (ESI):
m/z 732.4 (M+H)".

[0348] Step d. To a solution of compound 8 (200 mg, 0.27 mmol) in dioxane (3.0 mL) was
added 4 N HCl in dioxane (3.0 mL). After stirring at rt for 2 h, the reaction mixture was
concentrated and the residue was dried in vacuo to give an HCI salt in quantitative yield, which

was used directly for the next step without further purification.

[0349] Step e. To a solution of the salt (0.27 mmol) in DMF (5.0 mL) was added DIPEA
(0.47mL, 2.7 mmol), followed by adding N,N-dimethyl-D-phenyl glycine (59 mg, 0.33 mmol)
and HATU (125 mg, 0.33 mmol). After stirring at rt for 1h, the reaction mixture was partitioned
between H,O and DCM. The organic phase was washed successively with H,O and brine, dried
with anhydrous Na,SQOy, filtered, and concentrated. The residue was purified by prep-HPLC to
give compound 9. LC-MS (ESI): m/z 793.4 (M+H)".
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[0350] Step a. To a mixture of compound 3 (3.2 g, 7.2 mmol), bis(pinacolato)diboron (3.86
g, 15.2 mmol), and KOAc (1.85g, 18.8mmol) in 1,4-dioxane (100 mL) was added Pd(dppf)Cl,
(440 mg, 0.6 mmol). After stirring at 80 °C for 3 h under an atmosphere of N», the reaction
mixture was concentrated. The residue was purified with silica gel column chromatography
(Petroleum cther/EtOAc=2/1(v/v)) to give compound 11 (2.8 g, 80% yield) as a white solid. LC-
MS (ESI): m/z 490.3 (M+H) .

[0351] Step b. To a mixture of compound 11 (626 mg, 1.27 mmol), compound 12 (570 mg,
1.27 mmol), and NaHCO3 (420 mg, 4.99 mmol) in 1, 2-dimethoxyethane (30 mL) and H,O (10
mL) was added Pd(dpp)Cl, (139 mg, 0.19 mmol). After stirring at 80°C overnight under an
atmosphere of Ny, the reaction mixture was concentrated. The residue was partitioned between
20% methanol/CHCl3 (100 mL) and H,O (100 mL). The aqueous phase was extracted with 20%
methanol/CHCI; (100 mL) again. The combined organic phase was consequently washed with
brine, dried with anhydrous Na,;SOy, filtered, and concentrated. The residue was purified by
silica gel column chromatography (Petroleum cther/EtOAc=2/1(v/v)) to give compound 13 (635
mg, 68% yield) as a yellow solid. LC-MS (ESI): m/z 732.4 (M+H)".

[0352] Step ¢. To a solution of compound 13 (200 mg, 0.27 mmol) in dioxane (3.0 mL) was
added 4 N HCI in dioxane (3.0 mL). After stirring at rt for 2 h, the reaction mixture was
concentrated and the residue was dried in vacuo to yield the HCl salt of compound 14 in

quantitative yield, which was used directly for the next step without further purification.

[0353] Step d. To a solution of the salt (0.27 mmol) in DMF (5.0 mL) was added DIPEA
(0.47 mL, 2.7 mmol), followed by adding N,N-dimethyl-D-phenyl glycine (59 mg, 0.33 mmol)
and HATU (125 mg, 0.33 mmol). After stirring at rt for 1h, the reaction mixture was partitioned
between H,O and DCM. The organic phase was consequently washed with H,O and brine, dried
with anhydrous Na,SQOy, filtered, and concentrated. The residue was purified by prep-HPLC to
give compound 15. LC-MS (ESI): m/z 793.4 (M+H)".
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EXAMPLE 2 — Synthesis of compounds of Formula Ille

[0354] Step a. Referring to Scheme 2-1, to a mixture of compound 1 (5.05 g, 13.8 mmol),
bis(pinacolato)diboron (7.1 g, 27.9 mmol), and KOAc (3.2 g, 32.5 mmol) in 1,4-dioxane (100
mL) was added Pd(dppf)Cl, (400 mg, 0.5 mmol). After stirring at 80 °C for 3 h under an
atmosphere of N, the reaction mixture was concentrated. The residue was purified by silica gel
column chromatography (Petroleum ether/EtOAc=2/1(v/v)) to give compound 2 (3.0 g, 53%
yield) as a gray solid. LC-MS (ESI): m/z 414.2 (M+H)".

[0355] Step b. To a mixture of compound 2 (522 mg, 1.26 mmol), compound 3 (500 mg,
1.13 mmol), and NaHCO3 (333 mg, 3.96 mmol) in 1, 2-dimethoxyethane (30 mL) and H,O (10
mL) was added Pd(dppf)Cl, (74 mg, 0.1 mmol). After stirring at 80°C overnight under an
atmosphere of Ny, the reaction mixture was concentrated. The residue was partitioned between
20% methanol/CHCIl; (100 mL) and H,O (100 mL). The organic phase was separated and the
aqueous phase was extracted with 20% methanol/CHCI; (100 mL) again. The combined organic
phase was consequently washed with brine, dried with anhydrous Na,SOy, filtered, and
concentrated. The residue was purified by silica gel column chromatography (DCM/MeOH=50:1
(v/v)) to give compound 4 (450 mg, 55% yield) as a yellow solid. LC-MS (ESI): m/z 649.3
(M+H)".

[0356] Step c¢. To a stirred solution of compound 4 (160 mg, 0.25 mmol) in dioxane (2.0
mL) was added 4N HCl in dioxane (2.0 mL). After stirring at rt for 3h, the reaction mixture was
concentrated and the residue was dried in vacuo to give an HCI salt in quantitative yield, which

was used directly for the next step without further purification.

[0357] Step d. To a solution of above salt (0.25 mmol) in DMF (4.0 mL) was added DIPEA
(0.44 mL, 2.5mmol), followed by adding N-methyl carbamate-L-Threonine (110 mg, 0.62
mmol) and HATU (240 mg, 0.63 mmol). After stirring at rt for 1h, the reaction mixture was
partitioned between H,O and DCM. The organic phase was consequently washed with H,O and
brine, dried with anhydrous Na,SOy, filtrated, and concentrated. The residue was purified by
prep-HPLC to give compound § as a white powder. LC-MS (ESI): m/z 767.3 (M+H)".
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[0357a] Scheme 2-1-1 provides an alternative synthetic pathway to the compounds

disclosed herein.
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[0358] Step a. Referring to Scheme 2-2, to a mixture of compound 2 (1.16 g, 2.32 mmol),
compound 6 (1.40 g, 3.39 mmol), and NaHCO3; (823 mg, 9.8 mmol) in 1, 2-dimethoxyethane (30
mL) and H,O (10 mL) was added Pd(dppf)Cl, (103 mg, 0.14 mmol). After stirring at 80 °C over
night under an atmosphere of N, the reaction mixture was concentrated. The residue was
partitioned between 20% methanol/CHCI; (150 mL) and H,O (150 mL). The aqueous phase was
extracted with 20% methanol/CHCI; (150 mL) again. The combined organic phase was
consequently washed with brine, dried with anhydrous Na,SQO,, filtered, and concentrated. The
residue was purified by silica gel column chromatography (Petroleum ether/acetone=1.5/1 (v/v))

to give compound 16 (1.32g. 80% yield) as a yellow solid. LC-MS (ESI): m/z 706.4 (M + H)".

[0359] Step b. To a solution of compound 16 (200 mg, 0.28 mmol) in dioxane (3.0 mL) was
added 4 N HCl in dioxane (3.0 mL). After stirring at rt for 2 h, the reaction mixture was
concentrated and the residue was dried in vacuo to give the HCl salt of compound 17 in

quantitative yield, which was used directly for the next step.

[0360] Step ¢. To a solution of the salt (0.28 mmol) in DMF (5.0 mL) was added DIPEA
(0.49 mL, 2.8 mmol), followed by adding N,N-dimethyl-D-phenyl glycine (61 mg, 0.34 mmol)
and HATU (129 mg, 0.34 mmol). After stirring for 1h at rt, the reaction mixture was partitioned
between H,O and DCM. The organic phase was consequently washed with H,O and brine, dried
with anhydrous Na,SQOy, filtered, and concentrated. The residue was purified by prep-HPLC to
give compound 18. LC-MS (ESI): m/z 767.4 (M+H)".
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[0361] Step a. Referring to Scheme 2-3, to a solution of compound 1 (4.0 g, 10.9 mmol) in
dioxane (40 mL) was added 4 N HCl in dioxane (40 mL). After stirring at rt overnight, the
reaction mixture was concentrated. The residue was washed with DCM, filtered, and dried in
vacuo to afford a hydrochloride salt in quantitative yield, which was used for the next step

without further purification.

[0362] Step b. To a solution of the salt (10.9 mmol) in DMF (30 mL) was added DIPEA
(5.8 mL, 33.0 mmol), followed by adding N-methoxycarbonyl-L-valine (2.1 g, 12.1 mmol) and
HATU (4.6 g, 12.1 mmol). After stirring at rt for 1h, the reaction mixture was partitioned
between H,O and DCM. The organic phase was consequently washed with H,O and brine, dried
with anhydrous Na,SOy, filtered, and concentrated. The residue was purified by silica gel column
chromatography (DCM/Petroleum cther=4/1 (v/v)) to give compound 19 (3.0 g, 65% yield). LC-
MS (ESI): m/z 423.1 (M+H)".

[0363] Step c¢. To a mixture of compound 11 (800 mg, 1.9 mmol), compound 19 (700 mg,
1.7 mmol), and NaHCOs3 (561 mg, 6.6 mmol) in 1, 2-dimethoxyethane (60 mL) and H,O (20
mL) was added Pd(dppf)Cl, (183 mg, 0.25 mmol). After stirring at 80 °C overnight under an
atmosphere of Ny, the reaction mixture was concentrated. The residue was then partitioned
between 20% methanol/CHCI; (100 mL) and H,O (100 mL). The aqueous phase was extracted
with 20% methanol/CHCI; (100 mL) again. The combined organic phase was consequently
washed with brine, dried with Na,;SOy, filtered, and concentrated. The residue was purified by
silica gel column chromatography (Petroleum ether/EtOAc=2/1(v/v)) to give compound 20 (600
mg, 52% yield) as a yellow solid. LC-MS (ESI): m/z 706.4 (M+H)".

[0364] Step d. To a solution of compound 20 (200 mg, 0.28 mmol) in dioxane (3.0 mL) was
added 4N HCl in dioxane (3.0 mL). After stirring at rt for 2h, the reaction mixture was
concentrated and the residue was dried in vacuo to yield the HCl salt of compound 21 in

quantitative yield, which was used directly for the next step without further purification.

[0365] Step e. To a solution of compound 21 (0.28 mmol) in DMF (5.0 mL) was added

DIPEA (0.49 mL, 2.8 mmol), followed by N,N-dimethyl-D-phenyl glycine (64 mg, 0.36 mmol)
and HATU (129 mg, 0.34 mmol). After stirring at rt for 1h, the reaction mixture was partitioned
between H,O and DCM. The organic phase was washed successively with H,O and brine, dried
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with anhydrous Na,SQOy, filtered, and concentrated. The residue was purified by prep-HPLC to
give compound 22. LC-MS (ESI): m/z 767.4 (M+H) .
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[0366] Step a. To a mixture of compound 74 (510 mg, 1.09 mmol), compound 138 (300 mg,
0.68 mmol), NaHCOs3 (228 mg, 2.72 mmol) in 1, 2-dimethoxyethane (20 mL) and H,O (5 mL)
was added Pd(dppf)Cl, CH,CI, (111 mg, 0.140 mmol) at rt under an atmosphere of N,. After
stirring at 80°C overnight under an atmosphere of Ny, the reaction mixture was concentrated and
the residue was diluted with EtOAc¢ (100 mL) and H,O (25 mL). The organic phase was washed
with brine and dried with anhydrous Na,SO,. The solvent was removed and the residuc was
purified by silica gel column chromatography (Petroleum ether/EtOAc = 1/2 (v/v)) to give
compound 142 (360 mg, 75% yield) as a yellow solid. LC-MS (ESI): m/z 707.4 (M+H)".

[0367] Step b. To a solution of compound 142 (115 mg, 0.16 mmol) in dioxane (2.0 mL)
was added 4 N HCl in dioxane (2.0 mL) at rt. After stirring at rt overnight, the reaction mixture
was concentrated and the residue was dried in vacuo to give an HCI salt, which was used for the

next step without further purification. LC-MS (ESI) m/z 607.3 (M + H)".

[0368] Step ¢. Subsequently, the HCI salt was dissolved in DMF (2 mL) and the resulting
mixture was added DIEA (0.28 mL, 1.6 mmol), N-Moc-L-(tetrahydro-2H-pyran-4-yi)glycine (41
mg, 0.19 mmol), and HATU (73 mg, 0.19 mmol). After stirring at rt for 15 min, the reaction
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mixture was concentrated and the residue was purified by preparative HPLC to give compound

143. LC-MS: (ESI) m/z 806.4 (M+H)".

EXAMPLE 3 — Synthesis of additional compounds of Formula Ilc

/(j)k HBr (40%) m Hy 3
+
DMSO, 90~95 °C g, HOAG N
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Scheme 3-1

[0369] Step a. Referring to Scheme 3-1, to a solution of compound 1 (49.7 g, 0.25 mol) in
DMSO was added 40% aq. HBr (0.50 mol) drop wise at rt. After stirring at 90 °C for 3 h, the
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reaction mixture was poured into H,Oand the resulting mixture was kept at 50~60 °C. The
yellow solid was collected by filtration and re-crystallized in acetone/H,O (1/19 (v/v) two times
to give compound 2 (50 g, 87% yield). LC-MS (ESI): m/z 212.9 (M+H) .

[0370] Step b. A mixture of 2 (19.0 g, 80.0 mmol) and 4-bromobenzene-1, 2-diamine (15.0
g, 80.0 mmol) in HOAc (180 mL) was refluxed overnight. Subsequently, the reaction mixture
was poured into ice H,O. The solid was collected by filtration and purified by silica gel column
chromatography to give compounds 3 and 3’ (2.8 g, 10% yicld) as a pair of regioisomers. LC-
MS (ESI): m/z 362.9 (M+H)".

[0371] Step c. A mixture of compound 3 (4.8 g, 5.4 mmol), bis(pinacolato)diboron (9.6 g,
38 mmol), potassium acetate (3.8 g, 38 mmol), and Pd(dppf)Cl,-CH,Cl, (524 mg, 0.54 mmol) in
dioxane (100 mL) was stirred at 80°C for 17 h under an atmosphere of Ar. Subsequently, the
reaction mixture was filtered. The filtered cake was washed with EtOAc (50 mL x 3) several
times. The filtrate was washed with H,O and dried with anhydrous Na,SO4. The solvent was
removed and the residue was purified by silica gel column chromatography (PE/acetone = 10: 1
(v/v)) to give compounds 4 and 4’ (2.2 g, 89% yield) as a pair of regio-isomers. LC-MS (ESI):
m/z 459.3 (M+H)". (The corresponding boronic acid was also isolated and used as an active

intermediate for the next step).

[0372] Step d. A mixture of compounds 4 and 4’ (1.0 g, 2.2 mmol), (S)-tert-butyl 2-(5-iodo-
1H-imidazol-2-yl)pyrrolidine-1-carboxylate (2.0 g, 5.4 mmol), sodium bicarbonate (1.5 g, 18
mmol), and Pd(dppf)Cl,-CH,Cl, (427 mg, 0.44 mmol) in DME/H,0 (3/1 (v/v) (80 mL) was
stirred at 80 °C for 17 h under an atmosphere of Ar. Subsequently, the reaction mixture was
concentrated and the residue was diluted with EtOAc (100 mL). The organic layer was washed
with brine and dried with anhydrous Na,SO4. The solvent was removed and the residue was
purified by silica gel column chromatography (PE/acetone = 10: 1 (v/v)) to give compounds 5
and 5’ (590 mg, 40% yicld) as a pair of regio-isomers. LC-MS (ESI): m/z 677.3 (M+H)".

[0373] Step e. A mixture of compounds 5§ and 5’ (200 mg, 0.3 mmol) in 4.0 N HCl in
dioxane (10 mL) was stirred at rt overnight. The solvent was removed and the residue was dried

in vacuo to give an HCl salt, which was used for the next step without further purification. LC-
MS (ESI): m/z 477.2 (M+H)".
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[0374] Step f. Subsequently, the HCI salt was dissolved in DMF (3 mL) and the resulting
mixture was sequentially added Et;N (304 mg, 3.0 mmol), N-Moc-L-Val-OH (116 mg, 0.66
mmol) and HATU (251 mg, 0.66 mmol). After stirring at rt for 2 h, the reaction mixture was
poured into H,O (50 mL) and the resulting suspension was extracted with DCM several times
(20 mL x 3). The extracts were combined, washed with brine, and dried with anhydrous MgSOs.
The solvent was removed and the residue was purified by preparative HPLC and to give

compounds 6 and 6’ as a pair of regio-isomers. LC-MS (ESI): m/z 791.4 (M+H)".
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Scheme 3-2

[0375] Step a. Referring to Scheme 3-2, to a solution of compound 7 (909 mg, 1.86 mmol),
(8)-tert-butyl- 2-(5-(6-bromopyridin-3-yl)pyrrolidine-1-carboxylate (800 mg, 2.04 mmol), and
NaHCOs3 (625 mg, 7.44 mmol) in 1, 2-dimethoxyethane (100 mL) and H,O (30 mL) was added
Pd(dppf)Cl, (152 mg, 0.186 mmol)at rt under an atmosphere of Ar. After stirring at 80 'C
overnight under an atmosphere of Ar, the reaction mixture was concentrated. The residue was
diluted with CH,Cl, (200 mL). The organic layer was washed with H,O and dried with
anhydrous Na,SQO.. The solvent was removed and the residue was purified by silica gel column
chromatography (DCM/MecOH = 50:1 (v/v)) to give compound 8 (700 mg, 55% yield). LC-MS
(ESI) m/z: 676.4 (M+H)".

[0376] Step b. To a stirred solution of compound 8 (200 mg, 0.296 mmol) in dioxane (3
mL) was added 4 N HCl in dioxane (3 mL). After stirring at rt for 4 h, the reaction mixture was
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concentrated and the residue was dried in vacuo to give an HCI salt, which was used for the next

step without further purification. LC-MS (ESI) m/z: 476.2 (M+H)".

[0377] Step ¢. Subsequently, the HCI salt was dissolved in DMF (3 mL) and the resulting
mixture was sequentially added DIEA (388 mg, 3.0 mmol), N-Moc-L-Val-OH (116 mg, 0.66
mmol) and HATU (251 mg, 0.66 mmol). After stirring at rt for 2 h, the reaction mixture was
poured into H,O (50 mL) and the resulting suspension was extracted with DCM several times
(20 mL x 3). The extracts were combined, washed with brine, and dried with anhydrous MgSO,.
The solvent was removed and the residue was purified by preparative HPLC and to give
compound 9. "H NMR (500 MHz, CDCls) § 9.09 (s, 1H), 8.67 (s, 1H), 8.31-8.34 (m, 3H), 8.27-
8.29 (m, 1H), 8.17-8.19 (m, 1H), 8.11-8.13 (m, 1H), 8.07 (s, 1H), 8.04 (s, 1H), 7.90-7.91 (m,
1H), 5.29-5.31 (m, 2H), 4.26-4.27 (m, 2H), 4.13 (s, 2H), 3.93-3.95 (m, 2H), 3.68 (s, 6H), 2.60-
2.62 (m, 3H), 2.32-2.33 (m, 2H), 2.15-2.28 (m, 5H), 2.10-2.11 (m, 3H), 1.00-1.02 (m, 2H), 0.96-
0.98 (m, 6H), 0.92-0.93 (m, 6H) ppm. LC-MS (ESI): m/z 790.4 (M+H)".
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Scheme 3-3

[0378] Step a. Referring to Scheme 3-3, to a solution of 10 (45.0 g, 247 mmol) in MeOH
(500 mL) was added NaOMe (1.4 g, 25 mmol) at rt. After stirring at rt for 48 h, the reaction
mixture was added NH4ClI (13.4 g, 250 mmol) and the resulting mixture was stirred from another
24 h. The solvent was removed and the residue was dried in vacuo to give compound 11, which

was used for the next step without further purification. LC-MS: (ESI) m/z = 199.0 (M+H)".

[0379] Step b. To a solution of 11 (15 g, 75 mmol) in CH3;CN (500 mL) was added K,COs
(11.4 g, 83.0 mmol), followed by 2-fluoro-5-nitrobenzaldehyde (12.7 g, 75.0 mmol). After
refluxing for 12 h, the reaction mixture was concentrated and the residue was washed with
MeOH to give crude compound 12 (12 g), which was used for the next step without further
purification. LC-MS: (ESI) m/z = 330.0 (M+H) .
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[0380] Step c. A solution of 12 (5.0 g, 15 mmol) in MeOH (500 mL) was added tin (1)
chloride (14.3 g, 75.0 mmol) and concentrated hydrochloric acid (17 mL). After stirring at rt for
3.5 h, the reaction mixture was carefully added saturated aqueous NaHCOs solution (470 mL).
The resulting mixture was extracted with cthyl acetate (100 mL x 3). The extracts were
combined and washed with brine and dried with anhydrous Na,SO,. The solvent was removed
and the residue was dried in vacuo to give crude compound 13 (2.5 g). LC-MS: (ESI) m/z =
300.0 (M+H)".

[0381] Step d. To a solution of 13 (300 mg, 1.0 mmol) in concentrated HCI (0.25 mL) was
added a solution of NaNO; (76 mg, 1.1 mmol) in H,O (1 mL) drop wise at 0 °C. After stirring at
0 °C for 30 min, the reaction mixture was added to a solution of K,CO3 (207 mg, 1.5 mmol) and
Et,NH (0.11 g, 1.5 mmol) in ice HO (1 mL). Subsequently, ether (100 mL) was added to the
mixure. The organic layer was separated, washed with H,O (15 mL) and dried with anhydrous
Na,SOs. The solvent was removed and the residue was dried in vacuo to give crude compound
14 (350 mg), which was used for the next step without further purification. LC-MS (ESI): m/z
384.1 (M+H)".

[0382] Step e. To a solution of compound 14 (1.8 g, 4.7 mmol) and LiBr (834 mg, 9.6
mmol) in acetonitrile (10 mL) was added TMSCI (782 mg, 7.2 mmol) at rt. After stirring at 60
°C for 15 min, the reaction mixture was cooled to rt and treated with 5% aqueous NaHCO;
solution (30 mL). The mixture was concentrated and the residue was extracted with CH,Cl, (50
mL x 3). The extracts were combined, washed with brine, and dried with anhydrous Na;SOs.
The solvent was removed and the residue was purified by silica gel column chromatography
(Pentane/ether = 1/19 (v/v)) to give compound 15 (1.0 g, 59% yield). LC-MS: (ESI) m/z = 362.9
(M+H)".

[0383] Step f. To a solution of 15 (300 mg, 0.82 mmol) in dioxane (20 mL) was sequentially
added bis(pinacolato)diboron (915 mg, 3.63 mmol), potassium acctate (403 mg, 4.12 mmol), and
Pd(dppf)Cl; (134 mg, 0.160 mmol) at rt under an atmosphere of Ar. After stirring at 80 °C for 17
h under an atmosphere of Ar, the reaction mixture was diluted with EtOAc¢ (100 mL). The
resulting mixture was washed with HyOand dried with anhydrous Na,SOs. The solvent was
removed and the residue was purified by silica gel column chromatography (PE/acetone = 3/1

(v)) to give compound 16 (227 mg, 60% yield) LC-MS (ESI): m/z 459.3 (M+H)". (The
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corresponding boronic acid was also isolated and used as an active intermediate for the next
step).

[0384] Step g. A solution of 16 (300 mg, 0.65 mmol) in DME/H,0 (3/1(v/v); 30 mL) was
sequentially added (S)-tert-butyl 2-(5-iodo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (595 mg,
1.64 mmol), NaHCOs (443 mg, 5.28 mmol), and Pd(dppf)Cl,-CH,Cl; (126 mg, 0.13 mmol) at rt
under an atmosphere of Ar. After stirring at 80 °C for 17 h under an atmosphere of Ar, the
reaction mixture was diluted with EtOAc (150 mL). The organic layer was isolated, washed with
brine, and dried with anhydrous Na,SO4. The solvent was removed and the residue was purified
by silica gel column chromatography (PE/acetone = 2/1(v/v)) to give compound 17 (151 mg,
34% yield) as a yellowish solid. LC-MS (ESI): m/z 677.3 (M+H)".

[0385] Step h. To a solution of compound 17 (100 mg, 0.15 mmol) in dioxane (2 mL) was
added 4 N HCl in dioxane (2 mL) at rt. After stirring at rt overnight, the solvent was removed
and the residue was dried in vacuo to give an HCI salt, which was used for the next step without

further purification. LC-MS (ESI): m/z 477.2 (M+H)".

[0386] Step i. To a solution of the HCI salt in DMF (2 mL) was added DIPEA (0.24 mL, 1.5
mmol), followed by N-Moc-L-Val-OH (65 mg, 0.37 mmol), and HATU (141 mg, 0.37 mmol).
After stirring at rt for 30 min, the reaction solution was poured into H;O (50 mL). The
suspension was filtered and the solid was purified by preparative HPLC to give compound 18. 'H
NMR (500 MHz, CDs0D) ¢ 9.69 (s, 1H ), 8.80 (d, 2H, J=7.5), 8.49 (s, 1H), 8.35 (d, 2H, J =
8.0), 8.24 (d, 2H, J=8.5), 8.15 (s, 1H), 8.12 (s, 1H), 8.01 (s, 2H), 7.93 (d, 2H, J = 8.5), 5.30-
5.26 (m, 2H), 4.25 (d, 2H, J=6.5),4.12 (s, 2H), 3.91 (s, 2H), 3.67 (s, 6H), 2.61-2.60 (m, 2H),
2.31-2.17 (m, 6H), 2.08-2.05 (m, 2H), 1.02—0.91 (m, 12H) ppm; LC-MS (ESI) m/z: 791.4 (M +
H)".
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Scheme 3-4

[0387] Step a. Referring to Scheme 3-4, a solution of 19 (5.00 g, 19.8 mmol) in CH;CN
(200 mL) was respectively added EDCI (9.10 g, 47.6 mmol), HOBt (1.34 g, 5.95 mmol),
MeNH(OMe)-HC1 (2.93 g, 30 mmol), and Et;N (6.6 g, 65.3 mmol) at rt. After stirring at rt for 3
h, the reaction mixture was concentrated and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 5/1 (v/v)) to give compound 20 (5.1 g, 87% vyield) as
a white solid. LC-MS (ESI): m/z 295.0 (M + H)".

[0388] Step b. To a solution of compound 20 (2.0 g, 6.8 mmol) in THF (200 mL) was
slowly added 3M MeMgCl in THF (4.5 mL) at 0°C under an atmosphere of N,. After stirring at
0°C for 1 h and then at rt for 1 h, the reaction was quenched by adding several drops of aqueous
NH,4CI. The reaction mixture was concentrated and the residue was diluted with aqueous
NaHCOs; (5 mL) and EtOAc (100 mL). The organic phase was washed with brine and dried with
anhydrous Na;SOy. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum cther/AcOEt = 10:1(v/)) to give compound 21 (1.0 g, 59%) as a
white solid. LC-MS (ESI): m/z 250.0 (M + H)".
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[0389] Step ¢. A solution of compound 21 (500 mg, 2.0 mmol) in HOAc¢ (20 mL) and 48%
aqueous HBr (0.5 mL) was slowly added Br; (320 mg, 2.0 mmol) in 48% aqueous HBr (0.5 mL)
at rt. After stirring at rt for 2 h, the reaction mixture was concentrated and the residue was diluted
with H,O (100 mL). The mixture was extracted with EtOAc (100 mL x 3). The extracts were
combined and washed with saturated NaHCO3 (30 mL x 3) and dried with anhydrous Na,SO..
The solvent was removed and the residue was dried in vacuo to give crude compound 22 (440
mg) as a white solid, which was used for the next step without further purification. LC-MS

(ESI): m/z327.9 (M + H)".

[0390] Step d. A solution of compound 22 (415 mg, 1.26 mmol) in CH3CN (15 mL) was
respectively added N-Boc-L-Pro-OH (300 mg, 1.36 mol) and Et;N (382 mg, 3.78 mmol) at rt.
After stirring at rt for 2 h, the reaction mixture was concentrated and the residue was dried in

vacuo to give crude compound 23 (580 mg), which was used for the next step without further

purification; LC-MS (ESI): m/z 463.1 (M + H)".

[0391] Step e. A mixture of compound 23 (580 mg, 1.25 mmol) and NH4OAc (962 mg, 12.5
mmol) in toluene (25 mL) was stirred at 110 °C overnight. The reaction mixture was
concentrated and the residue was purified by silica gel column chromatography (Petroleum
cther/EtOAc = 9/1(v/v)) to give compound 24 (400 mg, 72%) as a white solid. LC-MS (ESI): m/z
443.1 (M +H)".

[0392] Step f. To a mixture of compound 24 (380 mg, 0.86 mmol), (S)-tert-butyl 2-(5-(4-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1 H-imidazol-2-yl)pyrolidine- 1 -carboxylate (378
mg, 0.860 mmol), and NaHCOs (253 mg, 3.01 mmol) in 1, 2-dimethoxyethane (15 mL) and H,O
(5 mL) was added Pd(dppf)Cl, (35 mg, 0.04 mmol) under an atmosphere of N,. After stirring at
80 °C overnight under an atmosphere of Ny, the reaction mixture was concentrated. The residue
was diluted with H,O (50 mL) and extracted with EtOAc (50 mL x 3). The extracts were
combined and washed with brine and dried with anhydrous Na,SO,. The solvent was removed
and the residue was purified by silica gel column chromatography (Petroleum cther /EtOAc = 5/2
(v/v)) to give compound 25 (550 mg, 95% yield) as a yellow solid. LC-MS (ESI): m/z 676.4 (M
+H)".

[0393] Step g. To a solution of compound 26 (150 mg, 0.22 mmol) in dioxane (2 mL) was
added 4N HCl in dioxane (2 mL) at rt. After stirring at rt overnight, the solvent was removed and
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the residue was dried in vacuo to give an HCI salt, which was used for the next step without

further purification. LC-MS (ESI): m/z 476.2 (M+H)".

[0394] Step h. To a mixture of the HCI salt in DMF (2 mL) was added DIPEA (0.37 mL,
2.3 mmol), followed by N-Moc-L-Val-OH (101 mg, 0.58 mmol) and HATU (218 mg, 0.58
mmol). After stirring at rt for 30 min, the reaction mixture was concentrated and the residue was
purified by preparative HPLC to give compound 26. "H NMR (500 MHz, CD;0D) § 7.96 (d,
2H,J=11.5),7.83 -7.78 (m, 4H), 7.72 (d, 2H, J =8.0) , 5.56 (m, 1H), 5.38 - 5.32 (m, 2H), 4.46 -
442 (m, 1H), 4.27 - 4.26 (m, 1H), 4.21 - 4.13 (m, 2H), 3.97 - 3.94 (m, 1H), 3.66 (s, 6H), 2.89 -
2.86 (m, 1H), 2.64 - 2.62 (m, 2H), 2.34 - 2.25 (m, 3H), 2.01 - 1.96 (m, 2H) , 0.94 - 0.87 (m, 12H)
ppm; LC-MS (ESI): m/z 790.4 (M + H) ..
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Scheme 3-5

[0395] Step a. Referring to Scheme 3-5, a mixture of trichloroacetealdehyde (7.2 g, 48
mmol) in water (120 mL) was added Na,SO4 (104 g), followed by 4-bromobenzenamine (35) in
concd. aq. HCI (10 mL) and NH,OH-HCI1 (8.8 g, 0.13 mol) in H,O (100 mL). After refluxing for
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1 h, the reaction mixture was cooled to rt. The solid was collected by filtration and dried in vacuo

to give compound 36 (8.0 g, 91%) as a yellow solid. LC-MS (ESI) m/z: 243.0 (M + H) .

[0396] Step b. To a round-bottomed flask was charged with 20 mL of H,SO4 (98%) and the
solution was warmed to 50 °C. Subsequently, compound 36 (4.8 g, 20 mmol) was added at such
a rate as to keep the temperature between 60 and 70 °C. After the completion of adding
compound 36, the resulting mixture was warmed to 80 °C and stirred for another 10 min. The
mixture was cooled to rt and poured into ice (200 g). The solid was collected by filtration,
washed with water for several times, and dried in vacuo to give compound 37 (3.6 g, 80% yield)

as an orange solid. LC-MS (ESI) m/z: 225.9 (M + H)".

[0397] Step ¢. A mixture of compound 37 (1.35 g, 6.0 mmol), 1- (4-bromophenyl) ethanone
(1.14 g, 5.7 mmol), and potassium hydroxide (1.02 g, 18.3 mmol) in ethanol (50 mL) was
refluxed overnight. The reaction mixture was concentrated and the residue was diluted with
petroleum cther (100 mL) and water (200 mL). The aqueous phase was isolated, acidified by
adding 1N HCI, and then extracted with cthyl acetate (50 mLx 3). The 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 38 (1.2 g) as a red solid, which was used for the next

step without further purification. LC-MS (ESI) m/z: 405.9 (M + H)".

[0398] Step d. A flask that charged with compound 5 (1.2 g, 2.95 mmol) was heated to 300
°C for 30 min under an atmosphere of Ar. The solid was then purified by silica gel column
chromatography (Petroleum ether/EtOAc = 19:1 (v/v)) to give compound 39 (160 mg, 15%
yield) as a yellow solid. LC-MS (ESI) m/z: 361.9 (M + H)".

[0399] Step e. A mixture of compound 39 (0.11 g, 0.30 mmol), bis(pinacolato)diboron (0.34
g, 1.3 mmol), potassium acetate (0.15 g, 1.5 mmol), and Pd(dppf)Cl, (50 mg, 0.06 mmol) and
dioxane (20 mL) was stirred at 80 "C overnight under an atmosphere of Ar. Subsequently, the
reaction mixture was diluted with EtOAc (100 mL). The resulting mixture was washed with H,O
(50 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/v)) to give
compound 40 (0.12 g, 86% yield). LC-MS (ESI) m/z: 458.3 (M + H) . (The corresponding

boronic acid was also isolated and used as an active intermediate for the next step).
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[0400] Step f. A solution of compound 40 (120 mg, 0.26 mmol) in DME/H,0 (3/1(v/); 24
mL) was sequentially added (S)-tert-butyl 2-(5-i0odo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate
(290 mg, 0.80 mmol), NaHCO; (220 mg, 2.6 mmol), and Pd(dppf)Cl,-CH,Cl, (62 mg, 0.064
mmol) at rt under an atmosphere of Ar. After stirring at 80 °C overnight under an atmosphere of
Ar, the reaction mixture was diluted with EtOAc (100 mL). The organic layer was isolated,
washed with brine, and dried with anhydrous Na,SO4. The solvent was removed and the residue
was purified by silica gel column chromatography (PE/acetone = 2/1(v/v)) to give compound 17
(151 mg, 86% yield) as a yellow solid. LC-MS (ESI): m/z 676.4 (M+H)".

[0401] Step g. To a stirred solution of compound 41 (120 mg, 0.18 mmol) in dioxane (2
mL) was added 4N HCl/dioxane (2 mL). After stirring at rt overnight, the reaction mixture was
concentrated and the residue was dried in vacuo to give an HCI salt, which was used for the next

step without further purification. LC-MS (ESI): m/z 476.2 (M+H)".

[0402] Step h. To a mixture of the HCI salt in DMF (2 mL) was added DIPEA (0.3 mL, 1.8
mmol), followed by N-Moc-L-Val-OH (79 mg, 0.45 mmol) and HATU (169 mg, 0.45 mmol).
After stirring at rt for 30 min, the reaction mixture was slowly poured into H,O. The solid was
collected by filtration and purified by preparative HPLC to give compound 42. "H NMR (500
MHz, CDsOD) § 8.96 (d, 2H, J=9.5 Hz), 8.63 (s, 1H), 8.53 (d, 2H, J=10.0 Hz) , 8.40-8.39
(m, 3H), 8.18 (s, 1H), 8.08 (d, 2H, J= 13 Hz ), 5.29-5.28 (m, 2H), 4.26—4.24 (m, 2H), 4.11-4.10
(m, 2H), 3.99-3.97 (m, 2H), 3.66 (s, 6H), 2.60 (m, 2H), 2.30-2.24 (m, 3H), 2.21-2.19 (m, 3H),
2.14-2.09 (m, 2H) , 1.00-0.83 (m, 12H) ppm; LC-MS (ESI) m/z: 790.4 (M + H)".
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Scheme 3-6

[0403] Step a. Referring to Scheme 3-6, a mixture of 4-methoxy-2-nitrobenzaldehyde (42)
(1.4 g, 7.7 mmol) and 4-methoxyphenyl acetonitrile (1.13 g, 7.7 mmol) was added to a solution
of sodium methylate (0.4 g, 7.7 mmol) in methanol (10 mL) at rt. After stirring at rt for 5 h, the
reaction mixture was filtered. The solid was washed with water and 95% cthanol, respectively,
and dried in vacuo to give compound 43 (1.82 g, 77% yield) as a yellow powder. 'H NMR (500
MHz, CDCls) 6 7.90 (d, J= 8.5 Hz, 1H), 7.85 (s, 1H), 7.70 (d, J= 2.0 Hz, 1H), 7.63 (d, J=9.0
Hz, 2H), 7.28 (m, 1H), 6.98 (d, /= 9.0 Hz, 2H), 3.94 (s, 3H), 3.87 (s, 3H) ppm.LC-MS (ESI):
m/z311.1 M +H)".

[0404] Step b. A solution of compound 43 (15.5 g, 50 mmol) in THF/methanol (5/1 (v/v),
240 mL) was added NaBH4 (2.8 g, 75 mmol) at rt. After stirring at rt for 4 h, the reaction mixture

was poured into ice water and treated with 1 N aq. HCI. The resulting mixture was extracted with
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EtOAc (50 mL x 2). The extracts were combined, washed with brine, and dried with anhydrous
Na,SOs. The solvent was removed and the residue was dried in vacuo to give crude compound
44 (9.8 g), which was used for the next step without further purification. LC-MS (ESI): m/z
335.1 (M +Na)'.

[0405] Step ¢. A mixture of compound 44 (9.0 g, 29 mmol) and 10% Pd/C (4.5 g) in THF
(240 mL) and MeOH (60 mL) was stirred at 45 °C for 48 h under an atmosphere of H,. The
resulting mixture was filtered through CELITE™545; the filtered cake was washed with MeOH
(50 mL x 3). The filtrate was concentrated and the residue was purified by silica gel column
chromatography (Petroleum ether / Ethyl acetate 9:1) to give compound 45 (5.5 g, 71 % yield) as
a white solid. "H NMR (500 MHz, CDCls) § 7.16 (d, J = 8.5 Hz, 2H), 6.91-6.87 (m, 3H), 6.25 (d,
J=8.5Hz, 1H), 6.12 (s, 1H), 3.80 (s, 3H), 3.75 (s, 3H), 3.41 (d, J=11.0 Hz, 1H), 3.27 (t, J =
11.0 Hz, 1H), 3.11-3.05 (m, 1H), 2.90 (d, J = 8.0 Hz, 2H) ppm; LC-MS (ESI): m/z270.1 (M +
H)'.

[04006] Step d. A mixture of compound 45 (2.7 g, 10 mmol) and 10% Pd/C (1.4 g) was
stirred at 270~280 °C for 30 min under an atmosphere of Ar. The mixture was purified by silica
gel column chromatography (Petroleum ether/EtOAc = 6/1 (v/v)) to give compound 46 (1.8 g,
68%) as a white solid. LC-MS (ESI): m/z 266.1 (M + H) .

[0407] Step e. To a solution of compound 46 (0.80 g, 3.0 mmol) in CH,Cl; (30 mL) was
added 4 N BBr3/CH,Cl; (4.5 mL, 18 mmol) at -40 °C. After stirring at rt overnight, the reaction
mixture was diluted with water (30 mL). The resulting mixture was treated with 1 N aq. NaOH
solution to adjust the pH to 8, and extracted with EtOAc (60 mL x 2). The extracts were
combined, washed with brine, and dried with anhydrous Na,;SO,4. The solvent was removed and
the residue was purified by silica gel chromatography (Petroleum ether/EtOAc = 2/1 (v/v)) to
give compound 47 (0.7 g, 99%) as a white solid. LC-MS (ESI): m/z 238.1 (M + H)".

[0408] Step f. To a solution of compound 47 (0.82 g, 3.5 mmol) and pyridine (1.3 g, 16
mmol) in CH,Cl, (45 mL) was added and T£,0 (3.6 g, 13 mmol) at 0 °C. After stirring at rt for
30 min, the reaction mixture was concentrated and the residue was purified by silica gel
chromatography (Petroleum ether/EtOAc = 10/1 (v/v)) to give compound 48 (0.40 g, 23%) as a
yellow solid. LC-MS (ESI): m/z 502.1 (M + H)".
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[0409] Step g. A mixture of compound 48 (0.40 g, 0.80 mmol), bis(pinacolato)diboron (1.0
g, 4.0 mmol), potassium acetate (0.55 g, 5.6 mmol), and Pd(dppf)Cl, (200 mg, 0.24 mmol) and
dioxane (20 mL) was stirred at 80 °C overnight under an atmosphere of Ar. Subsequently, the
reaction mixture was diluted with EtOAc (100 mL). The resulting mixture was washed with H,O
(50 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/v)) to give
compound 49 (0.20 g, 54% yield). LC-MS (ESI) m/z: 458.3 (M + H)". (The corresponding

boronic acid was also isolated and used as an active intermediate for the next step).

[0410] Step h. A solution of compound 49 (160 mg, 0.35 mmol) in DME/H,0 (3/1(v/v); 40
mL) was sequentially added (S)-tert-butyl 2-(5-i0odo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate
(388 mg, 1.07 mmol), NaHCOs (289 mg, 3.44 mmol), and Pd(dppf)Cl,-CH,Cl, (71 mg, 0.090
mmol) at rt under an atmosphere of Ar. After stirring at 80 °C overnight under an atmosphere of
Ar, the reaction mixture was diluted with EtOAc (100 mL). The organic layer was isolated,
washed with brine, and dried with anhydrous Na,SO4. The solvent was removed and the residue
was purified by silica gel column chromatography (Petroleum cther/acetone = 2/1(v/v)) to give

compound 50 (151 mg, 64% yield) as a yellow solid. LC-MS (ESI): m/z 676.4 (M+H)".

[0411] Step i. To a stirred solution of compound 50 (140 mg, 0.21 mmol) in dioxane (2 mL)
was added 4N HCl in dioxane (2 mL) at rt. After stirring at rt overnight, the reaction mixture was

concentrated and the residue was dried in vacuo to give an HCl salt, which was used for the next

step without further purification. LC-MS (ESI): m/z 476.2 (M+H)".

[0412] Step j. To a mixture of the HCI salt in DMF (2 mL) was added DIPEA (0.35 mL, 2.1
mmol), followed by N-Boc-L-Val-OH (92 mg, 0.53 mmol), and HATU (200 mg, 0.530 mmol).
After stirring at rt for 30 min, the reaction mixture was poured into water. The solid was
collected by filtration and purified by preparative HPLC to give compound 51. "H NMR (500
MHz, CD;0OD) § 9.29 (br, I1H), 8.67-8.63 (m, 1H), 8.44-8.41 (m, 1H), 8.29-8.21 (m, 2H),
8.13 (s, 2H), 8.01 (s, 2H), 5.31-5.25(m, 2H), 4.26-4.23 (m, 2H), 4.12 (s, 2H), 4.05-3.91 (m,
2H), 3.66 (s, 3H), 3.62 (s, 3H), 2.60 (m, 2H), 2.31-1.95 (m, 7H), 1.01-0.86 (m, 12H) ppm; LC-
MS (ESI): m/z 790.4 M + H)",
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Scheme 3-7

[0413] Step a. Referring to Scheme 3-7, a mixture of compound 52 (9.35 g, 50 mmol),
TMS-acetylene (7.35 g, 75 mmol), DIEA (21.0 mL, 150 mmol), Cul (475 mg, 2.50 mmol),
Pd(PPhs),Cl, (3.51 g, 5.0 mmol), and PPh3 (2.62 g, 10.0 mmol) in anhydrous THF (100 mL) was
refluxed overnight under an atmosphere of Ar. The reaction mixture was concentrated and the
residue was diluted with water (50mL) and EtOAc (150 mL). The organic layer was 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 = 10/1 (v/)) to give compound 53
(10.0 g, 98%) as a yellow oil. LC-MS (ESI): m/z 205.1 (M+H)".
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[0414] Step b. A mixture of compound 53 (2.4 g, 11.7 mmol) and K,COs (4.9 g, 35.3
mmol) in THF (20 mL) and MeOH (20 mL) was stirred at rt for 3 h. The solvent was removed
and the residue was diluted with EtOAc (150 mL), washed with brine, and dried with anhydrous
NaySOy4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum cther/acetone = 10/1 (v/v)) to give compound 54 (1.3 g, 84%) as a
yellow oil. LC-MS (ESI): m/z 133.1 (M+H)".

[0415] Step ¢. To a solution of compound 55 (25.0 g, 184 mmol) in AcOH (125 mL) was
added Br; (11.0 mL, 220 mmol). After stirring at rt for 4 h, the reaction mixture was filtered. The
solid was washed with H,Oand dried in vacuo to give compound 56 (38 g, 96%) as a white solid.

LC-MS (ESI): m/z 215.0 (M+H)".

[0416] Step d. A mixture of compound 54 (17.9 g, 83.3 mmol), compound 56 (11.0 g, 83.3
mmol), Cul (1.59 g, 0.25 mmol), Et;N (23.00 mL, 166.6 mmol), Pd(PPhs),Cl, (2.95 g, 4.20
mmol), and PPh; (4.40 g, 16.7 mmol) in DMF (100mL) was stirred at 40 °C overnight under an
atmosphere of N,. The reaction mixture was concentrated and the residue was diluted with
EtOAc (500 mL). The resulting mixture was washed with brine and dried with anhydrous
NaySO4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 10/1 (v/v)) to give compound 57 (9.8 g, 45%). LC-
MS (ESI): m/z 267.1 (M+H)".

[0417] Step e. A solution of compound 57 (5.5 g, 21 mmol) in EtOH (100 mL) was added

hydroxylamine hydrochloride (1.73 g, 25.0 mmol) and NaOAc (2.05 g, 25.0 mmol), respectively.

After stirring at 60 °C for 2 h, the reaction mixture was added K,COj3 (4.3 g, 31 mmol) and H,O
(15 mL). The resulting mixture was refluxed for 12 h and then concentrated. The residuc was
dissolved in EtOAc and the resulting mixture was washed with brine and dried with anhydrous

Na,SOs. The solvent was removed and the residue was dried in vacuo to give crude compound

58 (5.8 g). LC-MS (ESI): m/z 282.1 (M+H)".

[0418] Step f. A mixture of compound 58 (100 mg, 0.36 mmol) and 5% Pd/C (75 mg) in
EtOH (25 mL) was stirred at rt overnight under an atmosphere of H,. The reaction mixture was
filtered through CELITE"™545. The filtered cake was washed MeOH (25 mL x 3). The filtrate
was concentrated and the residue was purified by silica gel column chromatography to give

compound 59 (50 mg, 53%). LC-MS (ESI): m/z 266.1 (M+H) "
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[0419] Step g. To a solution of compound 59 (2.0 g, 7.5 mmol) in CH;,Cl, (75 mL) was
added 4N BBr; in CH,Cl, (12 mL, 45 mmol) at -40 °C under an atmosphere of N,. After stirring
at rt overnight, the reaction was quenched by adding water (10 mL). Subsequently, the mixture
was treated with saturated aqueous NaHCOs to adjust the pH value to 8. The organic layer was
washed with brine and dried with anhydrous Na,SO4. The solvent was removed and the residue
was purified by silica gel column chromatography (Petroleum cther/EtOAc = 2/1 (v/v)) to give
compound 60 (1.36 g, 76%) as a white solid. LC-MS (ESI): m/z 238.1 (M+H) ".

[0420] Step h. To a solution of substrate 7 (1.36 g, 5.7 mmol) and pyridine (2.03 g, 25.7
mmol) in CH,Cl, (120 mL) was added Tf,0 (5.84 g, 20.7 mmol) in CH,Cl, (30 mL) at 0 °C.
After stirring at 0 'C for 30 min, the reaction mixture was concentrated and the residue was
purified by silica gel column chromatography (Petroleum cther/EtOAc = 10/1 (v/v)) to give
compound 61 (2.4 g, 84%) as a yellow solid. LC-MS (ESI): m/z 502.0 (M+H)".

[0421] Step i. A mixture of compound 61 (2.0 g, 4.0 mmol), bis(pinacolato)diboron (5.1 g,
20 mmol), potassium acetate (2.7 g, 28 mmol), and Pd(dppf)Cl, (0.98 g, 1.2 mmol) and dioxane
(80 mL) was stirred at 80 'C overnight under an atmosphere of Ar. Subsequently, the reaction
mixture was diluted with EtOAc (100 mL). The resulting mixture was washed with H,O (50 mL)
and dried with anhydrous Na,SO4. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum cther/acetone = 10/1 (v/v)) to give compound 62
(986 mg, 54% yield). LC-MS (ESI) m/z: 458.3 (M + H)". (The corresponding boronic acid was

also isolated and used as an active intermediate for the next step).

[0422] Step j. A solution of compound 62 (1.7 g, 3.7 mmol) in DME/H,0 (3/1(v/v); 40 mL)
was sequentially added (S)-tert-butyl 2-(5-iodo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate
(3.70 g, 10.0 mmol), NaHCOs3 (2.7 g, 32 mmol), and Pd(dppf)Cl; (0.65 mg, 0.80 mmol) at rt
under an atmosphere of Ar. After stirring at 80 °C overnight under an atmosphere of Ar, the
reaction mixture was diluted with EtOAc (150 mL). The organic layer was isolated, 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/acetone = 2/1(v/v)) to give compound 63

(650 mg, 26%) as a yellow solid. LC-MS (ESI): m/z 676.4 (M+H)".

[0423] Step k. To a stirred solution of compound 63 (200 mg, 0.3 mmol) in dioxane (3 mL)
was added 4N HCl in dioxane (3 mL) at rt. After stirring at rt overnight, the reaction mixture was
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concentrated and the residue was dried in vacuo to give an HCI salt, which was used for the next

without further purification. LC-MS (ESI): m/z 476.2 (M+H)".

[0424] Step 1. Subsequently, a mixture of the HCl salt in DMF (3 mL) was added DIPEA
(0.5 mL, 3.0 mmol), followed by N-Moc-L-Val-OH (130 mg, 0.740 mmol), and HATU (281 mg,
0.740 mmol). After stirring at rt for 30 min, the reaction mixture was poured into H,O. The solid
was collected by filtration and purified by preparative HPLC to give compound 64. '"H NMR
(500 MHz, CD;0D) 0 ppm 9.80 (s, 1H), 8.87-8.71 (m, 2H), 8.41-8.18 (m, 6H), 8.05-7.80 (m,
3H), 5.30-5.27 (m, 2H), 4.25 (s, 2H), 4.12 (s, 2H), 4.03-3.90 (m, 2H), 3.66 (s, 6H), 2.61 (s, 2H),
2.31-2.08 (m, 8H), 1.09-0.90 (m, 12H); LCMS (ESI): m/z 790.4 (M + H)".
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[0425] Step a.Referring to Scheme 3-8, to a solution of 132 (3.70 g, 14.7 mmol) in DMF (50
mL) at rt, N,O-Dimethylhydroxylamine hydrochloride (1.46 g, 15.0 mmol), HATU (6.15 g, 16.2
mmol), and EtzN (2.22 g, 22.0 mmol) were added. After stirring at rt for 24 h, the reaction
mixture was concentrated and the residue was diluted with DCM (150 mL). The mixture was
washed with saturated aqueous NH4Cl and brine, respectively, and dried with anhydrous
Na,SOs. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc =4/1 (v/v)) to give compound 133 (3.78 g, 87% yield)
as a yellow solid. LC-MS (ESI): m/z 295.0 (M + H)".

[0426] Step b. To a solution of compound 133 (3.53 g, 12.0 mmol) in THF (80 mL) was
slowly added 3M MeMgCl in THF (6 mL) at 0 °C. After stirring at 0°C for 1 h and then at rt for
another 1 h, the reaction was quenched by adding saturated aqueous NH4Cl. The reaction
mixture was concentrated and the residue was added saturated aqueous NaHCO;3 (25 mL) and
EtOAc (100 mL). The organic phase was washed with brine and dried with anhydrous Na;SOs.
The solvent was removed and the residue was dried in vacuo to give compound 134 (3.0 g,

100%) as a white solid. LC-MS (ESI): m/z 250.0 (M+H)".

[0427] Step ¢. To a solution of compound 134 (2.80 g, 11.2 mmol) in DCM (80 mL) was
added 'Pr,NEt (5.79 g, 44.8 mmol). The mixture was cooled to 0 °C and TMSOTf (7.47 g, 33.6
mmol) was drop-wisely added. After stirring at 0 °C for 30 min and then at rt for another 1 h, the
reaction mixture was washed with saturated aqueous NaHCOj; and brine, respectively, and dried
with anhydrous Na,;SO4. The solvent was removed and the residue was dried in vacuo to give
crude compound 135 (3.6 g), which was used for the next step without further purification. LC-
MS (ESI): m/z 322.0 (M+H)".

[0428] Step d. To a solution of compound 135 (3.60 g, 11.2 mmol) in THF (60 mL) was
drop-wisely added solution of NBS (1.79 g, 10.1 mmol) in THF (20 mL) at 0 °C. After stirring at
10 °C for 1 h, the reaction mixture was concentrated and the residue was diluted with DCM (150
mL). The mixture was washed with brine and dried with anhydrous Na,SO4. The solvent was

removed and the residue was dried in vacuo to give crude compound 136 (3.6 g), which was

used of the next step without further purification. LC-MS (ESI): m/z 327.9 (M+H)".

[0429] Step e. To a solution of compound 136 (3.6 g, 10.9 mmol) in EtOAc (100 mL) at rt,
(S)-N-Boc-Pro-OH (2.47 g, 11.5 mmol) and Et;N (3.31 g, 32.7 mmol) were added. After stirring
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at rt for 5 h, the reaction mixture was washed with saturated aqueous NaHCOs3 and brine,
respectively, and dried with anhydrous Na,SO4. The solvent was removed and the residue was
dried in vacuo to give crude compound 137 (5.0 g), which was used for the next step without

further purification. LC-MS (ESI): m/z 463.1 (M+H)".

[0430] Step f. A mixture of crude compound 137 (5.0 g) and NH4OAc (8.39 g, 109 mmol)
in toluene (100 mL) was stirred at 115 °C overnight. The solvent was removed and the residue
was diluted with EtOAc (200 mL). The mixture was washed with water and dried with
anhydrous Na;SOj4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 3/1 (v/v)) to give compound 138 (1.2 g, 25%) as a
white solid. LC-MS (ESI): m/z 443.1 (M+H)".

[0431] Step g. To a mixture of compound 138 (442 mg, 1.00 mmol), compound 139 (546
mg, 1.10 mmol), and NaHCOs3 (336 mg, 4.00 mmol) in 1, 2-dimethoxyethane (8 mL) and H,O (2
mL) was added Pd(dppf)Cl, CH,Cl, (163 mg, 0.20 mmol) under an atmosphere of N,. After
stirring at 80 °C overnight, the reaction mixture was concentrated and the residue was diluted
with EtOAc (50 mL) and H,O (10 mL).The organic phase was washed with brine and dried with
anhydrous Na,SQO.. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 1/2 (v/v)) to give compound 140 (500 mg, 68%
yield) as a yellow solid. LC-MS (ESI): m/z 733.4 (M+H)".

[0432] Step h. To a solution of compound 140 (139 mg, 0.19 mmol) in dioxane (2 mL) was
added 4N HCl in dioxane (2.0 mL). After stirring at rt for 2 h, the reaction mixture was
concentrated and the residue was dissolved in water (5 mL) and added saturated aqueous
NaHCO:s to adjust pH value to 8. The resulting mixture was saturated with NaCl and extracted
with DCM (15 mL x 5). The extracts were combined and dried with dried with anhydrous
NaySOy4. The solvent was removed and the residue was dried in vacuo to give a free base, which

was used for the next step without further purification. LC-MS (ESI): m/z 633.3 (M + H)".

[0433] Step i. Subsequently, the free base was dissolved in DCM (5 mL) and the mixture
was added N-Moc-L-Val-OH (40 mg, 0.23 mmol) and DIC (29 mg, 0.23 mmol). After stirring at
rt for 20 min, the reaction mixture was concentrated and the residue was purified by preparative
HPLC to give compound 141. LC-MS (ESI): m/z 790.4 (M+H) ".
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EXAMPLE 4 — Synthesis of compounds of Formula Ile

[0434] Step a.Referring to Scheme 4-1, a solution of compound 27 (5.0 g, 20 mmol) in
CH3;CN (200 mL) was added EDCI (5.8 g, 30 mmol), HOBt (675 mg, 30 mmol),
MeNH(OMe)-HCI (2.93 g, 30 mmol), and EtsN (6.1 g, 60 mmol) at rt. After stirring at rt for 3 h,
the reaction mixture was concentrated and the residue was purified by silica gel column
chromatography (Petroleum cther/EtOAc = 5/1 (vA)) to give compound 28 (5.4 g, 92% yield) as
a white solid. LC-MS (ESI): m/z 294.0 (M + H) .

[0435] Step b. To a solution of compound 28 (2.9 g, 10 mmol) in THF (100 mL) was slowly
added 3M MeMgCl in THF (20 mmol) at 0°C under an atmosphere of N,. After stirring at 0°C
for 1 h and then at rt for 1 h, the reaction was quenched by adding several drops of aq. NH4CI.
The reaction mixture was concentrated and the residue was diluted with EtOAc (100 mL). The
organic phase was washed with sat. ag. NaHCOj3 and dried with anhydrous Na,SO,. The solvent
was removed and the residue was purified by silica gel column chromatography (Petroleum
ether/AcOEt = 10:1(v/)) to give compound 29 (2.3 g, 92% yicld). LC-MS (ESI): m/z 249.0 (M +
H)".

[0436] Step ¢. To a solution of 29 (1.84 g, 7.4 mmol) in DCM (100mL) was drop-wisely
added Br; (18.8 g, 14.7 mmol) at 0 °C. After stirring at 0 °C for 30 min, the reaction mixture was
warmed to rt with stirring for another 2 h. Subsequently, the reaction mixture was respectively
washed with water, and saturated aqueous NaHCO3, and the organic phase was dried with
anhydrous Na;SOj4. The solvent was removed and the residue was dried in vacuo to give crude

compound 30 (2.0 g) as a yellow solid, which was used for the next step without further
purification. LC-MS (ESI): m/z 326.9 (M+H)".

[0437] Step d. A solution of compound 30 (1.95 g, 5.9 mmol) in DCM (50 mL) was added
N-Boc-L-Pro-OH (1.6 g, 7.3 mmol) and EtsN (1.7 mL, 12.2 mmol) at rt. After stirring st rt for 2
h, the reaction mixture was washed with saturated NH4Cl, and brine, respectively; the organic
phase was dried with anhydrous Na,;SO4. The solvent was removed and the residue was dried in
vacuo to give crude compound 31 (2.4 g), which was used for the next step without further

purification. LC-MS (ESI): m/z 462.1 (M+H)".
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[0438] Step e. A mixture of compound 31 (2.4 g, 5.2 mmol) and NH4OAc (4.0 g, 52 mmol)
in toluene (52 mL) stirred at 110 °C overnight. Subsequently, the reaction mixture was cooled to
rt and diluted with EtOAc (100 mL). The mixture was washed with saturated aqueous Na,COs
(50 mL x 2), and brine, respectively; the organic phase was dried with anhydrous Na,SO4. The
solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum cther/EtOAc = 1/1(vA)) to give compound 32 (1.4 g, 62%) as a yellow solid. LC-MS
(ESI): m/z 442.1 (M+H)".

[0439] Step f. To a mixture of compound 32 (1.0 g, 2.3 mmol), (S)-tert-butyl 2-(5-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-imidazol-2-yl)pyrolidine-1-carboxylate (1.0 g,
2.3 mmol), and NaHCOs3 (0.76 g, 9.0 mmol) in 1, 2-dimethoxyethane (30 mL) and H,O (10 mL)
was added Pd(dppf)Cl, (277 mg, 0.34 mmol) under an atmosphere of N,. After stirring at 80 °C
overnight under an atmosphere of Ny, the reaction mixture was concentrated. The residue was
diluted with H,O (50 mL) and the aqueous phase was extracted with EtOAc (50 mL x 3). The
extracts were combined and 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 = 5/2 (v/v)) to give compound 33 (1.0 g, 78% vyield) as a yellow solid. LC-MS (ESI): m/z
675.4 (M + H)".

[0440] Step g. To astirred solution of compound 33 (250 mg, 0.37 mmol) in dioxane (3
mL) was drop-wisely added 4.0N HCl in dioxane (3mL) at rt. After stirring at rt for 4 h, the
reaction mixture was concentrated and the residue was dried in vacuo to give an HCI salt, which

was used for the next step without further purification. LC-MS (ESI): m/z 475.3 (M + H)".

[0441] Step h. Subsequently, the HCI salt was suspended in THF (5 mL) and DIPEA (0.35
mL) and N-Moc-L-Val-OH (130 mg, 0.74 mmol) at rt. After stirring at rt for 15 min, HATU
(340 mg, 0.89 mmol) was added and the resulting reaction mixture was stirred at rt for another 2
h. The solvent was removed and the residue was purified by preparative HPLC to give
compound 34. "H NMR (500 MHz, CDCls) § 8.04-8.06 (m, 1H), 7.96-7.99 (m, 2H), 7.91-7.92
(m, 2H), 7.79 (s, 1H), 7.70-7.71 (m, 2H), 7.66-7.67 (m, 2H), 7.60-7.61 (m, 2H), 5.29-5.31 (m,
2H), 4.27 (s, 2H), 4.13 (s, 2H), 3.92 (s, 2H), 3.68 (s, 6H), 2.63 (s, 2H), 2.17-2.32 (m, 6H), 2.12
(s, 2H), 0.93 - 0.97 (m, 12H) ppm; LC-MS (ESI): m/z 789.4 (M+H)".

EXAMPLE 5 — Svnthesis of compounds of Formula 1111
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Scheme 5-1

[0442] Step a. Referring to Scheme 5-1, a mixture of compound 65 (300 mg, 1.05 mmol),
(8)-tert-butyl 2-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-benzo[d]imidazol-2-
yl)pyrrolidine-1-carboxylate (1.14 g, 2.75 mmol), and NaHCO3 (740 mg, 8.80 mmol) in 1, 2-
dimethoxyethane (30 mL) and water (10 mL) were added Pd(dppf)Cl, (179 mg, 0.220 mmol) at
rt under an atmosphere of N,. After stirring at 80 °C overnight, the reaction mixture was
concentrated. The residue was diluted with DCM (100 mL) and water (25 mL). The organic
layer was washed with brine and dried with anhydrous Na,SOs. The solvent was removed and
the residue was purified by silica gel column chromatography (Petroleum ether/acetone = 2/1

vA)) to give compound 66 (650 mg, 86%). LC-MS (ESI): m/z 699.4 (M+H)".
(vw))tog p ( g, ) (ESI) ( )

[0443] Step b. To a solution of compound 66 (110 mg, 0.16 mmol) in dioxane (2 mL) was
added 4.0 N HCl in dioxane (2 mL) at rt. After stirring at rt for 3 h, the reaction mixture was
concentrated and the residue was dried in vacuo to give an HCI salt, which was used directly for

the next step without further purification. LC-MS (ESI): m/z 499.3 (M+H)".

[0444] Step ¢. Subsequently, the HCI salt was dissolved in DMF (2 mL), followed by
adding DIPEA (207 mg, 16 mmol), N-Moc-L-Val-OH (68 mg, 0.39 mmol), and HATU (148 mg,

0.39 mmol) at rt. After stirring at rt for 15 min, the reaction mixture was added into water. The
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solid was collected by filtration and purified by preparative HPLC to give compound 67. LC-MS
(ESI) m/z 813.4 (M + H)".

EXAMPLE 6 — Synthesis of compounds of Formula I11d
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[0445] Step a. Referring to Scheme 6-1, a mixture of compound 70 (8.00 g, 35.7 mmol,
purchased from Aldrich Chemicals, Milwaukee, Wisconsin, USA), bis(pinacolato)diboron (10.9
g, 42.8 mmol), K,CO3 (10.50 g, 107.1 mmol) in 1,4-dioxane (600 mL) was added Pd(dppf)Cl,
(2.9 g, 3.6 mmol) at rt under an atmosphere of N,. After stirring at 80 °C for 3 h under an
atmosphere of Ny, the reaction mixture was cooled to rt and filtered through Celiirt®545. The
filtered cake was washed with EtOAct (100 mL X 3). The filtrate was concentrated and the
residue was diluted with EtOAc (500 mL). The resulting mixture was washed with brine and

dried with anhydrous Na,;SO4. The solvent was removed and the residue was purified by silica
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gel column chromatography (Petroleum ether/Acetone = 1/1 (v/v)) to give compound 71 (8.28 g,
86% yield) as a light brown solid. LC-MS (EST) m/z 272.1 (M + H)".

[0446] Step b. To a mixture of compound 71 (5.90 g, 21.8 mmol), (S)-tert-butyl 2-(5-iodo-
1H-imidazol-2-yl)pyrrolidine-1-carboxylate (9.50 g, 26.2 mmol), NaHCOs (7.30 g, 87.2 mmol)
in 1,2-dimethoxyethane (500 mL) and water (150 mL) was added Pd(dppf)Cl, (3.6 g, 4.4 mmol)
under an atmosphere of N,. After stirring at 80 °C overnight, the reaction mixture was
concentrated and the residue was diluted with EtOAc (250 mL) and water (50 mL). The organic
layer was washed with brine and dried with anhydrous Na,;SOs. The solvent was removed and
the residue was purified by silica gel column chromatography (DCM/MeOH = 5/1 (v/v)) to give
compound 72 (5.30 g, 64% yield) as a yellow solid. LC-MS (ESI) m/z 381.2 (M + H)".

[0447] Step ¢. To a solution of compound 72 (2.0 g, 5.26 mmol) in 40 mL pyridine was
drop-wisely added Tf,0 (3.71 g, 13.1 mmol) at 0 °C. After stirring at 0 °C for 1 h and at rt for 3
h, the reaction mixture was concentrated. The residue was purified by silica gel column
chromatography (Petroleum ether/acetone = 4/1 (v/v)) to give compound 73 (2.04 g, 60% vyield)
as a yellow solid. LC-MS (ESI) m/z 645.1 (M + H) .

[0448] Step d. To a mixture of compound 73 (500 mg, 0.78 mmol), methyl (S)-3-methyl-1-
oxo0-1-((5)-2-(6-(4,4,5,5-tertamethyl-1,3,2-dioxaborolan-2-yl)-1 H-benzo[d]imidazol-2-yl)butan-
2-ylcarbamate (74) (419 mg, 0.89 mmol), and NaHCO; (299 g, 3.56 mmol) in 1,2-
dimethoxyethane (60 mL) and water (20 mL) was added Pd(dppf)Cl, (147 mg, 0.18 mmol) at rt
under an atmosphere of N,. After stirring at 80 °C overnight under an atmosphere of Ny, the
reaction mixture was concentrated. The residue was diluted with EtOAc (100 mL) and water (25
mL). The organic layer was 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/acetone = 1:1 (v/v)) to give compound 75 (0.40 g, 64% yield) as a yellow solid. LC-MS
(ESI) m/z 7074 (M + H)".

[0449] Step e. To a solution of compound 75 (114 mg, 0.161 mmol) in dioxane (2 mL) was
added 4N HCl in dioxane (2 mL) at rt. After stirring at rt for 3 h, the reaction mixture was

concentrated and the residue was dried in vacuo to give an HCl salt, which was used for the next

step without further purification. LC-MS (ESI) m/z 607.3 (M + H)".
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[0450] Step f. Subsequently, the HCI salt was dissolved in DMF (2 mL), followed by adding
EtsN (0.11 mL, 0.81 mmol), N-Moc-L-Val-OH (32 mg, 0.18 mmol), and HATU (69 mg, 0.18
mmol) at rt. After stirring at rt for 1 h, the reaction mixture was concentrated and the residue was

purified by preparative HPLC to give compound 76. LC-MS (ESI): m/z 764.4 (M + H) .
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[0451] Step a. Referring to Scheme 6-2, a solution of compound 78 (50.0 g, 0.30 mol) in
THF (500 mL) and H,O (500 mL) was added K,CO3 (83 g, 0.60 mol) and (Boc),0 (73.0g, 0.330
mol). After stirring at rt overnight, the reaction mixture was concentrated and the residue was
extracted with EtOAc (250 mL x 3). The 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 78 (62 g), which was used for the next step without further purification. LC-MS
(ESI) m/z 230.1 (M + H)".

[0452] Step b. To a solution of compound 78 (60.0 g, 260 mmol) in EtOH (1 L) was slowly
added NaBH, (50.0 g, 1.30 mol) at rt. After stirring at rt overnight, the reaction was quenched by
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adding acctone (10 mL). The resulting mixture was concentrated and the residue was diluted
with EtOAc (500 mL). The mixture was washed with brined and dried in vacuo. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 1/1 (v/v)) to give compound 79 (42.0 g, 80% yield) as a white solid. LC-MS (ESI)
m/z202.1 (M + H)".

[0453] Step ¢. To a solution of compound 79 (30.0 g, 150 mmol) and DMSO (35.0 g, 450
mmol) in DCM (1 L) was added oxalyl chloride (28.0 g, 220 mmol) at -78 °C. After stirring at -
78 °C for 4 h, the reaction mixture was added Et;N (60.0 g, 600 mol) and the resulting mixture
was stirred for another 1 h at -78 °C. Subsequently, the reaction was quenched by adding H,O.
The organic layer was separated and the aqueous layer was extracted with DCM (200mL x 2).
The extracts were combined, washed with brine, and dried with Na,SO,. The solvent was
removed and the residue was dried in vacuo to give crude compound 80 (22.0 g) as a colorless

oil, which was used immediately without further purification. LC-MS (ESI) m/z 200.1 (M + H)".

[0454] Step d. A mixture of compound 80 (7.7 g, 38.5 mmol), 6-bromopyridine-2,3-diamine
(8.0 g, 42.8 mmol) (PCT Intl. Appl. WO 2008021851) , and iodine (1.08 g, 4.28 mmol) in AcOH
(30 mL) was stirred at rt overnight. The reaction mixture was neutralized by adding saturated
aqueous NaHCOs. The resulting mixture was extracted with EtOAc (200 mL x 3). The extracts
were combined, washed with brine, and dried with anhydrous Na,;SO4. The solvent was removed
and the residue was purified by silica gel column chromatography (DCM/MeOH = 80/1 (v/v)) to
give compound 81 (7.8 g, 55% yield). LC-MS (ESI) m/z 367.1 (M + H)".

[0455] Step e. A mixture of compound 82 (10.0 g, 20.1 mmol), bis(pinacolato)diboron (7.65
g, 30.1 mmol), potassium acetate (6.89 g, 70.3 mmol), and Pd(dppf)Cl,-CH,Cl; (886 mg, 1.0
mmol) in 1,4-dioxane (200 mL) was stirred at 80 °C for 3 h under an atmosphere of N,. The
reaction mixture was filtered through CELITE™ 545 and the filtered cake was washed with
EtOAc (200 mL x 3). The filtrate was washed with brine and dried with anhydrous Na,;SO4. The
solvent was removed and the residue was purified by silica gel column chromatography
(DCM/MeOH = 50/1 (v/v)) to give compound 83 (9.8 g, 89% yield) as a white solid: LC-MS
(ESI) m/z 547.3 (M + H)".

[0456] Step f. A mixture of compound 81 (2.0 g, 5.4 mmol), compound 83 (2.9 g, 5.4
mmol), NaHCO; (1.60 g, 18.9 mmol), and Pd(dppf)Cl,-CH,Cl, (239 mg, 0.27 mmol) in 1, 2-
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dimethoxyethane (90 mL) and water (30 mL) was stirred at 80 °C overnight under an atmosphere
of N,. The reaction mixture was concentrated and the residue was added DCM (200 mL) and
water (50 mL). The organic pahse was washed with brine and dried with anhydrous Na,SO4. The
solvent was removed and the residue was purified by silica gel column chromatography
(DCM/MeOH = 80/1 (v/v)) to give compound 84 (1.5 g, 40% yield) as a yellow solid. LC-MS
(ESI) m/z 707.4 (M + H)".

[0457] Step g. To a solution of compound 84 (200 mg, 0.28 mmol) in 3 mL dioxane was
added 4N HCl in dioxane (3 mL). After stirring at rt for 3 h, the reaction mixture was
concentrated and the residue was dried in vacuo to give an HCI salt, which was used for the next

step without further purification. LC-MS (ESI) m/z 607.3 (M + H)".

[0458] Step h. Subsequently, the HCI salt was dissolved in DMF (3 mL), and the resulting
mixture was added Et;N (0.20 mL, 1.4 mmol), N-Moc-L-Val-OH (55 mg, 0.31 mmol), and
HATU (118 mg, 0.31 mmol). After stirring at rt for 1 h, the reaction mixture was concentrated
and the residue was purified by preparative HPLC to give compound 85. LC-MS (ESI): m/z
764.4 (M + H)".
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[0459] Step a. Referring to Scheme 6-3, to a solution of N-Boc-L-Pro-OH (29 g, 135 mmol)
and DIPEA (29 g, 225 mmol) in THF (500 mL) was added HATU (51 g, 135 mmol) at rt. After
stirring at rt for 10 min, 4-bromobenzene-1,2-diamine (95) (25 g, 135 mmol) was added and the

resulting solution was stirred at rt for another several hours. Subsequently, the reaction mixture
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was concentrated and the residue was diluted with EtOAc (500 mL). The resulting mixture was
washed with water for several times (100 mL x 3) and dried with anhydrous Na,SO4. The
solvent was removed and the residue was dried in vacuo to give a mixture of crude compounds
96 and 96’, which were used for the next step without further purification. LC-MS (ESI): m/z
384.1 (M+H)".

[0460] Step b. A mixture of crude compounds 96 and 96’ obtained from the reaction above
in AcOH (1000 mL) was stirred at 40 °C for 12 h. Subsequently, the reaction mixture was
carefully neutralized by adding saturated aqueous sodium bicarbonate solution to adjust the pH
value to 8. The resulting mixture was extracted with EtOAc for several times (250 mL x 3). The
extracts were combined, washed with water, and dried with anhydrous Na,;SO4. The solvent was
removed and the residue was purified by silica gel chromatography (Petroleum ether/EtOAc =
4/1 (v/v)) to give 97 (35 g, 71% yield, two steps from 95) as a yellow solid. LC-MS (ESI): m/z
366.1 (M+H)".

[0461] Step c¢. A mixture of compound 97 (10.0 g, 27.3 mmol), trimethylsilylacetylene (4.0
g, 41.0 mmol), DIPEA (3.5 g, 27.3 mmol), Cul (220 mg, 1.15 mmol), PPh;3 (1.2 g, 4.6 mmol),
and Pd(PPh3),Cl, (1.6 g, 2.3 mmol) in anhydrous THF (200 mL) was refluxed overnight under an
atmosphere of N,. The reaction mixture was concentrated and the residue was diluted with
EtOAc (250 mL). The mixture was washed with brine and dried with anhydrous Na,SO4. The
solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum cther/EtOAc = 3/1 (v/v)) to compound 98 (7.8 g, 85% yield). LC-MS (ESI): m/z
384.2 (M+H)".

[0462] Step d. A mixture of compound 98 (7.7 g, 20 mmol) and K,CO3 (27.6 g, 0.2 mol) in
THF (150 mL) and MeOH (150 mL) was stirred at rt for 3 h. 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 diluted with DCM (250 mL). The mixture was washed
with brined and ried with anhydrous Na,SO4. The solvent was removed and the residue was
purified by silica gel column chromatography (Petroleum cther/acetone = 2/1 (v/v)) to give

compound 99 (4.7 g, 75% yield). LC-MS (ESI): m/z 312.2 (M+H)".

[0463] Step e. To a solution of m-hydroxybenzaldehyde (100) (30.0 g, 0.24 mol) in dry
CHCIls (245 mL) was slowly added bromine (12.36 mL, 0.24 mol) over 40-45 min at rt. After
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completion of the addition, the reaction mixture was stirred at rt for 3h. Subsequently, saturated
aqueous NaHCO; was carefully added to neutralize the mixture. The organic layer was washed
with brine and dried with Na,SO4. The solvent was removed and the residue was dried in vacuo

to give crude compound 101 (37 g) as a brown solid. LC-MS (ESI): m/z 200.9 (M + H) .

[0464] Step f. To a solution of compound 101 (10 g, 49.8 mol) in anhydrous THF/DMF (5/1
(v/v), 120 mL) was added NaH (2.0 g, 51 mmol, 60% dispersion in mineral oil) at 0 °C under an
atmosphere of N,. After stirring at rt for 30 min, the mixture was added benzyl bromide (8.7 mL,
73 mmol) over 20-25 min. The resulting mixture was stirred at rt overnight and the reaction was
quenched by adding saturated aqueous NH4Cl (50 mL). The reaction mixture was concentrated
and the residue was diluted with EtOAc (150 mL) and water (50 mL). The organic phase was
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=10/1 (v/»)) to give
compound 102 (11 g, 77% yield). LC-MS (ESI): m/z 291.0 (M + H) .

[0465] Step g. A mixture of compound 99 (2.80 g, 9.0 mmol), compound 102 (2.6 g, 9.0
mmol), Pd(PPh),Cl, (6.3 g, 0.9 mmol), Cul (2.55 g, 1.34 mmol), Et;N (2.5 mL, 18 mmol), and
PPh; (4.7 g, 1.8 mmol) in DMF (100 mL) was stirred at 60 °C for 12 h. Subsequently, the
reaction mixture was concentrated. The residue was diluted with EtOAc (150 mL) and water (50
mL). The organic phase was washed with brined and dried with anhydrous Na,;SOs. The solvent
was removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 10/1 (v/v)) to give compound 103 (4.0 g, 86% yield). LC-MS (ESI): m/z 522.2 (M
+H) "

[0466] Step h. A solution of compound 103 (4.1 g, 7.9 mmol) in EtOH (100 mL) was added
hydroxylamine hydrochloride (650 mg, 9.4 mmol) and NaOAc¢ (770 mg, 9.4 mmol),
respectively, at rt. After stirring at 60 °C for 2 h, the reaction mixture was added K,CO; (1.64 g,
11.85 mmol) and water (20 mL). The resulting mixture was refluxed for 12 h. Subsequently, the
reaction mixture was concentrated and the residue was diluted with EtOAc (200 mL) and water
(20 mL). The organic phase was washed with brine and dried with anhydrous Na;SO4. The
solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum cther/Acetone = 5/1 (v/v) to DCM/MeOH = 5/1 (v/v)) to give compound 104 (1.5 g,
36% yield). LC-MS (ESI): m/z 537.2 (M + H) ".
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[0467] Step i. A mixture of compound 104 and 10% Pd/C (1.5 g) in MeOH (50 mL) was
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 MeOH (50 mL x 3). The filtrate

was concentrated and the residue was purified by silica gel column chromatography to give

compound 105 (670 mg, 56% yield). LC-MS (ESI): m/z 431.2 (M + H) "

[0468] Step j. To asolution of compound 105 (650 mg, 1.5 mmol) in anhydrous pyridine
(711 mg, 9.0 mmol) was added Tf,0 (1.07 g, 3.8 mmol) at 0 °C. After stirring at rt overnight, the
reaction mixture was concentrated and the residue was dulited with EtOAc (100 mL). The
mixthre was 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 = 5/1
(v)) to give compound 106 (720 mg, 69% yield). LC-MS (ESI): m/z 695.1 (M + H) ".

[0469] Step k. A mixture of compound 106 (410 mg, 0.6 mmol), bis(pinacolato)diboron
(227 mg, 0.9 mmol), PdCl,(dppf)-CH,Cl, (100 mg, 0.12 mmol), and KOAc (235 mg, 2.4 mmol)
in dioxane (15 mL) was stirred at 80 °C for 1 h under an atmosphere of N,. The reaction mixture

was used for the next step without any work-up. LC-MS (ESI): m/z 673.2 (M + H) .

[0470] Step 1. To the above reaction mixture was added (S)-tert-butyl 2-(5-iodo-1H-
imidazol-2-yl)pyrrolidine-1-carboxylate (370 mg, 1.02 mmol), followed by NaHCO3 (201 mg,
2.4 mmol), 1, 2-dimethoxyethane (4 mL), water (2 mL), and Pd(dppf)Cl,-CH,Cl, (100 mg, 0.12
mmol) under an atmosphere of N,. After stirring at 80 °C for 2 h under an atmosphere of N, the
reaction mixture was added K,COs (691 mg, 5 mmol) and MeOH (20 mL). After stirring at rt for
30 min, the mixture was concentrated. The residue was diluted with EtOAc (150 mL) and water
(50 mL). The organic layer was washed with brine and dried with anhydrous Na,SO4. The
solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum cther/EtOAc = 5/1 (v/v)) to give compound 108 (140 mg, 36% yield; two steps from
compound 107). LC-MS (ESI) m/z 6503 (M + H) ".

[0471] Step m. To a solution of compound 108 (135 mg, 0.2 mmol) in dioxane (2 mL) was
added 4 N HCl in dioxane (2 mL) at rt. After stirring at rt overnight, the reaction mixture was

concentrated and the residue was dried in vacuo to give an HCl salt, which was used for the next

step without further purification. LCMS (ESI): m/z 450.2 (M + H) .
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[0472] Step n. Subsequently, the HCI salt was dissolved in DMF (2 mL) and the resulting
mixture was added DIPEA (0.33 mL, 2.0 mmol), N-THPoc-L-Val-OH (108 mg, 0.50 mmol), and
HATU (190 mg, 0.50 mmol). After stirring at rt for 15 min, the reaction mixture was added into
ice water. The solid was collected by filtration and purified by preparative HPLC to give
compound 109. LC-MS (ESI): m/z 848.4 (M + H) .
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[0473] Step a.Referring to Scheme 6-4, to a solution of (5)-4-(tert-
butoxycarbonyl)morphine-3-carboxylic acid (4.1 g, 22.0 mmol) and DIPEA (4.3g, 33.0 mmol) in
THF (100 mL) was added compound 95 (4.6 g, 20.0 mmol) at rt. After stirring for 5 min, the
reaction mixture was added HATU (7.6 g, 20.0 mmol) was added and the resulting mixture was
stirred at rt for 2 h. The reaction mixture was concentrated and the residue was diluted with
EtOAc (200 mL) and water (50 mL). The organic phase was washed with brine and dried with
anhydrous Na,;SOj4. The solvent was removed and the residue was dried in vacuo to give a crude
mixture of compounds 110 and 110°(10 g), which was used for the next step without further
purification. LC-MS (ESI) m/z 400.1 (M + H) ".

[0474] Step b. A mixture of compounds 110 and 110’ (10 g) in AcOH (50 mL) was stirred
at 40 °C for 16 h. Subsequently, the reaction mixture was added into ice water (200 mL) and
necutralized by adding saturated aqueous Na,COs to adjust pH value to pH 8. The resulting
mixture was extracted with EtOAc (100 mL x3) and the extracts were combined, 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 = 1/3 (v/v)) to give compound 111
(4.5 g, 60% yield; two steps from 95) as a yellow solid. LC-MS (ESI) m/z 382.1 (M +H) .

[0475] Step c. A solution of 1-(6-bromonaphthalen-2-yl)-2-chlorocthanone (112) (27.0 g,
95.2 mmol) in DCM (200 mL) was added (S)-4-(tert-butoxycarbonyl)morphine-3-carboxylic
acid (20.0 g, 86.6 mmol) and EtsN (60.0 mL, 433 mmol), respectively. After stirring at 45°C
overnight, the reaction mixture was washed with saturated aqueous NaHCOs (50 mL), saturated
aqueous NH4Cl (50 mL), and brine, respectively, and dried with anhydrous Na;SO4. The solvent
was removed and the residue was dried in vacuo to give crude compound 113 (41.4 g), which

was used for next step without further purification. LC-MS (ESI) m/z 478.1 M + H) .

[0476] Step d. A mixture of crude compound 113 (41.4 g) and NH4OAc (100g, 1.30 mol) in
toluene (300 mL) was stirred at 120 °C overnight. The reaction mixture was concentrated and the
residue was diluted with EyOAc (500 mL). The mixture was washed with water and dried with
anhydrous Na2S04. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum cther/acetone = 6/1 tol/1 (v/v)) to give compound 114 (24g, 61%
yield; two steps from 112) as a yellow solid. LC-MS (ESI): m/z 458.1 (M + H) .
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[0477] Step e. A mixture of compound 114 (3 g, 6.55 mmol), bis(pinacolato)diboron (1.83
g, 7.2 mmol), and K,COs (1.67 g, 17.03 mmol) in 1, 4-dioxane (100 mL) was added
Pd(dppf)Cl,:)DCM (0.8 g, 0.98 mmol) under an atmosphere of N,. After stirring at 80 °C
overnight under an atmosphere of Ny, the reaction mixture was filtered through CELITE™545
and the filtered cake was washed with EtOAc (100 mL x 3). The filtrate was washed with brine
and dried with anhydrous Na,SO4. The solvent was removed and the residue was purified by
silica gel column chromatography (DCM/MeOH = 50/1(v/v)) to give compound 115 (2.0 g, 61%
yield). LC-MS (ESI): m/z 506.3 (M + H) "

[0478] Step f. To a mixture of compound 111 (500 mg, 1.3 mmol), compound 115 (900 mg,
1.78 mmol), and NaHCO3 (328 mg, 3.9 mmol) in DME (15 mL) and water (5 mL) was added
Pd(dppf)Cl,DCM (106 mg, 0.13 mmol) under an atmosphere of N,. After stirring at 80 °C
overnight under an atmosphere of N, the reaction mixture was concentrated and the residue was
diluted with EtOAc (100 mL) and water (25 mL). The organic pahse was washed with brined
and dried with anhydrous Na,SO4. The solvent was removed and the residue was silica gel
column chromatography (Petroleum cther/acetone = 4/1 (v/v)) to give compound 116 (310 mg,
35% yield) as a yellow solid. LC-MS (ESI): m/z 703.3 (M + Na) ".

[0479] Step g. To a stirred solution of compound 116 (150 mg, 0.31 mmol) in dioxane (3.0
mL) was added4 N HCl in dioxane (3.0 mL) at rt. After stirring at rt for 3 h, the reaction mixture
was concentrated and the residue was dried in vacuo to give an HCI salt, which was used for the

next step without further purification.

[0480] Step h. Subsequently, the HCI salt was dissolved in DMF (3.0 mL) and the resulting
mixture was added DIPEA (0.43 mL, 2.5 mmol), N-Moc-L-Val-OH (136 mg, 0.78 mmol), and
HATU (353 mg, 0.93 mmol), respectively. After stirring at rt for 2h, the reaction mixture was
concentrated and the residue was purified by preparative HPLC to give compound 117. LC-MS
(ESI): m/z 7954 (M +H) .
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[0481] Step a.Referring to Scheme 7-1, to a solution of 6-bromoquinolin-2(1H)-one (70)
(0.40 g, 1.8 mmol) in anhydrous pyridine (12 mL) was added drop-wisely with Tf,0 (0.81 g, 2.9
mmol) at 0 °C. After stirring at 0 °C for 1 h and at rt for 3 h, the reaction mixture was
concentrated. The residue was dissolved in DCM (100 mL); the resulting mixture was washed
with water (25 mL x3) and dried with anhydrous Na2SO4. The solvent was removed and the
residue was purified by silica gel column chromatography (Petroleum cther/acetone = 2/1 (v/v))

to give compound 86 (0.54 g, 84% vield) as a yellow solid. LC-MS (ESI) m/z 355.9 (M + H) .

[0482] Step b. To a mixture of compound 86 (0.54 g, 1.5 mmol), (S)-tert-butyl 2-(6-
(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1 H-benzo[d]imidazol-2-yl)pyrrolidine-1-
carboxylate (1.24 g, 3.0 mmol), and NaHCOs (1.01 g, 12.0 mmol) in 1,2-dimethoxyethane (30
mL) and water (10 mL) was added Pd(dppf)Cl,-CH,Cl; (0.27 g, 0.3 mmol) at rt under an
atmosphere of N,. After stirring at 80 °C overnight, the reaction mixture was concentrated. The
residue was diluted with EtOAc (100 mL) and water (25 mL). The organic phase was isolated,
washed with brine, and dried with anhydrous Na,SO4. The solvent was removed and the residue
was purified by silica gel column chromatography (Petroleum cther/EtOAc = 1/1 (v/v)) to give
compound 87 (1.0 g, 95% yield) as a yellow solid. LC-MS (ESI) m/z 700.4 (M + H)".

[0483] Step ¢. To a solution of compound 87 (100 mg, 0.14 mmol) in dioxane (2 mL) was
added 4N HCl in dioxane (2 mL) at rt. After stirring at rt for 4 h, the reaction mixture was
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concentrated and the residue was dried in vacuo to give an HCI salt, which was used directly for

the next step without further purification. LC-MS (ESI) m/z 500.2 (M + H) .

[0484] Step d. Subsequently, the HCI salt was dissolved in DMF (2 mL) and the resulting
mixture was added Et;N (0.20 mL, 1.4 mmol), N-Moc-L-Val-OH (55 mg, 0.32 mmol), and
HATU (122 mg, 0.32 mmol), respectively. After stirring at rt for 30 min, the reaction mixture
was concentrated and the residue was purified by preparative HPLC to give compound 88. LC-

MS (ESI): m/z 814.3 (M + H)".
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Scheme 7-2

[0485] Step a. Referring to Scheme 7-2, a mixture of compound 89 (7.44 g, 40.0 mmol) and
Ethyl 2,2-dicthoxyacetate (9.15 g, 52.0 mmol) was stirred at 130 °C for 7 h. The reaction mixture

was dissolved in petroleum cther (250 mL). The resulting mixture was washed with sat. aq.
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NH4C1 and brine, respectively, and dried with anhydrous Na;SO4. The solvent was removed and
the residue was dried in vacuo to give crude compound 90 (11.4 g) as a yellow oil, which was

used for the next step without further purification. LC-MS (ESI) m/z 316.0 (M + H)".

[0486] Step b. A mixture of compound 90 (12.4 g, 40 mmol) in conc. H;SO4 (50mL) was
stirred at rt for Sh. Subsequently, the reaction mixture was poured into ice-water. The suspension
was filtered and the filtrate was neutralized with 10% NH4OH. The solid was collected by

filtration, washed with water, and dried in vacuo to give a mixture of compounds 91 and 91’.

LCMS (ESI) m/z 224.0 M + H)".

[0487] Step ¢. A mixture of compounds 92 and 92’ (222 mg, 1.0 mmol) in anhydrous
pyridine (5 mL) was added Tf,0 (0.5 mL) at 0 °C. After stirring at rt for 8 h, the reaction mixture
was concentrated and the residue was dissolved in DCM (50 mL). The mixture was washed with
water (25 mL x 3) and dried with anhydrous Na,SO4. The solvent was removed and the residue
was purified with silica gel column chromatography (EtOAc/Petroleum cther = 5/1 (v/v)) to give
a mixture of compounds 92 and 92’ (160 mg, 45% yield) as a yellow oil. LC-MS (ESI) m/z 355.9
M +H)".

[0488] Step d. To a mixture of compounds 92 and 92’ (160 mg, 0.45 mmol), (S)-tert-butyl
2-(6-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1 H-benzo[d]imidazol-2-yl)pyrrolidine-1-
carboxylate (463 mg, 1.12 mmol), and NaHCOs3 (227 mg, 2.7 mmol) in 1,2-dimethoxycthane (30
mL) and water (10 mL) was added Pd(dppf)Cl,-CH,Cl; (80 mg, 0.09 mmol) at rt under an
atmosphere of N,. After stirring at 80 °C overnight, the reaction mixture was concentrated and
the residue was added EtOAc (100 mL) and water (20 mL). The organic phase was isolated,
washed with brine, and dried with anhydrous Na,SO4. The solvent was removed and the residue
was purified by silica gel column chromatography (Petroleum cther/EtOAc = 1/1 (v/v)) to give
compound 93 (180 mg, 57% yield) and compound 93’ (60 mg, 19% yield). LC-MS (ESI) m/z
700.4 (M + H)".

[0489] Step e. To a solution of compound 93 (100 mg, 0.14 mmol) in dioxane (2 mL) was
added 4N HCl in dioxane (2 mL). After stirring at rt for 3 h, the reaction mixture was

concentrated and the residue was dried in vacuo to give an HCl salt, which was used for the next

step without further purification. LC-MS (ESI) m/z 500.2 (M + H)".
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[0490] Step f. Subsequently, the HCI salt was dissolved in DMF (2 mL) and the mixture
was added Et;N (0.2 mL, 1.4 mmol), N-Moc-L-Val-OH (55 mg, 0.32 mmol), and HATU (122
mg, 0.32 mmol), respectively. After stirring at rt for 1hr, the reaction mixture was concentrated
and the residue was purified by preparative HPLC to give compound 94. LC-MS (ESI): m/z
814.4 (M +H)".
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[0491] Step a. Referring to Scheme 8-1, to a solution of compound 118 (57.5 g, 290 mmol)
in HOAc (100 mL) was slowly added Br, (49.0 g, 290 mmol) at rt. After stirring at rt for 2 h, the
reaction mixture was slowly added saturated aqueous NaHCOs. The organic phase was washed
with brine and dried with anhydrous Na,SO4. The solvent was removed and the residue was

dried in vacuo to give crude compound 119 (60 g), which was used for next step without further

purification. LC-MS (ESI): m/z 276.9 (M+H) .

[0492] Step b. To a solution of compound 119 (25.0 g, 89.9 mmol) in CH3CN (100 mL)
was added (S)-N-Boc-Pro-OH (19.4 g, 89.9 mmol), followed by Et;N (37.35 mL, 269.7 mmol) at
rt. After stirring at rt for 2 h, the reaction mixture was concentrated and the residue was diluted
with DCM (250 mL). The mixture was washed with water and dried with anhydrous Na,;SOs.
The solvent was removed and the residue was dried in vacuo to give compound 120 (37 g),
which was used for the next step without further purification. LC-MS (ESI): m/z 313.2 (M-100 +
H) ".

[0493] Step ¢. A mixture of crude compound 120 (37 g) and NH4OAc (69.2 g, 899 mol) in
xylene (100 mL) was stirred at 140 °C overnight. The reaction mixture was concentrated and the
residue was diluted with DCM (500 mL). The mixture was washed with brine and dried with
anhydrous Na2S0O4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum cther/acetone = 10/1 (v/v)) to give compound 121 (12 g, 40% yield;
three steps from compound 119) as a white solid. LC-MS (ESI): m/z 392.1 (M + H) .

[0494] Step d. To a mixture of compound 121 (3 g, 7.65 mmol), bis(pinacolato)diboron
(4.24 g, 16.8 mmol), KOAc (1.87 g, 19.1 mmol) in 1,4-dioxane (200 mL) was added Pd(dppf)Cl,
(624 mg, 0.765 mmol) under an atmosphere of N,. After stirring at 80 °C overnight under an
atmosphere of N2, the reaction mixture was filtered through CELITE™545 and the filtered cake
was washed with EtOAc (100 mL x 3). The filtrate was washed with brine and dried with
anhydrous Na,SQO.. The solvent was removed and the residue was purified with silica gel column
chromatography (Petroleum ether/acetone = 8/1 (v/v)) to give compound 122 (2.9 g, 86% yield)
as a gray solid. LC-MS (ESI) m/z 440.3 (M + H)".

[0495] Step e. To a boiling solution of 2-naphthoic acid (123) (50.0 g, 290 mmol) in HOAc¢
(100 mL) was slowly added a mixture of Br;, (46.3 g, 290 mmol) and I, (1.25g, 43.5mmol). After

completing the addition, the reaction mixture was refluxed for 30 min. The reaction mixture was
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coled to rt and filtered. The solid was washed with HOAc and dried in vacuo to give crude
compound 124 (50 g), which was used for the next step without further purification. LC-MS
(ESI): m/z251.0 (M + H)".

[0496] Step f. A mixture of compound 124 (10.0 g, 39.8 mmol) in CH3CN (200 mL) was
added EDCI (18.3 g, 95.5 mmol), EtsN (16.08 mL, 159.2 mmol), and N,O-
Dimethylhydroxylamine hydrochloride (4.8 g, 50 mmol) at rt. After stirring at rt overnight, the
reaction mixture was concentrated and the residue was diluted with DCM (250 mL). The mixture
was washed with saturated aqueous NH4Cl, saturated aqueous NaHCO3, and brine, respectively
and dried with anhydrous Na,SO4. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum cther/EtOAc = 8/1 (vA)) to give compound 125
(3.6 g, 31% yield) as a white solid. LC-MS (ESI): m/z 294.0 (M + H)".

[0497] Step g. To a solution of compound 125 (3.60 g, 12.2 mmol) in THF (150 mL) was
slowly added 3M MeMgCl in THF (8.31 mL) at 0°C. After stirring at 0°C for 1 h and at rt for 1
h, the reaction was quenched by adding saturated aqueous NH4C1 (5 mL). The solven was
removed and the residue was diluted with DCM. The mixture was washed with water and dried
with anhydrous Na,SOj. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/AcOEt = 10/1 (v/v)) to give compound 126 (3.05 g,
100% yield) as a white solid. LC-MS (ESI): m/z 249.0 (M + H)".

[0498] Step h. To a solution of compound 126 (3.05 g, 12.2 mmol) in DCM (100 mL) was
slowly added Br; (1.93 g, 12.2 mmol) in DCM (10 mL) at rt. After stirring at rt for 2h, the
reaction was quenched by adding saturated aqueous NaHCO3 (10 mL). The organic layer was
washed with brine and dried with anhydrous Na,SO4. The solvent was removed and the residue

was dried in vacuo to give crude compound 127 (4.0 g), which was used for the next step without

further purification. LC-MS (ESI): m/z 326.9 (M + H)".

[0499] Step i. To a solution of crude compound 127 (4.0 g) in CH;CN (15 mL) was added
(8)-N-Boc-Pro- OH (3.14 g, 14.6 mmol) and Et;N (3.70 g, 36.6 mmol). After stirring at rt for 2
h, the reaction mixture was concentrated and the residue was diluted with DCM (200 mL).
Subsequently, the mixture was washed with saturated aqueous NH4Cl and water respective, and

dried with anhydrous Na,SO,. The solvent was removed and the residue was dried in vacuo to
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give crude compound 128 (5.6 g), which was used for the next step without further purification.
LC-MS (ESI): m/z 462.1 (M + H)".

[0500] Step j. A mixture of crude compound 128 (5. 6 g) and NH4OAc (9.36 g, 122 mmol)
in toluene (80 mL) was stirred at 110 °C overnight. The reaction mixture was concentrated and
the residue was diluted with DCM (250 mL). The mixture was washed with water and dried with
anhydrous Na;SOj4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum cther/EtOAc = 5/1 (v/)) to give compound 129 (3.0 g, 56 yicld) as a
white solid. LC-MS (ESI): m/z 442.1 (M + H)".

[0501] Step k. To a mixture of compound 122 (633 mg, 1.44 mmol), compound 129 (500
mg, 1.31 mmol), and NaHCOs3 (330 mg, 3.01 mmol) in 1, 2-dimethoxyethane (15 mL) and water
(5 mL) was added Pd(dppf)Cl, (107 mg, 0.131 mmol) under an atmosphere of N;. After stirring
at 80 °C overnight, the reaction mixture was concentrated and the residue was diluted with
EtOAc (50 mL) and water (20 mL). The organic phase was washed with brine and dried with
anhydrous Na,SQO.. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 10/1 (v/v)) to give compound 130 (400 mg, 45%
yield) as a yellow solid. LC-MS (ESI): m/z 675.4 (M + H) .

[0502] Step 1. To a solution of compound 130 (150 mg, 0.22 mmol) in dioxane (2.0 mL)
was added 4N HCl in dioxane (2.0 mL) at rt. After stirring at rt for 3 h, the reaction mixture was
concentrated and the residue was dried in vacuo to give an HCI salt, which was used for the next

step without further purification. LC-MS (ESI): m/z 475.3 (M + H)".

[0503] Step m. Subsequently, the HCI salt was dissolved in DMF (2.0 mL) and the mixture
was added DIPEA (0.36 mL, 2.2 mmol), N-Moc-L-Val-OH (86 mg, 0.49 mmol), and HATU
(202 mg, 0.49 mmol) at rt. After stirring at rt for 1 h, the reaction mixture was concentrated and
the residue was purified by preparative HPLC to give compound 131. LC-MS (ESI): m/z 789.4
M+ H)".
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Scheme 9-1

[0504] Step a.Referring to Scheme 9-1, a mixture of 2-bromobenzothiazole 1 (2.72 g, 9.5
mmol), 4-methoxycarbonylphenylboronic acid (2) (1.80 g, 10 mmol), Pd(dppf)Cl, (388 mg,
0.475 mmol) in 2 M Na,COs; (10 mL) and dioxane (20 mL) was treated by a repeated process of
degas-and-refilled-with-nitrogen three times. The reaction mixture was then stirred at 95 °C in
nitrogen atmosphere for 4 h. After being cooled, the mixture was diluted with THF, and then
filtered through a pad of CELITE™545. The filtrate was concentrated and the crude product was
directly purified by flash chromatography (using methylene chloride as cluent) to give compound
3 (1.96 g, 60% yicld) as a white solid.

[0505] Step b. A solution of #-butyllithium (2.5 M in hexane, 25.3 mL, 63.1 mmol) was
slowly added into a solution of diisopropylamine (6.97 g, 68.8 mmol) in THF (20 mL) at -78 °C
over 15 min. After addition, the solution was allowed to stir for 30 min at -78 °C and then warm

up to 0 °C. The LDA solution was cooled to -78 °C for next step.
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[0506] Step ¢. A solution of 3 (1.96 g, 5.74 mmol) and chloroiodomethane (7.30 g, 41.2
mmol) in THF (15 mL) was cooled to -78 °C. The LDA solution prepared above was slowly
cannulated into this solution over 20 min. The resulting mixture was stirred for additional 1 h.
The reaction was quenched by slowly adding a solution of acetic acid in THF (1/1 (v/v), 40 mL)
at -78 °C. The reaction mixture was warmed up to rt and then diluted with water and ethyl
acctate. The aqueous layer was extracted with cthyl acetate. A combined organic layer was dried
over anhydrous sodium sulfate, filtered and concentrated. The crude product 4 (1.80 g) was dried

in vacuoand the residue was used directly for next condensation reaction.

[0507] Step d. A mixture of 4 (0.59 g, 1.61 mmol), N-Boc-L-Proline (0.83 g, 3.85 mmol),
KI (0.64 g, 3.85 mmol) and diisopropylethylamine (0.64 g, 3.85 mmol) in DMF (40 mL) was
stirred at 50 °C for 4 h. The solvent was evaporated and the residue was treated with water. The
solid was collected by filtration and washed with water twice. After being dried in vacuum, the
crude product was purified by flash chromatography (cthyl acetate/hexanes = 1/9to1/5 (v/v)) to
afford 5 (0.92 g, 67% yield) as a white solid.

[0508] Step e. A mixture of diester § (0.81 g, 1.12 mmol), ammonium acetate (2.59 g, 33.5
mmol) and tricthylamine (3.39 g, 33.5 mmol) in toluene (100 mL) in a scaled tube was stirred at
140 °C for 90 min. After being cooled, the reaction mixture was transferred into a flask and
concentrated to dryness. The residue was partitioned between chloroform and water, and the
organic layer was washed with water and brine, and concentrated. The crude product was
purified by flash chromatography (NH4OH/acetone/ethyl acetate = 1/2/100 (v/v/v)) to give
compound 6 (0.51 g, 67% yield) as a white solid.

[0509] Step f. Trifluoroacetic acid (3 mL) was slowly added into a solution of 6 in
methylene chloride (10 mL) at rt. The resulting mixture was stirred at the temperature for 1 h,
and concentrated to dryness. The residue was dissolved in water, and the aqueous solution was
basified to pH 11. The product was extracted with chloroform 5 times. After removal of the

solvent, 7 (274 mg, 76%) was obtained as its TFA salt.

[0510] Step g. A mixture of N-methoxycarbonyl-L-valine (40 mg, 0.23 mmol), DIPEA (98
mg, 0.76 mmol) and HATU (87 mg, 0.23 mmol) in DMF was stirred at rt for 30 min. 7 (§0 mg,
0.076 mmol) was added as solid. The reaction mixture was stirred at rt for 2 h, and then dropped

into water. The precipitate was formed and collected by filtration. The crude product was
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purified by prep HPLC to afford compound 8 (16 mg). '"H NMR (CDCls, 300 MHz) & 7.8-7.6
(4H, m), 7.5-7.3 (3H, m), 7.08 (2H, s), 5.5-5.4 (2H, d), 5.3-5.2 (2H, m), 5.05 (1H, s), 4.5-4.3
(2H, m), 4.2-4.1 (1H, m), 3.8-4.0 (4H, m), 3.74 (6H, s), 2.6-2.0 (10H, m), 1.10 (6H, d), 1.95 (6H,
d) ppm. LC-MS (ESI): m/z 796.4 (M+H) .

1) HATU, DIEPA, CH,CN, rt 1) SOCly, reflux
EtO:C NHz - HO.C 2) AcOH, 40°C to 60 °C HO,C 2) CH,Ny, 0°C to rt
+ CoH —2F >
NH, COzMe  3) LiOH, MeOH-THF 3) HBr, AcOH
1 2

\)‘\©: BOC _Bco *@: S < > /< > j NH,OAc
W xylene

'C\I:H gr DIEPA, CH30N Boc & CHj 145 °C
3

1) HCI, THF
2) HATU, DIEPA, N
Boc CH3CN, rt, capping group EH

H |
3 BOCN\> 'C\I)H HJ\|‘:>
’ N
(0]

/Z

Iz

Scheme 9-2

[0511] Step a.Referring to Scheme 9-2, to a mixture of compound 2 (6.31 g, 35 mmol) and
HATU (14.63 g, 38.5 mmol,) in CH3CN (150 mL) was added slowly DIEPA (9.05 g, 11.35 mL,
70 mmol). The resulting mixture was stirred at rt for 15 min. To the mixture was added 3,4-
diamino-benzoic acid ethyl ester 1 (6.31 g, 35 mmol) at rt, and stir continued at rt for 17 h. The
reaction was quenched with saturated NaHCOj5 solution, and extracted with EtOAc. (3x150 mL).
Combined organic phases were washed with H,O (2x200 mL) and brine (200 mL), dried over
Na,SQOy, filtered and concentrated on a rotary evaporator. The crude mixture was purified by
column chromatography eluting hexane/EtOAc = 3/1 to 2/1 (v/v) to give an amide (11.2 g, 94%
)as yellow-brown solid. LC-MS (ESI): m/z (M+H)": 343, (M-H): 341.

[0512] Step b. A mixture of the product (11.2 g, 33 mmol) from above reaction in AcOH
(100 mL) was heated at 40 °C for 18 h. The temperature was allowed to warm to 60 °C, and
further heated the mixture for 24 h. All starting material was consumed based on LC-MS

analysis. The excess solvent was removed on a rotary evaporator to give a crude mixture, which
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was subject to purification by column chromatography eluting with hexane/EtOAc = 3/1 (v/v) to
give a functionalized benzimidazole (10.2 g, 96% yield). LC-MS (ESI): m/z 325.1 (M+H)"..

[0513] Step c. A mixture of the product (10.2 g, 31 mmol) from the above reaction and
LiOH (7.54 g, 0.31 mol) in MecOH (200 mL) was heated under reflux condition for 60 h. The
milky mixture was acidified with 10% HCI solution to adjust the pH 1 to give white precipitates.
The precipitate was collected by filtration and then dried in vacuo to afford compound 3 (8.9 g,
quantitative yiled), which was used for the next step without further purification. LC-MS (ESI):
m/z 283.1 (M+H)".

[0514] Step d. A mixture of 3 (8.9 g, 31 mmol) in thionyl chloride (60 mL) was refluxed
for 3 h. The reaction mixture was concentrated and the residue was dried in vacuo to give acid
chloride, which was mL suspended in a mixture of dried diethyl ether (200 mL)/THF (50 mL).
To the suspension was added dropwise a flash generated diazomethane solution (approximately
166 mmol of diazomethane solution generated from 251 mmol of 4-N,N-trimethyl-
benzenesulfonamide) at 0 °C, and then stirred it at 0 °C to rt overnight (20 h). All volatile was
removed on a rotary evaporator to give a residue. The residue was purified by column

chromatography eluting hexanes/EtOAc = 3/1 (v/v) to give a yellow solid (1.89 g, 17% yield).

[0515] Step e. To a mixture of 2-diazo-1-{2-[4-(2-diazo-acetyl)-phenyl]-1-methyl-1H-
benzoimidazol-5-yl}-ethanone obtained from above (1.89 g, 5.49 mmol) in AcOH (50 mL) was
added slowly HBr (48 % in AcoH, 1.62 mL, 14.31 mmol) at rt. The resulting mixture was
stirred at rt for 13 h, and then all volatile was removed on a rotary evaporator to give crude
mixture. The crude mixture was further dried with toluene on a rotary evaporator (2 x 25 mL) to

give compound 4 as yellow solid, which was used for the next step without further purification.

LC-MS (ESI): m/z 448.9 (M+H)".

[0516] Step f. To a crude mixture of compound 4 (~5.49 mmol) in CH3CN (50 mL) was
added N-Boc-L-Proline (2.59 g, 12.01 mmol), followed by adding DIEPA (3.71 mL, 22.9 mmol)
at rt. The resulting mixture was stirred at rt for 5 h, and quenched with H,O. The mixture was
extracted with EtOAc (3 x 50 mL). The combined organic phases were washed with H,O (50
mL) and brined (50 mL), dried over Na,SO,, filtered, and concentrated on a rotary evaporator.
The crude mixture was used for the next step without further purification. LC-MS (ESI): m/z
719.3 (M+H)".
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[0517] Step g. To a crude solution of 5§ (~5.72 mmol) in xylene (50 mL) was added
NH4OAc (6.61 g, 85.8 mmol). The resulting mixture was heated at 145 °C for 1.5 h, and then all
solvent was removed on a rotary evaporator to give a crude mixture, which was subject to
column chromatography cluting with hexane:EtOAc = 1:3 to EtOAc only. Yellow-brown solid
was obtained as compound 6 (717 mg). LC-MS (ESI): m/z 679.4 (M+H)".

[0518] Step h. To a crude solution of 6 (717 mg, 1.06 mmol) in THF (7.5 mL) was added
HCI (4.0 M in dioxane, 10 mL) at rt. The resulting mixture was stirred at rt for 16 h, and then all
volatile was removed on a rotary evaporator to give yellow solid. The yellow solid was washed
with diethyl ether (2 x 10 mL) and then further dried on in vacuo to give an HCL salt, which was
used for the next step without further purification. LC-MS (ESI): m/z 479.3. '"H NMR spectrum

showed the crude product was a mixture of two regioisomers with a ratio of 1:1. (M+H)".

[0519] Step i. To a crude solution of the HCI salt (48 mg, ~0.1lmmol), N-Boc-L-Val-OH (35
mg, 0.2 mmol), and HATU (76 mg, 0.2 mmol) in CH3CN (1.0 mL) was added DIEPA (65 uL,
0.4 mmol). The resulting mixture was stirred at rt for 2.5 h, and then all solvent was removed on
a rotary evaporator to give crude mixture. The crude mixture was purified by prep-HPLC ecluting
H,0 to CH3CN. Two regioisomers were obtained as 10.0 mg (yellow solid, 7) and 8.7 mg
(vellow solid, 7"), respectively. Characterization of 7: 'H NMR (300 MHz, CDCls) & 8.32 (br s,
1H), 7.19-7.92 (m, 8H), 5.39-5.86 (m, 2H), 5.21-5.34 (m, 2H), 4.30-4.42 (m, 2H), 3.60-3.78 (m,
12H), 2.76 (Brs, 1H), 2.20-2.44 (m, 4H), 1.98-2.18 (m, 4H), 0.89-1.12 (m, 12H) ppm. LC-MS
(ESI): m/z (M+2)/2": 397, (M+1)": 794,

[0520] Characterization of compound 7’. "H NMR (300 MHz, CDCls) 6 8.30 (Brs, 1H),
7.10-7.84 (m, 8H), 5.44-5.64 (m, 2H), 5.22-5.32 (m, 2H), 4.39 (t, J = 6.6 Hz, 2H), 3.63-4.00 (m,
12H), 2.68 (br s, 1H), 2.21-2.38 (m, 4H), 2.00-2.16 (m, 4H), 0.87-1.07 (m, 12H). LC-MS (ESI):
m/z 793.4 (M+H)".

[0521] The N-Moc-D-Phg-OHcapped analog 8 were obtained by following the same
procedure as that used for synthesizing compounds 7 and 7° and using N-Moc-D-Phg-OH
instead of N-Moc-L-Val-OH as an amide reagent. '"H NMR (300 MHz, CDCls) § 8.32 (br s, 1H),
7.23-8.00 (m, 18H), 5.42-5.60 (m, 2H), 5.24-5.40 (m, 2H), 3.86 (br s, 4H), 3.56-3.74 (m, 6H),
2.64-2.86 (m, 2H), 2.00-2.36 (m, 4H), 1.91 (br s, 2H) ppm. LC-MS (ESI): m/z (M+2)/2": 431,
(M+1)": 860.
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[0522] Step a. A mixture of methyl 3-amino-4-hydroxybenzoate (2.5 g, 15 mmol) and
methyl 4-formylbenzoate (2.46 g, 15 mmol) in methanol (75 mL) was stirred at rt overnight. The
solvent was evaporated under reduced pressure and the remaining residue was dissolved in
dichloromethane (150 mL). DDQ (3.5 g, 15.4 mmol) was added and the reaction mixture was
stirred at rt for 1 h. Saturated NaHCO3 (200 mL) was added. The suspension was filtered off, the
resulting solid was washed with saturated NaHCOs3 (50 mL), water (50 mL), and cthyl acetate
(100 mL) and dried in vacuo to give compound 1 (4 g, 86% yield) as yellow solid.

[0523] Step b. A mixture of diester 1 (4 g, 12.8 mmol) and lithium hydroxide monohydrate
(2.7 g, 64 mmol) in a solvent mixture of methanol and water (60 mL, methanol/water=1/5) was
refluxed for 6 h. Methanol was evaporated and the remaining aqueous solution was neutralized
by HCI (con). The resulting suspension solution was filtered off, the solid was washed with
water (50 mL) and dried in vacuo to give the corresponding dicarboxylic acid (3.3 g, 95% vyield)

as yellow solid.

[0524] Step ¢. A sample of the dicarboxylic acid (2.88 g, 10.2 mmol) was suspended in
thionyl chloride (30 mL), the mixture refluxed for 6 h. The reaction mixture was evaporated
under reduced pressure and dried in vacuo to provide the corresponding diacyl chloride (3.25 g)

as yellow solid.

[0525] Step d. A suspension of the diacyl chloride obtained (1.5 g, 4.7 mmol) in ether was
treated with diazomethane (71 mL, 0.33 N in ether, 23 mmol) at 0 °C for 2 h. The solvent was

evaporated under reduced pressure and dried in vacuo to give the corresponding diazoketone

(1.55 g) as yellow solid. LC-MS (ESI): m/z 332.1 [M+H]".

[0526] Step e. The diazoketone obtained (1.55 g, 4.7 mmol) was suspended in acetic acid
(10 mL) and the mixture was drop-wisely added 48% HBr in AcOH (3.93 g, 23.3 mmol) at 0 °C.
The reaction mixture was then warmed up to rt and stirred for 1 h. Saturated Na,COs; was added
slowly into the reaction mixture to neutralize the acid. The resulting suspension solution was
filtered off and the solid was washed with water and dried in vacuo to give bromoketone 2 (1.38

g, 69% yield) as yellow solid.

[0527] Step f. A solution of bromoketone 2 (1.38 g, 3.2 mmol), N-Boc-LProline (2.7 g, 12.6
mmol) and DIPEA (2.2 mL, 12.6 mmol) in acetonitrile (3 mL) was stirred at rt overnight.
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Acctonitrile was evaporated and the remaining residue was partitioned between ethyl acetate (50
mL) and water (25 mL). The organic phase was then collected and dried over Na,SO4. After
concentration under reduced pressure, the crude product was purified over silica gel (cthyl
acctate/hexane=35/65) to give ester 3 (0.56 g, 25% yield) as yellow solid. LC-MS (ESI): m/z
706.3 [M+H]".

[0528] Step g. A mixture of ester 3 (560 mg, 0.8 mmol) and ammonium acetate (1.84 g, 24
mmol) in degassed xylene (3.3 mL) in a sealed parr bottle was stirred at 140 °C for 90 min. Upon
removal of volatile solvents the residual material was purified by silica gel chromotagraphy
(cthyl acetate 100%, then cthyl acetate/methanol=90/10 (v/v)) to give bisimidazole 4 (474 mg,
89% yield) as yellow solid. LC-MS (ESI): m/z 666.3 [M+H]".

[0529] Step h. To a solution of bisimidazole 4 (474 mg, 0.71 mmol) in THF (20 mL) was
added 4N HCl in dioxane (3.6 mL, 14 mmol) at rt. The reaction mixture was stirred at rt for 2 h.
The solvent was evaporated and the residue was dried in vacuo to give 5§ (ca. 330 mg) as yellow
HCL salt, which was used for the next step without further purification. LC-MS (ESI): m/z
465.2 [M+H]".

[0530] Step i. To a solution of 5 (135 mg, 0.29 mmol), N-Moc L-Val-OH (152.6 mg, 0.87
mmol) and DMTMM (240.5 mg, 0.87 mmol) in a solvent mixture of DMF-THF (2 mL,
DMF/THF=1/3 (v/v)) was added DIPEA (0.5 mL, 2.9 mmol) at rt. The reaction mixture was
stirred at rt for 2 h. THF was evaporated and the remaining reaction mixture was purified via
prep-HPLC to provide compound 6 as white solid. "H NMR (300 MHz, CD;OD) 6 0.92 (m, 12
H), 2.05 (m, 4 H). 2.26 (m, 4 H), 3.65 (s, 6 H), 3.9 (m, 2 H), 3.99 (m, 2 H), 4.22 (m, 2H), 5.18
(m, 2H), 7.33 (s, 1H), 7.48 (s, 1H), 7.64 (d, J=8.7 Hz, 1 H), 7.73 (d, J=8.1 Hz, 1 H), 7.88 (d,
J=8.1 Hz, 2 H), 7.99 (s, 1H), 8.21 (d, J=8.7 Hz, 2H) ppm. LC-MS (ESI): m/z 780.4 (M+H)".
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[0531] Step a. Referring to Scheme 9-4, ethyl 2-bromo-6-benothiazolecarboxylate (100 mg,
0.35 mmol), 4-acetylphenylboronic acid (69 mg, 0.42 mmol), Pd(dppf)Cl, (14 mg, 0.05 mmol)
and Cs,COs (228 mg, 0.70 mmol) were dissolved in a mixed solvent (THF/DMF = 3:2, 5 mL) in
a Schlenk flask. The reaction mixture was degassed and refilled with nitrogen three times. The
flask was heated to 95 °C under nitrogen 6 h, cooled to rt. The solvent was removed under
reduced pressure and the residue was re-dissolved in dichloromethane (DCM). The DCM
solution was washed with saturated NaHCOs, brine and dried with Na,SO,, concentrated,
purified by silica gel column (DCM/MeOH = 9.8/0.2 (v/v)) to give 1 as slight yellow solid (70
mg, 62% yield). "H NMR (300 MHz, CDCls) & 8.65 (s, 1H), 8.17-8.21 (m, 3H), 8.06-8.13 (m,
3H), 4.43 (q, 2H), 2.66 (s, 3H), 1.44 (t, 3H) ppm. LC-MS (ESI): m/z 326.1 (M+H)".

[0532] Step b. To a suspension of 1 (4.0 g, 12.3 mmol) in the solvent mixture of
THF/MeOH/H,0 (100 mL) was added LiOH.H,0 (2.58 g, 61.5 mmol). The reaction mixture
was stirred at rt overnight. The volatile was removed, and water (50 mL) was added and the pH
was adjusted to 1-2 with 2N HCI. The precipitate was filtered and dried to give a free acid (3.6 g,
100%) as white solid. LC-MS (ESI) m/z: 298.0 (M+H)".

[0533] Step ¢. A sample of the acid (3g, 10 mmol) was suspended in thionyl chloride (50
mL), heated to refluxing for 2 h. The volatile was removed under reduced pressure and the

residue (3.2 g) was dried in vacuo to give the corresponding acyl chloride.

[0534] Step d. To the suspension of the acyl chloride above (3 g, 9.5 mmol) in the mixed
solvent of DCM/THF (7/3 (v/v), 100 mL) at 0°C was added fresh-made diazomethane (5.0
equiv.) in diethyl ether. The reaction mixture was stirred from 0°C to rt 1h. LC-MS and 'H NMR
showed reaction was completed. The solvent was removed to give crude product diazoketone.
"H NMR (300 MHz, CDCl;) & 8.43 (s, 1H), 8.20-8.23 (d, /= 7.5, 2H), 8.08-8.15 (m, 3H), 7.86
(d,J=17.8,1H), 6.0 (s, 1H), 2.68 (s, 3H) ppm.

[0535] Step e. The dizoketone was dissolved in acetic acid (50 mL) and HBr (1.1 equiv,
48% aq. solution) was added, stirred at rt for 1h, concentrated to give compound 2 (4.5 g).

[0536] Step f. To a solution of the N-Cbz_L-Proline (3.59 g, 14.4 mmol) in acetonitrile (100
mL) and DMF (50 mL) was added diisopropylethylamine (6.0 mL, 36 mmol) and 2 (4.5 g, 12

mmol) in acetonitrile (50 mL). The reaction mixture was stirred at rt overnight. The solvent was
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removed and product was extracted with dichloromethane (3x), washed with NaHCO3 (200 mL)
and brine, dried over Na,SQ4. After removal of the solvent, the crude product was purified on

silica column (Hexane/EtOAc = 1/1 (v4)) to give 3 (1.2 g). LC-MS (ESI): m/z 543.2 (M+H)".

[0537] Step g. To asolution of 3 (1.2 g, 2.2 mmol) and TEA (2.18 mL, 13.2 mmol) in DCM
was added TMS-OTf (0.8 mL, 4.4 mmol) at —78 °C. After the reaction was stirred to r.t
overnight, PTT (910 mg, 2.42 mmol) was added. The reaction was stirred at rt for 2h and
quenched with NaHCOj; solution. The mixture was partitioned between water and CH,Cl, (3x),
and the organic phase was washed with brine, dried, filtered and concentrated in vacuo to give

crude compound 4 (1.37 g).

[0538] Step h. To a solution of N-Boc-L-Proline (568 mg, 2.6 mmol) in acetonitrile (10 mL)
was added DIPEA (0.54 mL, 3.3 mmol) and 4 (1.37 g, 2.2 mmol) in acetonitrile (10 mL). The
reaction mixture was stirred at rt overnight. The solvent was removed and product was extracted
with dichloromethane (3x), washed with NaHCO3 (200 mL) and brine, dried with Na,SO,4. After
removal of the solvent, the crude product was purified on silica column (Hexanes/EtOAc = 1/1

(v/v)) to give 5 (900 mg, 54% yield). LC-MS (ESI): m/z 756.3 (M+H)".

[0539] Step i. To a solution of § (900 mg, 1.19 mmol) in o-xylene (20 mL) in a pressure
tube was added ammonium acetate (2.75 g, 35.7 mmol) and tricthylamine (5 mL, 35.7 mmol).
The tube was sealed and heated to 140 °C for 1.5h, cooled to rt The volatile component was
removed in vacuum, and the residue was partitioned between water and CH,Cl,, and the organic
phase was dried, filtered and concentrated in vacuum. The resulting crude material was purified
by a flash chromatography (Hex: EA: MeOH = 5:5:1) to provide 6 as yellow residue (630 mg,
74% yield). LC-MS (ESI): m/z 716.3 (M+H)".

[0540] Step j. To a solution of 6 (630 mg, 0.88 mmol) in DCM (20 mL) was added TFA (5

mL). The reaction mixture was stirred at rt for 2 h; TFA was removed to give a TFA salt, which

was used for the next step without further purification.

[0541] Step k. To a solution of the TFA salt (550 mg, 0.88 mmol) in DMF (10 mL) was
added N-Moc-L-Val-OH (308 mg, 1.76 mmol), HATU (502 mg, 1.32 mmol) and DIPEA (871
uL, 5.28 mmol). The reaction was stirred at rtrt overnight. The solvent was removed under
reduced pressure. The crude product was purified on silica gel column (CH,Cl,/MeOH = 9.8 /
0.2 (vv)) to give 7 (500 mg, 74% yield). LC-MS (ESI): m/z 773.3 (M+H)".

162



805.4 N\ | CNH NH \toONn NHHNo 0,-.0 tO 225 WO
20101065674PCT/ US2009/ 066459 Conpound Structure Inhibition of HCV genotype
| b M5 ( MAMPDR0I0AIBS674* ** 806.4 N 10 lik CrL-1 N HN H \pCTrdes20n9/0btH458. 0 to
192 **** 806.4

[0542] Step 1. To a solution of 7 (500 mg, 0.647 mmol) in MecOH (20 mL) was added Pd/C
(50 mg) and several drops of con. HCI, purged with H,. The reaction mixture was shaken in the
shaker under 60 psi for 48h. The mixture was filtered on CELITE™ and concentrated; the
residue was purified on silica gel column (DCM/MeOH = 8/2 (v/v)) to give a free amine (300
mg).

[0543] Step m. To a solution of the free amine from Step 8a (100 mg, 0.16 mmol) in DMF
(5 mL) was added N-Moc-D-Phg-OH (43 mg, 0.204 mmol), HATU (60 mg, 0.157 mmol) and
DIPEA (155 pL, 0.942 mmol). The reaction was stirred at rtrt overnight. The solvent was
removed under reduced pressure. The crude product was purified on preparative HPLC to give 8

(33 mg), in which R” is a methyl group. LC-MS (ESI): m/z 830.3 (M+H)".

[0544] Additional Examples. Similarly taking a sample of the free amine from Step 8a and
by substituting N-Boc-D-Phg-OH for N-Moc-D-Phg-OH in Step b above, the corresponding N-
Boc analog 9 was obtained (75 mg). LC-MS (ESI) m/z: 872.4 (M+H)]".

[0545] Taking a sample of 9 (70 mg, 0.08 mmol) in DCM (15 mL) and treated with TFA (4
mL). The corresponding de-Boc product was obtained as a TFA salt.

[0546] To a solution of the TFA salt in THF (10 mL) was added DIPEA (132 uL, 0.8 mmol)
and CDI (39 mg, 0.24 mmol). The reaction was stirred at rtrt until the reaction completed
(monitored by LC-MS). To the solution was added methyl amine hydrochloride (54 mg, 0.8
mmol). The reaction was stirred at rtrt overnight. The solvent was removed and the residue was

purified by prep-HPLC to give compound 10 (12 mg) LC-MS (ESI): m/z 829.4 (M+H)".
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EXAMPLE 10 — Svnthesis of compounds of Formula IIm

[0547] Step a. Referring to Scheme 10-1, a mixture of methyl 1,2,3,4-
tetrahydroisoquinoline-6-carboxylate hydrochloride (4.28 g, 18.8 mmol), 3,4,5-trifluorobenzoic
acid methyl ester (3.8 g, 20 mmol) and KoHPO4 (17.0 g, 98 mmol) in 60 mL of DMSO was
stirred at 80 °C for 8 hours. After cooling down, the resulting mixture was partitioned in 800 mL
of EtOAc and 800 mL of H,O. The organic layer was washed with H,O followed by brine and
dried (Na,SO4). After concentration, the residue was purified by silica gel column
chromatography (hexanes/ethyl acetate (v/v), 3/1 to 1/1) to afford compound 1 (4.1 g, 60% yield)
as slightly yellow solid. '"H NMR (300 MHz, CDCls) & 7.80 — 7.88 (m, 2H), 7.48 — 7.62 (m,
2H), 7.13 (d, 1H), 4.55 (s, 2H), 3.91 (s, 3H), 3.90 (s, 3H), 3.58 (t, 2H), 3.04 (t, 2H) ppm.

[0548] Step b. To a solution of 1 (2.0 g, 5.53 mmol) and chloroiodomethane (5.86 g, 33.2
mmol) in THF (40 mL) was added LDA (precooled to -78 °C, freshly made from 10 mL
diisoproylamine and 26.5 mL of 2.5 M n-BuLi in hexanes in 40 mL of THF) at -78 °C via
cannula over 20 min. The reaction mixture was stirred for two hours at -78 °C before it was
quenched by dropwise addition of 12 mL of AcOH/THF (v/v, 1/1). The resulting mixture was
warmed up and partitioned in EtOAc and saturated NaHCOs. The organic layer was washed with
H,0O and dried over Na,SQO4. After concentration, the residue was purified by the flash column
chromatography (silica, hexanes/cthyl acetate, v/v, 4/1) to afford compound 2 (1.19 g, 54%
yield) as brown solid. 'H NMR (300 MHz, CDCLs)  7.76 — 7.81 (m, 2H), 7.42 — 7.56 (m, 2H),
7.20 (d, 1H), 4.69 (s, 2H), 4.61 (s, 2H), 4.57 (s, 2H), 3.64 (t, 2H), 3.07 (t, 2H) ppm.

[0549] Step ¢. Compound 2 (1.19 g, 2.99 mmol), N-Boc-L-Proline (1.65 g, 7.64 mmol), KI
(1.27 g, 7.65 mmol) and DIPEA (1.32 mL, 7.63 mmol) were dissolved in CH;CN (15.3 mL).
The reaction mixture was then heated to 50 oC in an oil bath for 4 h and cooled to rt. The
solvent was removed under vacuum, and the crude was partitioned in EtOAc¢ (20 mL) and H,O
(10 mL). The organic layer was separated and the aqueous layer was extracted with EtOAc (2 x
20 mL). The combined EtOAc layers were dried over Na,SOy, filtered and concentrated under
vacuum. The crude material was purified by flash column chromatograph cluted with

hexanes/ethyl acetate (2/1 to 1/1 (v/v)) to afford 3 as a yellow solid (1.1 g, 49% yield).

[0550] Step d. Compound 3 (1.0 g, 1.32 mmol), NHsOAc (2.89 g, 39.6 mmol), TEA (5.52

mL, 96.6 mL) were dissolved in xylene (6.6 mL). The reaction mixture in a sealed tube was then
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heated to 140 °C in an oil bath for 2 h and then cooled to rt. EtOAc and H,O were added and the
organic layer was separated. The aqueous layer was extracted with EtOAc (3 x 50 mL). The
combined EtOAc layers were dried over Na;SQOy, filtered and concentrated under vacuum. The

crude material was purified by flash column chromatograph cluted with hexanes/ethyl acetate

(1/2 to 0/1 (v/v)) to afford 4 as yellow solid (0.7 g, 74% yield).

[0551] Step 5. A sample of compound 4 (0.50 g, 0.70 mmol), dissolved in dioxane (2 mL)
with stirring, was treated with 4M HCl in dioxane (14.3 mL, 57.3 mmol). After stirring at rt for
2 h, the reaction mixture was concentrated and the residue was dried in vacuo to give an HCI
salt, which was used for the next next without further purification.rt The HCI salt (50 mg,
0.097mmol) and N-Moc-L-Valine (34 mg, 0.194 mmol) were dissolved in DMF (2 mL). DIPEA
(0.2 mL, 1.16 mmol) and DMTMM (53.6 mg, 0.19 mmol) were added to the mixture. After
stirring at rt for overnight, the reaction mixture was concentrated and the residue was purified by
preparative HPLC to give rt compound 5 (9.3 mg) as a light yellow solid "H NMR (CDsOD, 300
MHz) 6 8.18 (1H, s), 7.52-6.99 (7H, m), 5.35-5.27 (1H, m), 5.19-5.11 (2H, m), 4.33 (2H, s),
4.25-4.19 (2H,m), 4.03-3.95 (3H, m), 3.90-3.80 (2H, m), 3.70-3.65 (6H, s), 3.50-3.45 (2H, m),
3.00-2.95 (2H, m), 2.40-1.98 (12H, m), 0.99-0.88 (12H, m) ppm. LC-MS (ESI): m/z 830.4
(M+H)".
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EXAMPLE 11 — Svnthesis of compounds of Formula V¢

[0552] Step a.Referring to Scheme 11-1, to a solution of the bromide 1 (2.0 g, 4.2 mmol,
prepared according to published conditions) in dioxane (60 mL) was added
bis(pinacolato)diboron (4.32 g, 17 mmol), Pd(PPhs)4 (0.49 g, 0.42 mmol) and potassium acctate
(2.06 g, 21 mmol) under nitrogen atmosphere. The reaction mixture was stirred at 80° C for 5 h,
and then diluted with ethyl acetate (150 mL). The organic phase was washed with H,O (20 mL),
dried over sodium sulfate and concentrated in vacuo. The residue was further purified by silica
gel column chromatography (haxanes/ethyl acetate =1/4 to 0/1 (v/v)) to give 2 (1.73 g, 79%
yield). LC-MS (ESI): m/z 523.3 (M+H)".

[0553] Step b. A mixture of 2-quinolinol triflate 3 (0.72 g, 1.4 mmol), boronic ester 2 (0.73
g, 1.4 mmol), Pd(dppf)Cl,-DCM (114 mg, 0.14 mmol) in 2 M Na,CO; (2.8 mL) and dioxane
(5.6 mL) was treated by a process of degas-and-refilled-with-nitrogen three times. The reaction
mixture was then stirred at 90° C under nitrogen atmosphere for 4 h- After being cooled, the
mixture was diluted with THF, and then filtered through a pad of CELITE™. The filtrate was
concentrated and the crude product was purified by flash chromatography
(NH4OH/acetonitrile/ethyl acetate, 1:8:100) affording a pure product 4 (0.80 g, 75% vyield) as a
white solid. LC-MS (ESI): m/z 759.4 (M+H)".

[0554] Step c¢. Trifluoroacetic acid (2.5 mL) was slowly added into a solution of 4 (0.80 g,
1.5 mmol) in CH,Cl; (5.0 mL) at rtrt. The resulting mixture was stirred at rtrt for 2 h, and then

concentrated to dryness. The crude product was dried in vacuo to give a TFA salt, which was

used for the next step without further purification. LCMS (ESI): m/z 659.3 (M+H)".

[0555] Step d. To a mixture of the TFA salt (69.1 mg, 0.11 mmol) obtained from above
reaction in DMF (3 mL) was added DIPEA (0.23 mL, 1.4 mmol), followed by L- N-
methoxycarbonyl-(4-tetrahydro-2 H-pyran-4-yl)glycine (30 mg, 0.14 mmol) and HATU (52 g,
0.14 mmol). After stirring at rt for 2 h, the reaction mixture was slowly dropped into H,O while
stirring. The resulting precipitate was collected by filtration. The crude product was purified by
prep-HPLC to afford product 5 (34.5 mg). '"H NMR (CDCls, 300 MHz) § 7.90 (m, 1H), 7.80-
7.60 (m, 4H), 7.5 (m, 2H), 7.36 (d, 1H), 7.10 (broad s, 2H), 7.56 (d, 1H), 7.44 (d, 1H), 5.28 (m,
2H), 4.54 (t, 1H), 4.42 (t, 1H), 4.10-3.93 (m, 7H), 3.68 (m, 7H), 3.42 (m, 2H), 3.00-2.22 (m, 8H),
2.08 (m, 5H), 1.80-1.40 (4H), 1.10-0.90 (m, 6H) ppm LC-MS (ESI): m/z 858.4 (M+H)".
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[0556] Step e. A solution of compound § (37.7 mg, 0.044 mmol), DDQ (10.0 mg, 0.044
mmol) in 6 mL of benzene was refluxed for 2.5 h. After removal of the solvent, the crude
product was purified by prep-HPLC to afford 6 (23 mg) as yellow powder. '"H NMR (CDCls, 300
MHz) 6 8.40-7.40 (m, 10H), 7.22 (s, 1H), 5.60-5.40 (m, 3H), 5.30 (m, 2H), 4.60-4.40 (m, 2H),
4.20-3.80 (m, 6H), 3.70 (m, 7H), 3.44 (m, 3H), 2.50-2.00 (m, 13H), 1.10-0.92 (m, 6H) ppm. LC-
MS (ESI): m/z 856.4 (M+H) .

’ HN ’ R
HN O Br steps _ O \_7 7/ NH
- D
O
OMe N~ "OMe T
N H MeO)LH /C(\)

6a

[0557] Following procedures and conditions described in Scheme 11-1 and substituting
compound 1a for compound 1, compound 6a was prepared. 'H NMR (300 MHz, CD;0D) §
9.21-9.18 (m, 1H), 8.79 (s, 1H), 8.56-8.50 (m, 3H), 8.26-8.19 (m, 3H), 8.10-8.07 (m, 1H), 5.32-
5.25 (m, 2H), 4.34-4.24 (m, 2H), 4.13-4.06 (m, 2H), 3.95-3.89 (m, 4H), 3.67 (s, 6H), 3.24-3.09
(m, 6H), 2.65-2.10 (m, 12H), 1.60-1.30 (m, 4H), 1.01 — 0.91 (m, 6H) ppm; LC-MS (ESI): m/z
872.4 (M+H)".
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EXAMPLE 12 — Additional Synthetic Schemes for Compounds of the Invention

o 1. LIOHH,O, THF/H,O
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H o]
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N Br 3. MeMgBr \N B
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i w >\/)
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Scheme 12-1
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[0558] Step a. Referring to Scheme 12-8, a mixture of ethyl 4-bromo-2-methylbenzoate (1.0
g, 4.11 mmol) and NBS (1.15 g, 6.46 mmol) in CCly (13.7 mL) was heated to reflux for 6 h. The
white precipitate was filtered off and the filtrate was concentrated under reduced pressure to
obtain yellow oil 1 (1.47 g) which contained approx. 25% of unreacted starting material by
LC/MS. The crude material was used without further purification.

[0559] Step b. Crude ester 1 (4.11 mmol) was dissolved in glacial acetic acid (13.7 mL),
and 4-bromoanaline (0.85 g, 4.93 mmol) was added to the solution. The reaction mixture was
then heated to reflux for 12 h and cooled to rt. H,O (150 mL) was added and neutralized with
solid Na,COs to pH 7. The aqueous solution was extracted with ethyl acetate (3x100 mL), and
the organic layers were dried over Na,SOy, filtered and concentrated under vacuum. The crude
material was purified by flash column chromatograph cluted with hexanes/ethyl acetate (12/1 to
10/1) to removed byproduct and then with pure ethyl acetate to afford brown solid 2 (0.54 g,
36% yield). "H NMR (300 MHz, CDCls) § 7.79-7.69 (m, 3H), 7.68-7.67 (m, 2H), 7.65-7.52 (m,
2H), 4.82 (m, 2H) ppm.

[0560] Step c¢. A mixture of compound 2 (0.54 g, 1.46 mmol), pinacol diborane (0.82 g, 3.22
mmol), KOAc (0.86 g 8.76 mmol), and Pd catalyst (0.12 g, 0.15 mmol) in dioxane (28 mL) was
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heated at 110 °C for 30 h. The reaction mixture was cooled to rt and diluted with HO. The
aqueous layer was extracted with ethyl acetate, and the organic layer was dried over Na;SOy,
filtered and concentrated under vacuum. The crude material was purified by flash column
chromatograph eluted with ethyl acetate to afford dark yellow solid 3 (0.49 g, 73% yield). 'H
NMR (300 MHz, CDCls) 6 7.90-7.70 (m, 7H), 4.81 (s, 2H), 1.40-1.20 (m, 24H) ppm.

[0561] Step d. A mixture of 3 (400 mg, 0.87 mmol), iodoimidazole compound 4 (630 mg,
1.73 mmol) and Pd(PPhs)4 ( 200mg, 0.17 mmol) and potassium carbonate (311 mg, 2.25 mmol)
in DMSO (10 mL) and H,O (3.5 mL) was heated at 100 °C for 14h. The reaction mixture was
cooled to rt and diluted with H,O and extracted with dichloromethane. The combine organic
layers were dried over Na,SQy, filtered and concentrated under vacuum. The crude material was
purified by flash column chromatography (ethyl acetate/ methanol = 97/ 3 (v/v)) to afford 5 (357
mg, 61% vield) as a light yellow solid. 'H NMR (CDCls, 300 MHz) & 7.95-6.90 (m, 9H),
4.95(m, 2H), 3.41 (m, 4H), 2.95 (m, 2H), 2.28-1.85 (m, 6H), 1.50 (s, 9H), 1.48 (s, 9H) ppm.

[0562] Step e. To a stirred suspension of 5§ (40 mg, 0.059 mmol) in THF (0.6 mL) at rt was
added 4 N HCI solution in 1,4-dioxane (0.6 mL), and the mixture was stirred at rt for 4 h. The
reaction mixture was concentrated in vacuo to give an HCI salt (37 mg, 100% yield), which was

used without purification in the next step. LC-MS (ESI) m/z: [(M+2H)/2]" 478.5.

[0563] Step f. To a stirred solution of HCI salt from above (37 mg, 0.059 mmol) and N-
methoxycarbonyl-L-valine (22.6 mg, 0.13 mmol) in DMF (2 mL) was added HATU (49 mg,
0.13 mmol) followed by diisopropylethyl amine (0.1 mL, 0.59 mmol). After being stirred at rt for
4 h, the reaction mixture was diluted with H,O and extracted with dichloromethane. The
combine organic layers were dried over Na,SOy, filtered and concentrated under vacuum to give
the crude product, which was purified by prep HPLC to give 6 (6.4 mg, 14% yield) as a white
solid. "TH NMR (CDCls, 300 MHz) § 7.95-7.20 (m, 9H), 5.20 (m, 2H), 4.40-3.61 (m, 6H), 3.34
(s, 6H), 3.20-1.90 (m, 12H), 0.95 (dd, 6H), 0.90 (dd, 6H). LC-MS (ESI) m/z: [M-H] 793.

[0564] Step g. Similarly, the six-membered analogs (2a, 2b, 2¢) of compound 2 were
prepared following published procedures. Compounds 2a, 2b and 2¢ were further transformed
following the same synthetic sequences and conditions described above afford their perspective

analogs of compound 6.
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[0565] Step a. Referring to Scheme 12-9, to cthyl pyruvate (24.4 g, 23.4 mL, 210 mmol) was
added dropwise H,O; (35%, 13.6 g, 13.6 mL, 140 mmol) at 0 °C followed by stirring for 5 min.
To a mixture of 6-bromo-benzothiazole (10.0 g, 46.7 mmol) in H,O (45 mL) and H,SO4 (13.7 g,
7.5 mL, 140 mmol) was added simultancously the fresh prepared cthyl pyruvate mixture and
FeSO, 7TH,0 (38.9 g, 140 mmol) in H,O (90 mL) at 0 °C. The resulting mixture was kept at 0
°C and stirred at rt overnight. To the mixture was added additional H,SO4 (27.4 g, 15.0 mL, 280
mmol) followed by fresh prepared ethyl pyruvate mixture (28.8 g of ethyl pyruvate, 46.8 mL,
420 mmol and H,0; 35%, 27.2 g, 27.2 mL, 280 mmol) and FeSO4 7H,0 (77.8 g, 280 mmol) in
H,0 (180 mL) at 0 °C. After stirring at 0 °C for 7.5 h, excess ice was added to the reaction
mixture and the pH was adjusted to 10-11 with a 2.0 M KOH solution. The basic mixture was
extracted with EtOAc (5 x 300 mL), and the combined organic layers were dried over NaySQy,
filtered, and concentrated on a rotary evaporator to give yellow oil. The crude product 1 was

used for the next step without further purification. LC-MS (EST) m/z: (M+1)" 288.

[0566] Step b. To a crude mixture of 1 (~46.7 mmol) in MecOH (250 mL) was added KOH
(25.2 g, 450 mmol). After the mixture was heated under reflux condition for 3 h, all volatile was
removed on a rotary evaporator to give a brown solid. The brown solid was dissolved in H,O
(200 mL) and then extracted with EtOAc (3x200 mL). The pH of the aqueous phasc was
adjusted to 3-4 with 10 % HCI solution and extracted with EtOAc¢ (5x200 mL). Combined
organic layer was dried over Na,SOy, filtered, and concentrated on a rotary evaporator to give 2

as a yellow solid (9.66 g, 80% yield). LC-MS (ESI) m/z (M+1)" 260.

[0567] Step c¢. To a mixture of 2 (1.43 g, 5.5 mmol) in DCM (50 mL) was added slowly
oxayl chloride (14.0 g, 9.5 mL, 110 mmol) followed by one drop of DMF at rt. After the
resulting mixture was stirred at rt overnight (15 h), all volatiles were removed on a rotary

evaporator. The crude mixture was used for the next step without purification.

[0568] Step d. To a solution of 6-bromo-benzothiazole-2-carbonyl chloride 2 (~5.5 mmol)
in THF (50 mL) was added dropwise flash generated diazomethane solution (approximately 16.6
mmol of diazomethane solution generated from 25.1 mmol of 4-N,N-trimethyl-
benzenesulfonamide) at 0 °C. The resulting mixture was stirred at 0 °C for 30 min and then the

temperature was allowed to warm to rt. After the stirring was continued at rt for 2.5 h, all
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volatile was removed on a rotary evaporator. The crude mixture was used for the next step

without further purification.

[0569] Step e. To a mixture of 1-(6-bromo-benzothiazol-2-yl)-2-diazo-cthanone obtained
from above (~5.5 mol) in AcOH (30 mL) was slowly added aqueous HBr (48 %, 0.69 mL, 6.1
mmol) at rt. The resulting mixture was stirred at rt for an additional 2 h. All volatile was
removed on a rotary evaporator to give dark solid. The crude mixture was further dried by
azeotropic evaporation with toluene on a rotary evaporator (15 mL X 2). Compound 3 was

obtained as a dark brown solide, which was used for the next step without further purification.

[0570] Step f. To a crude mixture of 2-bromo-1-(6-bromo-benzothiazol-2-yl)-ethanone A7
(~5.5 mmol) in CH3CN (50 mL) was added pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester
(1.31 g, 6.1 mmol) followed by addition of DIPEA (2.14g, 2.69 mL, 16.6 mmol) at rt. The
resulting mixture was stirred at rt for 5 h, and then quenched with H,O. The mixture was
extracted with EtOAc (3x50 mL), and then the combined organic phases were washed with H,O
(50 mL) and brined (50 mL), dried over Na,SQOyu, filtered, and concentrated on a rotary
evaporator. The crude mixture was purified by column chromatography cluting with
hexanes/EtOAc = 6:1 to 4:1 (v/v) to give the title compounds as brown solid (297 mg, 12% for
total 4 steps from 2). LC-MS (ESI) m/z: (M+H) " 493.

[0571] Step g. To a solution of (S)-2-(2-(6-bromobenzo[d]thiazol-2-yl)-2-oxocthyl) 1-tert-
butyl pyrrolidine-1,2-dicarboxylate 4 (297 mg, 0.63 mmol) in xylene (5.0 mL) was added
NH;OAc (488 mg, 6.32 mmol). The resulting mixture was heated at 145 °C for 2 h, and then all
solvent was removed on a rotary evaporator to give a crude mixture, which was subject to

column chromatography cluting with hexanes:EtOAc (1:1 to 0:1 ratio). Compound 5§ was

obtained as brown solid (65 mg, 23 %). LC-MS (ESI) m/z: (M+H) 451.

[0572] Step h. A mixture of § (43 mg, 0.1 mmol), 6 (44 mg, 0. 1 mmol, prepared as
described previously), Pd(dppf)Cl; (4 mg, 5 umol), and Na,COs (35 mg, 0.33 mmol) in
dioxane/H,0 (2.0 mL/0.4 mL) was purged with N,. The resulting mixture was stirred at 90 °C
for 8 h, and then diluted with H,O. The reaction mixture was extracted with EtOAc, and
combined organic was dried over Na,SOy, filtered, and concentrated on a rotary evaporator. The

crude mixture was purified by column chromatography eluting with hexanes:EtOAc = 1:3 (v/v)

to give 7 a yellow solid (60 mg, 60 % yield). LC-MS (ESI) m/z: (M+H)" 683; (M-H) 681.
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[0573] Step i. To a crude solution of compound 7 (717 mg, 1.056 mmol) in THF (7.5 mL)
was added HC1 (4.0 M in dioxane, 10 mL) at rt. The resulting mixture was stirred at rt for 16 h,
and then all volatile was removed on a rotary evaporator to give yellow solid. The yellow solid
was washed with dicthyl ether (2x10 mL) and then further dried on a rotary evaporator to give
yellow solid. The crude solid was used for the next step without further purification. The
deprotected free amine from above (48 mg, ~0.1mmol) was dissolved in CH3CN (1.0 mL), was
treated with N-methoxycarbonyl-L-valine (35 mg, 0.2 mmol), HATU (76 mg, 0.2 mmol) and
DIEPA (52 mg, 65 pL, 0.4 mmol). The resulting mixture was stirred at rt for 2.5 h, and then all
solvents were removed on a rotary evaporator to give crude mixture. The crude mixture was
purified by prep-HPLC cluting H,O to CH3;CN, and the isolated compound was ~80% purity.
The product was further purified by prep-TLC eluting with EtOAc with 5% NH4OH to give
product 8 (4.5 mg) as a white solid. 'H NMR (300 MHz, CDCl;) & 8.12 (Br s, 1H), 7.58-7.84
(m, 5H), 7.28-7.46 (m, 4H), 5.38-5.58 (m, 4H), 4.36-4.42 (m, 2H), 3.87-3.98 (m, 2H), 3.71 (s,
3H), 3.69 (s, 3H), 2.10-2.40 (m, 2H), 1.20-1.40 (m, 8H), 0.81- 0.91(m, 12H). LC-MS (ESI) m/z:
(M+H)" 795.

[0574]

Biological Activity

[0575] 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.

[0576] On Day 1 (the day after plating), each compound is added in triplicate to the cells.
Plates incubated for 72 h 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 cach compound.
% Control = (Average Compound Value/Average Control)*100
[0577] The ECsg value was determined using GraphPad Prism and the following equation:

Y = Bottom + (Top-Bottom)/ (1+10" ((LogIC50-X)*HillSlope))
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[0578] ECso values of compounds are repeated several times in the replicon assay.

[0579] Example compounds of the disclosed invention are illustrated in Tables 1 and 2.
Table 1 includes inhibitory activity for many of the compounds with respect to HCV 1b.
Additionally mass spectrometry results are provided. Table 2 provides additional example
compounds of the invention. The biological activity is indicated as being *, %, *%¥ o %%
which corresponds to ECsg ranges of >1000 nM, 999 nM to 10 nM, 9.9 nM to 1 nM, or <1 nM
respectively.

Pharmaceutical Compositions

[0580] An eleventh aspect of the invention provides a pharmaceutical composition
comprising compounds of the invention. In a first embodiment, the pharmaceutical composition
further comprises 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. The compounds of the present invention include, without limitation, basic compounds
such as free bases. A thorough discussion of pharmaceutically acceptable excipients and salts is
available in Remington's Pharmaceutical Sciences, 18th Edition (Easton, Pennsylvania: Mack

Publishing Company, 1990).

[0581] 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.

[0582] 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 thercof together with one or more pharmaceutically

acceptable carriers and optionally other therapeutic and/or prophylactic ingredients.

[0583] 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.
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[0584] 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.

[0585] A twelfth aspect of the invention provides use of the compounds of the invention in

the manufacture of a medicament.

[0586] In a first embodiment of the twelfth aspect, the medicament is for the treatment of

hepatitis C.

[0587] 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.

CombinationTherapy

[0588] The compounds of the present invention and their isomeric forms and

pharmaceutically acceptable salts thercof are useful in treating and preventing HCV  infection
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alone or when used in combination with other compounds targeting viral or cellular elements or
functions involved in the HCV lifecycle. Classes of compounds useful in the invention may
include, without limitation, all classes of HCV antivirals. 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
polymerase, protease inhibitors, helicase inhibitors, NS4B inhibitors and medicinal agents that
functionally inhibit the internal ribosomal entry site (IRES) and other medicaments that inhibit
HCYV cell attachment or virus entry, HCV RNA translation, HCV RNA transcription, replication
or HCV maturation, assembly or virus release. Specific compounds in these classes and useful in
the invention include, but are not limited to, macrocyclic, heterocyclic and linear 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, BI-201335, BI-2061
(ciluprevir), BMS-650032, ACH-1625, ACH-1095 (HCV NS4A protease co-factor inhibitor),
VX-500, VX-813, PHX-1766, PHX2054, IDX-136, IDX-316, 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, IDX-184, IDX-102, R1479, UNX-
08189, PSI-6130, PSI-938 and PSI-879 and various other nucleoside and nucleotide analogs and
HCYV inhibitors including (but not limited to) those derived as 2’-C-methyl modified
nucleos(t)ides, 4’-aza modified nucleos(t)ides, and 7’-deaza modified nucleos(t)ides. Non-
nuclosidic HCV polymerase (replicase) inhibitors useful in the invention, include, but are not
limited to , HCV-796, HCV-371, VCH-759, VCH-916, VCH-222, ANA-598, MK-3281, ABT-
333, ABT-072, PF-00868554, BI-207127, GS-9190, A-837093, JKT-109, GL-59728 and GL-
60667.

[0589] In addition, NS5A inhibitors of the present invention may be used in combination
with cyclophyllin and immunophyllin antagonists (eg, without limitation, DEBIO compounds,
NM-811 as well as cyclosporine and its derivatives), kinase inhibitors, , inhibitors of heat shock
proteins (e.g., HSP90 and HSP70), other immunomodulatory agents that may include, without
limitation, interferons (-alpha, -beta, -omega, -gamma, -lambda or synthetic) such as Intron A™,
Roferon-A™, Canferon-A300™, Advaferon™, InfergenTM, Humoferon™, Sumiferon MP™,
Alfaferone™, IFN-B™, Feron™ and the like; polyethylene glycol derivatized (pegylated)

interferon compounds, such as PEG interferon-o-2a (Pegasys' ), PEG interferon-a-2b

184



\ 232 n) 04 ) 4 NN 101 H\--NOHN NHoS'i /cl-9%\ 233 **** 861.4 H HN
oF4- /HN1O O 234 N\/ **** 780.4 |1 NO le H NOHN NHOFlI .-.. ioHN\ 235
Nl --)4- HWO00y6s67@ H N., rOHN 0". CNHoRI CrJ% 0 /HNUp  PCT/US2009/066459

(PEGIntron™™), pegylated IFN-a-conl and the like; long acting formulations and derivatizations
of interferon compounds such as the albumin-fused interferon, Albuferon™ , Locteron ™ and the
like; interferons with various types of controlled delivery systems (e.g. ITCA-638, omega-
interferon delivered by the DUROS ™ subcutancous delivery system); compounds that stimulate
the synthesis of interferon in cells, such as resiquimod and the like; interleukins; compounds that
enhance the development of type 1 helper T cell response, such as SCV-07 and the like; TOLL-
like receptor agonists such as CpG-10101 (actilon), isotorabine, ANA773 and the like; thymosin
a-1; ANA-245 and ANA-246; histamine dihydrochloride; propagermanium;
tetrachlorodecaoxide; ampligen; IMP-321; KRN-7000; antibodies, such as civacir, XTL-6865
and the like and prophylactic and therapeutic vaccines such as InnoVac C, HCV E1E2/MF59 and
the like. In addition, any of the above-described methods involving administering an NS5A
inhibitor, a Type I interferon receptor agonist (e.g., an IFN-a) and a Type II interferon receptor
agonist (e.g., an IFN-y) can be augmented by administration of an effective amount of a TNF-a
antagonist. Exemplary, non-limiting TNF-a antagonists that are suitable for use in such

combination therapies include ENBREL ™, REMICADE™ and HUMIRA ™.

[0590] In addition, NS5A inhibitors of the present invention may be used in combination
with antiprotozoans and other antivirals thought to be effective in the treatment of HCV
infection, such as, without limitation, the prodrug nitazoxanide. Nitazoxanide can be used as an
agent in combination the compounds disclosed in this invention as well as in combination with
other agents useful in treating HCV infection such as peginterferon alfa-2a and ribavarin (see, for

example, Rossignol, JF and Keeffe, EB, Future Microbiol. 3:539-545, 2008).

[0591] NSS5A inhibitors of the present invention may also be used with alternative forms of
interferons and pegylated interferons, ribavirin or its analogs (e.g., tarabavarin, levoviron),
microRNA, small interfering RNA compounds (e.g., SIRPLEX-140-N and the like), nucleotide
or nucleoside analogs, immunoglobulins, hepatoprotectants, anti-inflammatory agents and other
inhibitors of NS5A. Inhibitors of other targets in the HCV lifecycle include NS3 helicase
inhibitors; NS4A co-factor inhibitors; antisense oligonucleotide inhibitors, such as ISIS-14803,
AVI-4065 and the like; vector-encoded short hairpin RNA (shRNA); HCV specific ribozymes
such as heptazyme, RPI, 13919 and the like; entry inhibitors such as HepeX-C, HuMax-HepC
and the like; alpha glucosidase inhibitors such as celgosivir, UT-231B and the like; KPE-
02003002 and BIVN 401 and IMPDH inhibitors. Other illustrative HCV inhibitor compounds

185



0\ **** 848.3 234 WD 20101065674PCT/ US2009/ 066459 Conpound Structure

I nhibition of HCV genotype |b M5 (MtH) + 236 N \ **** I NNII H 780. 4

NOHN .

2 HONOCOF/6k6 74 1 237 Nitn_Ko so H NOHN ORI 0., OPCHNUS2009/056459 848,

238 N\ *x**

include those disclosed in the following publications: U.S. Pat. No. 5,807,876; U.S. Pat. No.
6,498.,178; U.S. Pat. No. 6,344,465; U.S. Pat. No. 6,054,472; W097/40028; WO98/40381;
WO00/56331, WO 02/04425; WO 03/007945; WO 03/010141; WO 03/000254; WO 01/32153;
WO 00/06529; WO 00/18231; WO 00/10573; WO 00/13708; WO 01/85172; WO 03/037893;
WO 03/037894; WO 03/037895; WO 02/100851; WO 02/100846; EP 1256628; WO 99/01582;
WO 00/09543; W0O02/18369; W0O98/17679, WO00/056331; WO 98/22496; WO 99/07734; WO
05/073216, WO 05/073195 and WO 08/021927.

[0592] Additionally, combinations of, for example, ribavirin and interferon, may be
administered as multiple combination therapy with at least one of the compounds of the present
invention. The present invention is not limited to the aforementioned classes or compounds and
contemplates known and new compounds and combinations of biologically active agents (see,
Strader, D.B., Wright, T., Thomas, D.L. and Seeff, L.B., A4SLD Practice Guidelines. 1-22, 2009
and Manns, M.P., Foster, G.R., Rockstroh, J.K., Zeuzem, S., Zoulim, F. and Houghton, M.,
Nature Reviews Drug Discovery. 6:991-1000, 2007, Pawlotsky, J-M., Chevaliez, S.

and McHutchinson, J.G., Gastroenterology. 132:179-1998, 2007 , Lindenbach, B.D. and Rice,
C.M., Nature 436:933-938, 2005, Klebl, B.M., Kurtenbach, A., Salassidis, K., Daub, H. and
Herget, T., Antiviral Chemistry & Chemotherapy. 16:69-90, 2005, Beaulieu, P.L., Current
Opinion in Investigational Drugs. 8:614-634, 2007, Kim, S-J., Kim, J-H., Kim, Y-G., Lim, H-S.
and Oh, W-J., The Journal of Biological Chemistry. 48:50031-50041, 2004, Okamoto, T.,
Nishimura, Y., Ichimura, T., Suzuki, K., Miyamura, T., Suzuki, T., Moriishi, K. and Matsuura,
Y., The EMBO Journal. 1-11, 2006, Soriano, V., Peters, M.G. and Zeuzem, S. Clinical Infectious
Diseases. 48:313-320, 2009, Huang, Z., Murray, M.G. and Secrist, J.A., Antiviral Research.
71:351-362, 2006 and Neyts, J., Antiviral Research. 71:363-371, 2006, cach of which is
incorporated by reference in their entirety herein). It is intended that combination therapies of
the present invention include any chemically compatible combination of a compound of this
inventive group with other compounds of the inventive group or other compounds outside of the
inventive group, as long as the combination does not climinate the anti-viral activity of the
compound of this inventive group or the anti-viral activity of the pharmaceutical composition

itself.

[0593] Combination therapy can be sequential, that is treatment with one agent first and then

a second agent (for example, where each treatment comprises a different compound of the
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invention or where one treatment comprises a compound of the invention and the other
comprises one or more biologically active agents) or it can be treatment with both agents at the
same time (concurrently). Sequential therapy can include a reasonable time after the completion
of the first therapy before beginning the second therapy. Treatment with both agents at the same
time can be in the same daily dose or in separate doses. Combination therapy need not be limited
to two agents and may include three or more agents. The dosages for both concurrent and
sequential combination therapy will depend on absorption, distribution, metabolism and
excretion rates of the components of the combination therapy as well as other factors known to
one of skill in the art. Dosage values will also vary with the severity of the condition to be
alleviated. It 1s to be further understood that for any particular subject, specific dosage regimens
and schedules may be adjusted over time according to the individual's need and the professional
judgment of the person administering or supervising the administration of the combination

therapy.

[0594] All publications and patent applications cited in this specification are herein
incorporated by reference as if each individual publication or patent application were specifically

and individually indicated to be incorporated by reference.

[0595] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to
one of ordinary skill in the art in light of the teachings of this invention that certain changes and
modifications may be made thercto without departing from the spirit or scope of the invention as

defined in the appended claims.
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N HDORI D D NHD DHN DD1.-... 0ODD \ 272 Cains A conpound of fornula
ilie wherein X and X are each independently selected fromthe group

consi sting of a bond, - CH. 2- -C11=cdi-, -0- -S, -S(0) I-2-,

- Cl1420-,-Cf-12S(0) 1,2- and -Cl12N(RE)-, wherein RE is chosen fromthe
group consi sting of hydrogen, C3 to (2.8 alkyl, C3 to Cs, heteroalicyl,

het erocycl e, aryl, heteroaryl, aral kyl, al kanoyi, al koxycattonyl, carhanoyl
and substituted sulfonyl; Xb. is independently Cor N, Xe is independently
Cor N each Ka is independently selected fromthe group consisting of
-01-1, -CN, -NO2, halogen, C, to C37 alkyl, C] to Cl2 heterealkyi, '
cycioal kyl, betentycle, aryl, beteroaryigagiai Kyl , al koxy, al koxycar honyl,
al kaaoyl, carbanoyl, substinted sul fonyl, sulfonate, sulfonam de and am no;
each r is independently O, 1, 2 or 3; Z and 7; are independently sel ected
fromthe groups caRshslbPSrfila@d 0 CE heteroaticyl, cycloallcvl

heterocygre, aryl, hek,roaryl, ax Al, 1-3 amno acids, -ft3-(CR 2)vN

WC: 024AL- Cle2)tCPi2)i -Rs,CR42)1and -11.14 CR42), -NRS OM2),1-1, 1(
CR42): t-O( CR42), -R8, wherein, Uis selected fromthe group consisting
of -C(0)-, -0(8)- and -S(0) 2), each RA. ({35 and R7 is independently selected
fromthe group consisting 0 h drogen,t,l.%p C8 alkyl, C3 to Cs

het er oal kyl , cyci oal kyl 4 het eroacyl and aralk.yl, BY is
sel ected fromthe group to Cg alkyl, Cl1 to C8
het er oal kyl , cycl oal
-4(S)- Ra’, - 0(0)-f
wherein each R81 is
hydr ogen, > C to Ca heteroal k Ittg%
aryl, hetgfoaiy} and alHal kyl, optionally, R7 hn

éiher f
menbered ring, ¢ach t is independently 0, 1, &3, or 4, and u ig 0, 1,Xor
2 and mherétnfﬂﬁ bstituted aullon 1" at each Can-R :1CC is group fjavi
structure 0 wheretp R is independently selected from hydrogen, -OH -
-NO2, halogen, & to Co alkyl, C to lieteroal kyl, al kenyl, alXynyi,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyi, alicoxy,

al koxycarbonyl, alitartoyi, carbanmoyl, sul fonate as herein defined,
sul fonam de, am no, and oxo. 2. The conpound according to any one of claim
1 wherein é?and | are each 1-3 amno acids. 3. The conpound according to
claim2 wherel'n the amino acids are in the D configuration. 4. The

conmpound Qof one, of cl aj 1-3 wherein Z and | are.each inde ent |
sel ect ed £t He® wp@%@ysﬁea%g%ﬂ&agor&ﬁa& VEE(f gg‘@ﬁn-zﬁz-% 5 craz) 1
-R8, - U (CBR4DHE - -3O) wak- h-CH2S-, -CH2S5(0) 1.2- and -CHN(R")-, wherein

R! is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to Cg heteroalkyl,

cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl, carbamoy! and

substituted sulfonyl;

Rs tog 0

X%is independently C or N;
X° is independently C or N;

cach R? is independently sclected from the group consisting of -OH, -CN, -NO, halogen, C;
to Cyz alkyl, C; to Cy; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy,
alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate, sulfonamide and amino;

each r is independently 0, 1, 2 or 3;

Z and Z' are independently selected from the group consisting of C;to Cg heteroalkyl,
cycloalkyl, heterocycle, aryl, heteroaryl, aralyl, 1-3 amino acids, -[U-(CR*)-N R°C(R*)w-
U-( CR%) -NR7-( CR%); -R®, -U- CR%), -R?, and -[U-( CR*;) ~NR® CR*2){Ju-U-( CR*)( -0
CR*) -R%,

273



NR5- (CR. 42)du-U-( CR42)1 -0( CR42), -R8. 5. The conpound of clai m4wherein
one or both of Z and Z° are -1(J-( creot CR42)1lin-U-(CR42)t-NR7-( CR42)1 -
R8. 6. The conpound of claimb5 wherein one or both of Z and E are - U (
CR421- CR42)1 -U-( CR42)1 -NR . (CR42)t- Rs. 7. The compound of claimb5
Wherein one or both of Z and Z are -U-( CR42)1 (CR 42)t-R8. 8. The conpound
of claim5 wherein either one or both of Z and T are [C(0)-( CR 42)
CR42)Ju- W CR42)1 -NR7-( CR42); -R8. 9. The conpound of claim8 wherein
one or both§sk Z and z! are -C(0)-( CR42); CR42)1 -U-( CR42)1 -NR7-( CR42)1
10. The conpound of claim8 wherein one or both of Z and 1 are -[C(0)-(
CR42): -NP CR42% M C(0)- ( CR42)1 -NCR42)1 --- R8 11. The conpound of claim

10 wh i ) bot f . Z d | e - CrR42)1 -C(0) -
CR42)te E:eRlzlg) ({nﬁég r%C?eﬁH?%b@ﬁﬁgoﬁﬁﬁoﬁi%r{@? 8%@5'\(’/\}1%;?%%%& gigé)z(()’r bot)h of c:(Z ;n((j I

are -C(0)-( C4 -NR..75( CR 42) 1 - P jom 4
wher ei n one oFacﬁé%hRoq‘nd%Z(‘salﬁlgepfn aélérn tely-se%c ed#g{%ﬁ%rcg@% efjlg%%%%jg@%e‘ﬁ‘éf claim
13 wherein oné& & Ciliph Gfto £s Bferoplkyly eyel » NECERIZS P 5 N onpound of
cl ai m 4 wher eknlkyhe or both of Z and 1 are -[U-( CR 42)1 (CR42),]01J-(
C R42)1 -0-( CR42)1 - R 16, The conpound of claim 15 wherei @one or both
of Z and Z ar & isstlegteCRam)the siRB gongRineithydrogan, C1 eRaodyl- .1 Era 2 R(%b Rs.
17. The' conpouadroaliyt bailoulkiy hakerogiln aylchaarodplt fraliil, ZCENCRY, £(8-RX C. R 2h
-NR5- (- CRA2) ; o(&4.0) € ?@-)N-RBIQ4S((§BKQ) and -3@))2The® g onpedineach Rtk ai m 16

(8]

wherein one of, fot] C’c[y Adiofn @5 fup LorlsisHiRe 81 hydihehFA0 G, allh, CioROMPOUNd

0 :
of claim1l, sel d +rom ro onsJ strng, of ArNiHaHO ,f'.,
.., bi 00 ...| e‘ielfqaﬁ‘i’!’ cycq‘?&?yl’i‘e%ﬁ%ﬁyﬁﬁ’caéﬂi #ﬁe?%{iargloaﬁlﬂggﬁuf){?’on conpri sing any one
of the compounds o Al m.119 21. oun -any one of clainms 1-19 for
use as a nedi SBMIY’%ZHH&%%B&’BT%%mg? ecr?%?% 1-20 for use in the

treatnment of hepat.itis C. 27 t he conmpound of any of clains 1-20
in the manuf a@f‘%‘ratés Wc%nﬂ%léyga%’%g%’tésbgdt reating hepatitis C.

uis 0,1, or 2 and

wherein “substituted sulfonyl” at each occurrence is group having the structure

wherein R is independently selected from hydrogen, -OH, -CN, -NO,, halogen, C, to Cy, alkyl, C, to
C» heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy,
alkoxycarbonyl, alkanoyl, carbamoyl, sulfonate as herein defined, sulfonamide, amino, and oxo.

2, The compound according to any one of claim 1 wherein Z and Z' are each 1-3 amino

acids.

3. The compound according to claim 2 wherein the amino acids are in the D

configuration.
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4. The compound of any one of claims 1-3 wherein Z and Z' are cach independently
selected from the group consisting of

J[U~( CR) -NR®~( CR*)(Ju-U-( CR*) -NR-( CR%); R, -U~( CR%)-R" and -[U~( CRY) -
NR’-( CR*)Ju-U-( CR%); -0-( CR%), -R®.

5. The compound of claim 4wherein onc or both of Z and Z' arc -[U~( CR*%) - NR>~(
CR%)Ju-U-(CR42)t-NR’-( CR*%), - R®.

6. The compound of claim 5 wherein one or both of Z and Z' are “U-( CRY) - NR’(
CR*) -U-( CR%) -NR'-(CR42)t- R®,

7. The compound of claim 5 wherein one or both of Z and Z' are -U-( CR*). -NR’-
(CR42)t-R8.

8. The compound of claim 5 wherein either one or both of Z and Z' are [C(O)-( CRY) -
NR’-( CR*»)Ju-U-( CR%); -NR-( CR%); -R®.

9. The compound of claim § wherein one or both of Z and Z' are -C(O)~( CR*): - NR’~(
CR"), -U-( CR*); -NR’-( CR*); -R®.

10. The compound of claim 8 wherein one or both of Z and Z' are -[C(O)~( CR*;). -NR*(
CR2)Ju-C(0)-( CR%) -N R7-( CR%,). — R®.

11. The compound of claim 10 wherein one or both of Z and Z' are -C(O)-(CR42)’£-NR5 -(
CR",); -C(0)-( CR*) -NR"-( CR*%); - R*

12. The compound of claim 8 whercin one or both of Z and Z' are -C(O)~( CR*): -NR'<(
CR%) - R®.

13. The compound of claim 4 wherein one or both of Z and Z' are -U-( CR%): - R®.
14. The compound of claim 13 wherein one or both of Z and Z' are -C(O)~( CR*) - R%.

15. The compound of claim 4 wherein one or both of Z and Z' are -[U~( CR*)), -NR’-
(CR%)Ju-U-( CR*,) -O-( CR%) - R®.
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16.The compound of claim 15 wherein one or both of Z and Z' are -U-~( CR%)(-NR’-( CR*%); -
U-( CR%), -O-(CR42)t- R®,

17. The-compound of claim 16 wherein one ot both of Z and Z' are -C(O)~( CR%); -NR’~(
CR%); -C(0)-( CR*); -O-( CR%): -R®

18. The compound of claim 16 wherein one or both of Z and Z' are -U~( CR*%) -O-( CRY), -
R®,

19. A compound of claim 1, selected from the group consisting of

N~ N N N
4 N NI.: N A
. ,.‘,. H H ! H H o)
_' w0 Qe N v () O _R
™ m? ~ N "
= 3 S, Qo s}
*s g :
] N N N
N R )
p | i M 5
=0 a { N =0 \
- T
N N N HN
Qs k O 12
o o © o c ©
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i N N
" n MY
0™q o "o

20. A pharmaceutical composition comprising any one of the compounds of claim 1-19.

21.  Compound of any one of claims 1-19 for use as a medicament.

22.  Compound of any of claims 1-20 for use in the treatment of hepatitis C.
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23.  Use of the compound of any of claims 1-20 in the manufacture of a medicament for

treating hepatitis C.
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