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[ 0001] Thiwoapplissati on cl aims the benefit of U S. provi #conmsbkoeppdsscat i ons
61/ 119, 723 filed Dec. 3,2008; 61/173,590 and 61/214,881 filed April 28,
2009; and 61/182,958 and 61/182,952 filed June 1, 2009. Field of the

I nvention [0002] The invention relates to conpounds useful for inhibiting
hepatitis C virus ("HCV') replication, particularly functions of the
non-structural 5A ("NS5A") RJRGHBITORS bFYICBagsar ound of the Invention
[0003] HCV is a single-stranded RNA virus that is a member of the

Fl aviviridae fam |ly. The lmventorstoepingki ambMinZhgengti c het erogeneity as

there are c rently n |de {ified genotypes and nore than 50 identified
subtypes %—%ﬁ@ﬁ-@%ﬂﬁ#@#ﬁra RNA is translated into a polyprotein
t hat .inta ten ndl pr At th amn are

st ruct AT or ofhis fbfedti g e e B ol & it MR DB BBl ps,

El and D&2. 3,2608;@/1i78f5e@ bad 6 NEMEANGE P ARHER 200D 1ahe'ws/1E2 98818hdEA /182,952
Addltlonally, there are six non-structural proteins, N52, N53, NS4A, NS4B,
NS5A aﬁ#@NSBB Mch play a functional role in the HOV |ifecycle. (see, for
exanpl e, Li plgBeGR InBedfiondnd C M Rice, Nature. 436 933-938, 2005).

[ 0004] I nfecTTon by HCV IS a serious health issue. is estlnated that 170
mllio pl e wo infection
can IeE%M?g chron?%gﬁggggﬁiégﬁgg?g%ﬁ@%#gs ﬁ%gﬁqﬁéw%h?gagx Shepatocellular
car ci n§TRCV ChrephcatiokiQvriiovil gyt fuoetions of tha somstmajtoml o ( INBHATE poéis ef HEV.

liver-rel at rena ity. [0005] The present standard of care
t r eat ment r§§1°—€¥.. .‘\i. fﬁ?@%‘."ﬁ’f‘%"&i on i nvoI ves interferon-al pha, alone, or in

conbi nat | W r.i bavirin eat IS C and. s s has
Gebi 11 T0e3h, v G e st RN FRVTRA iy £ ERE T T o b

r espondir®sHoie ¥k iTREVe gdiame ﬁét@!rogérfeﬁy i WRromRE baemtl9kevcheddntified Eadtypaf &gt i on
are urgently needed. WD 2010/ 065674PCT/ US2009/ 066459 Summary of the

| nvent igic (hond81deasBed subyree iy ifecteheclinggml Bt @utwnﬂﬁteﬁ@\vo Aake it an

i deal i i ass of
conpounis Aheib 8ot UL Ricisn HORiBEA BRI BAMGHED (IRTAK AR ERIneS: hov
i nf ect iporteing theugran &°) protein and the envelope glycoproteins, E1 and E2. p7, an integral

membrane protein, follows E1 and E2. Additionally, there are six non-structural proteins, NS2,
NS3, NS4A, NS4B, NS5A and NS5B, which play a functional role in the HCV lifecycle. (see,
for example, Lindenbach, B.D. and C.M. Rice, Nature. 436:933-938, 2005).

[0004] Infection by HCV is a serious health issue. It is estimated that 170 million people
worldwide are chronically infected with HCV. HCV infection can lead to chronic hepatitis,
cirrhosis, liver failure and hepatocellular carcinoma. Chronic HCV infection is thus a major

worldwide cause of liver-related premature mortality.

[0005] The present standard of care treatment regimen for HCV infection involves
interferon-alpha, alone, or in combination with ribavirin. The treatment is cumbersome and
sometimes has debilitating and severe side effects and many patients do not durably respond to

treatment. New and effective methods of treating HCV infection are urgently needed.



[0007]In a first aspect, conpounds of formula | are provided: ( Ra)r K
wherein: A is selected fromthe group consisting of single bond,
-(CR2) . - Gy0oro(0@R29p-, (CR2),-0-(CR2)p-, -(CR2),-N RN _@CRA)SPO0/066459
-(CR2), - S(0) k-N(RN) _(CR2)p-, (CR2).-(0)-N(RN)_(CR2) p-,
-(CR2) . -N(RN) - C(0) -N(RN) _(CR2) p-, (CR2).-C(0)-0-(CR2) p-,
-(CR2).-N(RN) - S(0)k-N(RN) - (CR2) p- and -(CR2).-N(RN)- Z1-\\1 Il sl-
C(0)-0-(CR2)p- and a heteroaryl group selected fromthe group consisting of
I---X1,  X&uhSndevof tNHnvEn@n S Y1, Y2 and Z1 are each independently CH or
N, X2 is NH-0 or 57 Vis -CR-CH2-, -CHCH, -N=CH, -(CH2)a-N(RN)-(CH2)b-
or -( 0 (L wth
Che p?([)'l\?/(? oL s aigfafr?gtwgb% g?éﬂ%r%ﬁﬁgggtoﬁ:ng?feﬂbmﬁﬂi%qgﬁﬂhéﬁ tegget:!for 1ah1b95rs.

The present disclosure describes a class of compounds targeting the NS5A protein and methods

of their use to treat HCV infection in humans.

[0007] In a first aspect, compounds of formula I are provided:

(R®,
RS w B'
\( B A’ R
Y.
7N \(
(R?), Y~

7A wherein:

A’ is selected from the group consisting of single bond, {(CR»),—C(O)—~(CR2),—,
—~(CR2)a—O—~(CR2)y—, —(CR2):-NRM~(CR2)p—, «(CR2)1=S(0)-NR)~(CR2),-,
~(CR)~C(O)NRM~(CR2),—, «(CR2)NRM-C(O)-NR™~CR2),,
~(CR2),~C(0)-0—~(CR2)p—, «(CR2):~N(R™)-S(0)-N(R™M~(CR»),- and «(CR2)»~N(R™)-

Z1’Y

-

C(O)-O—(CR2),— and a heteroaryl group selected from the group consisting of )\ X'

s 00,000 <
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wherein:



phenyl residue, the carbons of the heteroaryl group are each independently
optionally substituted with a substituent selected fromthe group

consi sti mnyoabihmb@gen, -OH, -CN, -NO2, hal ogen, G to CpeTaiskem/oedds9to 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 am no, the nitrogens, if present, of the heteroaryl group
are each independently optionally substituted with a substituent sel ected
fromthe group gopsist NpgoPdr 5,OH Cl1 to C12 alkyl, Cl to Cl2 heteroal kyl,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al koxy, al koxycarbonyl,
al kanoyl , carbanp%b, substituted sul fonyl, sulfonate and sul fonam de, a and
b are independeXt ¥y and Zp arcgactgindepeadently Gl er Nndependently 1 or 2, n and p
are independently 0, 1, 2 or 3, kis 0, 1, or 2, each Ris independently
sel ected from the, gq@up £onsi sting of hydrogen, halogen, -0OH -CN, -NOZ,
hal ogen, Cl1 to C12 alkyl, G to Cl12 heteroal kyl, cycloal kyl, heterocycle,
aryl, heteroaryl, aral kyl, al koxy, alkoxycarbonék, al kanoyl, carbanoyl,

substituted sul YanytHz-Shlkf cfHEeH- s hhartt- He)-AHE  hthihoy- oeatHRNOH(EH2)b-,

i ndependent |y sel i sti - OH, to
Cl2 alkyl, Cl to g%%%ﬂje% é@a%@?lf&f)%%?@gﬁily? &%\?@ﬁ E)h%jg{‘ggetg?tyal a?&'b &
het er oaryl , aral kybt batlh ROoxy, al koxycarbonyl, al kanoyl, carbanoyl,
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 N

7Y
“\
X2 optionally includes 1 or 2 nitrogens as heteroatoms on the

phenyl residue,

the carbons of the heteroaryl group are each independently optionally substituted
with a substituent selected from the group consisting of halogen, -OH, -CN,
-NO,, halogen, C; to Cy; alkyl, C; to Cj; heteroalkyl, cycloalkyl, heterocycle,
aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl,

substituted sulfonyl, sulfonate, sulfonamide and amino,

the nitrogens, if present, of the heteroaryl group are cach independently optionally
substituted with a substituent selected from the group consisting of -OH, C; to
Cy, alkyl, C; to Ci; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl,
alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate

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,



3 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,
wher ei n esiohlotvaees7e atom if present, is independently RCTASE60986@5
wherein at |east one of B or B is aromatic; each Ra is independently
selected fromthe group consisting of -OH -CN, -NO2, halogen, Cl to Cl2
alkyl, Cl1L to C12 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl,
aral kyl, al koxy, al koxycarbonyl, al kanoyl, carbanmoyl, substituted sul fonyl,
sul fonate, sul fona@dec}anﬁto@nﬂm&gena@ldtoldu A (Bio ¢S h@te;oaﬁsyprz%lbﬁkyut Ty
al so be substituted with oné or nore oxo, each r is indepéndently 0, 1,

or 3; -Y1lyi _zi zhetkiogyd, aayl, h@t¢rgarb/hd@|ﬂ@rhdaélmxb/yalls@ye@be@1 alkanoyl,

from " ---ylyl -ca-lrbg‘moyl}/szublstit%l%/d Igl{ﬂ)f(ozny’l,%ulfonate, sulfonamide and amino,

cach RY is independently selected from the group consisting of hydrogen, -OH, C;
to Cy; alkyl, C; to Cy; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl,
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 each 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 Cy; 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 more 0xo,

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

I X!
S 7 7
W is independently selected from )\ , J\ )\ Yt J\

2



y2 X2X2 wherein: X1 is CH2, NH, 0 or S, Y1, Y2 and Z1 are each

i ndependently CHor N, X2 is NH O or S, Vis -CH2-CH2-,

- CH=CH , -wGQHRj)o/068(7R1\ 11- (CH2) b- or -(CH2)a.-0-(CH2) b-, waErus2epacangd b are
i ndependently 0, 1, 2, or 3 with the proviso that a and b are not both O,
optionally includes 1 or 2 nitrogens as heteroatons on the phenyl Wis
optionally substituted with one or nore substituents selected fromthe
group consisting of-OH, -CN, -NO2, halogen, C to Cl2 alkyl, G to Cl2

het eroal kyl, cyel oal kyl, heteﬁgcycle,zaryl, het eroaryl, aral kyl, al koxy,
al koxycar bonyly JalRanoyl?” gargamoy| Y syBdy i t ut @l gt fonyl , ¥ at e,
sul f onam de angz2-ay éizng F@ co ehrﬁg\? ei tlher a
, and %y '-nocyc¥ bi €yclTc

carbon or a nitrogen at'om'dn I's a- IC, 1

tricyclic 5- tg 12-yrenbered cl oal kyl, heterocygl ey_aryl ggoup,or

het eroaryl griplp m%ngLn<Up|toNthr hgt &soat o e ey} ndegéndgn N, S or
0 and which J konal | yx ' ~h one gp S j nts
selected fromthe group consistirng of-OH, -CN, -NO2, halogen, G to Cl2

al kyl, G to Cl2 heteroal kyl, cycloal kyl, heterocycle, argl, heteroaryl,
aral kyl, al koxy, al koxycarbonyl, al kanoyl,, carbanoyl, ' jtuted sul fonyl,
sul fonate, sul }de a Ho; ea e, >R}z Re anc %" i ndependent | y
sel ect ed fronf&p group oﬁﬁf} g ogen,
XN N7 X X2
Y2
\\),(2/ 1-Y] Y Y Ns
N — ]
/“\ Cy X2 X2 P
2 X1 2 Cy\ 2 Cy\ 2
Y2 AN Y2 AN Y2 y2_-N
N N X AN
_</X27|\/;\ _(XZI\/)\ _(sz _</)@I /j\
Cy\’ N Cy\’ N Cy_ and N Cy\’

wherein:

X'is CH,, NH, O or S,

Y', Y? and Z' are each independently CH or N,
X?isNH, 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,

AVA
Y2
< S % !L\
X? optionally includes 1 or 2 nitrogens as heteroatoms on the phenyl

residue,

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



to C8 alkyl, Cl to C8 heteroal kyl, aralkyl and a 4- to 8- nenbered ring

whi ch may be cycl oal kyl, heterocycle, heteroaryl or aryl, wherein, each

het ero atwm20idosps7esent, is independently N, O or S, ea®hTafS20R0/062d9 Re and
Rf may optionally be substituted by G to C8 alkyl, C to C8 heteroal kyl,
aral kyl, or a 4- to 8- nenbered ring which may be cycl oal kyl, heterocycl e,
heteroaryl or aryl and wherein each heteroatom if present, is

i ndependently N, O or S, Re and Rd are optionally joined to forma 4- to

8- menber ed het er eXed @ MBLABYI SutRRfutnal by 1] HEEchd, QuRRRKAG! and-andifo,5
menber ed heterocycl e or heteroaryl ring, and Re and Rf are optlonally

joined to forma 4- to 8-menbered heterocycle which is optionally fused to
anot her 3- t\’%a@rm@ﬁ{f@ﬂéa cheitceics diyengh @hcheeasbapgn nirpgeg:atom anB’.vnd ar e each
i ndependently carbon or nitrogen; and Z and Z' are independently sel ected

fromthe gr eyhs E%ﬁb@tch@%l&%h@bﬁdﬁlg ﬁ 5- %112 Rle%el%hlﬁyéloalgji ﬁ@er&%}cle aryl

het eroal kyl , “cycl oal Kyl ,” héterocycle, aryl, heteroaryl, -aral -3 am no
acids, 1U( CR42) BroNREE 11?(@421)/1 gnouww@cnengn toNfREe b@mzl)OmSR& lndtﬂ*e(l(lﬁle)N SR8,

and 1U—(CR42)t NR5~

2010/ 065674PCTT U008 Bt habotj e Qi e chBSEFisiedRidisdy of

f -C(0) - 0 -C(S) - andm-th{ Podp core;mhg R@LO}RSCNHJNBZ hla&lgimcdm@cclr@emtt WyCcsel@get ed
rom e rou C nsi s en, a 0}

het er oal k3g/| Eyc etior vlngwi aélf%gaféqgr%cyc %ﬁ@f%wdeﬂrwlaﬁl&%g? kyl, R8is

sel ected fromt g1k G RUEboR nﬁk&io'yﬂ%ar@ﬁm@ﬁ/l%&@@tﬂted@&lf&@l Cs‘glf&ufeflsulf&ﬂmﬁ& 8

het er oal kyl , cycl oal kyl, eterocycle, aryl, heteroaryl, aral kyl, -C(0)-R81,

-C(S)-R81, -C(0)a@eno; - C(0)-N R812, -S(0)2 R81 and - S(0)2 N-R812 wher ei n
each R81 is independently chosen from the group consisting of hydrogen, C1

t | €L dt pe - [
ot o7 oar ARt &) fEA 105 SOTRy EUELARo Ve pRED SEAINRLSE 1B 1eon. C1 i er ed
ri ng, each to Csalkyld€ percidretdrgalyl, a&alkﬁl,anﬂa%lto &- mambkred fisg Ghich mayrbe2.
0008] | f fth t, A i | ected f th
broun conai E19RGrRERiR T bl ol stRp AR gy .| © € SOt Tromthe
-(CR2) n-N(RN) - (CR2) p-, -(CR2).-C(0)-N(RN) _(CR2) p-,
- (CR2) . - N( Rd)ch@®e@)yo NORN-prdsBaY) R-indepehdeaBRR) O-dNSRN) - C(0) - 0- (CR2) p- and a

heteroaryl and [0009]In a second enbodinent of the first aspect, A is

selected fr %’&'htor%‘iigfi“?ﬂp (PIQ as3; (I)pr%%ngﬁy be substituted by C; to Cs alkyl, C; to Cs
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 cach independently carbon or nitrogen; and

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



N'--$H &N HN-N HI\l),-..,.-N, S)NIL1.3, n a single bond,HN,N WD

2010/ 065674PCT/ US2009/ 066459 [0010]In a third enbodi nent of the first
aspect, REQ2R0/06Rg4and Rf are each i ndependently sel ect edTfuseomb@sgr oup
consisting of: hydrogen, C to C8 alkyl and G to C8 heteroal kyl, wherein
each hetero atom if present, is independently N, O or S, 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

are optional | yjQiReddrQdnf ﬂaég}cﬁ 4ondiQin ofE Qc@l giPx(ehe Which is
optionally fused to anot her P 6- menbered heterocycle. 10011]In a
fourth enbodi nent the @lrst aspect, Re and Rd or Re and Rf are

optionally | mqaéluRt (R fd B & indepeerdegtiyaiessedeion sheegroen eaneistpg efthydeogen, _
optional Iy fusedc t&@nﬁﬁﬁeél%Cgth%tee%aﬁl]lgﬁ%ﬁgfogﬁiyhﬁét@{ g{} g?yfl,olge?né%é%f dhga fifth

enbodi nent of the Fst aspect are”jolne
het er ocycl i ¢ fusedlkyl,ng system sel ect ed fronlthe group consisting of: WO
2010/ 065674PCT/ US2009/ 066459

R® is selected from the group consisting of hydrogen, C; to Cg alkyl, C; to Cg
heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, -C(O)-R®,
-C(S)-R*, -C(0)-0-R*", -C(0)-N-R*),, -S(0),-R*! and -S(0),-N-R™,, wherein
cach R* is independently chosen from the group consisting of hydrogen, C; to Cs
alkyl, C; to Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl and aralkyl,

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™M—~(CR;),—, «(CR2):—C(O)-N(R™)~(CR,),—,
—~(CR2)xN(R™~-C(0)-NR™~(CRy),~ and (CR),~N(R™)-C(0)-O—(CR2),~ and a heteroaryl

- - <00

group selected from the group consisting of )\ X ,

ST <o < <o O

Y%/ Y%/
# X2 ~ X2
O d and OO .

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

PRy S S AT S

a single bond,



(0)02S N, Z wherein RN is selected fromthe group consisting of hydrogen,
-OH, Cl1 to C12 alkyl, C1 to Cl12 heteroal kyl, cycloal kyl, heterocycle, aryl,
het er oar yWo 2arozlekers, al koxy, al koxycarbonyl, al kanoyl, eaThsewlos6459
substituted sul fonyl, sulfonate and sul fonam de. [0013]In a sixth

enbodi nent of the first aspect, Re and Rf are joined and forma

het erocyclic fused ring system sel ected fromthe group consisting of:

al kyl, Cl1 to Cl2 heteroal kyl, cycloal kyl, heterocycl e, aryI het er oar yl ,
aral kyl , al koxy, alkoxycarbonyl alkanoyl carbannyl s & tuted sulfonyl

quonateN d quon B [0 NSe d n first
aspect"?f.u ther_J.s s fro t \\ H1')
sx , X 'X YY) 100 X'ﬁk‘ X, X \X "X'X' X' gro p con3|st| g of X - X' ,

X - X , Xx'=x", xX'-X and X"X' mhereln each X is i’'ndependently N or C and
if C, may include a hydrBYen as necessary to conplete the val ence shell;
each X' is ipdgpendently - or -CH, wi¢hthe provisg—that no nore than

two X aailp / P /N N
\ \
)\ H* 2 ”)\) HNIIK)

N RN
R\q N 0
HN’l\ HN’M\ HN’l\ N

and

=

Iz

[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 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.

[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:

, % N N

E“‘iqzs/\j“‘}; DCC gz Uz O:z gz,
5 RN, /\7/h RN, /\W)%

<0 b o O UL

, , O and

8



each Y is independently selected from-CH-, -NH , -0-, -S-, -C(0)2-, or
-S5(0)1 2-; and B and B' attach to the renmai nder of the conpound at any
avai | abl ewat2osatesent poi nt on the nol ecule. WO PCT/US2009/066459
2010/ 065674PCT/ US2009/ 066459 X, -\\ ,?( X-X

/[)-* [0015]In an eighth enbodi ment of the first aspect, B and B' together
is X-X --Y.,.. XxXsY Y,Y-Y ,, vy *yWS X*A\*-YY)/\/-)- X X\x- *

X -XX =X X -X orX -X wherein * indicates attachnent

(O)o. 2S/Y

Z wherein R is selected from the group consisting of hydrogen, -OH, C; to Ci,

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

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

[0013] In a sixth embodiment of the first aspect, R® and R" are joined and form a heterocyclic

fused ring system selected from the group consisting of:

&

v Z

Ao "fW”N -~ ;\FN’RN
;\(\:[> /\N(\; Z/N\) Z/N\/,LO z- \/('S;O

fY\
S(O)o2
e

VA

and

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 selected from the
X A x x Y Y /Y\\(
X Yy Y

X
A 1 ) : : 1 : : \1 T
I/X§X‘ L} L} -
. . X\\l I’lx X\\l l)( X\l— lx X \l l’l \ II .
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);.,—; an.

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

molecule.



points to the remainder of the conmpound. [0016]1n a ninth enbodi nent of

the first aspect, B and B' together is y-y' Y * , XXX, o . X'" Y )1,
XX 11 woed/esse/ YX *,, x=X,y-Y X /\Y *-Y _-X | XCT/US2009/066459
/X
X\ />—*
[0015] In an c¢ighth embodiment of the first aspect, B and B’ togetheris  X'—X' |
X x Yy "™y Y-y,
=Y. Y
) —
o
X=X X—X wherein * indicates attachment

points to the remainder of the compound.

SV

: S . Xy XS Yo Xy - oy XX
Xy X A ., Xy I X I |
N SO S S W N

. , X X YTOXT ,
X=X Y-,
* xl *_Y Xl
—<\x42/— $ . 4 42/* <
X=X or X=X wherein * indicates attachment points to the remainder of

the compound.

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

* /4 “X X_X\
4&/_\< _<x=x X=x>_ X
X Y X X'AS\*/ * V;

S T

. X=X, X=X , OF X=X wherein * indicates

attachment points to the remainder of the compound wherein no more than 2 of X are nitrogen.

10



X =X, orX =X wherein * indicates attachment points to the remai nder of the
conpound. X 'XX' XX * [0017]In a tenth enbodi nent of the first aspect, B
and B toyoetheroese X- X ssX X=XX=X' X /*-( X'\ X\ 4-)C PRTNUSX09066459

X=X X=X, orX =X"wherein * indicates attachnent points to the renai nder

of the compound wherein no nore than 2 of X are nitrogen. W)

2010/ 065674PCT/ US2009/ 066459 [0018] I n an el eventh enbodi ment of the first
aspect, B and B together is *~-N O *-N O *-NN-RN

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

*—N O
XN\ 4
xl_xl Py
OYO
*—N
xl\\ / * Xl\\ / * X'\\ /
X=x , X=X Jor X=X wherein * indicates attachment points to the

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

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

Q
*—N
XN\ 4
[0019] In a twelfth embodiment of the first aspect, B and B’ togetheris ~ X'—X'
0 %P op
- )_17 RN-N" » *=N""N-RN
l\ / * . \ IIX' l\\ /
_xl ) Xl_xl ) Xl Xl )
N
Ny R\N,N\ . *—N’N‘N
T \ L} T *
/ * / ’X' X\\ /
_xl , Xl:Xl , Or xl_xl

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

sulfonyl, sulfonate and sulfonamide.



00"p00,00s ,\\s-\1 ))- X\\)B%/)%/ X -x",x-X X -x"X-X remai nder of
the conmpound and RN is selected fromthe group consisting of hydrogen, -OH,
Cl to Cl2weal2kio65621 t o Cl2 het eroal kyl, cycl oal kyl, het ecoapseto/o6@sy| ,

het eroaryl, aral kyl, al koxy, al koxycarbonyl, al kanoyl, carbanoyl,
substituted sulfonyl, sulfonate and sul fonam de. 9 [0019] 9 A 000, O

RN- N*- NO*- NANF-RN *-NSRN NS ' , 00

[0020] In a thirteenth embodiment of the first aspect, B and B’ together is RN

2

.
hy

W/ 4 4 \( Koy
41 — Ix X I 4@[ L~
O X' o X
N Xy % NeeXis v
X N-_-X: s X X
~ LA =Y 41 Y A
O X'/ * _<O | x S | x S X'/ *
NIXY
|
- X
or X wherein * indicates attachment points to the remainder of the compound

and RY is selected from the group consisting of hydrogen, -OH, C; to Cy alkyl, C; to C»
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

NN~ N
S *
S SN x N

* * N~~~

2 2 2

&S «ﬁ «ﬁ &*& iﬁ

2 2

N *
*—N _
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

12



X)- XX XX XX XX, XX X -X * RN\ * NN* NNNRN,N

WO 2010/065674 PCT/US2009/066459

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

two.

2 2

(@)
7 *
*/N
(@)

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

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

O
|
* ll\l *

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

O O
. o) o) o)
m m | | |

X e

RN RN * O * O * * O

2

O (@) O (@)
y OO 00 00 o0
Nvo , /km . /km *)l\o , *)I\o
R g
0L XY
N « N

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

13



NX/7 LWL XXX X=XX=XX-XX-XX=X WO
2010/ 065674PCT/ US2009/ 066459
WO 2010/065674 PCT/US2009/066459

RY is selected from the group consisting of hydrogen, -OH, C; to Cy; alkyl, C; to Cy, heteroalkyl,
cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoy],

substituted sulfonyl, sulfonate and sulfonamide.
[0024] In a second aspect of the invention, compounds have formula II:

(R%),
Y1
z1/\
‘ Cy B'
RC
x1
Re
B A
Y.
N
R z v
/TR

(R%):

A wherein A’ is selected from

NN N
|/>— HN-N HN~ N
the group consisting of a single bond, H , , N S ,
0L < <L <10
) 1
)I\/\>_ N N N/ N % N F
o H ) H , H an H .
[0025] In a first embodiment of the second aspect, compounds have formula II wherein A’ is

N N
~A =IO

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

(R?)
1= Y
Z| \>7Cy B'
X1
X\/ B A'\(\
N X'
AN \/

d

Y4 N

wherein X and X' are

14



and RN is selected fromthe group consisting of hydrogen, -CH Cl to Cl2
alkyl, Cl1L to C12 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl,

ar al kyl , wbkomyoes@h koxycar bonyl , al kanoyl, carbanoyl, s®ostiscemwsc4sul fonyl ,
sul fonate and sul fonam de. [0021]1n a fourteenth enbodi ment of the first
aspect, B and B together is orwherein * indicates attachnent points to the
remai nder of the conpound and the six-nenbered ring optionally contains one
or two additional nitrogens as heteroatons WO 2010/ 065674PCT/ US2009/ 066459
with t Qgchgh@éﬁeﬁ&enhp@eleét&?fr&gttﬁ’é 2B BSEKisAhg Bf 4 sAYeNSHI-N-ERG i x; menber ed

ring does not exceed two. wherein * | ndicates attachnent 90|nts to the
r emai nd€H=6H-t he—cdmpobitd: andCle@— pledhyt, @é(@)lop@nﬁﬁﬂﬁ‘w?cbnwmrnm Rone or

e QRSO kR PR e o BAERTRHE L shQE ARG herRLRLY R hRRA! 1Y
2010/ 0&%Fo@?mjalrgﬁzmab%ﬁ4&&<ylﬁmmaelo§1ehleei}edrbbﬁﬂmdﬂbwncgﬂ ontpsubstitaiedt i ng of
hydr oge FH Cl to C12 alkyl, G to Cl2 heteroal kyl, cycl oal kyl,
heteroé@@ﬁ@ aryl, heteroaryl, aral kyl, alkoxy, al koxycarbonyl, al kanoyl,
car banoyl , subst it ut ed sul fonyl, sulfonate and sul fonam de. [0024]In a

second [gpect 1@f thifEerh BUBRMEM QT theGROTHALRAEt, RBMBodK KbV eAfolhila (Iad)Herein A’
N
AL~
I
_(N\J\ N
H or H )

[0028] In a fourth embodiment of the second aspect, compounds have formula IIb:

1S

(R%)

XC—XC b_ _Xb

DT

£ e A\
2= \/

Xc_
Xb=xb
/ \

Y.
Rd/ \Z R )r
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
N <L
|
NJ\ N
H or H )

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

NN
SO

Xb=Xb \(\X'
\/N\z o) /N\/

Z wherein X

1S

a

and X' are cach independently sclected from the group consisting of a bond, —CH;—,

15



wherein A is selected from [0025]In a first enbodi nent of the second
aspect, conpounds have fornula Il wherein A is N c& or N HorH [0026]1In a

second emvodnmemse7af the second aspect, conpounds have Pommst@oobeso (Ra)r
wherein X and X are

—CH,—CH,—, -CH=CH-, -O—, —S—, =S(0);.,—, -CH,0—, —-CH,S—, —-CH,S5(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.

[0031] In a seventh embodiment of the second aspect, compounds have formula IIc wherein
N
N <TL
I
H or H )

[0032] In an eighth embodiment of the second aspect, compounds have formula I1d:

(R%)r

A'is

/Y1 NG X¢ XP=|=xP
1 \ / \ \ )
| \ /
R X Xe=|=x° /
(R%), R°®
Xb A'
Y.
Rd/ \z \\xb—x{ \(
Y
a Rf
(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’

7/ N /N
A =L

1S

16



WO 2010/ 065674PCT/ US2009/ 066459 each i ndependently selected fromthe group
consisting of a bond, -CH2-, -CH2-CH2-, -CH=CH, O , S, S0)1 2-, -CH0-,
-CH2S-, -vb28(0)pi672- and - CH2ZN(R1) -, wherein Rl i s choseqTfuseemob@sgr oup
consi sting of hydrogen, Cl to Cg alkyl, G to Cg heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. [0027]In a third enbodi nrent of the second aspect,

conmpounds have formula Ha wherein A N "----N 1\1-cl isHorH [0028]1n a
four t h qapdi rfﬁ'atterﬁlfl eﬁfﬂ@dﬁ@%ﬂh@s%@ﬁﬁfasp&@ r&%@ﬁl@ds@l@y@fohgﬁﬁqiea Ho: (Ra)r
ylI XC- XCXbd=Xb Rc) -..... () Xlxcd= §g£ Ra) r

Z1/Y1 X X b:|: b

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);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 Ile
N
O <1
I
H or H )

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

wherein A’ is

wherein each X°

and X° is independently C or N.

17



and Xc is independently Cor N [0029]In a fifth enbodi nent of the second
aspect, conpounds have fornmula Ho wherein A° N ,---N 11 NN isHorH [0030]In
a sixth ewbadimesi74of the second aspect, conpounds havePCorusedo/obss (Ra)r 1
----"YI Xc-XcXXb 1 )( 1) Xc-1-XcCbh (Ra)r wherein X and X are each

I ndependently selected fromthe group consisting of a bond, -CH2-, WO
2010/ 065674PCT/ US2009/ 066459 CH2 CH2 , CHCH, O , S, S(0)1_2-, -CH20-,
-CH2S-, -CH2S(0)1_2- and

[0037] In a thirteenth embodiment of the second aspect, compounds have formula ITf

N N
A I

wherein A’ is

[0038] In a fourteenth embodiment of the second aspect, compounds have formula IIg:

1

Z1/Y

/Xc

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

[0039] In a fifteenth embodiment of the second aspect, compounds have formula IIg wherein
N
0 <L
I
H or H :

[0040] In a sixteenth embodiment of the second aspect, compounds have formula ITh:

A'is

(R®)
B /\Q xb:|: NG
| x°4< X
A x>_<:> \Xb / \>7 A R®
! +
Rd/ \Z (Ra)r /Y'\ Rf
z wherein X and

cach X" is independently C or N.

18



CH2N(R1) -, wherein 1Z1 is chosen fromthe group consisting of hydrogen, G
to C8 alkyl, G to C8 heteroal kyl, cycloal kyl, heterocycle, aryl,

het er oar yWWo 2arozleker4, al kanoyl , al koxycar bonyl, car banoylPCarus2eiosd45¢ ut ed
sul fonyl. [0031]In a seventh enbodi mrent of the second aspect, conpounds
have formula Ilc wherein 1-N A" isHor [0032]In an eighth enbodi ment of the
second aspect, conpounds have fornmula lid: Z1 1,yXc-Xc 1 <)

Ftc----........ I X1Xcd=Xc (Ra)r Rd Xb and Xc is independently C or N

[0041] In a seventeenth embodiment of the second aspect, compounds have formula ITh
N
1 <L
I
N \
H or H )

[0042] In an eighteenth embodiment of the second aspect, compounds have formula Ili:

(R?),

Y )@4=x

O
y X! Xb :>———N
\/N\Z Xb(:li??)rx b \/i\/x'

Zv

wherein A’ is

b

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

[0043] In a nineteenth embodiment of the second aspect, compounds have formula Ili
N
N <1
|
N \
H or H )

[0044] In a twentieth embodiment of the second aspect, compounds have formula ITh or ITi

wherein A’ is

wherein X% is C.

[0045] In an twenty-first embodiment of the second aspect, compounds have formula ITh or

ITi wherein X°is N.

19



wherein each [0033]1n a ninth enbodi nent of the second aspect, conpounds
have formula |id wherein A isHorH WD 2010/ 065674PCT/ US2009/ 066459

[ 0034] | n wiotzerwdsse&@abodi nent of the second aspect, conpo@adasShe9medssy mul a
lie: wherein X and X are each independently selected fromthe group
consisting of a bond, CH2 , CH2 CH , CHCH, 0 , S, S§0)1_2-, -CH20-,
-CH2S-, -CH2S(0)1 2- and CH2N(R1)-, wherein 1Z1 is chosen fromthe group
conS|st|ng of hydrogen, C to C8 aIkyI C to C8 heteroal kyl, cycl oal kyl,

het er O({o’(ﬂkf q&%ltwemls%o%areﬂ{bodlﬁ{eﬁ{ J)‘ﬁﬁle sRbKRRPYL; coAfoRXKARND ﬁﬂbﬁlula 1gar b am)yl
and substituted sul fonyl R%

w’/m\\z \\W(/

Wherein
X®is —CH,—, -NH- or —CH,—CH,— and
cach X" is independently C or N.

[0047] In a twenty-third embodiment of the second aspect, compounds have formula IIj
N
O <1
|
N \
H or H :

[0048] In a twenty-fourth embodiment of the second aspect, compounds have formula Ilk:
(R,

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);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

20



[0035] I n an el eventh enbodi nent of the second aspect, conpounds have
formula lie NCril NN wherein A\ isHorH [0036]In a twelfth enbodi nent of
t he secomloasmawssq74conpounds have fornmula Iff: ........ PR TAIRC009/0¥59. 1

) <%Xc(Ra), RcXlXc=1l-xb I Xb \) (Ra), Y R'ZXbXb \ XbXb |I (Ra),wherein each
Xb

[0049] In a twenty-fifth embodiment of the second aspect, compounds have formula 11k
N
1 <L
|
N \
H or H )

[0050] In a twenty-sixth embodiment of the second aspect, compounds have formula II1:

wherein A’ is

Rd

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 C; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy,
alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate, sulfonamide

and amino; and
sis 0,1, 2, or 3.

[0051] In a twenty-seventh embodiment of the second aspect, compounds have formula 111

7/ N /N
I = CL

wherein A’ is
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and Xc is independently C or N. WD 2010/ 065674PCT/ US2009/ 066459 [0037]1In a
thirteenth enbodi nent of the second aspect, conpounds have fornula Iff N
esi| NN whoreiwnegé74i sHor H [ 0038] I n a fourteenth enbodi meot/uskominesssecond
aspect, conpounds have forrmula hg: Z1----Y1XXcc=:Rl:1/4: 1)< xIxb I xb
(Ra)r

[0052] In a twenty-eighth embodiment of the second aspect, compounds have formula IIm:

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

[0053] In a twenty-ninth embodiment of the second aspect, compounds have formula IIm
N
N <1
|
N)\ N
H or H )

[0054] In a thirtieth embodiment of the second aspect, compounds have formula IIn:

wherein A’ is

C e YC b yb2
- /Y1\ X=X /X X
> X
RS \ / / \ e
X1 Xe-|—Xx¢ Xb‘l Al R
(Ra)r Xb:=xb
Y.
Rd/ \Z (R?), /Y\Rf
z wherein:

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 X and 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) WO-20e8md567€H2N( R1) -, wherein 1Z1 is chosen fromPCRaAISQe000p6459

consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. [0039]In a fifteenth enbodi nent of the second
aspect, conpounds have forrmula Ilg wherein N C | NN A" isHorH

[0055] In a thirty-first embodiment of the second aspect, compounds have formula IIn
N
1 <L
I
N \
H or H )

[0056] In a thirty-second embodiment of the second aspect, compounds have formula Ilo:

wherein A’ is

|
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(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

[0057] In a thirty-third embodiment of the second aspect, compounds have formula Ilo
N
N <1
-
NJ\ N
H or H )

[0058] In an thirty-fourth embodiment of the second aspect, compounds have formula Ilp:

wherein A’ is

Xb‘l

wherein:
cach X" and X° is independently C or N;

X" is N or O; and
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[0040] In a sixteenth enbodi nent of the second aspect, conpounds have
formula I'lh: (Ra), .......... ylXbd= Xb Rc?........ Y( (/N e Zi XC
each Xb iwoizntdpsstdent |y C or N. WO 2010/ 065674PCT/ US2000r0a5ee506446941] I n a
sevent eent h enbodi ment of the second aspect, conpounds have fornula I1h N
N wherein A" isHorH [0042] I n an eighteenth enbodi nent of the second aspect,
conpounds have fornula lii: (Ra), xb+xb

X" is S(0); or C(O).

[0059] In a thirty-fifth embodiment of the second aspect, compounds have formula Ip
N
N =<
|
N \
H or H :

[0060] In a thirty-sixth embodiment of the second aspect, compounds have formula Ilq:

(R%),
0 e o
Data e
+

z r /

Zl

wherein A’ is

x\/N

AN

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

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

N N
A I

wherein A’ is
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wherein X and 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) WO-20e8md567€H2N( R1) -, wherein 1Z1 is chosen fromPCRaAISQe000p6459

consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. [0043]In a nineteenth enbodi nent of the second
aspect, conpounds have formula H N Cj\ N wherein A" isHorH [0044]1n a
twent i e§dy2enbadianeg; as?f:cttolf'ﬁleqﬁ%ﬂgn,%ﬁﬁogﬁnds(le%ﬁ'l% thave formula 11h or
Ili wherein Xc is C. [0045]1n an twenty-first enbodi nent of the second
aspect, conpounds have grnula I l@eyor 117 wherein Xc is N WO

2010/ 065674PCT/ US2009 459 Xc i$ -CH2-, -NH or -CH2-CH2-, and each Xb is
i ndependently C or a—twenty-third enbodi mrent of the second
aspect, conpounds hAve for

/Y\ (R%), Y'\ Rf
/

wherein
/:[i%*—- HN-N HN’N>__
” ,/JQ®>__,/J§N :

A’ is selected from the group consisting of a single bond,
<0~ <
N N
/)LTEP_ //[jﬁ*—‘ N NN N~ N\F
s 0o H , H , H and
H ; and
each 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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wherein A isHorH [0048]In a twenty-fourth enbodi nent of the second
aspect, conpounds have fornmula Ilk: (Ra)r wherein X and X are each

i ndependewOl2g1mebeat ed from the group consisting of a bead/US2@bB66459 CH2 CH2
, CHCH, 0 , S, §0)1_2-, -CH20-, -CHS-, -CH2S(0)1_2- and CH2N(R1)-
wherein 1Z1 is chosen fromthe group consisting of hydrogen, C to C8
alkyl, G to C8 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl,

aral kyl, al kanoyl, al koxycarbonyl, carbanmoyl and substituted sul fonyl. WO
2010/ Omﬁﬁpc%%g&%/e%@éﬁ%n{ QIQﬂ@]h'nrd écv\'%eﬁﬁéoﬁﬂdfs hivehegdh ignt of the
second aspect, conpounds have formul a N esil NN wherein A" isHorH

[0050]In a twenty-si xth eﬁ‘bpdl ment G?)rthe second aspect, conpounds have
formula Ill: ziX= X

XC

(R®),
Z Z' 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 Csg alkyl, C; to Cs heteroalkyl, cycloalkyl,
heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl, carbamoyl and substituted

sulfonyl.

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

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

Xb
x° xb \>—A' R
xb=|=xb \(
(Ra)r Y'\ f
R
S

wherein each

X" is independently C or N.
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"Yi

1) K> Rexixc-l1-xc (Ra)r RdZ (Rb)s rl Xb Xb \/ I ) Xb= Xb |

WO 2010/065674 PCT/US2009/066459

[0067] In a fifth embodiment of the third aspect, compounds have formula ITIb wherein A’ is
N
8 <O
I
N \
H or H )

[0068] In a sixth embodiment of the third aspect, compounds have formula Illc:

(R®), (R®),
X°:|=Xc XP=[=XP
N > < X
/Y@ i \%
N Xb=—=xb \(\
X\/N H (Ilaa)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);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 ITIc wherein
N
0 <TI0
I
N/k N
H or H )

[0070] In an eighth embodiment of the third aspect, compounds have formula IIId:

A'is

(R®); (R®);
c___|= c Xb:lsz
xb
%ﬁﬂ e
RS Re
H xb=f=xb H
Rd/ \Z Z'/Y'\Rf‘
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wherein: each Xb and Xc is independently C or

N: each Rb is selected from

the group consisting of oxo, -OH -CN, -NO, halogen, G to Cl2 alkyl, Cl1
to Cl2 hewerosnlieyd74 cycl oal kyl, heterocycle, aryl, hetePeaUSRIASGEEKY! ,

al koxy, al koxycarbonyl, al kanoyl, carbanmoyl, substituted sul fonyl,

sul fonate, sulfonam de and amno; and s is 0, 1, 2, or 3. [0051]In a

twenty-sevent h enbodi nent of the second aspect,

CN 1ji NN wherein A" isHorH

conpounds have fornmula |1

WD 2010/ 065674PCT/ US2009/ 066459 [0052]In a

twent y1@-gt h Iﬁ'it?l%ih @BBBdlﬁfenttJﬁhéﬁ?rﬁﬁébe%ts QS’rﬁF(Baoun‘EIQHB%LfUHﬁﬂQﬁY@ formula Um

(Rb)s Y\lxe xe 1

e

Z

b XIXCd-XC

<

Xb
(Ra%

>§

Zl

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

~CH,-, -CH,~CH,—, -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.

[0072]

(R?), (R?),

xb

xb:|=xb
N — ek
. %%\ﬁx{ \—( —

(R®),

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

(R%),
XC

C

X

xb
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xb=I'xb (Ra)r , wherein X and X are each independently selected fromthe
group consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, S0)1_2-,

- CH20-, -vEb28t0/065€22S(0) 1 2- and CH2N(RL1)-, wherei n 1ZPCiraisetosesdss rom t he
group consi sting of hydrogen, Cl to C8 alkyl, Cl to C8 heteroal kyl,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, alkanoyl,

al koxycar bonyl, carbanoyl and substituted sulfonyl. [0053]1n a twenty-ninth
enbodinent of the second aspect, conmpounds have formula I m (-NN NN wherein

' SH‘P('F(H3} [ GR3AL] e@eﬁh%fﬁb&&&hﬁhﬁbf%@ﬂ%@%& Obm %(élﬁld%&%f}grnﬁﬁpﬁ , conpounds
have ormula I'ln: Xc E{%cx -xb2 %}) K)//RcXlxc -1- xcxbl )r Rd)(z

x°:I=x° szisz (Ra)r
X\/N\Z H B Ra) J\(\

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);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

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

XC:I=X° xb:|=xb\b
N\ /7 \ 7/

RS, X
N 4 {
AN \xb IR
R z (Ra)f Wherein cach X" is
independently C or N.

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

A IO

A'is
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each Xb and Xc is independently Cor N, Xhi is Nor O; and -b2,- Ais S(0)2
or C(0). WD 2010/065674PCT/ US2009/ 066459 [0055]In a thirty-first

enbodi mrerwoabiwdsss7second aspect, conpounds have fornul aPCIrASkoess459 N
wherein A" isHorH z' wherein X and X are each independently sel ected
fromthe group consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S,
S(0)1_2-, -CH20-, -CH2S-, -CH2S(0)1 2- and CH2N(R1)-, wherein 1Z1 is
chosen fromthe group consisting of hydrogen, G to C8 alkyl, C to C8

het er O%d%! . WGl 9@t detn cnfBHBRQE Y ELE thiﬁiréébect,%ﬁl%f)ﬁ)lﬁfsﬁlave praliin: al kanoyl,
al koxycarbonyl , carbanoyl and substituted sulfonyl. [0057]In a thirty-third

enmbodi ment of the second(R$pect, conmPBlUnds have formula Ho N
(o X¢ b Xb

N (R%)r /

4 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;,S5(0O);.,— 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.

[0077] In a fifteenth embodiment of the third aspect, compounds have formula IIli wherein
N
N <TI0
|
NJ\ N
H or H )

[0078] In a sixteenth embodiment of the third aspect, compounds have formula IIIj:
(R (R%):,

A'is
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lc N wherein A

aspect,

conpounds have fornmula lip: X =Xc Z1Y1l 1 ) RcXlXcd- XcXb2 (Ra)r
WO 2010/065674 PCT/US2009/066459

[0079] In a seventeenth embodiment of the third aspect, compounds have formula ITIk:

(R®), (R?);

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

[0080] In an cighteenth embodiment of the third aspect, compounds have formula II11:
(R, (R®),
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Rdz Rf wherein: each Xb and Xc is independently Cor N, Xhi is N or O;
and Xb2 is S(0)2 or C(0). [0059]In a thirty-fifth enbodi nrent of the second
aspect, owopouwmse7have forrmula lip N (31 N wherein A iPSHAISEN09/0p@ASS0] I n a
thirty-sixth enbodi nent of the second aspect, conpounds have forrmula I1qQ:
(Ra), yl XcXc xbl

[0081] In a nineteenth embodiment of the third aspect, compounds have formula ITIm:

(R%); (R%),
x°:l=xC xb:|=xb

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

[0082] In a twentieth embodiment of the third aspect, compounds have formula I1In:

Z' Rf
N

. b .
wherein each X is

independently C or N.
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Zr )( )Xb Xi Xc-Xcxb2 )A XbXbX (Ra)rN---...1 / wherein X and X are each

i ndependently selected fromthe group consisting of a bond, CH2 , CH2 CH2
, CH CH ,w0 2010/06574S(0) 1_2-, -CH20-, -CH2S-, -CH2S(0)1_PcTarsdoos@stasf R1) -,
wherein 1Z1 is chosen fromthe group consisting of hydrogen, C to C8

al kyl, G to C8 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl,

ar al kyl, al kanoyl, al koxycarbonyl, carbanmoyl and substituted sul fonyl.
[0061]In a thirty-seventh enbodi ment of the second aspect, conpounds have

formul godg N (R4 cwbhipE@hiboMimdnd ok Ehird46h 29 L8MPERRIE AR HR2Q 994 066459

[0062] I'n a third aspect of RPe i nvention, conmpounds have fornmula Il1l: R
<L
I
_—<;J\\ N
wherein A’ is H or H

[0084] In a twenty-second embodiment of the third aspect, compounds have formula ITlo:

(R%):

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;,S5(0O);.,— 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 N
A I

wherein A’ is
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wherein )I N--) HNNHN-N A is selected fromthe group consisting of a
single bond, H N each Xc is independently Cor N [0063]In a first

enbodi mrerwoabiwdess7hi rd aspect, conpounds have fornmul a PCI/Usk@oas6SA is N
eil _ N orH WD 2010/ 065674PCT/ US2009/ 066459 [0064]1n a second

enbodi mrent of the third aspect, conpounds have fornula M:

[0086] In a twenty-fourth embodiment of the third aspect, compounds have formula Ilp:

[0087] In a twenty-fifth embodiment of the third aspect, compounds have formula Illq:

(Ra)r wherein X
and X' are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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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wherein X and X are each independently selected fromthe group consisting
of a bond, -CH2-, -CH2-CH2-, -CH=CH, O , S, S§(0)1_2-, -CH20-, -CH2S-,

- CH2S(0) WO-20e8ma567€H2N( R1) -, wherein 1Z1 is chosen fromPCRAISQE000p6459

consi sting of hydrogen, Cl to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, 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 Ma wherein A is Ne-sll N'N HorH [0066]In a fourth

embodi gyyg) of IBQ%JHJEH £s &%Pﬁl%tlmve%HSHPQHBQ%HH@‘i’l@vef B avni b: (Ra), (Ra),
Xc+XcXb+Xb™ Xc Xb XX ),

N\ i
P OaWad D
X°-|—Xc X lxb A R
(R?), (R®);
Y.
N, e,
2

wherein:

N
)I:\>— HN-N HN-N,
. . . N T T
A is selected from the group consisting of a single bond, H , N ,
~ T~ T~ T
N N
)l:\>_ )l:\>_ N NN N"\F
s | o H , H , H and
N—Nx
y
_<N | P
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
N <1
|
NJ\ N
H or H )

[0090] In a second embodiment of the fourth aspect, compounds have formula IVa:

wherein X and X' are each independently selected from the group consisting of a bond,
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R-Z Xb is independently C or N. WD 2010/ 065674PCT/ US2009/ 066459 [0067]1n a
fifth enbodi ment of the third aspect, conpounds have fornula Mo wherein A
is N eri:wo2010/dd5679r H [0068] I n a sixth enbodi nent of wrhe/ushémwdsaspect ,
conmpounds have fornula M: wherein X and X are each independently
selected fromthe group consisting of a bond, CH2 , CH2 CH2 , CHCH, O
, S, S(0)1 2-, -CH0-, -CH2S-, -CH2S(0)1_2- and

_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.

[0091] In a third embodiment of the fourth aspect, compounds have formula IVa wherein A’
N
N <L
|
H or H )

[0092] In a fifth aspect of the invention, compounds have formula V:

1S

v (R?),

Y.
g / \
R Z a Y'\
(R%), / Rf
z wherein:

N7N -N
|/>— HN-N HN-N
/‘\” ’M %N>_’

A’ is selected from the group consisting of a single bond,

N NN NSy
-y A I A

, and
N N
— =
N =
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

7/ N A
A ~CL
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CH2N(R1) -,
to C8 al ky

wherein 1Z1 is chosen fromthe group consisting of hydrogen, G
|, G to C8 heteroal kyl, cycloal kyl, heterocycle, aryl,

het er oar yWWo 2arozleker4, al kanoyl , al koxycar bonyl, car banoylPCarus2eiosd45¢ ut ed

sul fonyl .
the third

WO 2010/ 065674PCT/ US2009/ 066459 [0071] I n a ninth enbodi nent of
aspect, conpounds have fornula Me: Z' wherein X and X' are

each independently selected fromthe group consisting of a bond, CH2 ,

CH2 CH2 |

CHCH, 0O , S, S(0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2- and

CHZN( Rlggoq V‘hqlh%'s@colaéjcrﬂb%dm%@ﬂhé Eﬁﬂhéﬂ%& %Mnﬁ@ﬂaﬁle%ﬂnﬂﬂa Qh: hydrogen, G

to C8 al kyl, C8 heteroalkyl cycloal kyl, heterocycle, aryl,

het er oaryl , aralkyl, , alkoxycarbﬁﬁyl car banoyl and substltuted
sul fonyl . [0072] In a i )fr xcthe third aspect' conpounds
have formula |11 fz N

z (R, /

z wherein X

and X' are cach independently sclected 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

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
N <1
I
N \
H or H )

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

W——W R®
Ra)r Xb|= Xb \(
(R?), ,
//Y\\Rf
z wherein

cach X" is independently C or N.
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XbXb (Ra)rXbX*Xc X WD 2010/ 065674PCT/ US2009/ 066459 [0073]In an el eventh
enbodi nent of the third aspect, conpounds have fornmula Illg: (Ra)r(Ra)r
XCXCxb+xbw@lekesq7Ra) r | cb/)( / xbxb\ (Ra)r z. wherei nPETASA00X06@5€ each

i ndependently selected fromthe group consisting of a bond, CH2 , CH2 CH2
, CHCH, 0 , S, §0)1_2-, -CH20-, -CHS-, -CH2S(0)1_2- and CH2N(R1)-
wherein 1Z1 is chosen fromthe group consisting of hydrogen, Cl to C8

al kyl, Cl1L to C8 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl,

ar al ky| (0099} karlﬁlélﬁﬂlﬁénm}iﬁéﬁ BPMY |ﬂfthca§%&@r59¥1boﬁ{3ﬁ h%@i%%ﬁl%!t\%ﬁéﬂ&fa%n)(s -
[0074]In a twelfth enbodi nent of hird aspect, compounds have formul a

L11h. _(\)\ —</]©\

[0098] In a sixth embodiment of the fifth aspect, compounds have formula Vc:

Ra)r Xb|=xb \(\X'
R®), -/

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 <TI0
I
H or H )

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

Cr<)

1S

Ra)r

XC_ _XC

R r Xb_xb

)

38



Re A(" XbfY ,/ Z(Ra)rZ' Rf wherein each Xb R- is independently C or N
[0075]In a thirteenth enbodi nent of the third aspect, conpounds have
formul a IwWORowmese&un Ne rli N---"\" A isHor WO PCT/US2009/066459

2010/ 065674PCT/ US2009/ 066459 [0076] I n a fourteenth enbodi ment of the third
aspect, conpounds have forrmula IIl1i:

[0101] In a ninth embodiment of the fifth aspect, compounds have formula Ve:

XC_ _XC

(R®), Xb_xb

(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(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

[0102] In a sixth aspect of the invention, in any compound of any of the second through fifth
aspects, R, R?, 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.

[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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are each independently selected fromthe group consisting of a bond, -CH2-,
CH2 CH2 , CHCH, 0O , S, S(0)1 2-, -CHO-, -CH2S-, -CH2S(0)1_2- and
CH2N( R1) -wowhavmsse141Z1 i s chosen fromthe group consi st iPog/uskodapesssgen, G
to C8 alkyl, G to C8 heteroal kyl, cycloal kyl, heterocycle, aryl,
heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl and substituted
sul fonyl. [0077]1In a fifteenth enbodi nent of the third aspect, conpounds
have formula I11i wherein Nif' N\ Ic WO 2010/ 065674PCT/ US2009/ 066459

[0079] | @10@] Se\’lﬁ@ts@%ﬁ}has%@%@{ﬂg?menﬁgn th& ki He8M8 ahy oCRIBRUPLADHRYE
formula I1 Zwherein X and X' are each in ependent%y selected fromthe

group dmisvetiongs oidependontly, ~CN,-OCHF,, ~OCFs, -CF:, or —F.

[0106] In an cighth aspect of the invention, if present in any compound of any of the other

aspects, onc of Y and Y’ is N.
[0107] In a first embodiment of the cighth aspect, both Y and Y’ are N.

[0108] In a ninth aspect of the invention, Z and Z' in any of the previous aspects are each 1-3

amino acids.
[0109] In a first embodiment of the ninth aspect, the amino acids are in the D configuration.

[0110] In a tenth aspect of the invention, Z and Z’ in any of the previous aspects are each
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®.

[0111] In a first embodiment of the tenth aspect, both of Z and Z’ are
~[U~(CR*%)~NR’~(CR"*))Ju-U~(CR*%)~NR'-(CR*))R".

[0112] 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".

[0113] In a third embodiment of the tenth aspect, one or both of Z and Z' are
—U—(CR*)~NR’—(CR*)~R®.

[0114] 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".

[0115] In a fifth embodiment of the tenth aspect, one or both of Z and Z' are
~C(0O)«CR*%)~NR’<CR*))—U—~(CR*))—NR'—«(CR*))R®.

[0116] 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".

[0117] In a seventh embodiment of the tenth aspect, one or both of Z and Z' are
—C(0)~«(CR*)~NR’-(CR*)~C(O)«(CR*)~NR'—(CR*)R".
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CH2 , CH2CH, CHCH, 0 , S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2-
and CH2N(R1)-, wherein 1Z1 is chosen fromthe group consisting of

hydr ogen,wa@i20tome@84al kyl, C to C8 heteroal kyl, cycl oal legirjush@ves@sycl e,
aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl and
substituted sulfonyl. [0080]In an ei ghteenth enbodi ment of the third
aspect, conpounds have fornula 1111: WO 2010/ 065674PCT/ US2009/ 066459
[0081] I n a nineteenth enbodi nent of the third aspect, conmpounds have

formul godd8f M 1n an‘é’{gﬁﬁﬁéﬂ%&&nﬁé}ﬁ o%the@é&h 55%%& br{&d&%ﬂp&% Adﬂ Balected fromthe
group consisting nd , S, S(0)1_2-,

- CH20- —(X@}&@RQM‘NRQEQBQI 1 and CH2N(R1) mhereln 1Zl i s chosen from the
group consi sting of hydrogen, G to C8 aIkyI C to C8 heteroal kyl,
cycl oallkmp9] hdhenmﬂhcﬁbpdamyﬂwﬁhetewomwytpnapahkybfzah&ahuyl,

al koxyc 0 carb \'4 gibstituted sulfonyl. [0082]In a twentieth
enbodlngﬁﬁ)@¥k Heﬁph%gg”%sggg ﬁ'Corrpounds have formula | nn: Z'\ Rf
[0120] In a tenth embodiment of the tenth aspect, one or both of Z and Z’ are

~C(0)«CR*%),~NR’-C(0)-R*".

[0121] In an cleventh embodiment of the tenth aspect, one or both of Z and Z’ are
~C(0O)«CR*%),~NR’—(CR*),—C(0)-O-R™..

[0122] In a twelfth embodiment of the tenth aspect, one or both of Z and Z' are
—C(0)«CR*),~NR’-C(0)-O-R*".

[0123] In a thirteenth embodiment of the tenth aspect, one or both of Z and Z’ are
~U—(CR*)~R®.

[0124] In a fourteenth embodiment of the tenth aspect, one or both of Z and 7’ are
~C(O)«CR%)R®.

[0125] In a fifteenth embodiment of the tenth aspect, one or both of Z and Z' are
—[U~(CR*)NR’~(CR*))iJ.~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*2)—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 Z' 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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Y (Ra)r 4XbA Re )(b Xb

WO 2010/065674 PCT/US2009/066459

[0131] In a first embodiment of the twelfth aspect, the medicament is for the treatment of

hepatitis C.

[0132] 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 any
one of the compounds of the invention.

Detailed Description

[0133] Unless otherwise stated, the following terms used in this application, including the
specification and claims, have the definitions given below. It must be noted that, as used in the
specification and the appended claims, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise. Definition of standard chemistry terms
may be found in reference works, including Carey and Sundberg (2007) “Advanced Organic
Chemistry 5™ Ed.” Vols. A and B, Springer Science+Business Media LLC, New York. The
practice of the present invention will employ, unless otherwise indicated, conventional methods
of synthetic organic chemistry, mass spectroscopy, preparative and analytical methods of

chromatography, protein chemistry, biochemistry, recombinant DNA techniques and

pharmacology.

[0134] The term “alkanoyl” as used herein contemplates a carbonyl group with a lower alkyl

group as a substituent.

[0135] The term “alkenyl” as used herein contemplates substituted or unsubstituted, straight
and branched chain alkene radicals, including both the E- and Z-forms, containing from two to
cight carbon atoms. The alkenyl group may be optionally substituted with one or more
substituents selected from the group consisting of halogen, -CN, -NO,, CO,;R, C(O)R, -O-R,
NRY,, -NRMC(O)R, -N(RMS(0O):R, -SR, -C(O)N(RM),, -OC(O)R, -OC(O)N(RM),, S(O)R,
SO,R, -SOsR, -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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1 Xb 1 XL wherein each Xb is independently Cor N WO

2010/ 065674PCT/ US2009/ 066459 [0083]In a twenty-first enbodi mnent of the
t hird aspeotpiowsgeunds have formula Inn N esil NN wher @Cm/US20008965H
[0084] In a twenty-second enbodi nent of the third aspect, conpounds have
formula Mei:

[0137] The term “alkoxycarbonyl” as used herein contemplates a carbonyl group with an

alkoxy group as a substituent.

[0138] The term “alkyl” as used herein contemplates substituted or unsubstituted, straight
and branched chain alkyl radicals containing from one to fifteen carbon atoms. The term "lower
alkyl" as used herein contemplates both straight and branched chain alkyl radicals containing
from one to six carbon atoms and includes methyl, ethyl, propyl, isopropyl, butyl, isobutyl, terz-
butyl and the like. The alkyl group may be optionally substituted with one or more substituents
selected from halogen, -CN, -NO,, -C(O),R, -C(O)R, -O-R, -N(R™),, -N(RM)C(O)R, -
NRMS(O):R,

-SR, -C(O)N(RY),, -OC(O)R, -OC(O)N(RM),, -SOR, -SO:R, -SO3R, -S(0):N(R™),, phosphate,
phosphonate, cycloalkyl, cycloalkenyl, aryl and heteroaryl.

[0139] The term “alkylene,” “alkenylene” and “alkynylene” as used herein refers to the
groups “alkyl,” “alkenyl” and “alkynyl” respectively, when they are divalent, ie, attached to two

atoms.

[0140] The term “alkylsulfonyl” as used herein contemplates a sulfonyl group which has a

lower alkyl group as a substituent.

[0141] The term “alkynyl” as used herein contemplates substituted or unsubstituted, straight
and branched carbon chain containing from two to eight carbon atoms and having at least one
carbon-carbon triple bond. The term alkynyl includes, for example ethynyl, 1-propynyl, 2-
propynyl, 1-butynyl, 3-methyl-1-butynyl and the like. The alkynyl group may be optionally
substituted with one or more substituents selected from halo, -CN, NO,, CO;R, C(O)R, -O-R,
NRY),, -NRMC(O)R, -N(RMS(O):R, -SR, -C(O)N(RN),, -OC(O)R, -OC(O)N(R™M),, -SOR, -
SO,R, -SOsR, -S(0),N(R™),, phosphate, phosphonate, cycloalkyl, cycloalkenyl, aryl and
heteroaryl.

[0142] The term “amino” as used herein contemplates a group of the structure -NR™,.

[0143] The term “amino acid” as used herein contemplates a group of the structure

ﬁ ﬁ
C C

ZT
ZT

o)

A—OT
A——OIT

or in cither the D or the L configuration



wherein X and X' are each independently selected fromthe group consisting
of a bond, -CH2-, CH2 CH2, CHCH, 0 , S, S§0)1_2-, -CH20-, -CH2S-,

- CH2S(0) WO-20e8md567€H2N( R1) -, wherein 1Z1 is chosen fromPCRaAISQe000p6459

consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. [0085]In a twenty-third enbodi nent of the third
aspect, compounds have forrmula H N 1\lj-N wherein A isHorH (Ra)r)( )(c

33 WO.29 1RS84 4PN HRRADHRCRERY “s[t%ﬁi”laﬂnﬁo LNt reliaHE e Rdingent  of

the third aspect, conpounds have formula
methionine, phenylalamne threonine, tryptophan, Vahne alamne asparagine, aspartate, cysteine,

glutamate, glutamine, glycine, proline, serine, tyrosine, arginine and histidine. The present
invention also includes, without limitation, D-configuration amino acids, beta—amino acids,
amino acids having side chains as well as all non-natural amino acids known to one skilled in the

art.

[0144] The term “aralkyl” as used herein contemplates a lower alkyl group which has as a
substituent an aromatic group, which aromatic group may be substituted or unsubstituted. The
aralkyl group may be optionally substituted with one or more substituents selected from halogen,
-CN, -NO,, -COR, -C(O)R, -O-R, -N(RY),, -N(RM)C(O)R, -N(RM)S(0),R, -SR, -C(O)N(R™),,
-OC(O)R, -OC(O)N(RY),, -SOR, -SO2R, -SOsR, -S(0),N(R™),, phosphate, phosphonate,
cycloalkyl, cycloalkenyl, aryl and heteroaryl.

[0145] The terms “aryl,” “aromatic group” or “aromatic ring” as used herein contemplates
substituted or unsubstituted single-ring and multiple aromatic groups (for example, phenyl,
pyridyl and pyrazole, etc.) and polycyclic ring systems (naphthyl and quinolinyl, etc.). The
polycyclic rings may have two or more rings in which two atoms are common to two adjoining
rings (the rings arec “fused”) wherein at least one of the rings is aromatic, e.g., the other rings can
be cycloalkyls, cycloalkenyls, aryl, heterocycles and/or heteroaryls. The aryl group may be
optionally substituted with one or more substituents selected from halogen, alkyl, -CN, -NO,, -
CO,R, -C(O)R, -O-R, -N(R™),, -N(RMC(O)R, -N(R™)S(O):R, -SR, -C(O)N(RY),,

-OC(O)R, -OC(O)N(R™),, -SOR, -SOR, -SOsR, -S(0),N(R™),, -SiRs, -P(O)R, phosphate,
phosphonate, cycloalkyl, cycloalkenyl, aryl and heteroaryl.

[0146] The term “arylsulfonyl” as used herein contemplates a sulfonyl group which has as a
substituent an aryl group. The term is meant to include, without limitation, monovalent as well

as multiply valent aryls (eg, divalent aryls).

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

——C—NRY,
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Ne (Ry)r(Ra)r XIXb 1R)(cXb 11 Xb N)(c H1 X131 fXb (Ra)r [0087]In a
twenty-fifth enbodi nent of the third aspect, conpounds have formula Il11qg: N
(Ra) r ( Ra)WOXa 65674 PCT/US2009/066459

[0148] The term “carbonyl” as used herein contemplates a group of the structure
|O|

_C_

[0149] The term “carboxyl” as used herein contemplates a group of the structure

|°|

C O

[0150] The term “cycloalkyl” as used herein contemplates substituted or unsubstituted cyclic
alkyl radicals containing from three to twelve carbon atoms and includes cyclopropyl,
cyclopentyl, cyclohexyl and the like. The term “cycloalkyl” also includes polycyclic systems
having two rings in which two or more atoms are common to two adjoining rings (the rings arc
“fused”). The cycloalkyl group may be optionally substituted with one or more substituents
selected from halo, -CN, -NO,, -CO,R, -C(O)R, -O-R, -N(R™),, -N(R™C(O)R, -N(R™)S(O):R, -
SR, -C(O)N(R™),, -OC(O)R, -OC(O)N(RM),, -SOR, -SOR, -S(0),N(R"),, phosphate,
phosphonate, alkyl, cycloalkenyl, aryl and heteroaryl.

[0151] The term “cycloalkenyl” as used herein contemplates substituted or unsubstituted
cyclic alkenyl radicals containing from four to twelve carbon atoms in which there is at least one
double bond between two of the ring carbons and includes cyclopentenyl, cyclohexenyl and the
like. The term “cycloalkenyl” also includes polycyclic systems having two rings in which two or
more atoms are common to two adjoining rings (the rings are “fused”). The cycloalkenyl group
may be optionally substituted with one or more substituents selected from halo, -CN, -NO,, -
CO,R, -C(O)R, -O-R, -N(RM),, -N(RMC(O)R, -N(R™)S(O):R, -SR, -C(O)N(RY),,

-OC(O)R, -OC(O)N(R™),, -SOR, -SO,R, -S(0),N(R"™),, phosphate, phosphonate, alkyl,
cycloalkenyl, aryl and heteroaryl.

[0152] The term “halo” or “halogen” as used herein includes fluorine, chlorine, bromine and

iodine.

[0153] The term “heteroalkyl” as used herein contemplates an alkyl with one or more

heteroatoms.

[0154] The term “heteroatom”, particularly within a ring system, refers to N, O and S.
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Ry (cXb" 11 X N)(c H1 Xbi r Xb (Ra)rwherein X and X are each independently
sel ected fromthe group consisting of a bond, CH2 , CH2 CH2 , CHCH, O

, S, S(Oy02810/0656420-, -CH2S-, -CH2S(0)1 2- and CH2N( RCYAIS200ms6@tn 171 i s
chosen fromthe group consisting of hydrogen, G to C8 alkyl, C to C8

het er oal kyl , cycl oal kyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl,
al koxycar bonyl, carbanoyl and substituted sulfonyl. WO

2010/ 065674PCT/ US2009/ 066459 [0088] I n a fourth aspect of the invention,

conpoungissspaverfct MR dr ¥y chd gholif, =X o I or “heterocyclic ring” as used herein
contemplates substituted or unsubstituted aromatic and non-aromatic cyclic radicals having at
least one heteroatom as a ring member. Preferred heterocyclic groups are those containing five
or six ring atoms which includes at least one hetero atom and includes cyclic amines such as
morpholino, piperidino, pyrrolidino and the like and cyclic ethers, such as tetrahydrofuran,
tetrahydropyran and the like. Aromatic heterocyclic groups, also termed “heteroaryl” groups,
contemplates single-ring hetero-aromatic groups that may include from one to three heteroatoms,
for example, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, triazole, pyrazole,
oxodiazole, thiadiazole, pyridine, pyrazine, pyridazine, pyrimidine and the like. The term
heteroaryl also includes polycyclic hetero-aromatic systems having two or more rings in which
two or more atoms are common to two adjoining rings (the rings are “fused”) wherein at least
onc of the rings is a heteroaryl, e.g., the other rings can be cycloalkyls, cycloalkenyls, aryl,
heterocycles and/or heteroaryls. Examples of polycyclic heteroaromatic systems include
quinoline, isoquinoline, cinnoline, tetrahydroisoquinoline, quinoxaline, quinazoline,
benzimidazole, benzofuran, benzothiophene, benzoxazole, benzothiazole, indazole, purine,
benzotriazole, pyrrolepyridine, pyrrazolopyridine and the like. The heterocyclic group may be
optionally substituted with one or more substituents selected from the group consisting of halo,
alkyl, -CN, -NO,, -CO,R, -C(O)R, -O-R, -N(R™),, -N(RMC(O)R, -N(R™)S(0),R, -SR, -
C(O)N(RY),, -OC(O)R, -OC(O)N(RY),, -SOR, -SO;R, -SO:R, -S(0),N(R™),, -SiR3, -P(O)R,
phosphate, phosphonate, cycloalkyl, cycloalkenyl, aryl and heteroaryl.

[0156] The term “ox0” as used herein contemplates an oxygen atom attached with a double

bond.

[0157] By “pharmaceutically acceptable” or “pharmacologically acceptable” is meant a
material which is not biologically or otherwise undesirable, i.c., the material may be
administered to an individual without causing any undesirable biological effects or interacting in

a deleterious manner with any of the components of the composition in which it is contained.

[0158] “Pharmaceutically acceptable salt” refers to a salt of a compound of the invention
which is made with counterions understood in the art to be generally acceptable for
pharmaceutical uses and which possesses the desired pharmacological activity of the parent

compound. Such salts include: (1) acid addition salts, formed with inorganic acids such as
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1)( )Yl RcXlXcd-XcXl | Xb? (Ra), RdJZ A" is selected fromthe group
consisting of a single bond,H NN...... IN,...NN"") 1 N )1....NS1-'0H
., N ...wWp.2010/065674; ,.... 1, N--- ; and PCT/US2009/066459

hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like; or
formed with organic acids such as acetic acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid
and the like; or (2) salts formed when an acidic proton present in the parent compound is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,
N-methylglucamine, morpholine, piperidine, dimethylamine, dicthylamine and the like. Also
included are salts of amino acids such as arginates and the like and salts of organic acids like
glucurmic or galactunoric acids and the like (see, e.g., Berge et al., 1977, J. Pharm. Sci.

66:1-19).

[0159] The terms “phosphate” and “phosphonate” as used herein refer to the moicties having
the following structures, respectively:

—0-P-OR  —P-OR

OR OR

[0160] The terms “salts” and “hydrates” refers to the hydrated forms of the compound that
would favorably affect the physical or pharmacokinetic properties of the compound, such as
solubility, palatability, absorption, distribution, metabolism and excretion. Other factors, more
practical in nature, which those skilled in the art may take into account in the selection include
the cost of the raw materials, ease of crystallization, yield, stability, solubility, hygroscopicity,

flowability and manufacturability of the resulting bulk drug.
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each Xb and Xc is independently C or N. [0089]In a first enbodi nent of the

fourth aspect, conpounds have formula IV wherein A is NPs N N orH

[ 0090] I n wo=enamsb7émbodi nent of the fourth aspect, conpecmdas20v9esssor mul a

I Va: wherein X and X are each independently selected fromthe group

consi sting of a bond, 35 CH2 , CH2CH2, CHCH, 0 , S, §0)1_2-,

- CH20-, -CH2S-, -CHZS(O)l 2- and CH2N(R1)-, wherein 1Z1 is chosen fromthe

group conS|st|ng of hydrogen, C to C8 alkyl, C to C8 heteroal kyl,

cycl oalikpgiy hefiRrAqYSlienadidélas u&%th%fe@%&ﬁltemlﬁﬁt@é z!&’tloup ﬁﬁ\%ﬁ’%}@ﬁéls‘tmcmre
alkoxycarbonyl car banoyl and substituted sul fonyl. In athird

enbodi ment Qof the fourth aspect, conpounds have fornula |va wherein A
i sHor H
——S——NRN,

o)

[0162] The term “sulfonate” as used herein contemplates a group having the structure

o wherein R® is selected from the group consisting of hydrogen, C;-Cy alkyl, C»-
Cyo alkenyl, C,-C; alkynyl, C;-C; alkanoyl, or C;-C;¢ alkoxycarbonyl.

[0163] The term “sulfonyl” as used herein contemplates a group having the structure
ﬁ
[

o)

[0164] “Substituted sulfonyl” as used herein contemplates a group having the structure

o)

—S—R

O including, but not limited to alkylsulfonyl and arylsulfonyl.

[0165] The term “thiocarbonyl,” as used herein, means a carbonyl wherein an oxygen atom

has been replaced with a sulfur.

[0166] Each R is independently selected from hydrogen, -OH, -CN, -NO;, halogen, C; to C;;
alkyl, C; to C; heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl,
alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate, sulfonamide,

amino, and oxo.

[0167] Each R" is independently selected from the group consisting of hydrogen, -OH, C; to
Ci, alkyl, C; to Cy; heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycle, aryl, heteroaryl,
aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate and
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[0092]In a fifth aspect of the invention, conpounds have formula V:

wher ei n: HN-NHN-N A" is selected fromthe group consisting of a single
bond, H Wwbd2bko/5@md ; and each Xc is independentl|ly Cprom/us2e00ibs4she
proviso that no nore than two Xc are N. [0093]1n a first enbodi nent of the
fifth aspect, conpounds have formula V wherein A" is

sulfonamide. Two R™ may be taken together with C, O, N or S to which they are attached to

form a five to seven membered ring which may optionally contain a further heteroatom.

[0168] The compounds of the present invention may be used to inhibit or reduce the activity
of HCV, particularly HCV’s NS5A protein. In these contexts, inhibition and reduction of
activity of the NS5A protein refers to a lower level of the measured activity relative to a control
experiment in which the cells or the subjects are not treated with the test compound. In
particular aspects, the inhibition or reduction in the measured activity is at least a 10% reduction
or inhibition. One of skill in the art will appreciate that reduction or inhibition of the measured
activity of at least 20%, 50%, 75%, 90% or 100%, or any number in between, may be preferred

for particular applications.

[0169] In a first aspect, compounds of formula I are provided:

(R®):,
RS W B'
\( B A’ R
Y.
7N \(
(R?), Y~

z wherein:

A’ is selected from the group consisting of single bond, {(CR»),—C(O)—~(CR2),—,
~(CR2)w=O~(CR2)p—, ~(CR2)NRM~(CR2)y=, ~(CR2—=S(O)-NR~CR2)p,
~(CR2):~C(O)N(R™)~(CR2)p—, (CR2):-N(R™)-C(O)-NR™)~CR2),-,
~(CR2)y~C(0)-0—~(CR2)y—, ~(CR2)yN(R™)-S(0)-N(R™)~(CRy),- and
—(CRz)n—N(RN)-C(O)—O—(CRz)p— and a heteroaryl group selected from the group

- G0 <L <
consisting of )\ X ,

Y2 Ny X Y2 NS Y2
4 7 4 I %4
~ 1 ’%Xz O ,&%xz [ oI

2
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(-31 orH WD 2010/ 065674PCT/ US2009/ 066459 and X are each independently
sel ected fromthe group consisting of a bond, -CH2-, CH2 CH2 , CHCH, O
, S, S(Oy02810/0656420-, -CH2S-, -CH2S(0)1 2- and CH2N( RCYAIS200ms6@tn 171 i s
chosen fromthe group consisting of hydrogen, G to C8 alkyl, C to C8

het er oal kyl , cycl oal kyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl,
al koxycar bonyl, carbanoyl and substituted sulfonyl. [0095]1n a third

enbodi ment of the fifth aspect, conpounds have forrmula Va wherein A is N e
HorH [0096] I n a fourth enbodi nent of the fifth aspect,o conpounds have

formul a Vb: n eag i s i rckbendent yw.C ordl N.
/NI-Rf_</ 2 IZI NgE il \>_”J\
X X

\ l x2 )\x1

Y4 2
V. 72/ S
NoCs et e )
\
XZJ\ , d and O wherein:

X' is CH,, NH, O or S,
Y', Y? and Z' are cach independently CH or N,
X*isNH, 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.
Y2
< S /Z “\
X2 optionally includes 1 or 2 nitrogens as heteroatoms on the

phenyl residue,

the carbons of the heteroaryl group are each independently optionally substituted
with a substituent selected from the group consisting of halogen, -OH, -CN, -
NO,, halogen, C; to Cy; alkyl, C; to C;; heteroalkyl, cycloalkyl, heterocycle,
aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl,

substituted sulfonyl, sulfonate, sulfonamide and amino,

the nitrogens, if present, of the heteroaryl group are cach independently optionally
substituted with a substituent selected from the group consisting of -OH, C; to
Cy, alkyl, C; to Ci; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl,
alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate

and sulfonamide,

a and b are independently 1, 2, or 3.
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WO 2010/ 065674PCT/ US2009/ 066459 [0097]In a fifth enbodi ment of the fifth
aspect, conpounds have fornula Vb wherein A is N c& or N HorH [0098]In a
si xt h enbwoizoevieseft t he fifth aspect, conpounds have foPEWItES2000/066459 wher ei n
X and X' are each independently selected fromthe group consisting of a
bond, CH2 , CH2 CH , CHCH, 0 , S, §0)1_2-, -CH20-, -CH2S-,
-CHZS(O)l 2- and CH2N(R1)-, wherein 1Z1 is chosen fromthe group

consi sting of hydrogen, G to C8 al kyl, C to C8 heteroal kyl, cycloal kyl,

het er ocycl e, ary&ulyg%%&gﬁ&ﬁkndpf@}fyl al kanoyl , al koxycarbonyl, carbanoyl
and substituted sul fonyl In a seventh enbodlnent of the f|fth

aspect, conpounds have fornula Vb wherein A N f-N
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, -
OH, -CN, -NO,, halogen, C; to C;, alkyl, C; to Cy; heteroalkyl, cycloalkyl,
heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl,

carbamoyl, substituted sulfonyl, sulfonate, sulfonamide and amino,

cach R" is independently selected from the group consisting of hydrogen, -OH, C;
to Cyp alkyl, C; to Ci heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl,
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

, the W-B-A' can be

oy

B and B’ are each 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 Cy; 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 more 0xo,
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-cl NisHorH [0100] I n an eighth enbodi nent of the fifth aspect, conpounds
have formula Vd: WO 2010/ 065674PCT/ US2009/ 066459 [0101]In a ninth

enbodi mrerwoabiwdess7fi ft h aspect, conpounds have fornmul a YeT/uSedvened4nd X and
X are each independently selected fromthe group consisting of a bond,

CH2 , CH2 CH, CHCH, 0 , S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2-
and CH2N(R1)-, wherein R is chosen fromthe group consisting of hydrogen,
C to Cg alkyl, G to Cg heteroal kyl, cycloal kyl, heterocycle, aryl,

het er oar Yéach @[s%c‘i%kmdeﬁlliﬂ@”?&'or 3al koxycar bonyl, carbanpyl and substituted

sul fonyl . 02]I'n a sixth aspect of the invention, in any conpound of any
of the second through fifth aspects Re Rd Re and Rf are each

i ndependently sel ected fromthe gm ﬁ” ngzorf< hydr QI“I Cl to Cg
alkyl and G to C;% het er oal kyl , (&b ato present, is
i ndependeWtip jndgpengeryty sslecied f‘a’ﬁd Rd re’ opt| onal Ty | oi ned to rma 4- to
8- nenber ed hetefo cl e which |s optlonally fused to another - to 6-
menber ed hetegoc , an i ona, ned t r\ a4- to
8- nenber ed het'gz e fug@é’ﬁ her 6-
menber ed het erocycl e. [Oldé]ln a flrs>f of Xt he si %t sp ct, Re

and Rd or Read 2arejcza tofo V2 v2
Sl B et o
NS X2 X2 S _n X2
Yzﬁ/

41L;I»«§%ﬁ fz

Y\
OO % %’Y\lrcy_ — ]i:L —</
<, I, fl ~ I 1

N and

wherein:

X'is CH,, NH, O or S,

Y', Y? and Z' are each independently CH or N,
X?isNH, 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.
Y2
< S /Z \J\
X2 optionally includes 1 or 2 nitrogens as heteroatoms on the phenyl

residue,
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4- to 8-nenbered heterocycle which is optionally fused to another 3- to 6-
nmenber ed heterocycle. [0104]1n a second enbodi nent of the sixth aspect,
bot h of REOant/desk7and Re and Rare joined to forma 4- t®C3USRIMIBHEHI

het erocycl e which is optionally fused to another 3- to 6- nenbered

het er ocycl e. WD 2010/ 065674PCT/ US2009/ 066459 [0105]In a seventh aspect of
the invention, each Ra, if present in any of the other aspects of the
invention, is independently -CN,-OCHF2, -0CF3, -CF3, or -F. [0106]In an

ei ghth aspegy isCB‘ptiBﬁ'ﬁltyi sgﬁgﬁ%tle@@ith lohe BF ﬁ@&%%bét@u&fb’s_efé@t@@%ﬁﬂth%r Py of the

ot her aspects, one o is N [0107]In a first enbodi nent of the

ei ght h aspect, bearsisingpictOH, -6Ne-NO2, helpedi, Cn taCniatityh, Gigp €ct hatdroalkd,
invention, Z and_Z, in,an f the evi Qus a cls.are,each.1-3 am no
wcias.  [o100] 1 n &S IR Gye kel B R PR SRR PSR Tac i ds are
in the D confi gualhnoyh.cafbahd Ol bubsatutednstiifoms patfbnad, stifienantideaid satino,Z and Z'
in any of the previous aspects are each independently selected fromthe

group consisting.of , [ U (CR42)t-NR5-(CR42)ii.-U (CR42)t - NR7- 42) t - R8,
S0 (Cra2) ¢ - R ?éaeé%&%q%ﬁﬁgﬁewﬂ%%ﬁ? 9@?@@1@@@6@?& aht
[0111]In a first enbodi nent of the tenth aspect, both of Z and Z' are

[ U (CRA2) t - NRSs § DisAddyiclic, ity R4t ity IR B~ (CCRA R nbBRBd cycloalkyl, heterocycle, aryl

group or heteroaryl group wherein up to three heteroatoms are independently N, S
or O and which 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, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate, sulfonamide

and amino;

cach R, RY, R and R’ is independently selected from the group consisting of: hydrogen, C;
to Cs alkyl, C; to Cs 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 Cs
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 cach independently carbon or nitrogen; and

Z and Z' are independently selected from the group consisting of hydrogen, C; to Cs alkyl, C;
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[0112] I n a second enbodi nent of the tenth aspect, one or both of Z and Z
are -U (CR42)t-NR5- (CR42)- U (CR42)t-NR7-(CR42)t-R8. [0113]In a third

enbodi mrerwoabiwdsssent h aspect, one or both of Z and Z' Parais2009/066459
-U(CR42)-NR7-(CR42)t-R8. [0114]In a fourth enbodi nent of the tenth aspect,
one or both of Z and Z' are
[C(0)-(CRA2)t - NR5- (CRAAL- U- (CR42)t-NR7- (CR42)t-R8. [0115]In a fifth

enbodi ment of the tenth aspect, one or both of Z and Z2 are C(0)

-(CRA2) t - N%SCB( %galkylué}(cg%ﬂ%l thech(:lgRﬁg]) Bet%ary[l Q%JL@II n 3%rr§1118(£chdse nbodi ment

of the tenth asp egt one or

[ C(0)- (CR42HUNQB DOBAERT ataswﬂqmm mmzx@iﬁwﬂoaéz)ﬂamam] In a seventh

enbodi nment o 5] p or. h,ofs Z,and Z' are

C(0) - (CRA2) [ %Rﬁiz‘) (?%(73‘? Pfn a6k 283%2) Poich

2010/ 065674PCT/ US2009/ 066459 [0118] I n an eighth enbodlnent of the tenth
aspect, one orU potchcwfl fidnathd gBupapesist@gOf ~CAR42ICSNRIARd ROt - R8. [0119] In
a ninth enbodi nent of the tenth aspect, one or both of Z and Z' are

cach R4, R’ and R’ is independently selected from the group consisting of hydrogen,
C; to Cs alkyl, C; to Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl and
aralkyl,

R? is selected from the group consisting of hydrogen, C; to Cs alkyl, C; to Cs
heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, -C(O)-R®,
-C(S)-R*, -C(0)-0-R*, -C(0)-N-R*",, -S(0),-R*! and -S(0),-N-R*,, wherein
cach R* is independently chosen from the group consisting of hydrogen, C; to Cs
alkyl, C; to Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl and aralkyl,

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.

[0170] The compounds of the present invention include pharmaceutically acceptable salts of

I as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0171] 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™M—~(CR;),—, «(CR2):—C(O)-N(R™)~(CR,),—,
—~(CR2)xN(R™~-C(0)-NR™~(CRy),~ and (CR),~N(R™)-C(0)-O—(CR2),~ and a heteroaryl

ReP I AN

group selected from the group consisting of )\ X , ,
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C(0)-(CR42).-NR7-(CR42).-C(0)-R81. [0120]In a tenth enbodi nent of the tenth
aspect, one or both of Z and Z' are C(0)-(CR42).-NR7-C(0)-R81. [0121]In an
el event h wohodvosesTs of the tenth aspect, one or both of PETAISA0Z 06E5%E
C(0)-(CR42)"-NR7-(CR42).-C(0)-0-R81. [0122]In a twelfth enbodi nent of the
tenth aspect, one or both of Z and Z' are C(0)-(CR42).-NR7-C(0)-0-R81.
[0123]In a thirteenth enbodi nent of the tenth aspect, one or both of Z and
Z' are -U (CR42)-R8. [0124]1n a fourteenth enbodi nent of the tenth aspect,
one or bot of Zand Z2 are (C(0)-(CR42)t-R8. [0125]In a finteenth

enbodi ne he te @ect bot h 2and Z =%
[U-(CR42)(§: CRAﬁ&M o I( 42){—@1‘2 nth
enbodi ofN't he, ter?fh sp c;t ot h and Z' e X

-U- (CR42) - NR5- (CRA2) t - U—(CR42)t 0 (CR42)t R8. [0127]1In a seventeenth

enbodi nent o ent h aspect, or both of Z and Z' are
C(0)-(CRr42 XZCR42)t-C(0 2)t-0-(CR42)t-R8. [0128]1n an ei ghteenth
enbodi ne he tenth agfh o e or both of Z and Z' are

[0172] In a second embodiment of the first aspect, A’ is selected from the group consisting of

/>— HN- \
a single bond, )\ —[_)\ )\)7 )\ >_ )\/>_ )\/>7

LT AT AT < O
\
N NN N ND\ N)\
H . H . H . H , H
RN
N 0
N /N /N
Dy A e s Ey Ry O
/
o s YL
N RN
R\N N 0
/ /
HN/K’ HN/K’ HN/K N

and

[0173] 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 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.
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-U(CR42)t-0-(CR42)t-R8. [0129] An el eventh aspect of the invention provides
a pharnmaceutical conposition conprising the conpounds of the invention.

[ 0130] A twiol2btomeaspect of the invention provides use of PChaScanmpeunes of
the invention in the manufacture of a nedicament. WO

2010/ 065674PCT/ US2009/ 066459 [0131]In a first enbodi nent of the twelfth
aspect, the nedicanent is for the treatnent of hepatitis C. [0132] A
thirteenth aspect of the invention provides a nmethod of treating hepatitis

C conplig N9 admimist ShbdEmbR R 1RUREGSHect ROARER! bIRY SRR of fARhAReUt I cal |y
effectl ve anount of any one of the conpounds of the invention. Détailed

Descri pringhto fi0133] ori-mswbarh betaiosecls waick ds ontivealhyoftbaliongotherrgo Gsed i n
this a%pl |bcatdhope,r i n I udi ng the specification and clains, have the
def i ni t10NS gi ven & ow. It nust be noted that, as used in the

o ﬁgif'lﬁ‘%hﬁg it S pRFa St G o] RO ] RO 30 Py o A A0

ot hervmf@sedr@gfsygmrﬁwm&ffr&ha}m@wb@dm@musgdsfy terns may be found in reference
wor ks, i ncluding Care and Sundber 2007) "Advanced Organi c erri stry 5th

-, @/ng{ oI ess Medi a
LLC, W Yor he ¢gratCtic Er e§ent nv nt W | oy, unl ess
ot her wis¥-jn Zed \chbrvent i | "z chemistry,
mass spectrbscopy,’ preparative and anaI ytical met’hods of’ chr ondt ogr aphy,
protein chem stry, biochem strFyi ;,%egq‘oh@an ghechni gues and

phar nmacol Thﬁ ’]i\ag yl" a %heﬁ‘él nycontenpl ates a
car bonv(@%%k E 3 (E%)hal kyNgNeyp ngbsdds\/emli

and

(O)o- 23/\(

Z wherein RY 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.

[0176] In a sixth embodiment of the first aspect, R® and R" are joined and form a heterocyclic

fused ring system selected from the group consisting of:

Z g 2 Z g 2 Z'/ 2 Z - 2 Z 2 Z'/ 2 Z 2 2
5 2 RN RN NR
Y\O U N 8
N N N N N AN

1 ’Z/ ’Z'/ \)’Z ’Z/ \/J§O’Z 60 and

NS00

./N\) . N . .
Z wherein R is selected from the group consisting of hydrogen, -OH, C; to Cy;

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

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



[0135] The term "al kenyl " as used herein contenpl ates substituted or
unsubstituted, straight and branched chain al kene radicals, including both
t he E- armiOo2efoassas4 containing fromtwo to ei ght car bonprararseeDbasal kenyl
group may be optionally substituted with one or nore substituents sel ected
fromthe group consisting of halogen, -CN, -NOQ2, COR2R C(0)R -0-R
-N(RN) 2, -N(RN)C(0)R, -N(RN)S(0)2R, -SR, -C(O)N(RN)2, -0C(0)R,
-0C(0O)N(RN) 2, S(0)R, 502R, -503R, -S(0)2N(RN)2, phosphate, phosphonate,
cycl oaligidry  cyinlaQaldr@Ndthbod@hdit o2 MGLEF QMY And B URHF & clcblclrof] eXY" as
used herein contenplates an oxygen wth a | ower alkyl group as a
substituent and incIud;s nethgxy, exhoxy, Yugoxy, trifyuromethoxy and the
like. It also include§ gt valvénty sugst it ueyit s Yinked toytwo separated oxygen
atoms such as, withouk-Kim tjation, 704 (CH 4-0-, %0<CF2-0-,

- 0- (CH2) 1_4- 0- (CH2CHI 0) % 4ay andt x(0- Ce2@R- B 1_4-xy X
WO2010/R6hG64RGH: dB2009K066 459X 01XF X he Xerxn "aal koxykarprayh” as used

her ei n conte%ﬁéates a carbonél a{oup wi th an al koxy group as a substituent.
[ 0138] Thesaek Kris MglergadentligN 98 Eind éf @i RYciBRuded hadregenss msegssaty Excopplete
unsubsti t ut i, .84 k@@t and branched chain alkyl radicals containing from
one to fifteen carbon atons. The term"lower alkyl" as used herein

contenpl ates both straight and branched chain al kyl radicals containing
from one @@hgfwlmkm@mhngYoNsOaﬁ@anwﬂmﬂ@gnmﬁﬁﬁ#MJweﬂ%?anﬁweﬁth i sopropyl,
butyl, isobg&y], tertbutyl and the like. The al kyl group may be optionally
substituted with one or nore substituents sel ected from hal ogen, -CN, -NQO2,
-C(0)2R -C(0)R, -0-R -N(RN)2, -N(RN)C(0)R, - N(RN) S(0) 2R, -SR

- C( 0) N( RNjazh Y-i0 G(dopdrdenthGeler g Ridn2;CH.SORH--, SOR RS-, -QOBR, o S{(Q) 2N &) 2,
phosphat e, phosphonate, cycl oal kyl, cycloal kenyl, aryl and heteroaryl.

[ 0139] The,t e "al kyl ene, " ."al k | ene” and_"al k | eney as _used herein
refors t o tReogrREblo e fmaind®r OEAE st Bauran ity SRR T Ep I 0
they are di wallenle, ie, attached to two atons. [0140] The term

"al kyl sul fonyl" as used herein contenplates a sul fonyl group which has a

| ower al kyl group as a substituent. [0141] The term "al kynyl ', as used herein
contenpl ates substituted or unsubstituted, straight and brgnghed carbon
chain containing fromtwo to ei ght carbon atons and havi ngxak | east one
carbon-carbon triple bond. The term al kynyl i ncludes, fom&ex@hﬁre et hynyl ,
1- propyewi8] 2-InphePhilydmbolidett White fird-asfdch B andIB’ tduethenisl andXt he, |i ke. The
al kynyl group nay be optionalpy substituted with one or nore substituents
sel ected fyom hal 0 Xx—XCN, NOX¥~OR2R, C(OYRy, -0-R -N(RN)2, -N(RN) C(0)R,

/ \

-N(RN) SC0) 2R, - SR - CX0) NéRK) 2, Y- 0C(0yR -BC(0) N(RN) 2, -SOR, - SO2R, - S8R,
-S(0) 2N( , phos e, bﬁ%&pﬁﬁg@te, §§cﬁéﬁlkyl, cycl oal kenyl, aryl and
het er oaXyl . /f0142X\The rmXxampo* as Aigedyhérein contenpl ates a group of
t he stru&ttfe -,NRNETX X=X or X=X wherein * indicates attachment

points to the remainder of the compound.
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[0143] The term "am no acid" as used herein contenplates a group of the
structure 00 HH11HH11 NG CON-CC 11 RorRin either the Dor the L

conf i gur awDan10/06&72010/ 065674PCT/ US2009/ 066459 and i ncl emdegisham/osasnot
limted to the twenty "standard” am no acids: isol eucine, |eucine, |ysine,
met hi oni ne, phenyl al ani ne, threonine, tryptophan, valine, alanine,
asparagi ne, aspartate, cysteine, glutamate, glutam ne, glycine, proline,
serine, tyrosine, arginine and histidine. The present invention also

i ncl udes, xaixt hout |imtativon, D-configuration am no acids, beta-am no

aci ds, &n(( ®i ds havwng ge chains as well as all non-natural am no
aci ds kno fo \3&% skil'y i ﬁ)—t—he art. [0144]) The term "aral kyl" as used
herei n cont effpXat esora | owet=#1 Ky whgreip inthviatel aft@sinat soiss bsthe tdhentdonds
aromati c group, whi ch aromatic group may be substituted or unsubstituted.
The ar #9&PMgHip nay be optional |y substituted with one or nore
substituents selected from hal ogen, CN, -NO2, -CX2R, )R, -0 R,
-N(RN) 2, -N(RN)C(0)R, -N(RN) S(0) 2R, - SR, -C(O)N(RN)Z, 0@%

-0C(0)N(RN) 2, -SOR, -SO2R, -s 03R -S(0)2N(RN)2, phosph h,&é honate
cycl oaliigo; Cﬁﬁlaqaltﬁ%%dlm%ﬁty(]ftl?é‘ﬁirsh%b&rtQ@Bﬁ/dB HP4A3liThe e aryl,
“aromatic group” or "aromatic ring" as used herein contenpl ates substltut ed
or unsubs tuted single-ring and multiple arggu;il c groups (for exanple,
phenyl , pyri yI andxpyrazol e, etcylxand polygychic ring systems (naphthyl

and qui noii j§ xThe po cI| +ings have two or nore rings in
whi ch t\éﬁ,al ns j 0i ni ngyx:
wher ei n

«(the rings are "fused")
Neast onex@fx the rlxﬁ:gﬁ is ar Quatix=>. Jwhetdie* Hditefes! | NgS can be
cycl oal kyl s, cycloal kenyl's, aryl, heterocycles and/ or heteroaryls. The aryl
gr oup ﬁﬁgchb@nbmmnt@naﬂhhyermm@tr ot theedmppuridl voirveciono morethsnBof X arenitwges! ect ed
from hal ogen, alkyl, -CN, -NO2, - CO2R, -C(0)R, -0-R, -N(RN)2, -N(RN)C(0)R,
- N(RN) SIIB1PR, In8RelevG(th pinp&Rhin2nt of 0K fHixRispe @08 O)ANBRM&her-iSOR, - SR, - SABR,
-S(0)2N(RN) 2, -Si 3. -P(O)R Bhosphat phosphonatg cycl oal kyl ,
cycl oal kenyl, aryI and het aryl [ 0246 | " as used
herein .cQ; t e} osul fogy roup_ i A §|tub,s_tNtue t an aryl

group. The_termis nt to ude i
as nul t|>p *en;(>§$§i_s al eg

N 0 0

N Q Y\\

N —N >_<7 —N_ 0
xl\\ / * X'\\ / * X'\Z_gi*
x' () L)

X, X=X Jor X=X  wherein * indicates attachment points to the

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

alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate and sulfonamide.
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[0147] The term "carbanoyl"” as used herein contenplates a group of the
structure 0 | 1 GNRN2 WD 2010/ 065674PCT/ US2009/ 066459 [ 0148] The term
"car bonylwoasiumseed4her ei n contenpl ates a group of the stPcuatseew/0e64591 C
[0149] The term "carboxyl"™ as used herein contenplates a group of the
structure 0 11 G0 [0150] The term "cycl oal kyl" as used herein contenpl ates
substituted or unsubstituted cyclic alkyl radicals containing fromthree to
twel ve carbon atons and includes cyclopropyl, cyclopentyl, cyclohexyl and
the like. The term"cycl oal kyl" al so incl udes pol ycyclic syst ens havi ng two
rings in which two or nore atons are conmon to two adjoining rings (the
rings are "fused"). The cycloal kyl group may be optional®™{ sgbstituted with
one or nore substituents selected fromhalo, -CN, -NO2, - , -C(0)R,

-0-R, -N(RN)2, -N(RN)C(0)R, -N(RN)S(0)2R, - SR, -C(0)N(RMN, #0C(0)R,
-0C(0) M) 2, InSORclfthSEbRdimcB( 0f BN(IRNDcctpBasp Batoegethphies pkonét e,, al kyl ,

cycl oal kenyj,, aryl apd heterogyl. [Olgz%bThe terrB "cycl oal ég(ﬂyl " as used
herei n contenpl ates gubstitut or uns tituted clic al radi cal s
doubl e bon

fotn” To t welne “Rarbon-NC i RMAfp herq T-&N | east one
et ween)two of t i ng canhgns and i_ udes ¢ opent enyl ,
cycl ohe rnd t;h\Q I ) SE\e *m "yycl pakke SO | \cl s pol ycycl iC

syst ens hacv-l-xrg two XHxgs in xhich two oxmore at QAe¢ are comARN to two
adjoining rings (the ri ngs are "fused"). The cycl oal kenyl group may be
optionall ubst |R{N~t,q D eN\ ubst REX\ s sel ecfet,\from hal o,
)R - N( (0) 2R, - SR
-SQ2R// -8 0) 2N( Ig?(\\_Z,/ hosphat e,

cont ai nRrg "t

-CN, -
- C(0) N( 2N -0 0
phosphongt=e,! al kyI
wherein * indicates attachment points to the remainder of the compound and RY is selected from
the group consisting of hydrogen, -OH, C; to C;; alkyl, C; to C;, heteroalkyl, cycloalkyl,
heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted

sulfonyl, sulfonate and sulfonamide.

[0183] In a thirteenth embodiment of the first aspect, B and B’ togetheris R ,

N N X' * '
\x ~ X\‘ v ' +*
L R I ~ XY e
X X (0] -/J\ * 4 | X'
RN X * O Xl"
N x" { X' ' ' * N x" '
X N X. X X X
~TE <Y L,y
o X' * O X X' * S x,'-x S X' *
N X"
1 T
or ST X wherein * indicates attachment points to the remainder of the compound

and RY is selected from the group consisting of hydrogen, -OH, C; to Cy alkyl, C; to C»
heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl,

carbamoyl, substituted sulfonyl, sulfonate and sulfonamide.
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[ 0152] The term "hal 0" or "hal ogen" as used herein includes fluorine,
chlorine, bromne and iodine. [0153] The term "heteroal kyl" as used herein
cont enpl avexoewmead7hyl with one or nore heteroatons. [ 01BEI/TIsR000866459
"heteroatoni, particularly within a ring system refers to N, 0 and S. WO
2010/ 065674PCT/ US2009/ 066459 [ 0155] The term "heterocyclic group,"”
"heterocycle" or "heterocyclic ring" as used herein contenpl ates
substituted or unsubstituted aromatic and non-aromatic cyclic radicals

havi ng (@fg4| eash a30&EIHIARHMCNAST Re Htd s TBITBEMd ]f’f tekfgd heterocyclic
groups are those contalnlng five or six ring atons |ch |ncludes at | east

one heter and ing¢lu ycll s such holl r|d|no
pyrroI|d| t he, G an cycﬂ| N\ ueﬁi%éﬁiﬁfrahy
tetrahydropyran and t he—Ni A«onatlc’ﬁetérocyc I TNGTr oups also termed

"heteroaryl " groups, contenplates si ngl e- rlng het er o- aronatlc groups 't hat
may inclu one to three heteroat r pyrrole, furan,

t hi ophene\ i ZOlQL*éiﬁfSFET t hi |a26§:ﬁﬁgiﬁgzole D~oarazole

t hi adi azol e, i ne, \pyram ne, pyry I n *and hs ke. The

term heteroaryl aISo |ncludes nolycycllc hefero aromati ¢’ systens havinhg two

or nore r| whi ch nDre atoms are common to two i ng rings

(the ru ed&§£§ﬁ in sb\ ne of gs—fék_ het er oar yl ,

e.g., the @T ngs (=1 ycﬂo kul;N cyéTBQEﬂgn ar t rocycles

and/ or heteroaryls: Exanples of polycy\rlc het eroaromatrc systens include

qui nol i ne, |squ|noI|naJ noI|ne NL ahydr0|a@ NQol i ne, qui noxal i ne,
enk

qui nazol i LQLQr nZQ benz ,
benzothragggg ;ndazol be pyTl
pyrrazol opyritine and the Ilke, The heterocycllc group may be opwlonally

Substituted with one or nore subst|N S selected fronlthe Q.0

consistin N , R#_¢N(

- N(RN) NE:R S(%T;E"' 00( 0) ~.- SOR
- SO2R, -S (0) 2N( - Si-R3 -P(O)R phospHate phesphonate, -

cycl oal kyl yc oalkenyl aryl and heteroaryl. [0156] The term "oxo0" as used
her ei n CQmNe an oxygen atom attached with a double bond. [0157] By

" phar mggeut | ¥ acGaRiab fdidfes aRRRMIBRCH RISk kafna&d‘&lamlelcsmpbadweant a
mat eri al mhlch is not biologically or otherwi se undesirable, i.e., the

mat er i ahd theypixbacaberchrisg eptedhatly cemaiphenadrduakddifiensd pitrogenssis rhgtemgoms

undesi I 1nter i ' er with
iy of "idfe Bloelsaaler e (Rl RN, BLalBhAHEh Wb BnBote Gt 8P aRar
[0158]%Rharnaceut|cally acceptable salt” refers to a salt of a conpound of
the invention which is made with counterions understood in the art to be
general ly acceptabl e for pharnmaceutical uses and which possessg he
desired pharnacol ogi cal activity of the parent conpound. *S
include: (1) acid addition salts, fornmed with inorganic aC|d such~as WO

2010/06@BﬁhPCﬁh@Sﬁ@@@h@ﬁﬁM@@ﬁmydmbcﬁh@ﬂﬂnﬁanddBh@ﬁﬁbbﬂ@nlc aci d, sulfuric
acid, nitgc acid, phosphoric acid and the like; or fornmed wth organic
| actic acid,

aci ds suchjas aceti pacid, _propi eni ac'd hexang
cycl opent ,,®. oni c Jaci | ycol pyr uy '
mal oni ¢ acved~sueci npdN | i eNaci'd al ei€ ay fumaric acid,

tartaric acid, cifric acid, benzoic acid, 3-(4- hy@ro%ybenzoyl) benzoi ¢
acid, C|nnan1c acid, ﬁHNde|IC acid, nethanesulfonlc aC|d et hanesul f oni c

acid, 1, -dlsuu% cid, 2 et ha c aci d,
benzenesmjfou acid, benz ni c aqu, aphthalenesulfonic
aci d, 42t olfuenes ulf ofi c acid, canpho sul foni ¢ 7aci d,

4- nethylbl@yclo[Z 2.2]-6ct-2-ene-1 -&arboxyli,c acld, gl ucoheptonic acid,
3-phenyl propionic acid, trimethylacetic acid, tertiary butylacetic acid,

| auryl sulfuric acid, gluconic acid, glutam c acid, hydroxynaphthoic acid,
salicylic acid, stearic acid, nmuconic acid and the like; or (2) salts
formed when an acidic proton present in the parent conpound is replaced by
a netal ion, e.g., an alkali nmetal ion, an alkaline earth ion or an

al um numion; or coordinates with an organi c base such as et hanol am ne,

di et hanol am ne, triethanol am ne, N-nethyl gl ucam ne, norpholine, piperidine,
di met hyl am ne, diethylam ne and the like. A so included are salts of am no
acids such as arginates and the |ike and salts of organic acids |ike
glucurm c or galactunoric acids and the |like (see, e.g., Berge etal., 1977,
J. Pharm Sci. 66:1-19).




[ 0159] The terns "phosphate" and "phosphonate” as used herein refer to the
noi eti es having the followi ng structures, respectively: 00 IIll -0-P-OR

- P- OR ORORO[200856he terns "salts" and "hydrates" referCrarsteve/obsads at ed
forns of the conpound that would favorably affect the physical or

phar macoki neti c properties of the conpound, such as solubility,

pal atability, absorption, distribution, netabolismand excretion. O her
factors, nore practical in nature, which those skilled in the art may take
into account J e selection include the cost of the raw naterials, ease
on, yield, stability, solubility, hygroscopicity,

manuf acturability of the resulting bulk drug. WO

2010/ 065674PCT/ US20Q9/ 06645 0161],The term syl f onam,de .as used herein
e ot Be o O P et S pEnG 5 the SRR of B onPOURETha 1 er m
" sul f ofgd hen @166 GphekLly Ro k@it SAPS AR Rod@hObPhARYithEs.t he structure 0 1 |

@)
Jo ok
* ll\l *
[0186] In a sixteenth embodiment of the first aspect, B and B’ together is RN ,
@) O
. o) o) o)
asoNs oy | |
X e
RN RN * O * O * * O
0] O O 0] O
R SO O 0L O
N< /)\N /)\N /)L /)L
O * * * * * O * * O
2 H 2 H 2 2 2
0P 0L
SOUP S0
)\N *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
RY is selected from the group consisting of hydrogen, -OH, C; to Cy; alkyl, C; to C;, heteroalkyl,
cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoy],

substituted sulfonyl, sulfonate and sulfonamide.

[0187] In a second aspect of the invention, compounds have formula II:
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SO Rs |1 | Owherein Rs is selected fromthe group consisting of hydrogen,
Cl-C10 al kyl, C2- Cl10 al kenyl, C2-Cl10 al kynyl, G -C10 al kanoyl, or CG-C o
al koxycarworzgl10/065€¥163] The term "sul fonyl " as used her ei RCTaISL@IPh@ESES a
group having the structure O 1 I S 1 | o [0164]"Substituted sulfonyl"” as
used herein contenplates a group having the structure 0 11 SR 11
Oincluding, but not limted to al kylsul fonyl and aryl sul fonyl. [0165] The

term "thiocarbonyl,"” as used herein, neans a carbonyl wherein an oxygen
atom has been replaced mnth a sulﬁgr [0166] Each R is independently
sel ected fron1hydrogen - -NC2, halogen, G to Cl2
1/ \\l
RC
A R®
d ~ Y\ \(
R z v
(R%), /S TR
z wherein A’ is selected from

1y

—~< 1L <L < 4” ®
N
B SN MI/L

and

HN-N N’N ”f>__
PNty

the group consisting of a single bond,

[0188] In a first embodiment of the second aspect, compounds have formula II wherein A’ is
N
0 <1
|
NJ\ N
H or H )

[0189] In a second embodiment of the second aspect, compounds have formula Ila:

(R?),
21—
| §>*——Cy B'
x1
o e
N X'
AN \/

Y4 N

(R?); //

z 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 Csg alkyl, C; to Cs heteroalkyl, cycloalkyl,
heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl, carbamoyl and substituted

sulfonyl.
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al kyl, C1 to Cl2 heteroal kyl, al kenyl, al kynyl, cycl oal kyl, heterocycle,
aryl, heteroaryl, aralkyl, alkoxy, al koxycarbonyl, alkanoyl, carbanoyl,
substi t utwo 20uldesstyl , sul fonat e, sul fonam de, anm no, an@#CoAS2000046@39 Each RN
is independently selected fromthe group consisting of hydrogen, -OH, Cl to
Cl2 alkyl, Cl to C12 heteroal kyl, al kenyl, al kynyl, cycloal kyl,

het erocycl e, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl,
car banoyl, substituted sul fonyl, sulfonate and sul fonam de. Two RN nay be
taken y@@R} herrnu ctoﬂlpguncﬁ 10f %e%fres@nttlﬁvéﬂﬁbﬁ' thcheyhahficaldathadcbnit i five
to seven nenbered ring wh may optionally contain a further heteroatom

[ 0168] Theas ewhpoandstietly phl@ epmé@@mr rReppEtt prohastagonieicusigthresghémél bi t  or
reduce the activity of HCV, particularly HCV' s NS5A protein. In these

cont ex{&191{ nhilbiatthicchcrabalimemiwd theowacaid aapscei, epmyowfds hive: NBBWa plaotterain Aéf er s
to a | ower !evel of Nhe pasured activity relative to a control experinent

i n which el ubj ects are not treated with the test conpound.
I'n partlcuhag\aspectﬁ, nhibition or reduction in the neasured activity
is at lieastHa 1@@6reﬂuct|on .or inhibition. One of skill in the art will
appreciate that reduction or inhibition of the neasured activity of at

| east 200%2] 50% a7TH8ih @OGdoment OO He sorondpypantymbiepounds bateviesmyla by be
preferred for particular applications. [0169]In a first aspect, conpounds
of formula | are provided: (Ra)r Rf Riherein: A is selected fromthe
group COﬂSIStIQQWOf si ngke—hond, yb C(0) - (CR2)p- (CR2).-0-(CR2) p-,

- (CR2) n- N( RN) Z( /( CR2

v
/ ~ Rf ‘ N
z wherein each X

and X° is independently C or N.

[0193] The compounds of the present invention include pharmaceutically acceptable salts of

IIb as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0194] In a fifth embodiment of the second aspect, compounds have formula IIb wherein A’
N
N <L
|
NJ\ N
H or H )

[0195] In a sixth embodiment of the second aspect compounds have formula Ilc:
b _Xb

D \>—<\ %
- ; T

N, /

Z wherein X

1S

a

and X' are cach independently sclected 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

63



y2y2 X2-N'\'X2 y2 N N X2-% y2 N X2N\ X1 is CH, NH, 0 or S, Y1, Y2 and
Z1 are each independently CHor N, X2 is NHL O or S, Vis -CH2-CH2-,

- CH=CH , wWBk@Hy/065¢7€H2) a- N( RN) - (CH2) b- or - (CH2) a- 0- ( CH2 plboT/USesvened4nd a and b
are independently 0, 1, 2, or 3 with the proviso that a and b are not both
0, phenyl residue,

_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 pharmaceutically acceptable salts of

IIc as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0197] In a seventh embodiment of the second aspect, compounds have formula IIc wherein
N
N —<TL
I
N/k N
H or H )

[0198] In an eighth embodiment of the second aspect, compounds have formula I1d:
(R®),
NG Xb_ _Xb

N/ \_/ "\,
| N\

b A
R N/ \(
R Z Xb_‘xb

V'~
(R, e

A'is

RC

Re

wherein each
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 diastercomeric mixtures thercof.

[0200] In a ninth embodiment of the second aspect, compounds have formula IId wherein A’
N
N <TI0
I
N \
H or H )

[0201] In a tenth embodiment of the second aspect, compounds have formula Ile:

1S
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t he carbons of the heteroaryl group are each independently optionally

substituted with a substituent selected fromthe group consisting of

hal ogen, wWOHp10/068§74- NO2, hal ogen, C to Cl2 al kyl, G wPoT@B20et@sval kyl ,

cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al koxy, al koxycarbonyl,

al kanoyl , carbanmoyl, substituted sulfonyl, sulfonate, sulfonam de and

am no, the nitrogens, if present, of the heteroaryl group are each

i ndependently optionally substituted with a substituent selected fromthe

group consisting of -OH, Cl to C12 alkyl, Ggsto Cl2 heteroal kyl,

cycl oal kyl , heterocyche aryI he%,eroarylXb ?gkyl al koxy, alkoxycarbonyl,
ul f onyl zu Egnate and sul fonam de, a and

al kanoyl, carba ubstlt
b are independez?Ty i\\ c gpendently 1 or 2, n and p
are independently| 0, 1/ 2 o i

SI

are i

, each R is independently

sel ected p con hal ogen, - OH, -CN, -NO2,
hal oge Cl2 al , cycloal kyl, heterocycl e,
aryl, teroaryl, aralkyl alkdﬁ?g al koyycar bo %!kanoyl car banoyl ,

substi t u\e | f onyl , sulfonate sul f onayi de d amn RN is
i ndependent |y ected fromthe group cgﬁ%iglk g of hydrogen »OH Cl to
Cl2 alkyl, Cl to Cl2 heteroal kyl, cycl oal kyl|, "het erocycl I

het eroaryl, aral kyl, al koxy, al koxycarbonyl,| al kanoyl ,
substituted sul fonyl, sulfonate and sul f onal®de and rein B na
attached to either side of A so that in the exanpl e f A belnd%ﬁ“HN t he

W B- A" xcadl X8ire cacB n@d&ﬁerﬁem@y &l&ﬂe@ﬁrdnﬂﬂﬁ%@&%hhyn@ oF-a Hoad 8- menbered ring
that is an aryl, heteroaryl, cycloalk het er ocycl e, Wwher ei n each

het ero—QtHQm b Ghos ot OH . i oroanSiDiy 1 I\pH@OOI’_ Snd GiSf@na and | east
f
oreus BHORR) P RN Fosidfol € oAy BHSREAATAL b S 008 LSO 1S

het er odls Ihyﬂeroaﬁq/d:,lcgdbiﬂyyl hd¢tebeydde woll Getaasaryl, aﬂaﬁ(lyb, rabran%ll,, al]mxabdfbbnyl,al koxy,
alkoxyca bon al k bamoyl, substituted sul fonyl, sulfonate,
sulfonﬁWi éﬁﬁdﬁww ggxgﬁﬁfPﬂ'B or B is not aromatic, it may al so be
substituted with one or nore 0xo;

[0202] The compounds of the present invention include pharmaceutically acceptable salts of

ITe as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0203] In an eleventh embodiment of the second aspect, compounds have formula Ile
N
N <1
-
NJ\ N
H or H )

[0204] In a twelfth embodiment of the second aspect, compounds have formula IIf:

wherein A’ is

z1/< /X \
RC
x1 =
Y.
/
R¢ \\‘z

wherein each X°

and X° is independently C or N.
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WO 2010/ 065674 each r is independently O, 1, 2 or 3; Wis independently
selected fromzi-Y1l xi, PCT/US2009/066459 /Y1lz1l- X1xtzl 111111 ylyl
wherein: WO 2080/65&Z4 NH, O or S, Y1, Y2 and Z1 are each ipnaasesdonddsy CH or
N, X2 is NH Oor S Vis -CH2-CH2-, -CH=CH,(CH2),-N(e)-(CH2)b- or
-(CH2)a-0-(CH2)b-, wherein a and b are independently 0, 1, 2, or 3 with the
proviso that a and b are not both O,

[0205] The compounds of the present invention include pharmaceutically acceptable salts of

IIf as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0206] In a thirteenth embodiment of the second aspect, compounds have formula ITf
N
N <1
|
N \
H or H )

[0207] In a fourteenth embodiment of the second aspect, compounds have formula IIg:

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);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 pharmaceutically acceptable salts of

IIg as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0209] In a fifteenth embodiment of the second aspect, compounds have formula IIg wherein
N
N <L
|
N/K N
H or H :

[0210] In a sixteenth embodiment of the second aspect, compounds have formula ITh:

A'is
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optionally includes 1 or 2 nitrogens as heteroatons on the phenyl Wis
optionally substituted with one or nore substituents selected fromthe
group comspivgsef- OH, -CN, -NO2, halogen, C to Cl2 alPkylus2@9/066@5€C12

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 am no, Wand ring B can be connected through either a
carbon or a nitrogen atomon B, and Cy is a nonocyclic, bicyclic or
tricyclic 5- to 12-nenbered cycl oal ky{s), heterocycle, aryl group or

het er oar yl group\mhereln to three_|lhgteroatons are i ndependently N, S or

0 and whi ch i 5 opt\ onal y substitufed th one or nore substituents
sel ected fromjthe consi gt+ of - -NC2, halogen, G to Cl2

al kyl, cycl Ral ky he rocycle a’yl, heteroaryl,
aral kyl al koxyc nyl, alX |, ca ubstituted sul fonyl,
sul fonat e, | sul fonam de and am no; each Re an Rf is independently

1R
sel ect ed fvon1the group consi sting of: h?drdben C8 alkyl, Cl1 to C8
heteroaﬁﬁ/l aralkyl and a 4- to 8- menber® rlng (y ¢h~may be cycloalkyl,
het er ocycl e, heteroaryl or aryl, wherein, each hetefo at omwhdcipXésent, 1S
i ndependent]y N 0 or each of Re, Rd, Re and Rf nay optionally be
subst i ithe¥ %V“%PGFBNEQCQFQ&I C to C8 heteroal kyl, aralkyl, or a 4- to 8-
menbered ring which may be cycloalkyl het erocycl e, heteroaryl or aryl and
wher ei NoAAsh hefRLARLANAS of ftheFifré‘s%f‘:r‘trlh‘vfen't1§n ildRRpRSEREEMicNy ScBftatte sitg vand Rd
are optionally joined to forma 4- to 8-nenbered heterocycle which is
opt i onalhia; welisee dn oticaHly Hesrengntianeer Facomaiber diastieerasrsaytscoheiet er oar yl
ring, and Re and Rf are optionally joined to forma 4- to 8-nenbered
het er od§2J2¢ m/rih@ﬁeves;lmpﬁli e@fﬁmﬂinyent oktad s¢cond awekiecorgpounds Have demindy iy
het erocycl e or et oaryl rmp Y and Y' are each independently carbon or
nitrogen; and Z ndent |y selected fromthe group consisting
of hydrogen, Cl tON IkyI 3\ WD 2010/ 065674PCT/ US2009/ 066459 to C8
heteroaﬂkymlAcycloﬁlkylmfheﬁbrocycle aryl, heteroaryl, aralkyl, 1-3 anino
acids, [U(CR42)t-NR5-C(R42)ti.-U (CR42)t-NR7-(CR42)t-R8, -U (CR42)t- RS,
and [ l[DZ(IG;R42)InaNIQ'&h(e@m2)Itbhﬁimﬂn( Qﬁ%’h@}ftcomd é@mzqmmpdmc éormulaJli: s
selected fromthe group consisting of - -, -C(S)- and -S(0)2-,

x : \(\
N

\ (Ra)r \/

z a
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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each R4, R5 and R7 is independently selected fromthe group consisting of
hydrogen, Cl to C8 alkyl, ClL to C8 heteroal kyl, cycl oal kyl, heterocycle,
aryl, hetwoaarwdesamd aral kyl, R8 is selected fromthe gromSecamnssesd ng of
hydrogen, Cl to C8 alkyl, Cl to C8 heteroal kyl, cycloal kyl, heterocycle,
aryl, heteroaryl, aralkyl, -C(0)-R81, -C(S)-R81, -C(0)-0-R81, -C(0)-N R812,
-5(0)2-R81 and -S(0)2-N-R812, wherein each R81 is independently chosen from
the group consisting of hydrogen, Cl1 to C8 alkyl, Cl to C8 heteroal kyl,

cycl oaliils) heaherdeyche: en"f’Jommenl?@f” & &Nl a@égt @&ﬁﬁdﬁﬁhs hRRtheRM fy, R7 and

R8 together forn1a 4-7 ne ered ring, each I's 1 ndependently O, 1, 2, 3,
or 4, and u is Nor ) The conpounds of the present invention
i ncl ude pharnaceut Iy ac e salts of | as well as an optically pure
enant i QRfein A8KEMBHE OF o di agf ereoneric m xtures thereof. [0171]1n a first
enbodi ment of the first aspect, A" is selected fromthe group consisting of
a sing l[@ll%gnd 'In a(&agt)eth Qnﬁcg%%&ﬂ “of the(s%rhslwc %&B@ﬁ Rave formula ITh or ITi

- (CR2) CR2) p-, - C(0) - N(RN) - (CR2) p- and

(CRZ)“mN@RN¥ @KD) 0 (CR2) p- and a heteroaryl y2 Z1--Y1zl-X1 1 ---Y1 group
selected fromthe group consisting of )X1 ,,X WO
2010/ 06807} PCTh 882009y-0ig6 4B®ogitent oflth@second asped| ¢éadoyidd have formula I1h or

ITi wherein X°is N.

[0218] In a twenty-second embodiment of the second aspect, compounds have formula IIj:

R"")r
z“”
RS, W/‘\
N

\>7A‘ Re

y :fzx \(

(R®), /Y'\ Rf
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

I1j 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 IIj
N
N <TL
|
H or H :

[0221] In a twenty-fourth embodiment of the second aspect, compounds have formula Ilk:

wherein A’ is
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y2 N1.. , [0172] 1 n a second enbodi mrent of the first aspect, A is

sel ected fromthe group consisting of [0173]In a third enbodi nent of the
first aspeot2p10Res67Rd, Re and Rf are each independentl|y ®erast@d/obesom t he
group consisting of: hydrogen, C to C8 alkyl and G to C8 heteroal kyl,
wherein, each hetero atom if present, is independently N, 0 or S, 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
are optionally joined to forma 4- to 8-menbered heterocycle which is
optionally fused to ,anot her 3- to 6- ngplered heterocycle.

SRR s

<
N\Z (Ra)r / \/

2
wherein X and X' are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

[0222] The compounds of the present invention include pharmaceutically acceptable salts of

ITk as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0223] In a twenty-fifth embodiment of the second aspect, compounds have formula 11k
N
N <TI0
|
NJ\ N
H or H )

[0224] In a twenty-sixth embodiment of the second aspect, compounds have formula II1:

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 C;
alkyl, C; to C; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy,
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WO 2010/ 065674PCT/ US2009/ 066459 [0174]1n a fourth enbodi ment of the first
aspect, Re and Rd or Re and Rf are optionally joined to forma 4- to

8- menber edohlzetoamseycl e which is optionally fused to anoPl®US30091066469
menbered heterocycle. [0175]1n a fifth enbodi ment of the first aspect, Re
and Rd are joined and forma heterocyclic fused ring system selected from
the group consisting of: (0)02S N, Z wherein RN is selected fromthe group
consi sting of hydrogen, -OH, Cl to Cl2 alkyl, Cl to Cl2 heteroal kyl,

cycl oal kyl, NEHRKOENELRL Mafbyl, BREEARbuitALRklthy1, A, «okisear bony!
al kanoyl , carbanoyl, substituted sul fonyl, sulfona?e and sul fonam de.
[0176] I n a sixand aemyodindrent of the first aspect, Re and Rf are joined and
forma heterocyclic fused ring systemselected fromthe group consisting
of: al kyl, €is®,d,Zx23heteroal kyl, cycloal kyl, heterocycle, aryl,

het eroaryl, aral kyl, al koxy, al koxycarbonyl, al kanoyl, carbanoyl,

subst i {2284 sulfeaoyippusisiof dregireseandveantibh arvhinic gparmadiitically acceptable salts of
2010/0?&674P [ US2 09ﬁ0664591£0177%ln a, sevent h enbodi.nment of %he first
aspect 1B Rt *BN PROALARYT CRAIENEE R TRISG AT RIERY X RIECeOTX  x) - () -

1 XI .
X\ [0226] In a twenty-seventh embodiment of the second aspect, compounds have formula 11
N
N <1
I
NJ\ N
H or H )

[0227] In a twenty-eighth embodiment of the second aspect, compounds have formula IIm:

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);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 <1
|
N \
H or H )

[0230] In a thirtieth embodiment of the second aspect, compounds have formula IIn:

wherein A’ is
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group consisting of X-X, X -XX=x"x"-X and X -X wherein each X is

I ndependently Nor Cand if C, may include a hydrogen as necessary to

conpl et e wheowalesstéae shell; each X is independently - NPCOUS2@BKG648#th t he
proviso that no nore than two X are -N; each Y is independently sel ected
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 attachnent point on the

nmol ecule. ,x, -\\ ,?( x-x 4 ,)-* [0178]1n an eighth enbodi ment of the first
aspect B and B 1ogethech__s =X =Yy X-1EAY*-YY )/ XA\ X X

=X' X' - X'orX'zl‘Xr erei 1 ndi cat attgchnment points to the renmai nder of
the conmpound. [[ 017 nlnay di ment yehe first aspect, B and B
together is e
el N

oo|—xe
Ra) A

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 pharmaceutically acceptable salts of

IIn as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0232] In a thirty-first embodiment of the second aspect, compounds have formula IIn
N
N <1
-
NJ\ N
H or H )

[0233] In a thirty-second embodiment of the second aspect, compounds have formula Ilo:

wherein A’ is

|
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(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 pharmaceutically acceptable salts of

ITo as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.
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X=X IYS X )-( 1 1 XXX - (X =( XXX %o XX XX Y,YX X,
IX "X 1LiJL %Y. y)(,* *XX* ,, WD 2010/ 065674PCT/ US2009/ 066459
WO 2010/065674 PCT/US2009/066459

[0235] In a thirty-third embodiment of the second aspect, compounds have formula Ilo
N
1 <L
I
N \
H or H )

[0236] In an thirty-fourth embodiment of the second aspect, compounds have formula Ilp:

wherein A’ is

z 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 pharmaceutically acceptable salts of

IIp as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0238] In a thirty-fifth embodiment of the second aspect, compounds have formula Ip
N
N <1
|
N \
H or H :

[0239] In a thirty-sixth embodiment of the second aspect, compounds have formula Ilq:

(R%);

b "
RaVva et

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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Xx=xy-Y *_(\-X *-¥-X X Y/ X =X, orX =X wherein * indicates attachnent
points to the remai nder of the conpound. X-X X=XX=X 'X "- \ /- XX\ \
*X =X X' 2X0,200v06567X wherein * indicates attachnent poi nPETIUS200@66489a1 nder
of the conmpound wherein no nore than 2 of X are nitrogen. [0181]In an
el eventh enbodi nent of the first aspect, B and B together is Q0"20,
A Vs-V VWV *-N O *-NO *-NNNRN X X SX X/ X\ )-)- , XX XX X-X
_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 pharmaceutically acceptable salts of

IIq as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0241] In a thirty-seventh embodiment of the second aspect, compounds have formula Ilq
N
N <1
I
NJ\ N
H or H :

[0242] In a third aspect of the invention, compounds have formula III:

wherein A’ is

(Ra (R,
Wherein

%i” Y

-N -N
| R el
A’ is selected from the group consisting of a single bond, H , N ,

N N NSy
0 0 A AR A

and
N N
— =
N =
H ; and

cach X° is independently C or N.

[0243] The compounds of the present invention include pharmaceutically acceptable salts of

IIT as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.
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0oYTh *-NO x) X S )- X- XX -X, orX -X renainder of the conmpound and RN is
sel ected fromthe group consisting of hydrogen, -OH, Cl to Cl2 alkyl, Cl to
Cl2 het erweal2kylosseycl oal kyl , heterocycl e, aryl, heter oarPgrjusasoalokess9

al koxy, al koxycarbonyl, al kanoyl, carbanmoyl, substituted sul fonyl,

sul fonate and sul fonam de. WD 2010/ 065674PCT/ US2009/ 066459 9 [0182]1n a
twel fth enbodi nent of the first aspect, B and B together is 000000 *
NAC* NAN RN* NRN-N , S, S "X X X X\ )_

[0244] In a first embodiment of the third aspect, compounds have formula III wherein A’ is
N
8 <O
I
N \
H or H )

[0245] In a second embodiment of the third aspect, compounds have formula Illa:

(R?), (R®);
XC:FXC
N B
/J\}x{
N ° .
AU p
N\Z (R%), | /N |
Z 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 Csg alkyl, C; to Cs 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 IIla wherein A’ is
N
O <TI0
|
H or H )

[0248] In a fourth embodiment of the third aspect, compounds have formula IIIb:
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X=X X X, XXX-X, XX RN N.N NNR\IN/"XX"'"X )_

XXX - X' X -X XX, or X-X wherein * indicates attachnent points to the

r emai nderwof2otomese&enpound and RN i s sel ected fromthe grPoTwSecamdbasd ng of
hydrogen, -OH, Cl to Cl12 alkyl, G to Cl2 heteroal kyl, cycl oal kyl,

het erocycl e, aryl, heteroaryl, aral kyl, al koxy, al koxycarbonyl, al kanoyl,
car banoyl, substituted sulfonyl, sulfonate and sul fonam de. [0183]In a
thirteenth enbodi nent of the first aspect, B and B' together is and RN
is selected fromthe g@@pp consi st (gag of hydrogen, -OH, Cl to Cl12 alkyl, C1
to Cl12 heteroal kyl, | k aryl, heteroaryl, aralkyl,

al koxy, al koxycar bo substltuted sulfonyl

sul fonate and sulf / US2009/ 066459 [0184]In a
fourteenth enb and B together is

RC

Y
re”T N

wherein each

X" is independently C or N.

[0249] The compounds of the present invention include pharmaceutically acceptable salts of

IIIb as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0250] In a fifth embodiment of the third aspect, compounds have formula IIIb wherein A’ is
N
O <TI0
|
H or H :

[0251] In a sixth embodiment of the third aspect, compounds have formula Illc:
(R®); (Ra)r

VA wherein
X and X’ are each independently selected from the group consisting of a bond,
—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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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N,.,...." S...-NN-....... N,...." , N\N* *- NN 4,..... r.,, NN,
and the six-nmenbered ring optionally contains one or two additional

ni t r ogenswaxotvatses7@at ons Wi th the provi so that the totalPCmorsbew/ood459
nitrogens in the six-nenbered ring does not exceed two.

[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
N
N <1
|
H or H )

[0254] In an cighth embodiment of the third aspect, compounds have formula I11d:
(R®), (R®),

x°:|:x° xb=|=xb
J\y/>_<\ /N\_/

N
RC\KL l N
y o=
(Ra)r J\(
Z /Y'\ R .

A'is

Y.
R Nz

[0255] The compounds of the present invention include pharmaceutically acceptable salts of

I11d as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0256] In a ninth embodiment of the third aspect, compounds have formula Ille:

(R®), (R®),
xc:'= c xbzlsz
X
oY aYavs
« ” NG NG ”
N\\Z //N~\\j/

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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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WO 2010/ 065674PCT/ US2009/ 066459 Owherein * indicates attachment points to
the remai nder of the conpound and the phenyl noiety optionally contains one
or two niwoegevsses heteroatons. [0186] 1 n a sixteenth emrbodiSoemawe@sst he
first aspect, B and B' together is t he conpound; the phenyl npiety
optionally contains one or two nitrogens as heteroatons; and RN is sel ected
fromthe group consisting of hydrogen, -OH Cl to Cl12 alkyl, ClL to Cl12

het er oal kyl , cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al koxy,

al koxy cabbanyiland 3hksBARRN sulfedyibamoyl, substituted sul fonyl, sulfonate and
sul fonam de.” [0187] I n a second aspect of the invention, conpounds have

formula I'l: WD 2010/ 065674PCT/ US2009/ 066459 ( a)r wherein A" is selected
from HE251- Nhewemgeetsds of iegirgentigyvantion ingludgpbamwgeitically 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%);

ke e -
| z//v\\w.

[0259] The compounds of the present invention include pharmaceutically acceptable salts of
IIf as well as an optically pure enantiomer, racemate or diastercomeric mixtures thercof.

[0260] In an eleventh embodiment of the third aspect, compounds have formula ITIg:

(R®), (R®),

ebx e -
\u/’N\j o H/:L\\E:ijy
/

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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HNN HNIVL N"") S 2--- , N _ N--$ N/-OH, N...,../..N\N
e e " 1 NEN'--- HandH.
WO 2010/065674 PCT/US2009/066459

[0261] The compounds of the present invention include pharmaceutically acceptable salts of

Mg as well as an optically pure enantiomer, racemate or diastereomeric mixtures thercof.

[0262] In a twelfth embodiment of the third aspect, compounds have formula IITh:
(R?) (R?),

xczlzxc xb:‘=xb\

D =2 Va )
Y A

P \ / N
d f
(R*) z R" wherein each X" is
independently C or N.
[0263] The compounds of the present invention include pharmaceutically acceptable salts of

IITh as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0264] In a thirteenth embodiment of the third aspect, compounds have formula IITh wherein
N
N <L
|
H or H )

[0265] In a fourteenth embodiment of the third aspect, compounds have formula IIli:
(R?), (R®);

x°4:xc xb:,:xb\

A'is

N (R%)r /

4 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;,S5(0O);.,— and
_CHQN(RI)_, wherein R' is chosen from the group consisting of hydrogen, C; to Cs alkyl, C; to
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[0188]1n a first enbodi nent of the second aspect, conpounds have fornul a

wherein A

is NCGi -NNHorH [0189]In a second enbodi nent of the second

aspect, ocwopouwmseshave forrmula Ha: (Ra)r wherein X amdTXS2em006&8Th
i ndependently selected fromthe group consisting of a bond, -CH2-,

- CH2- CH2-,

- CH2N(R1) -

-CH=CH, 0 , S, S0)1_2-, -CH0-, -CH2S-, -CH2S5(0)1_2- and
, Wherein 1Z1 is chosen fromthe group consisting of hydrogen,

to Cg alkyl, G to Cg heteroal kyl, cycloal kyl, heterocycle, aryl,

het er Oﬁgﬁkter(ﬁﬂ%%%!ﬂoalﬁ lkﬁé}&ﬂ:{jzl@-la 4%?@54?89%]311(5

sul fonyl.

ARV XY arBuRE! | t ut ed

; £
WD / 0656 74PCT/'US2009/ 066459 [ 0190] The "conpounds of t he

pr esentaibameyltand substisitesoralfodr maceut i cal | y acceptable salts of Ha as wel |

as an opti

cally pure enantioner, racenate or diastereoneric mxtures

there Oiﬁﬁﬁ? \]/_\,g ﬁﬂg?ﬁﬁl&%@ﬁ(fs%f m%isie%Men(ﬁ%n lirﬂ:?ud% %ﬁ%c@tﬁggﬁ’}t acc&?tgmg g'zﬁg%f have

f or nul

111 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
N
N <1
|
NJ\ N
H or H )

[0268] In a sixteenth embodiment of the third aspect, compounds have formula I1Ij:
(R (R%),

A'is

Re

Y'—
Rf
Z//

[0269] The compounds of the present invention include pharmaceutically acceptable salts of

I1Ij 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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N f-N 1\1-cl isHorH [0192]In a fourth enbodi nent of the second aspect,
conpounds have fornmula Hb: (Ra)r Xb-XbXbd=Xb Z1Y1 1) <) ( Rb--....,...

XI xcd=xc XNOQRa)m3ddZ and Xc is independently C or N [ OPe3jUsh@9vossspunds of
the present invention include pharmaceutically acceptable salts of Hb as
wel |l as an optically pure enantioner, racemate or diastereoneric m xtures

t her eof .

(R%); (R?);

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 pharmaceutically acceptable salts of

Ik as well as an optically pure enantiomer, racemate or diastereomeric mixtures thercof.

[0272] In an cighteenth embodiment of the third aspect, compounds have formula III1:

[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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[0194]In a fifth enbodi nent of the second aspect, conpounds have fornula Hb
wherein A N C2( NNisHorH [0195]In a sixth enbodi nent of the second
aspect, ocwopouwmseshave forrmula He: (Ra)r yl Xc- XcXb=1=XbPZT/UB2)00/066459 Xb
Xc=l=KXc (Ra)rXb/ 1 )A, Xb=Xb | (Ra)r wherein X

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 pharmaceutically acceptable salts of

IIm as well as an optically pure enantiomer, racemate or diasterecomeric mixtures thercof.

[0276] In a twenticth embodiment of the third aspect, compounds have formula I1In:

z Rl
\Y,/
(Ra)rxc %Xb
R§ N N
\ (3 b
>_</ | « \|r
N XC/ X

Rd\Y
\ H
zZ

(R?), wherein each X' is

independently C or N.
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and X' are each independently selected fromthe group consisting of a bond,
-CH2-, -CH2 CH2, CHCH, O , S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2-
and WO 2000 086B6674PCT/ US2009/ 066459 - CH2N(R1) -, wher ei RCTIAB2009/06d365en from
the group consisting of hydrogen, C to C8 alkyl, G to C8 heteroal kyl,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, alkanoyl,
al koxycar bonyl, carbanoyl and substituted sul fonyl. [0196] The conpounds of
the present invention include pharnaceutically acceptable salts of Ilc as
vel | a?oﬁ?boptTlﬁ:%'ohﬁf)oﬁ’d{fs%f%%ﬂés'ef?ﬁﬁ&enti%@%%% ShRinadbAREES RRBREBIE saisXfur es
thereof. [0197]In a seventh enbodi nent of the second aspect, conpounds have
f or mul alln pewelhey @i eptisalty: purpikhatiomsHorcemp @9 @jabtercamedc ghkthres thvodifnent of t he
second aspect, conpounds have formula lid: yiXc-Xc 1 <) Z1 Rc.---1 XlXcd=Xc
[0278] In a twenty-first embodiment of the third aspect, compounds have formula ITIn

7/ N N
A I

[0279] In a twenty-second embodiment of the third aspect, compounds have formula ITlo:

wherein A’ is

(R%):r

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;,S5(0O);.,— 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 pharmaceutically acceptable salts of

Mo as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0281] In a twenty-third embodiment of the third aspect, compounds have formula Illo
N
1 <O
I
N \
H or H )

[0282] In a twenty-fourth embodiment of the third aspect, compounds have formula IIIp:

wherein A’ is
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(Ra)r Y Rd / zXbTX | (Ra)r Xb and Xc is independently Cor N [0199] The
conpounds of the present invention include pharmaceutically acceptable
salts of wWDQoesedetl as an optically pure enantioner, rRCEMSBL@IO66459

di astereoneric mxtures thereof. [0200]In a ninth enbodi nent of the second
aspect, conpounds have fornmula lid wherein A N ejl NN isHorH [0201]1n a
tenth enbodi nent of the second aspect, conpounds have forrmula lie: WO
2010/ 065674PCT/ US2009/ 066459

[0283] The compounds of the present invention include pharmaceutically acceptable salts of

IIp as well as an optically pure enantiomer, racemate or diastereomeric mixtures thereof.

[0284] In a twenty-fifth embodiment of the third aspect, compounds have formula ITIq:

agey 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 pharmaceutically acceptable salts of

ITlq as well as an optically pure enantiomer, racemate or diastereomeric mixtures thercof.

[0286] In a fourth aspect of the invention, compounds have formula IV:
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wherein X and 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) WO-20e8md567€H2N( R1) -, wherein 1Z1 is chosen fromPCRaAISQe000p6459

consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,

het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl

and substituted sul fonyl. [0202] The conpounds of the present invention

i ncl ude pharmaceutically acceptable salts of lie as well as an optically

pure enantioner, racemate %L_gigstereon%ric m xtures thereof. [0203]1n an

el eventh enbodimen{ of th &ad aspe o&sg% have formula Ile N f's
| ft H| embodi’frent of the second

N ( NN wherei nf|A" | rH f£0204] I
aspectwwconpou ds hatve nmul a D "y ifj\;\%c 11 )( %c RCX1Xc=1-
c_|—yc 2 = e
A x | b A R
(R2), (R2), \(
/TR
2

wherein:

N
/)£Q>—— NN HNR
| - | N T sy
A’ is selected from the group consisting of a single bond, H , N
~ T~ T~
N N

)I\/\>_ )l\/\>_ N N N/ N Z

S , 0] , H , H , H and
N

~N

N
7

N Z

H ; 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
N <10
|
NJ\ N
H or H )

[0289] In a second embodiment of the fourth aspect, compounds have formula IVa:

N N
DaNad
X! \XC—I—X{ X2 Xb/ A
x\\”— (R?), (Re). \\\Y//A\\
<
N\Z /N\/
-
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wherein each Xb and Xc is independently C or N. WO 2010/ 065674PC

T/ US2009/ 066459 [ 0205] The conpounds of the present invention include
phar macewpDcaldogs@acept abl e salts of IIf as well as an @epriusaldopscqay e
enantiomer, racemate or diastereoneric mxtures thereof. [0206]1n a
thirteenth enbodi nent of the second aspect, conpounds have fornmula IIf N
1-N Cj\ NN wherein A" isHorH [0207]In a fourteenth enbodi nent of the
second aspect, conpounds have formula hg: yl Xc- Xc Xi (Ra)rwherein

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 pharmaceutically acceptable salts of

I'Va as well as an optically pure enantiomer, racemate or diasterecomeric mixtures thereof.

[0291] In a third embodiment of the fourth aspect, compounds have formula IVa wherein A’
N
N <L
|
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:

A’ is selected from the group consisting of a single bond,

N NN NSy
-y A A A

N7 -N -N
|/>— HN HN-N
/‘\” ’N_ %N>_’

, and
N N
— =
N =
H ;and

cach X° is independently C or N with the proviso that no more than two X° are N.
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X and X' are each independently selected fromthe group consisting of a
bond, CH2 , CH2 CH2 , CHCH, 0, S, S(0)1 2-, -CHO0-, -CH2S-,

- CH2S(0) WO-20e8md567€H2N( R1) -, wherein 1Z1 is chosen fromPCRaAISQe000p6459

consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sul fonyl. [0208] The conpounds of the present invention

i ncl ude pharmaceutically acceptable salts of Ilg as well as an optically
pur eIk OlTefhe oGB! AHe RSB GOOR frcRudliphhiHagSutlc By £REptafIO2AR]N 2
fifteenth enbodi ment of the second aspect, conpounds have fornula Ilg

wher ei IV & \GINsNN optticallyord-£1ja@R2argdrl recemaie vt digsieigomatonhixienss thefeof.he second
aspect, conpounds have forrmula Ilh: W 2010/ 065674PCT/ US2009/ 066459 zZi \ 1
| R -, . [0294] / IXa& first embodiment of the fifth aspect, compounds have formula V wherein A’ is

7/ N /N
~A IO

[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
AN R \(\X.
~ (R, /N\/

z wherein X
and X' are cach independently sclected from the group consisting of a bond, —CH;—,
—CH,—CH,—, -CH=CH-, -O—, —S—, =S(0);.,—, -CH,0—, —-CH,S—, —-CH;,S5(0O);.,— 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 pharmaceutically 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
N <10
N
NJ\ N
H or H :

[0298] In a fourth embodiment of the fifth aspect, compounds have formula Vb:
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(Ra), Xbd=Xb ( /\X ( Xb Xb/ I ) Xo= Xb | (Ra),

WO 2010/065674 PCT/US2009/066459

b
Xc_ _Xc b >7Av Re
(Ra) Xbl_xb \(
Y.
/ \ (Ra)
d r v
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 thercof.

[0300] In a fifth embodiment of the fifth aspect, compounds have formula Vb wherein A’ is
N
0 <L
|
H or H )

[0301] In a sixth embodiment of the fifth aspect, compounds have formula Vc:

Aﬁq "

XC_ _XC

(R?), Xb: Xb Y\X'
o) -/

Z N
e
wherein X and X' are each independently selected from the group consisting of a bond,
—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 pharmaceutically acceptable salts of

V¢ as well as an optically pure enantiomer, racemate or diastereomeric mixtures thercof.
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Rd Y zZ Rf wherein Xc and each Xb is independently C or N [0211] The
conpounds of the present invention include pharmaceutically acceptable
salts of wORossedetl as an optically pure enantioner, rRCEMSBL@IO66459

di astereomeric mxtures thereof. [0212]In a seventeenth enbodi ment of the
second aspect, conpounds have fornmula Ilh N

[0303] In a seventh embodiment of the fifth aspect, compounds have formula V¢ wherein A’
N
N <TI0
I
N \
H or H )

[0304] In an eighth embodiment of the fifth aspect, compounds have formula Vd:

1S

v (R
Z|1 \ — XP=|=XP
RE. 1 \XC_ _X{: \: Vo \>_<\
(R®); W‘—
PN R
R¢ z '

[0305] The compounds of the present invention include pharmaceutically acceptable salts of

Vd as well as an optically pure enantiomer, racemate or diastercomeric mixtures thereof.

[0306] In a ninth embodiment of the fifth aspect, compounds have formula Ve:

XC_ _XC

(R®), Xb_xb

(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(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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 pharmaceutically acceptable salts of

Ve as well as an optically pure enantiomer, racemate or diastereomeric mixtures thercof.
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e Nj\ NN wherein A' isHorH [0213]In an ei ghteenth enbodi nent of the second
aspect, conpounds have fornmula lii: (Ra), xb+xb wherein X and X are each
i ndependewdl2910@b@at ed fromthe group consisting of a beaduS2@bBd66459 CH2 CH2
, CHCH, 0 , S, §0)1_2-, -CH20-, -CHS-, -CH2S(0)1_2- and CH2N(R1)-
wherein 1Z1 is chosen fromthe group consisting of hydrogen, C to C8
alkyl, G to C8 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl,

aral kyl, al kanoyl, al koxycarbonyl, carbanoyl and substituted sul fonyl.

[0214] T('fﬁ)Sf omQ lé@g&h stpeéth)? t}&ﬁﬁ%‘ﬁ%n i ‘éﬁ}%drﬁ)ﬁbuh@ %f !ﬂﬂﬁofﬁﬂ@izemwu%ﬁ lflfﬁﬁ

acceptable saltsg of I1i as well ‘an optically pure enantiomer, racenmate
or di agsm:p@olﬁre& ,cR mnyltRu m@aclh@dwﬂldenﬂm&lzm@f@@ab@mnwsmgbﬁ66459

[ 0215] a n| b econd aspect, conpounds have
fornulmy? a@@l Eg %ﬁ?@f%ﬁﬁ t\enti et h enbodi ment of the second

aspect,, Congac'ﬂrh ?ero g’[\ér% If%resen is 1n(pependerlﬁly N,OorS,

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, onc 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 are 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*)):J«—U~(CR*)~NR'—«(CR*)~R®.
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wherein Xc is C

conpounds have fornmula Ilh or Ili wherein Xc is N Xc is -CH2-,
- CH2- CH2-woant/eah Xb is i ndependently C or N [0219] TireTasa@oondss of t he

pr esent

i nvention include pharnaceutically acceptable salts of |

as an optically pure enantioner, racemate or di astereoneric m xt

t her eof .

have formul a IIj (31 wherein A" isHorH [0221]1In a twenty-fourt

enbodi gﬁﬁ7] 8] Of 1hh& SRARRMDFBRAELS th&f@:ﬁﬁ%ﬁ&:‘% Jﬁ@\é?b&ﬁrof@aﬁdb" Km WO

2010/ 0

4PCT/ USZOOQ! 066459 Xb / )X (Ra), N?. ...

—U—(CR ))~NR’—(CR z)t—U—(CR 2)~NR’ —(CR z)t—R

[0319] In a third embodiment of the tenth aspect, one or both of Z and Z' 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 Z' are
~C(0O)«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 Z' are
~C(0O)«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(0O)«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(0O)«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 7’ are
~C(O)«CR%)R®.
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[0220] I n a twenty-third enbodi nent of the second aspect,

[0217]1n an twenty-first enbodi mrent of the second aspect,

-NH or

i as well
ures
conpounds
h



[ Z' wherein X and X are each independently selected fromthe group
consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, §0)1 2-, -CH20-,
-CH2S-, -vb28(0pi672- and CH2N(R1)-, wherein R is choseqTfuseemob@sgr oup
consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sul fonyl. [0222] The conpounds of the present invention

i ncl ude pharmaceutically acceptable salts of Ik as well as an optically

pure erpmﬁ!orr%a AIFREFIRAD Qi SShEIRARpLE, HLXE HER S ZhRH90he [0223] 1IN a
twenty-fifth enbodi ment of the second aspect, conpounds have formula Ik

CNN i HUWNCRABERIRA-(BR DdHEHER L[ 62 28R DB .t went y- si xt h enbodi ment of the
second aspect, conpounds have formula Ill: iX=X z"--\ 1 /( R)
[0332] In a sixteenth embodiment of the tenth aspect, one or both of Z and 7’ are

—U—(CR42)t—NRS_(CR42)t_U_(CR42)t_O_(CR42)t_R8 .

[0333] 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".

[0334] In an cighteenth embodiment of the tenth aspect, one or both of Z and 7’ are
~U~(CR*)~O—~CR*%)R".

General Synthesis

[0335] The following schemes exemplify some of the synthetic routes that are used for the
preparations of compounds and their analogs included in this invention. These skilled in the art
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-yl1)-4-
methylmorpholinium chloride

DPPA Diphenylphosphoryl azide
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Rcxc ----- xl- -, 1.)x, c RdAW Z (Rb)s /=l Xb Xb \/ I ) Xb= Xb |

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
Py

TEA
Tf

PCT/US2009/066459

Dithiothreitol

Ethylcarbodiimide hydrochloride
1-Ethyl-3-[3-(dimethylamino) propyl]carbodiimide
hydrochloride

Ethylene diamine tetraacetic acid

Electrospray lonization

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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wherein: each Xb and Xc is independently Cor N, each Rb is selected from
the group consisting of oxo, -OH -CN, -NO, halogen, G to Cl2 alkyl, Cl1
to Cl2 hewerosnlieyd74 cycl oal kyl, heterocycle, aryl, hetePeaUSRIASGEEKY! ,

al koxy, WD 2010/ 065674PCT/ US2009/ 066459 al koxycar bonyl, al kanoyl ,

car banoyl, substituted sulfonyl, sulfonate, sulfonam de and amno; and s is
0, 1, 2, or 3. [0225] The conpounds of the present invention include
pharmaceutically acceptable salts of Ill as well as an optically pure
enanti oner, raceffppe or di ast ergoRLdLedd 2ires thereof. [0226]1In a
twenty-sevent h enbodi nent of the second aspect, conpounds have formula Il

N (N NN wher ei n AFAAsHor H [ 022 7Triflnosoaceieavnpy diidght h enbodi nent of the second

aspect, conpound ave formul a Un (Rb)s
A iXesie. 1 XD 7t THE i xaxcel Xl Sehydrofuran

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 clectrospray 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 cach 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/ H,O 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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(Ra)r,

fromthe group consisting of a bond,
S(0) 1_2- ,wolhides5674 CH2S- |

Xb=I Xb (Ra)r z'

wherein X and X
CH2 |

chosen fromthe group consisting of hydrogen,

-CH2S(0)1_2- and CH2N(R1)-,

are each i ndependently sel ected

het er oal kyl ,

cycl oal kyl ,

het er ocycl e,

aryl,

CH2 cH2 , cH+CH, 0 , S,
ROErUS20090&6U59 S
C to C8 alkyl, G to C8
het eroaryl, aral kyl, al kanoyl,

al koxycar bonyl ,
t he present

well as an optically pure enantioner, racemate or diastereoneric m xtures®=
thereof. [0229]In a twenty-ninth enbodi nent of the second aspect, conpoun§§
have fornula IImNr N CNlJ-cl wherein A" isHorH [0238] I M4 thirtieth S
enbodi ment of the second aspect, conpounds have for IEnJEWQ g
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car banoyl

a

and substituted sul fonyl.

[ 0228] The conpounds of

i nvention include pharmaceutically acceptable salts of Um as

A\
N
H

N
-
N.
Cbz



Rcl )( )/ X1X+Xcxbl (Ra)r Rd YZ each Xb and Xc is independently C or N, Xbi
iIs Nor O; and -b2 Ais S(0)2 or C(0). [0231] The conpounds of the present

i nvent i orwonelouges7phar maceuti cal |y acceptabl e salts of PCH/USg00a8b445as an
optically pure enantiomer, racemate or diastereoneric m xtures thereof.
[0232]1In a thirty-first enbodi nent of the second aspect, conpounds have
formula I'In N Ic NN wherein A isHorH [0233]1In a thirty-second enbodi nent
of the second aspect, conpounds have formula ho: Z1Yl 1 )( >( Xcd- Xcxbl

EXAMPLE 1 — Svnthesis 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 AICl; (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, CDCl;) § 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, /= 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 Et;N (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,COjs 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% yicld) as a yellow solid. LC-MS (ESI): m/z 709.3
(M+H)".
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(Ra)r z' wherein X and X' are each independently selected fromthe group
consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, §0)1 2-, -CH20-,
-CH2S-, -wb28(0)pi672- and CH2N(R1)-, wherein 1Z1 is chosem/useanmosdssd gr oup
consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sul fonyl. [0234] The conpounds of the present invention

i ncl ude pharmaceutically acceptable salts of Ho as well as an optically

pure eg@d’hﬁi OW&Jte[{JE.a?Q DRfige PL1EH A ?}(%@ﬁ,i(ﬁz%ﬁwﬁﬁﬁio&% BHL) W added
2010/ 065674PC T/ US2009/ 066459 [0235]In a thirty-third enbodi ment of the
second 445N kil in donpouadsl)hiorvibo rlilg axteiee WashNrgh et oy 441, angthonH [ 0236] I n an
thirty-fourt odi.ment, of . t he Qn spect, ¢ oun ave fornul a Hp:
X =X ﬁilyfntégtgg&gilgi g%l%gowl_s\,lé)sctﬂld (ﬁg mgJ, Vi BE%hs usk? E{Hecltllyq‘gr ttﬁe next s%p.n:l"he

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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-,112 A 1S S(0)2 or C(0). [0237] The conpounds of the present invention

I ncl ude pharnaceutically acceptable salts of |lip as well as an optically
pure enarwDanmvoss¢7acemat e or di astereoneric m xtures theceafs20000238)1n a
thirty-fifth enbodi nent of the second aspect, conpounds have forrmula lip
CNN 31 NN wherein A' isHorH [0239]In a thirty-sixth enbodi mrent of the
second aspect, conpounds have fornmula I1qg: (Ra)r X X xbl X1X -X xb2/
wherein X and X are each independently seI ect ed fromthe group consisting
of a bond, -CH2 (0)1_2- CH20-, -CH2S-,
_CH2S( 89385D-  aAriep WQ@&W%%W?UB@@@W@B@%@W@HQ&((h@)&4S\mepléulrh 171 is

chosen defo@ 62 Oa#%(/iﬁéﬁqﬁb N H@glncqloﬂt}ﬂgg % A@ter Tst?rrlg? a@tlt %(MMJ h, % to C8

het er oal ky et erocycl e eteroary aral kyl, al kanoyl ,
al koxymwcbmymxtumavdsanwhtran@a@mg tastdut eds duitd rwikuo to give a yeHOW1sh 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/CHCIl; (100 mL) and H,O (100 mL). The organic phase was separated and the aqueous
phase was extracted with 20% methanol/CHCl; (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
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,SQOq, 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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[ 0240] The conpounds of the present invention include pharnmaceutically
acceptable salts of I1g as well as an optically pure enantioner, racenate
or di ast eweanaviess7ai Xt ures t hereof. [0241] 1 n a thirty-se¢enishooombadd nent of
t he second aspect, conpounds have formula IN N f'sN NN wherein A" isHorH
[0242] In a third aspect of the invention, conpounds have fornmula I1l: Rf
wherein N'' )1/ N HN-NHNI-N A" is selected fromthe group consisting of
a single bond,H /1--N, N3S)Co , niN
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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 ether/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 NaHCOs3 (420 mg, 4.99 mmol) in 1, 2-dimethoxyethane (30 mL) and H,O (10
mL) was added Pd(dppf)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/CHCI; (100 mL) and H,O (100 mL). The aqueous phase was extracted with 20%
methanol/CHCIl; (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 ether/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 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 yield the HCI 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,SQy, 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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each Xc is independently C or N [0243] The conpounds of the present

i nvention include pharnmaceutically acceptable salts of Ill as well as an
opti cal | ywpuow/eseaat | omer, racenmate or di astereoneric nmPKTOISe@9NbESsEOf .
W02010/ 065674PCT/ US2009/ 066459 [0244]1In a first enbodi nent of the third
aspect, conpounds have formula Il wherein A' is N c& or N HorH [0245]1n
second enbodi nent of the third aspect, conpounds have fornmula Ma: wherei
X and X' are each independently selected fromthe group consisting of a
bond, -CH2-, -CH2-CH2-, -CH=CH, 0 , S, §0)1 _2-, -CH0-, -CH2S-,
-CH25(0)1_2- and -CH2N(R1) -, wherein 1Z1 is chosen fromthe group

consi sting of hydrogen, Cl to alyl, G to Cg heteroal kyl, cycl oal kyl,
het erocycl e, aryl, heteroaryl, | Kyl ., al kanoyl, al koxycarbonyl, carbano
and substituted sul fonyl. [024b]Zhe gomppunds of the present invention

i ncl ude pharnmaceutically a salgs of Ma as well as an optically
pure enantioner, racenate @ dtasberéﬁﬁé&Lc m xtures thereof.
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[0247]1n a third enbodi nent of the third aspect, conpounds have fornula M
wherein A is N ,----- N -c HorH [0248]1In a fourth enbodi nent of the third
aspect, owopouwmse7have forrmula Md: WO 2010/ 065674PCT/ UBRZDQASLQ664E99 Rf
wher ei n each

EXAMPLE 2 — Svnthesis 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 NaHCOs3 (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/CHCI; (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 ¢. 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 mixturc 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 5 as a white powder. LC-MS (ESI): m/z 767.3 (M+H) .
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[ 0249] The conpounds of the present invention include pharnmaceutically
acceptable salts of Mo as well as an optically pure enantioner, racenmate or
di ast er eoweron/assettiur es thereof. [0250]1n a fifth enbodiPeEniS2ab/064369 t hi r d
aspect, conpounds have formula Mo wherein A is Nc& or N HorH [0251]In a
si xth enbodi nent of the third aspect, conpounds have fornula Illc:

(Ra), (Ra), Xcd= XcXb=1=Xb xcbXb / ) " Xb I Xb I (Ra), Zwherein X and X are
each independently selected fromthe group consisting of a bond,
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CH2 , CH2CH, CHCH, 0 , S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2-
and CH2N(R1)-, wherein 1Z1 is chosen fromthe group consisting of
hydr ogen,wa@i20tome@84al kyl, C to C8 heteroal kyl, cycl oal legirjush@ves@sycl e,
aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl and
substituted sulfonyl. WD 2010/ 065674PCT/ US2009/ 066459 [ 0252] The conpounds
of the present invention include pharnmaceutically acceptable salts of M as
well as an optically pure enantioner, racemate or diastereoneric m xtures
thereof.f%?ZS%%ln an eighth enbodi nent of the third aspect, conpounds have
d:

f or mul 49358] FR, RRETIngds SRbspaB. [0pBsrTRECEBBLAdS 108 - hempidsent
I nvent Icﬁlep&)lﬂl(ald‘@glo 9?3@%%‘1?,'&8'1\1‘31111(%“(@%’% glgl &8 $3hd1$in0f 2,|-di1]ngth§§ye}[ﬂﬁag%: gf)b]? an

opti cal pure enantioner, racenmate or tereoneric m xtures

[ 0256] In.)andFhOH 1€ ntbo diareddeddfd(dppd Glhil P megs Péé mmap fou sdsinbave0 bhoevenl a Me:

(Ra), ( |§‘Ij‘g)h’t ur)l(d-lé)r(%r)l( Qt)r%bosf)(}?etr)é c))<be;, th)ébréll)ction mixture was concentrated. The residuc was
partitioned between 20% methanol/CHCl; (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,SOy, 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 HCI 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,SQOq, 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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(Ra), Z° wherein X and X' are each independently selected fromthe group
consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, §0)1 2-, -CH20-,
-CH2S-, -wb28(0)pi672- and CH2N(R1)-, wherein 1Z1 is chosem/useanmosdssd gr oup
consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycle, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, WD
2010/ 065674PCT/ US2009/ 066459 car banoyl and substituted sul fonyl. [0257] The
conpounds of the present invention include pharnaceutically acceptable
salts of Me as well as an optically pure enantioner, racemate or :
di astereoneric mxtures thereof. [0258]In a tenth enbodi nent of the third
aspect, conpounds have formula Il1f: (Ra)r(Ra)r Xc)(cXbXb ) Xc 4 Xc (Ra)r
1 cbXb 4

az
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\\ XbXbXc (Ra)r [0259] The conpounds of the present invention include

phar maceutically acceptable salts of Uf as well as an optically pure
enant i omewQ 20s0@fsEtie or di astereomeri c m xtures ther eof PCLABRG@PI0H648N

el event h enbodi nent of the third aspect, conpounds have forrmula II1g:
(Ra)r(Ra)r x+xcxb+xb xb x+xc (Ra)r 1 cb/)\\ XbXbXc (Ra)r z. wherein X and
X are each independently selected fromthe group consisting of a bond,
CH2 , CH2 CH2, CHCH, 0O , S, §0)1_2-, -CH20-, -CH2S-, -CHZS(O)l 2-
and CH2N(R1)-, wherein 1Z1 is chosen fromthe group consi Stl ng

hyo|rogé‘|'ﬁ6 b tYers EP%an teiSchency InetastobtioR pf corapamgd| (kfie; l@r&n@ﬁ@&w e,

aryl, %%é)gb%#%) salaivd 4 Nafjlt’;ﬁﬂ(a}’dxan%fus oorgfpmfh%&@ff Baiiyh:, ARd

Subst i t ut e VWO 2010/ 065674P 0664
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;SQOy, filtered, and concentrated. The residue was purified by silica gel column
chromatography (DCM/Petroleum ether=4/1 (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,SO,, 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 HCI 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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[ 0261] The conpounds of the present invention include pharnmaceutically

acceptable salts of Illg as well as an optically pure enantioner, racenate
or di ast eweansviess7ai Xt ures thereof. [0262]1n a twel fth echas2emnsesss t he
third aspect, conmpounds have formula II1h. i ndependently C or N

[ 0263] The conpounds of the present invention include pharnmaceutically
acceptable salts of Illh as well as an optically pure enantioner, racenate

or diastereoneric mxtures thereof. [0264]1n a thirteenth enbodi ment of the

third %ﬁ%ﬁydr@ﬁ’srm%gwsﬁlﬂ?é@ aﬁ(%dﬁ‘é(lzlﬁra{édl PhREIEL @fa%b&lﬁiieﬁ‘by éprt’LtQQGS] In a

fourteenth enbodi ment of thé third aspect, conpounds have fornula |11l
are ea(gwelcndmp@nﬁjk}lLICyMsSe(EéBt@dl76r704nﬁMﬁé) group consisting of a bond, -CH2-,
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Scheme 2-4

[0366] Step a. To a mixture of compound 74 (510 mg, 1.09 mmol), compound 138 (300 mg,
0.68 mmol), NaHCO3 (228 mg, 2.72 mmol) in 1, 2-dimethoxyethane (20 mL) and H,O (5 mL)
was added Pd(dppf)Cl, CH,Cl, (111 mg, 0.140 mmol) at rt 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 H,O (25 mL). The organic phase was washed
with brine and dried with anhydrous Na,;SO,. The solvent was removed and the residue was
purified by silica gel column chromatography (Petroleum ether/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 c¢. 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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CH2 CcH2 , CHCH, 0 , S, S0)1_2-, -CH0-, -CH2S-, -CH2S(0)1_2- and
CH2N(R1) -, wherein 1Z1 is chosen fromthe group consisting of hydrogen, G
to C8 al kyb,2000/065674 WO 2010/ 065674PCT/ US2009/ 066459 C8 IreTarso@ioloyd4s9
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al kanoyl,

al koxycar bonyl , carbanoyl and substituted sul fonyl. [0266] The conpounds of
the present invention include pharmaceutically acceptable salts of IIli as
well as an optically pure enantioner, racemate or diastereoneric m xtures

t her eofnixff264d docrhiclitrg ﬂfer}es@&ﬁ%qus%ﬂﬁe@f)y %&Fa&mé HPEEREE e o5 'dn ds
have formula Il11i wherein N 1"- In a sixteenth e di ment of
t he thﬂﬂ&Ié%bﬁhKESBGﬁp8Mhﬁ@ﬂhHWe fornula |||j (Ra)r xbxb \

EXAMPLE 3 — Svnthesis of additional compounds of Formula Ilc
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/[:::TJL\ HBr (40%) /I:::FJL“/ Hy 3
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Br DMSO, 90~95°C pr HOAc 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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\ z Xb xbf x \ Rd'z(Ra)r [0269] The conpounds of the present invention

I ncl ude pharnmaceutically acceptable salts of Il11j as well as an optically
pure enarwDanmvoss¢7acemat e or di astereoneric m xtures theceafs200002#489 1 n a
sevent eent h enbodi nent of the third aspect, conpounds have formula Il1Kk:

WO 2010/ 065674PCT/ US2009/ 066459 Zwherein X and X are each independently
selected fromthe group consisting of a bond, CH2 , CH2 CH2 , CHCH, O
, S, S(0)1_2-, -CH0-, -CH2S-, -CH2S(0)1 2- and CH2N(R1)-, wherein 1Z1 is

chosen {16/ ﬁllﬁﬁulg e Eoﬁi@ﬁ‘ $it8 szjgn(ptile ﬂ)égl"u‘ﬁ? &ixtufd W&Sckef;ﬁat%bkyd 9C.Gheto C8
het er oal kyl , cycl oal , heterocycle heteroaryl, aral kyl, alkanoyl,

al koxydalrlcm’) ﬂqli W@smoﬂmmyby ﬁhl@tlsrumrletcms@ailh@dllm avpjdne/HoO21 AP Khe) mmo@snds of
t he pr sen |nvent| ude ca able salts of IIlk as
% Ve co él‘d|2y(@ éf e )‘] 1elcﬁh]§6 mﬁ%l )2{2}/2 3@9@?12

wel | as i ‘omer, stereoneric mxtures
LQS ree? E?%h?g‘?a{lep a r%{x e OF 5 t(fb § S%CH rgrenr(]) a%]zi 4tbl‘}((;"mg‘tl;lelnrzc(ejneafS Be(ﬁarhln%?fg).g unds
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% yield) as a pair of regioisomers. LC-

MS (ESI): m/z 362.9 (M+H)".

[0371] Step ¢. 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,SO.. 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;SOy4. The solvent was removed and the residuc 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 § and 5§’ (200 mg, 0.3 mmol) in 4.0 N HCI 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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[ 0273] The conpounds of the present invention include pharnmaceutically
acceptable salts of 1111 as well as an optically pure enantioner, racenate
or di ast eweansyicse7ai xt ures thereof. [0274]1n a ninet eenPhTarsbadionast of the
third aspect, conmpounds have formula IlIm WD 2010/ 065674

PCT/ US2009/ 066459 wherein X and X' are each independently selected from
the group consisting of a bond, CH2 , CH2 CH2 , CHCH, O S,

S(0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2- and CH2N(R1)- wherein 171 is

chosen | ézm,n t f‘sﬁellgf O EARRLS hNC PLalt WA RIS ed fH DS (%Le)'am khe r%ult‘il%(anoyl

het er oal ky cycl oal kyl, het'erocycle, aryl, heteroaryl, “aral

al koxy(nammm\ws Seqmnbalﬂm&ddeéﬁw\h(&% migt &OMHQMINWL VahDHb6( lTﬁeng; 8pounds of
Lhe PreSen) oD 8 LAChRAS PRRIIRC LAl LYo Aae Rl able salhs, ol | 11 m as
wel | as an o (3 e enan Ce Iite or Stereoneri ¢ m xtures

t her eofpoure® M@HIZ(D (80 fn\N} aiid it hesﬁhih@dumﬂfhorﬂivast bheratiad dethdﬂriﬂcsteyerﬁtlaﬁmu nds
have f %drrlrjlt% i)milhe ezxtkacth\)rwere combined, washed with brine, and dried with anhydrous MgSOQs.
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)".

Z

N
|

Iz

Pd(dppf)Cl, BocN

Bol
1. 40N HCU/di C(L
loxane

2. HATU DIEA, DMF

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
NaHCOs (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 residuec was
diluted with CH,Cl, (200 mL). The organic layer was washed with H,O and dried with
anhydrous Na,;SO,. The solvent was removed and the residue was purified by silica gel column
chromatography (DCM/Mc¢OH = 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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/Y (ar(Ra)rb Xcl XA'Re <N1I b )(cXbrl H(cX N wherein each Xb is
i ndependently C or N. WD 2010/ 065674PCT/ US2009/ 066459
WO 2010/065674 PCT/US2009/066459

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)".

[0377] Step c¢. 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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[ 0277] The conpounds of the present invention include pharnmaceutically

acceptable salts of IlIln as well as an optically pure enantioner, racenate
or di ast eweanaviess7ai xt ures thereof. [0278] 1 n a twenty-fiPCItUSeoboG4sENt Of
the third aspect, conpounds have formula IlIln cfsiNIl_ciN N wherein A

I sHorH [0279] I n a twenty-second enbodi nent of the third aspect, conpounds
have formula ilk': ( (Ra)rRa)r XclXb )(cXbrl I XciXb I XL? wherein X and

OHC

L
1. NaOMe, MeOH NH N=
Br CN Br Br \
2. NH,CI NH, K2COs, CHsCN N NO,
12

10 1

N= N=
SnCly, CH,Cl, Br4©—<\N Y, " 1. Na;NO,, coned. HCI Br4©—<\N / N:N_NEt
13

2. Et,NH, K,CO;

Q j i 1 .
TMSCI, LiBr  Br i 4©_<
Pd(dppf)Cl, B :é

\[ >’/j 1. 4.0N HCl/dioxane

N
Boc | z > \/\lN 2. HATU DIEA, DMF

Pd(dppf)Cl, Boc

~

BocN )‘I \ﬂ/

IZ/
="

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 NH4Cl (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 CH3CN (500 mL) was added K,COs3
(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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X are each independently selected fromthe group consisting of a bond,
-CH2-, CH2 CH2, CHCH, 0O , S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2-
and CH2NyBD2ptro/o6pé1@rein 1Z1 i s chosen fromthe group comEIrAtS2e0y/ 064459
hydrogen, C to C8 alkyl, G to C8 heteroal kyl, cycloal kyl, heterocycle,
aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl and
substituted sul fonyl. [0280] The conpounds of the present invention include
pharmaceutically acceptable salts of Il1o as well as an optically pure

enanti oaayy) I aGEPTRL & Blutidh 381 L(LOIENS dimBl)th McBH (506099 wasl04&1dd 2
twenty-third enbodi nent of the third aspect, conpounds have fornmula Il1o N
(31 NNchleade(ld.38¢, 75DHOmPl) [20@ 8Rckniraied hysinvohldriguactdd 1 @ nlo di frenstirmofg at tefot hi r d
aspect ,, conpounds have formil Ll o MO 2010/ 06567 . US200 66459
053] T EannadTAEry R el 1 A RO s ey
accept dibk ecsghing Sniofurd Wigexaacta@vith @thyhiceaps (10ahily x pUrthe er@avtd werer , racemat e

' ' ' . -fi nbodi t of
2o ShERTEL S5 81950 R B 3B i R LIS SRS
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 H,O (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,SOy. 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 NaHCOj3
solution (30 mL). The mixture was concentrated and the residue was extracted with CH,CI, (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/)) 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 acetate (403 mg, 4.12 mmol), and
Pd(dppHCl; (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 HOand dried with anhydrous Na,SO4. 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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(Ra)rRa)r XIXo N7 HIP)(b I XI (Ra)r 1 1Xb Xb 1 X wherein X and X are each
I ndependently selected fromthe group consisting of a bond, CH2 , CH2 CH2
, CH CH ,w02010/065674S(0) 1_2-, -CH20-, -CH2S-, -CH2S(0)1_PcTarsdoosareasE R1) -
wherein 1Z1 is chosen fromthe group consisting of hydrogen, C to C8

al kyl, G to C8 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl,

ar al kyl, al kanoyl, al koxycarbonyl, carbanmoyl and substituted sul fonyl.

[ 0285] The conpounds of the present invention include pharnaceutically

accept %Qx‘ré‘sp%ﬁ’dlﬁg?bc%mk b VAR a8 |1éoleﬁ§d A RBA LA dcHv PIMEEmEMaRth OfB hextr aCeNat e
or diastereoneric m xtures thereof

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), NaHCO3 (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, CDs0OD) 6 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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[0286] In a fourth aspect of the invention, conpounds have formula IV: WO
2010/ 065674PCT/ US2009/ 066459 Rf wherein: HN-N-N HN N A" is selected from
t he groupwoanevssé7Tag of a single bond,H ).z...... N7- . PCIHNIS2009/0b6459 . . . / N
X1)HH -cl1 N'---NM N Hand - ,,

COOH
EDCIHOBt /l:::[ji]/J\ ol MeMgCI /[::]:A:TJL\ HBr/Br,
o
Br N MeNH(OMe
19
O
Boc
B N Et3N CH5CN
22

\
Bf@}_@N CN‘/BL O/U—.—Q—) aa o
N0 LD
BocN BocN

IZ

Pd(dppf)Cls

1. 4.0N HCl/dioxane C(L . . \>_</
2. HATU DIEA, DMF \r\f J\/\>
NH
JI I

e
O 26

25

Scheme 3-4

[0387] Step a. Referring to Scheme 3-4, a solution of 19 (5.00 g, 19.8 mmol) in CH3;CN
(200 mL) was respectively added EDCI (9.10 g, 47.6 mmol), HOBt (1.34 g, 5.95 mmol),
MeNH(OMe)-HCI (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/)) to give compound 20 (5.1 g, 87% yield) 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,;SO4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/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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N N - --..r,...,. 1 N--\\ H and each Xb and Xc is independently C or
N. [0287] The corrpounds of the present invention include pharmaceutically
accept ablwozalwwseft 1V as well as an optically pure enaRrCirarsesd/os@semat e or
di astereomeric mxtures thereof. [0288]In a first enbodi nent of the fourth
aspect, conpounds have formula IV wherein A is orH [0289]1n a second
enbodi nent of the fourth aspect, conpounds have forrmula IVa: WO

2010/ 065674PCT/ US2009/ 066459 wherein X and X' are each independently

l t i m ins an 0
sel ec iﬂb@lomgt@ﬁc IAQERit %QB?boﬁﬁﬁdﬁﬁin éﬁ)Ot}R%@ % ngld%m%{%@lsz_@!ﬂ%me%%tzl -

chosen aﬂm@m v HBe (§F mlﬁ Vca@ﬁbMéy adf.@ddji‘rz @le)gé@ mi@pl) 498 agidops HBE(0.6 onlQ8
het er oal ky cl oal ky. eroc het er ok aralk oyl ,
al koxycjélfytb%frtlerl S¥”““§r*b¥t i VT ﬂath% S snt Ay as R ! el %(’(S‘é‘é g‘é’(%srr%ll)un({c]s of
the preser,0 (108mili)0Thd ﬂﬁﬁdtmé &ap Bﬁmwaamh EtajAcyua@ﬁgpt ap ITﬁe satdcs wadre | Va as

wel |l as an optically pure enantioner, racemate or di astereoneric m xtures
t her eofcombined and washed with saturated NaHCO;3 (30 mL x 3) and dried with anhydrous NaySOs.

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/z 327.9 (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 EtsN (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)-1H-imidazol-2-yl)pyrolidine-1-carboxylate (378
mg, 0.860 mmol), and NaHCO3 (253 mg, 3.01 mmol) in 1, 2-dimethoxyethane (15 mL) and H,O
(5 mL) was added Pd(dppf)CI; (35 mg, 0.04 mmol) under an atmosphere of N,. After stirring at
80 °C overnight under an atmosphere of N, the reaction mixture was concentrated. The residue
was diluted with H,O (50 mL) and extracted with EtOAc (50 mL % 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 25 (550 mg, 95% yield) as a yellow solid. LC-MS (ESI): m/z 676.4 (M
+H)".

[0393] Step g. To asolution 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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[0291]In a third enbodi nent of the fourth aspect, conpounds have fornul a

| Va wherein A' isHorH [0292]1n a fifth aspect of the invention, conpounds

have f or reiDaoM/0656%er ei n: A is selected fromthe groRpTas2@O966459 of a

singl e bond, H NNN } 10/ N Hand ; and each Xc is independently C or N
with the proviso that no nore than two Xc are N

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 HCl 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;OD) § 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 - 426 (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) ..

o
H)J\’<0| y ey o
N @Br & N I H,SO, /@Q: .
NHOH, H,0 /©/ o EtOH

COOH
thermonS|s
Br Br Pd(dppf)Cl,
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o
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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. HC1 (10 mL) and NH,OH-HCI (8.8 g, 0.13 mol) in H,O (100 mL). After refluxing for

117



W02010/ 065674PCT/ US2009/ 066459 [ 0293] The conpounds of the present invention
I ncl ude pharnmaceutically acceptable salts of V as well as an optically pure
enant i omewQ 200@fEtie or di astereomeric m xtures ther eof PCARDPIon6489 fi r st
enbodi ment of the fifth aspect, conpounds have formula V wherein A" is N
,---N 1\1-c HorH [0295] 1 n a second enbodi ment of the fifth aspect,
conpounds have fornula Va: Zwherein X and X are each independently
selected fromthe group consisting of a bond, -CH2-, CH2 CH2 , CHCH, O

v S SEME réiction il wasdoRied to rtmﬁal fuad col?c@fé:d bgTQMtB%)and in’Q@fneJa@ué]-Zl i's

chosen fromthe group consisting of hydrogen,

het er o& giyt compyaind 3OK§.0 g, ﬂb%)aamx@llow soldyILC- Nh‘étférlbiafzy?% &(MHKI;U aI kanoyl ,
al koxycar bonyl , carbanoyl and substituted sul fonyl. [0296] The corrpounds of
the pr $83961 | ritembi dn airnmidﬂbtétomdﬂadcweﬂ ¢heededywithicfept abHeSQea(98%0) ehd Wa as

ther eorot o8 FRmelhih o SHBoRER: carPERT s Bl AP “ERbelniettave”
f or mul a rMa awhalieep theAcmp&atire betwddn 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 ethyl 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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1\1-cl HorH [0298]1In a fourth enbodi ment of the fifth aspect, conpounds
have formula Vb: WD 2010/ 065674PCT/ US2009/ 066459 each Xb is

i ndependewDl2910066674N. [ 0299] The conpounds of the presenPCirrusermioestss ncl ude
pharmaceutically acceptable salts of Vb as well as an optically pure
enantiomer, racemate or diastereoneric mxtures thereof. [0300]1In a fifth
enbodi nent of the fifth aspect, conpounds have fornmula Vb wherein A is N
c& or N HorH [0301]In a sixth enmbodi nent of the fifth aspect, conpounds

have fQg4p8) @ rep f. A solution of compound 40 (120 mg, 0.26 mmol) in DME/H,O (3/1(v/); 24
mL) was sequentially added (S)-tert-butyl 2-(5-iodo-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 HCl 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, CD;0D) ¢ 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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, 2' wherein X and X are each independently selected fromthe group
consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, §0)1 2-, -CH20-,
-CH2S-, -wb28(0)pi672- and CH2N(R1)-, wherein 1Z1 is chosem/useanmosdssd gr oup
consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sul fonyl. [0302] The conpounds of the present invention

i ncl ude pharnaceutically acceptable salts of Vc as well as an optically
pure enantioner, racemm op._di ast ereoneric m xtures thereof. WO

2010/ 065674PC‘P USZI@Q9/ 59 [ 0303] I n a g€ efith embodi ment of t 4t h
aspect, ds have ™6 mul a Ve QA N BBH. NN i s In an
ei ghth \e nt of ,\Iab@ef ifth ag onmpounds,fave f :

[ 0305] The ¢ rrpo&nds of the pres Mion include poar cally

accept abl e sal ts of Vd as well as an op!ﬁl cally pure enanti gder, racemate or

di astere i m res Nl-hereof
%h q BBr3 CHQC'Q
THF/MeOH O_ heat, N2 \ /

Q \ / o Tf,0, Pyr., CH,Cl, TfO \ / or
Pd(dppf)Cl,

jmﬁl &3@%&3

BocN
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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% ethanol, respectively,
and dried in vacuo to give compound 43 (1.82 g, 77% vield) as a yellow powder. '"H NMR (500
MHz, CDClz) 6 7.90 (d, J= 8.5 Hz, 1H), 7.85 (s, IH), 7.70 (d, /= 2.0 Hz, 1H), 7.63 (d, /= 9.0
Hz, 2H), 7.28 (m, 1H), 6.98 (d, J= 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 NaBHy (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. HCL. The resulting mixture was extracted with
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[0306] I n a ninth enbodi nent of the fifth aspect, conpounds have fornula Ye:
wherein X and X are each independently selected fromthe group consisting
of a bondwO20H265¢74CH2 CH2 , CHCH, 0 , S, S(0)1 2-, PCTHA2009/06635S-
-CH2S5(0)1_2- and CH2N(R1)-, wherein 1Z1 is chosen fromthe group
consisting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, alkanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. [0307] The conpounds of the present invention

i ncl ude@RAYSAREU ) Cahd % RER SRECR)SIRA, hvastRl with ‘tﬁ‘ﬁw“ﬁhﬁr@&w@t‘ﬂ a\ﬁ}%dr&%l ly
pure enantioner, racemate or diastereoferic m xtures thereof

2010/ 0686YAPCin¢ ugsz@m%@&@@@d poBG8residug veis dribd aypert togdive ¢radd enmammundn, i n
any CO']H gdé Whidh use(ti? rtﬁecopqet hrﬁ &%rﬂllefrt urlfaca%eCt - hﬁe(}Egﬁ Re and Rf
He y sel ec 1o B¢

are eac pen en e grou OnsI stl hg © mdzr ogen, Cl
to Cg aBKyI(M&nNaﬁ to Cg heteroal kyl, V\/ner ein, each hetero atom if
present, is independently N, O or S, Re and Rd are optionally joined to

form a[g405] 0 %téiﬁﬁbﬁrrﬁﬁtdiebﬁddhq%@h@4m @g 19smmpt)iaanadopdOses ¢f @ BMOt her 3-
to 6- nenbered heteroc%cle tionally joined to forma

- to &4tenrbbidMA@HLP esldw@sgmwt i3 66@4 A&:%gwr@r Py aEesehsTaRfdtndbe 3- to 6-
rrenber @guhﬁrg%%y&év% filkO&ORJu gh @EfLITETMsa@bﬂaQ m&@a e Whavahef DitRsReni. Re

and Rd Re and are jolne forma 4- menber ed het erocycl e which
is opt |(ﬁthl y3X Eb@ﬂltltatﬁ \&Wh@e{nttatedtaodﬁw rmdﬁ@ewéd)uhﬁc(ébso@yea gel cplogno] In a

o1 nea TOTRAE APl Aoty BTBRGhe 3B oA GBI ALE PR o
anot hen vwhitetsolid- Hnﬂﬂﬁe(se(dl\/hﬁt ety @l &l6 ([dOJB%B]S Hz eEPBeﬁlehJéfWa(ﬁpeHD, 6af5 (dhe
nventiong sEECTR2'd 1RSIt 3,35 QsS4 PtdS - ASPRS %807 (t s -

11.0 Hz, 1H), 3.11-3.05 (m, 1H), 2.90 (d, J = 8.0 Hz, 2H) ppm; LC-MS (ESI): m/z 270.1 (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,SO4. The solvent was removed and
the residue was purified by silica gel chromatography (Petroleum cther/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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the invention, is independently -CN,-0CHF2, -0CF3, -CF3, or -F. [0312]In an
ei ght h aspect of the invention, if present in any conpound of any of the

ot her aspeotgi/wm4of Y and Y is N [0313]In a first embodisSoemweasst he

ei ght h aspect, both Y and Y are N. [0314]In a ninth aspect of the

I nvention, Z and Z' in any of the previous aspects are each 1-3 am no
acids. [0315]In a first enbodi nent of the ninth aspect, the amno acids are
in the D configuration. [0316]1n a tenth aspect of the invention, Z and Z

i n any (@foof he QbFYl AURIBFREELTnRNufd @@@%46 ,Qﬁmﬂﬁl%gt tix%%k&%?mbérsm.é he
group consisting of [U (CR42)t-NRS-(CR42)i1.-U(2)t-R8, -U(CR42)t-R8 and
CR42) t -gNRP-{r@pY, pofassii@R4ctite (RS g TRyl hian UPd@RAG L (D0 raR4R34 mRR]) 4nd317] | n

U | oI R O L SRRR 3 oo G AF sBuenay. e
2010/ 0 6&b i &PRTtS200 U106 450 Ht031]] 00mb). Ite oaxdltRghadivsewhs wishtdheith#hOh
aspect

- U ( CR&%QO %_EN%I@ rOt 2@%{ aqugrg%aéjiz%%ﬂee@h\?ﬂ wiggremoved 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-iodo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate
(388 mg, 1.07 mmol), NaHCO; (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;0D) § 9.29 (br, 1H), 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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[0319]In a third enbodi nent of the tenth aspect, one or both of Z and Z
are -U (CR42)t-NR7-(CR42)t-R8. [0320]In a fourth enbodi ment of the tenth
aspect, owe20oro/dssd7h of Z and Z' are PCT/US2009/066459

[ C(0)-(CRAA-NR5- (CR42)t hi - U- (CRAA-NR7- (CR42)t-R8. [0321]In a fifth
enbodi mrent of the tenth aspect, one or both of Z and Z' are

C(0)-(CR42) - NR5- (CR42)t-U (CR42) - NR7- (CR42)t-R8. [0322]In a sixth

enbodi rrent of the tenth aspect, one or both of Z and Z' are

[C(0)-(CR -NR5 ESR4RBt hi - C(O) 42)tKQ@BZ (CRA2)t - [0323]In a seventh
enmbodi n%f Ohfe ‘tﬁt‘h_aé’wé pie

-C(0) - (CR4 - NR5- (CR42) - C(0) - t NR? (CR42)t R8. T0324]In an eighth
enbodi nent of the tenth aspect ohe or h of Z and 2** are

C(0) - ( CR42) R7Br((agi2)t R, 325]1—n_®ﬁ9'149enb0d' e tenth
aspect , M) Br e—C(0) (- CR4 e0- @ = E(@)e- RB1.

[0326]In a te enbodl rrent 0 ChFe tenth aspect, one of Z and Z'
are C(0)- (8R42). - NR7- C(0) - R851 0327]In an el eventh éWBogl,l ment of the
tenth aspect, one or both @ Z and Z' are

(0) - ( Cﬁﬁﬂiﬂ@@]’ ( %R4 - 64Q), - 0- R81. Pd/C, H, Q , BBrs, CHCl
58
._<Q - T£,0, Pyr., CH,Cl, TfO—.—( . j: :é
\ OH \_¢ OTf w—
|
N N N
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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 PPhs (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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[0328]In a twel fth enbodi mrent of the tenth aspect, one or both of Z and Z
are C(0)-(CR42).-NR7-C(0)-0-R81. [0329]In a thirteenth enbodi nent of the
tent h aspeot2p1oomwes7er both of Z and Z' are - U (CR42) - R8. PLOBBAJ00066#59
fourteenth enbodi nent of the tenth aspect, one or both of Z and Z' are
C(0)-(CR42)t-R8. WD 2010/ 065674PCT/ US2009/ 066459 [0331]In a fifteenth
enbodi nent of the tenth aspect, one or both of Z and Z' are

[ U (CR42)t - NR5- (CRAAL. - U- (CR42)t-0- (CR42)t-R8. [0332]In a sixteenth

enmbodi mgnly) of t anhkn@sBe g 5912 Bt i Phnfol PR IGCR(E. .
0 (oI Nqut?‘?cl@z) P ‘(S'%R%m@ofe? ?35242% MRS RoCHT®9 8353 i
enbodi menel) of THRhE0 whi nda¥pebit(20 ore s stmedataf for 3 anthzsolwngwas removed

C(0)-(CR42).t - NR5- 2) 1~ C - t=0- 42) 1 - R8. [0334]1n..an.ei.ght eent h
CL0) A R SRR by R Bl L QPRI ADSLANL
- U- ( CRAR)SONTOERA M w8 renf{dné hiad thSyssidiesias pufif3Bb) sihiex debkdlomnhng schenes

exenpl i sone of the synthetic rout that are used for, the
P cIn}é)matograp%y (ﬁetrole m etner/acetone = 18/81 (v/v)) to g{ve compound g4 (12 , 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/z215.0 (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,COs; (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,SOy. 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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preparations of conpounds and their anal ogs included in this invention.
These skilled in the art wll understand that alternative routes nay al so
be used twonewdlssé7he sane and simlarly functionalized ipoTarsawdioat46s and
target nolecules. Alternative reagents for a given transformation are al so
possi bl e. [0336] The foll owi ng abbrevi ati ons are used throughout this
application: ACNAcetonitrile agAqueous BnBenzyl BnOHBenzyl al cohol

Boct - but oxycar bonyl DCEDi chl or oet hane DCMVDi chl or onet hane

DI EA( DI Di i opy! ' ' ta]
D it Hoky e R B B B g B T s

DMTMV4 addrdgiNDBRetin 63H,Cl, (32 Bult A6 mmnal) @--4Q JC Andaren hiytayphquhof NniAdier stiriogi de
DPPAD Bp % r(])¥f|:rglbg%§, FPlbeorreXcltiog%xila(sj Ec'\luenched 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 ether/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 ether/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 HO (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 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 cther/acetone = 2/1(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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WO 2010/ 065674PCT/ US2009/ 066459 DTTDi t hi ot hrei tol EDCEt hyl car bodi i m de
hydr ochl ori de EDCl11- Et hyl-3-[ 3-(di met hyl am no) propyl]carbodiimde

hydr ochl owDQe10HBIAEL hyl ene di am ne tetraacetic acid ESI BCEASe@o06@§9

| oni zation Et3N, TEATriethyl am ne Et0Ac, EtAcEthyl acetate EtOHEt hanol

gG an(s) hHour (s) HBTWO-Benzotriazol-1-yl-N, N, N, N -tetramethyl uroni um
hexaf | uor ophosphat e HOBt 1- Hydr oxybenzotri azol e 1 CsoThe concentration of an
i nhibitor that causes a 50 % reduction in a neasured activity LAHLithium

al um nygy ket @8nd 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 HCI 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, CD3;0OD) 6 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)",

B Br: Br
" X MeNH(OMe) N 07 MeMdCl X TMSOTF
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Scheme 3-8
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LDALi t hi um di i sopropyl am de LCMSLI qui d Chr amat ogr aphy Mass Spectronetry
Mel Met hyl | odi de MeOHMet hanol m nM nute(s) mmol M | 11 nol e(s)
NMVK- Met hyOreoropiesd7sne NVPN- et hyl pyrr ol i di none PGPr ot ec PCYAISGI000p64FT TPheny|
trimethyl tribrom de PyPyridine rtRoom tenperature TEATri et hyl am ne
Tf Tri f1 uor onet hanesul fonate WO 2010/ 065674PCT/ US2009/ 066459
TFATri fl uoroacetic acid TFAATri fl uoroaceti c anhydri de
[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,0-Dimethylhydroxylamine hydrochloride (1.46 g, 15.0 mmol), HATU (6.15 g, 16.2
mmol), and Et:N (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
NaySOs4. 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 NaHCOs3 (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 TMSOTT (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 NaHCO3; and brine, respectively, and dried
with anhydrous Na;SOs. 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 EtsN (3.31 g, 32.7 mmol) were added. After stirring

127



THFTet r ahydr of uran TLCThi n Layer Chromat ography [0337] Reagents and sol vents
used bel ow can be obtained from comercial sources such as Al drich Chem cal
Co. (M | waokew/o6¥i7dconsi n, USA). 1H NMR spectra were re®ordsdooonca&s8r uker
400 MHz or 500 MHz NMR spectroneter. Significant peaks are tabulated in the
order: multiplicity (s, singlet; d, doublet; t, triplet; g, quartet; m
multiplet; br s, broad singlet), coupling constant(s) in Hertz (Hz) and
nunber of protons. El ectrospray spray ionization (ESI) nass spectronetry

anal ySist WaSs 1€ AMARELRH iR e &hba RAG lg@tﬁf&tehlafeﬁed\d@&aﬁmtaﬁﬁ%m@y mass
spectrometer using the HP1 100 HPLC for sanple deliver Mass spectronetry

r esul t sespedivelypord dibdagth dnbydrans NazSDuFélmomefrwmamgéedy zflﬂdlthmlduw/as he

,[ ﬁl a}\/:+\lé fb zt?quvrgzaat‘on r%)e 1\%c crﬁ ch rrll ?)glﬁtq 2%7” ?ese)s usec% t%r ﬁle ngxt stcip Wltﬁé%IL gg i Lgres

| sot Opéuﬂﬂﬁ:tpﬁﬁﬁt&tlﬁﬁ)rHCGMEJMI)l W/im.EQMeH) ed formul a i n aI I cases. Normally
the anal yte was dissolved in nethanol at 0.1 ng/nL and 5 mcroliter was

i nf useqo4siof h tstep dehinviefuye <$ﬂ1:|rl\t’(&rﬁorﬂp|@tn&1 137851085308 PRLOMRRBE g, 10%hihebl)scanned
from 100 to 1500 dal t ons. co%nds coul d be analyzed in the positive
ESI noditolygsr ﬁlgPOéﬂL)a‘E%%Sé‘FFF@ F‘i e/ Gosrmig dlsmelverbwgsgenpvekaddhs ©sidPe i n H20

with Owga{‘ﬂflﬁ’t%&rkxﬂ?th%d)ﬂc%@diﬁt} ME Yni 2@l MBR L washOEwRR FRRY Qﬁédrl@é&%ﬂt}ged bel ow
could al so be analyzed in the negative ESI node, using nmM NH40Ac in

acet onianhydreys N80 ad hd edliverd myas sahemedtand macﬁtld@rm&p@rlﬁqi bY siliowgel detveni ned

usi ng a ett rd S 50 S HLPC

col um® Ir O§Ir @a %P%?I%nbgher%to%g rm? )(V}rgg lggra qm\g:légl(g%%ijmﬁas@ 95

[ soprop&melsollfﬂsmMSe(ESB) mobid3d (Mhege. [0338] The conpounds were narred usi ng
ChenDr aw program from Canbri dge Soft Inc. WO

2010/ 0@6@1ﬂPCTStHS§O®8/aQﬁ§ﬁ&90f&>&AFth1E1 1]38-(4$3/ﬁfgh1380 sn@fl), compesndds9gh4d-or mul a
I1c [0339 Scherre -1 describes preparation of target nol ecul es and thelr

anal og&&ail t HI%%%@EHWC%%%% SYPrireral) iade 21defﬁ%t Wﬁmap%@dnéhmd

0340 ., ) AonaRk an | DCM
E L)]\%a@gé%dgg&mé@ﬂé&@% (91;(1%315 gr)nrm Rbh 3 %ﬁ%oag}é?fxfgﬁ%%d)e I(2,4. 0

g, 330shmiz)t 8@ °© 0®rmﬁhé theefamtlpm mlmmwaomt@@d pnéthe agsidpe@a dilutedh and
then H%VQ‘[ 3%16%% (gé ))/ar LHe ﬁlla(gg%iﬁﬁft: gr(j am-(I:_h Or amachedai%‘fa}{br ¢ an%rslgc?\(;m th

H20, dried over an under Teduced pressure to give
80 g childelr@rsatiysO,. Thhisclhem@ss mmcwfedadd th)e ré@d&rwaatpahﬁedaj‘z slhcn Fd1 0otu %

Et OAchexane (v/y) fo |eIdb 60/ |eId) as a solid: 1H NWR
(500 NEBoTatETssY &k g %theri%%f*% b7 ( tom)ve C%nmm?ﬁ b §sdime 5 ,1H),
7. 84 (gicld)as 8 -yellé¥ soldHLC- MSQESf)dm/ZJBS&(T Hp- 1H), 4.81 (s, 2H) ppm LCMS
(ESI) mz 2829 (M+ H). [0341]Step b oasolutlon of b (28.0 g, 100

ol ) gy O(SET%h;ﬂﬁ) a\@@ﬁmagg?@on%o%ﬁ&mu@@%go'd 1@%81)91011&1&1&&@11)) wand Et 3N

(70.0 m, 50 and the mxture was stirred at rt for 2 h. Thé m xture

was cond@adt%H@éllnmq@neK%audédAﬁclesﬁlsm&attrbfoa%oﬁhd r@gcuoemxtywhiveh was used
forth nex 0 pur | n, L ESl). mz 462.1 (M +

" LoSadRiup B A RORHE W IS PH el SEh T ag gl Rl iena” 506 )
vvas ad d&ﬂlﬂﬂbﬁﬂﬁdjuétlﬂ{ Wluclto®. Tht Jesalbidg trhieuird wdsht@ratabw sl Nﬁ@E&daetxtridth C

i ght, d trated und duc The d
vas. pudii REOE ST Sh TR e e B B ST Tt or BURIBE/ £t OAc
1: 1( V/ Wa)ZS@P TAE EQUCht dal ROnBred BRIV r&idk vAS dficd 81 oMb &l da fbGhdVB Wiks ) M z

44
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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[0343] Step d. To a solution of d (10.0 g, 23 0 mml) in anhydrous DMVE (200
m.) and equal nolar of boronate e was added PPh3 (1.2 g, 4.6 mol),

Pd( PPh3) 4w0208/@5672 3 nmol ), and 2.0 M Na2CO3 sol uti on. PThAISA002406G489 Was
refl uxed under argon overnight. The organic solvent was renoved under
reduced pressure and the residue was treated with H20, extracted with EtOAc
(2 x 200 nmL). The conbi ned organi c phase was dried, filtered, and
concentrated in vacuo to give a residue, which was purified by silica gel
col um chr omat ogr aphy (petrol eumether/EtOAc 3:1(v/v)) to afford f (10 g,
96% yield) as a yellowsolid. LGM (ESI): mz 709.3 (MtH). WO

2010/ 065674PCT/ US2009/ 066459 [0344] Step e. To a stirred solution of f(150
ng, 0.29 nmol) in dioxane (3 nL) was added 4 0 N HCL in di oxane (3 nli)

25368/15780/DOCS/2154751.3

dropwi se. The mixture was stirred at rt f{ and then concentrated to
yield a yel |l owiysh solid (1 ), Wwhich %us\&d—dlrectlyfor t he next
step. The resP (134?:@?0 90 mmol S ended in THF (5 nL) and

DI PEA (0. 32 s addedeand [f ol | oned B Ia?ﬁf&eﬁ of

N-msthoxycarb¢ ®H (151 ng, 0.860 nmol )T Abter stirring for 15 min,

HATU (328 ng, &
another 2 h aﬁ
obtain g (40
a. Referring tp
i n di oxape (25
at rt fdP
dried in vafug _tg give a y
for the neXt step without ” . .
resi due of stey a (4 5rrrm|) s adde Z5(L), followed by adding DI PEA
(3.7 m, 22.5apmol) and_N-gret hyl car ba ej\L-valine (945 ng, 5.4 mol).
After stirringlat rt f6rz% nin, the fFegcti/om nixture was added slowy to
H20 (400 nl). white id precipita was filtered and dried to give
conmpound 6 (2. , 98%vyi ﬁ) LC—NB(D(‘&I) iz 499.1 (M+H). [0347] Step c.
To a m xture oundz _p80RINY, X 6 D%‘F conmpound 7 (718 ng, 1.6
nol ), and Na N 1 2- firfet hoxyet;ﬁane (15nL) and H20

3
(5nL) was a i.ng, &9 After sg¢irring at 80C o
N2, & 1% reatTXon ni xt UEe was concent r atd.
een 20 anol / CHC13 $100 nL) and H20

overni ght onde

The residue Wa partitioned

(100 nL). Thelorganic phase as separqa1 & ang the aquedls phase was
extracted wi tH[20% net hano / C%c13 (160 al) agai n. The combi ned organic
phase was comnsequent|y w%wd with brine, ed with anhydrous Na2504,
filtered, and concentrateyl] The residue wa rified by silica gel colum
chr omat ogr }3 et £ ol eurl et her / Et 0Ac=15: 1A V )) to give conpound 8 (1.0 g,
85% yi el d)as \a_yel low s d. LGM (ESIT): mz 732. 4 (MtH) . [0348] Step d.
To a sol/uti poe orfpounds8 (200 ng, 0. ﬁnl) in dioxane (3.0 nL) was
added4NC1 dioxaneZ 8.0 nL). After]stirring at rt for 2 h, the
reacti on m xtune was concen ted ard 4 esi due was dried in vacuo to
give an HCL sglit in quantltat izve yie ch was used directly for the

was |agdded an the m Xture was stlrred at rt for

2 solution of cgnpound 3 (2.0 g, 4 5 nmmol )
ded 4.0 NAYGL in dioxane (25 nl). After stirring
1 yas concentrated and the residue was
solid (2.1\9), which was used directly
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[0349] Step e. To a solution of the salt (0.27 nmol) in DWF (5.0 nlL) was
added DI PEA (0.47nm., 2.7 mmol), followed by adding N, N-di net hyl - D- phenyl

gl yci ne (80 201/0686733 nmol ) and HATU (125 ngy, 0.33 nmmol ) PCAUSee09966459 | ng at
rt for Ih, the reaction m xture was partitioned between H20 and DCM The
organi ¢ phase was washed successively with H20 and brine, dried with
anhydrous Na2504, filtered, and concentrated. The residue was purified by

prep-HPLC to give conpound 9. LC-MS (ESI): mz 793.4 (MH). WO
2010/ 065674PCT/ US2009/ 066459 [0350] St ep a To a m xture of conpound 3 (3.2
, 7.2%3% ie!ﬂ p? s SxNHess pheanpy : lalle 15 2 mmol), and KOAc (1. 85g,

18 8mm|¥ 1, 4- di oxane (100 rrL) was added Pd(dppf%)ClZ (440 ng, 0.6 nmol).
After 49 3n4h ndten adofamingio Shemefider selhtion ofsoptered 3t (SN2, 20memeR it i on

m xt Ur%ﬂ’"@?«l 96‘?@2%@5&&% gdkﬁl@%% gg\%@ﬁ(ﬁ?’ég(%bﬁﬂlg‘“sé Rt 1 ca gel col urm

chr omat ograp trol eum 0 give cor‘rpound 11 (2.8 g,
80% yi sMcYH@EMa) Kl @9330B0 chmdlCaMBEGESD)L: g, 6 mm@Pat3t. (N‘ﬂbH}tlrnﬁl@Bﬁlif(ﬁBd’p b. To

i xt f d 11 (626 70 ngy, 1.27
ol . Birra iR aRR s gt e e s SRR B SR N EERSE L *ane
H20 ( 1Q@hfbkatot@spha draebldtel etReRiObZ < 3/39/MD to Bivd Soriipainl 28/(\5 Her oL ividldng at

80C overnight under an atnosphere of N2, the reaction m xture was

concentrdtiggolidA&-MsEghe 49M i"toned bet ween 20% met hanol / CHC13 ( 100
m.) and H20 (100 rrL)r The aqueous phase was extracted with 20%
met hand?438HC1 Btep bo Taiaysohwgan af coprwuad ABihed. By gavdn ghas@0gad.) senslewlent | y

washed .y dpL NP MRS CngllT%%(g;O/ Qty@b eJ\%‘% osg)ﬁzzlle otf%eﬁlfteﬁﬁﬂ ﬁ%@t‘iﬁ trated.

The residue was p ca ge romat 6gr ap trolleum
et her / EorOiAcaRY thévane Jortl d, @eve;acuomp/auqubnil:]ﬁied(lﬁfwdmg,se%%dyomlo(ﬂ)aq aHClyel | ow

solid. |l C | mz 732.4 0352] Step c, T ol utio

compourie I Ty WS s i beis Pty haLo Saultl NThes i n
di ox an@rgaalcg;haie)was%tsﬁéd with Kdt] RPNIHOD, ah@Htriéd With bitey dFRe Mlab S0, Th &t Was
concentrated and the residue was dried in vacuo to yield the HCl salt of

conpounds 1emqeyed da%lﬂleur@sa@qwswéﬁad byifieheshaglupgehr amateggenhy (Peffoleta next
step V"'e{h}éﬁ?lEOfEPL il BqEV/\F}g{o‘ n{bé? d h@?ﬁ?gmﬁ/gﬁféldﬁgct M?Z H%Sin;m/?f@ ? g)m sal t

(0.27 Mo was a ded

by addithg N, N- di net hyl - Dphenyl glycine (59 ng, 0.33 mml) and HATU (125
ng, 0.33 nmol ). After stirring at rt for Ih, the reaction m xture was
partit (&3 beﬂWpenTHﬁ@olatidlma(IM%GMQambb ipPadE (MasLo s doppentstly washed

concent i (g padmted AL oM rbang s et B Gou e i 1.

LC- M5 (Wafhed toMt #ith Yrrthg (dfdbther Q. Sub&équently, the reaction mixture was respectively
washed with water, and saturated aqueous NaHCOs3, and the organic phase was dried with
anhydrous Na,;SO4. 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 Et;N (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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WO 2010/ 065674PCT/ US2009/ 066459 EXAMPLE 2 - Synthesis of conpounds of
Formula Ille [0354] Step a. Referring to Schene 2-1, to a m xture of
conmpound WO@2B100B5¢J4 13 8 nmmol ), bi s(pi nacol at o) di bor on @ZTAISY09DEF499 ol ) ,
and KOAc (3.2 g, 32 5 mol) in 1,4-dioxane (100 nL) was added Pd(dppf)Cl2
(400 ng, 0.5 mmol ). After stirring at 80 C for 3 h under an atnosphere of
N2, the reaction m xture was concentrated. The residue was purified by
silica gel colum chromat ography (Petroleum ether/Et0Ac=2/1(v/v)) to give

CO”pour[‘Gj‘I Sg( 3. Sﬂ:e[ge zi%&ﬁir@hﬂ&onﬂ)%uﬁd gf @/4 goﬂ ) Hrmd-})c;aﬂgﬁ\ll(lﬁﬂa (4, OTé 2524131-1%013

5]Step b. To a m xture of conpound 1.26
conpourmdtogletls()‘@ rng) stirred3t htbig oveatmehﬂ\lgﬂmeqlﬂ%hwac@ngﬁlxmvvﬁs ¢avled to

2 dl nEt %)nt)éydel Wlth(]%%Antd%(glai&lﬁlo ngl;'(ﬁltrew S Was%eé1 %atﬁg pagﬁl?:(%usé%gééﬁng’ 0.1

er "Stirr] ng at verni Under an " a m)s
r eact I Q50 miLxd DI aqdﬂﬁsqem@@eﬁwlﬁttﬁﬂorgﬂne ph&s ivdi anwas/ltbaﬁhydtmmn&dS(bgtI\heen 20%
nmet hanol / CHC13 (100 ,nL) and . H20 (100 The ni c hase S separated
"fﬁ%y %‘B%%th“ﬁ]&ﬁﬁllcﬁ

and t h&® aﬂa@agew&ééﬂ resifyeEsyrifle 0 nL) again.
The C0@Pét%@é‘ﬁn@étﬁ&?ﬁt@z%flaﬁ/@(v\/‘ﬁﬁtocgw%%%ﬁﬁd k9] @%@Wa&'ﬁy@ﬂév@@ohcﬁmﬂ%w th

anhydrous Na2504, filtered, and concentrated e residue was purified by
si |'i ca(g0): realdddah MHEB et ogr aphy (DCM MeOH=50: 1 (v/v)) to give conpound 4
(450 ng, 55%yield) as a yellow solid. LG M (ESI?: mz 649.3 (M-H).

[ 0356] $0438] c. Srep & Ee i mixtdrogdicompoundc¥2 (¢ Orgy @ ubrramal) (BBeerbuty R-26(4mol ) i n
d| oxan S ded X fter r

for 3h(%4’%"r%1esotre g%%?tﬂ?)‘lnl §‘9 Oxaﬁorv(\)/gs% %c%lﬁégfn%g Z%lé gyﬂ;émfz Q&a u()é(%a\‘/?aes(rlc10r| ? ed i n
vacuo @ gieb, aralmm@aﬁotmgj9quambl)tuam;émwﬂ&ix§}ethm G0 migand $ied (U0 megt |y

BRI e TR e e W S T F SR
2. 5mm|o)1ernf t hieesh %0@19}@%@& W fffétrg%ltloﬁ HiRarRBE &-cbnddaeQi TR rédd wa, 0. 62

After stirring at rt for Ih, the

et dﬂuwwhréyq«é@ Rt b b b errsl B UG BOMO B Ogrg &) clpase was
L

filtrated, conce he resi ue was puri
conpourcs 5enaxsxed amd thiceegddedess. putifedv/By §iES gl ca]hmnkﬁion&t@gwplm (PetrolWih cther
2010/ 0?]:5%74PCI/2%S/28 g{glgg%gfr?lgound 33 (1.0 g, 78% yield) 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 — Synthesis of compounds of Formula 1111
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[0358] Step a. Referring to Schene 2-2, to a m xture of conpound 2 (1.16 g,
2.32 mol ), conmpound 6 (1.40 g, 3.39 nmmol ), and NaHCO3 (823 ng, 9 8 mmol)
in 1, 2-dvoebtieyethane (30 nL) and H20 (10 nL) was addedTRéeappbyeL2 (103
ng, 0.14 mmol). After stirring at 80 C over night under an atnosphere of

N2, the reaction m xture was concentrated. The residue was partitioned

bet ween 20% net hanol / CHC13 (150 nmL) and H20 (150 nlL). The aqueous phase was
extracted with 20@6nethano|/CHClS (150 nlL) again. The conbi ned organic

phase was consequently Q% i?th brine, dried with anhydrous Na2504,
filtered, and concenm The residue was purified by silica gel colum
chr omat ogr aphy (P tr efhe [ acet ong=4. 5/4\(v/v)) to give conpound 16
(1.32g, _80pnYi el Q) §SHa yel  ow sol i d¥1 L mz 706150¢¢@gb$%

[ 0359] St'e To i ‘ . ne
(3.0 ) agded 4 N HCL in di peH(3.0 A {en stlr%ﬁ %ﬁAPMFfor 2

: on mxture was concentrated and the r e§i dgedwas
to give thes HCL salt of conpound 17 in quartéitative Pr¥td, Was™ used
directly for the next step. [0360] Step c. To a solution of th alt (0. 28
mml) in D @-@ was added DI PEA (0.49 nt, 2.8 mmol), foll owed by
addi ng N, Ndi e =% glycine (61 ng, 0.34 mml) and HATU (129 ny,
0.34 : Wﬁter{&” Ih at rt, the reaction mxture was

The organi ¢ phase was consequentl|ly washed
{1_/anhydrous Na2504, filtered, and

concentrat el The reS|due;ﬁﬁé purified by prep-HPLC to give conpound 18.

d 6” vacuo
i

LC M5 (ESF%x mz 767.4 (Mt WO 2010/ 065674PCT/ US2009/ 066459 [ 0361] St ep
a. Referrlng to Sgheme 2 a solution of compound 1 (4.0 g, 10 9 mmol)
in di oxane (40 nL) was ad ©4 N HC1l in dioxane (40 nL). 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
gquantitative yield, which was usedSépmd$r¢ next step w thout further
purification. [0362] Step b. To a solution of the salt (10 9 mol) in DV
(30 nm.) was added DIPEA (5.8 m., 33.0 mmol), follomed addlng

N- et hé%dA2hr botse ay Rgferiingdo Sgheme;d-13p mixtpigwif porpepnd&h (hms [0S mmo)). ol ) .

After SS')' L1l 'bﬂ%l Qt(6 r(ﬁf 4f50§ te{rgmelthg)ﬁl 8 Qa(ﬁ&la"aﬂromnxi ) qm%zg@ﬁlhh&dzgpfd bet ween
H20 an he ‘organi ¢ phase” was consequent|y washed mnth H20 and bri ne,

dried M)pwrdrdmwrﬂmbowéﬂéohu £id.1emed)), ardd\ldd)@\@e(ﬂﬂﬁ atged.80 Tireol) asi.@ue was
purifl |ca col,um omat g | eu her =4/
(viv)) % m%% a§0c8T Y Ve 8“%71523@0 F&@%@%&@ s P
(M+H) . rt[tﬂﬂ@ﬁdlﬁitﬁhpslﬂlererf N3 Attt diif16n gOdt 806@mw11£§hil,lhf( r&ﬁ)ﬁlolﬁ'gmxﬂ.lr&wmml ),
conmpound 19 Q.ng, .1.7 nd 6 ) in 1,

2- di nefﬂleﬁewé%tﬁfgﬁéle (r@odlws%éﬂa emz‘eth(%@lﬁﬁﬁwﬁ aixdiyer (ﬂfﬁg&;@@ames my,
0.25 mMiBle) wadNh@bd ithbrinB 8n @liri@0yith 2§ U NGL, I deke At MRSRARNE g N2, the
reaction m xture was concentrated. Thé residue was then partitioned betmeen

20% mretivangincomengified 0y silipe aeldokpo qhz@reatqgt)lphyml?@trglqm@@ﬂ@r/mm =k
extracte 3 nbi ned organic
phase /g» Q%gu @ﬁh%wggﬁhgy9%/ﬂ(%eﬁﬁgké %9913ﬁk%§504 filtgred and
concen d é{ |du ngur%%hgg6gMS|H D?%g%gaw(gggggtography

( Pet roI eu et herl Et 0 giv oun oyleld) as
a yel | andsiol.0 o. H(E.ﬁnMﬁ)x@ES@)mLﬂ:itZt AGGr dirtiVg kD 1t fdrG36 McStapio midiareaws0!l ut i on
of conpound 20, (20

i n di oxane ) ). was added 4N HCl in
di oxanéown@atﬁi&nd tﬁ? ff‘é’rdug fap #?%mamq toggdye Wék Sﬁg %ﬁ% Piap asedidueeihelothas

concentif A LeA@NWithdif iRt Qﬁ%dél%n qrd- Mah,ah 1V Ao Poyigld the HCL salt of
conmpound 21 in quantitative yield was used directly for the next

step W'[ﬁmyt fSrfE[S b.egu@li'tﬁdeilﬂﬁatﬁé H@l 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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[0365] Step e. To a solution of conpound 21 (0.28 mml) in DMF (5.0 nL) was
added DI PEA (0.49 nL, 2.8 mmol ), followed by N, Ndinethyl-D phenyl glycine
(64 nmg, OwB&ormmsbg74and HATU (129 ng, 0.34 mmol ). After ®CITas2ovg/oed459t for

| h, the reaction m xture was partitioned between H20 and DCM The organic
phase was washed successively with H20 and brine, dried W)

2010/ 065674PCT/ US2009/ 066459 wi t h anhydrous Na2SO4, filtered, and
concentrated. The residue was purified by prep-HPLC to give conmpound 22.
LC- M5 GBR| Was Hiigcté® By fitkaMhihng ?ﬁhﬁ:ﬁ%y%‘rébab@@@ PIPPICER ofve chfhpBudl & Hicenv@f
conpound 74 (510 ,~1.09 mmol), conpound 138 (300 ny, O. 88 mol ), NaHCO3
(228 mgESR r728\b(M +ilh) 1, 2- di met hoxyet hane (20 ni) and H20 (5 nlL) was
added Pd(dppf)Cil2CH2C12 (111 ng, 0.140 mml) at rt under an atnosphere of
N2. Af EXANPLE 6 1 §vathes§ aepavings of BoxgeuladHdat nosphere of N2, the reaction
m xture was concentrated and the residue was diluted with Et OAc (100 ni)
and H20 (25 nL). The organi c phase was washed with brine and dried with
anhydrous Na2SO4. The sol b, enove nd the resi %,was purified by
silica gel col ym hromatﬁapﬁg’( Petr@%_?eq 0Ac =M/ 2 (viv)) to

gi ve conpound 14 601 ng,” 78% Vi et d) ad™a lid. HLCe& (ESI): mz
707.4 (M+H). [03 ob. Pag@mnsol ution of, conpound , 0.16
nmol ) in di oxane (Zm(fI m.) was added 4 N HCl in dioxane (2.0 m.) at rt.
After stirring at rt overnight, the reaction m xture was concentrated and
the residue was dried pn/vacuo to give an HGlo-s@l H—whi was used for the
next step w thout furth%—!ﬁtion@@%(& 607.3 (M + H).

[ 0368] Step c¢. Subsequently,“the —salt was di ssolved n} (2 m) and
the resulting mxture was adffed Bo&A/0.28 nL, 1 67fmol PoN
N- Moc- L- (tetrahydro-2H pyran-4-yi)glycine (41 ng, 0.19 mol), and HATU (73

ng, 0.19 mmol) ft&Lstirring at rth (Myn, the reaction WO
2010/ 065674P 20995066459 ni xt ur e)wd co/ andﬂE& @gsi due was
purified parati ve PRRE % g yé donpound A3, NCOMR: LCESIY M2 806. 4
(MHH) . 3 - Synthesis of additd onal conpoundsc8f/Fértil BEA PYF Schene
3-1 [0369] Stiep a. ReferringtoS&hgr?(e&l, to a solution of orrﬁoundl

NH \n/o\

49.7 g, 25%ol ) | i
( g 03\0 )74| n O’/;o 75 HO
/

N

o

pd
==
I=
o0 ITZ"N

O 76 o)
\

Scheme 6-1

[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,COs (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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DMSO was added 40% aq. HBr (0.50 nol) drop wse at rt. After stirring at 90
C for 3 h, the WO 2010/ 065674PCT/ US2009/ 066459 reacti on m xture was poured
i nto H20aw0 2btwes@dul ti ng m xture was kept at 50-60 C. Pha/usetdoesssol i d was
collected by filtration and re-crystallized in acetone/H20 (1/19 (v/v) two
times to give conmpound 2 (50 g, 87%yield). LCM (ESI): mz 212.9 (MH).
[0370] Step b. A mxture of 2 (19.0 g, 80.0 mml) and 4-bronobenzene- 1,
2-diamne (15.0 g, 80.0 mmol) in HOAc (180 ni) was refluxed overnight.

Subseq %a%wmn &H%@mﬁt%@&bh&@e%?&hh&r&héf\@&emy Lqd (vW)fto'g% dRPoudder gld 8 was
collected by filtration and purified by silica col um chromat o graphy to

gi ve caéfpaueldsas3 laghtbewn(s2lig. I -MD S} @¥2c2)72dsﬂ\/é+|§ﬁ| r of regioisonmers. LC- M5
(ESI): mz 362.9 (MtH). [0371]Step c¢c. A mixture of conpound 3 (4.8 g, 5.4
mol ), [H46] pi ritepbaflopdiisoront (treug] 786 .42 ,8 pobBsES)-tm-burt 2 eiods- 8 g

s st e o BRRa e R ST hasn TR e O TG B Tl

react i oml mditthexyasnt (Jo00erethnd Wigerf(130 RLpdacakied Pagipppshas.ow, &l dahbhc (50
m. x 3) several tines, The filtrate was washed with H20 and dried with
anhydr G0<cTRA2E0PD el Nol Ak stiving af &by eyeraight. theacacsien JUEUE%Spur i fi ed by

silica cgﬁ‘denﬁﬁladlﬁﬂd hb E&{&E %5 ﬁﬂm‘d (REFRORL P75 mL)léhd waté(58 b )t ﬂl&!rgﬁnc

conmpounds 4 and (2 ield) as a pair of regio-isonmers. LC
(ESl): laryxezwa&@a@e(l Mm)brmé Tlhriad lélsquﬁmdromg Noghi(hnTlee sodvet wasrealozed anﬁol at ed
and us a act | 037215 A
it ur SR SAETRT R bONGERES Fhgm Hroh S MU BV e oo

1H i m dampburﬂ-nwworgo&i%lyrwd)hsa@kb@xyd)l&t & C(RISQES]) oz 48rmpM)+ H$od| um

bi carbonate (1.5 g, 18 nmol ), and Pd(dppf)Cl2. CH2C12 (427 ng, 0.44 mmol) in
DVE/ H2Q0443{ 1 (Stéy . T8Q sotjiomeScostpouni@m (azto §QS 15 iefol)id 40 mIngietdigwat nospher e
of Ar. Subse ent%i/Bfthe reaction m xtuyre concentrated and the residue

was di [Hirreyisgpyrrdet bae (3166 ) mmedeat G &aﬁﬁ&r ytigyyRy atfh € S herd 4 it BBy i ne
and dr ipefhe Wl RomivEH QU c%ﬁ@ﬁed e rSAuERs piRficd %WHM@P%@@%&HG resi due

was pur|f| ed by silica gel colum chromat ography ( one = 10: 1 (v/v))
to gi vehoowpeumrds (Betwhainbeth¢isgotongT 41110(%\’9)telgd~)€ caspauphiy 2d# g, €é8Yea-éldbmer s.

LC M5 (aESI gl}jpwso% IZ@ ﬁﬂ%@%ﬁg&g&% e. A mxture of compounds 5 and 5'

(200 rrgsaés i oxahe (10 rrL) was stirred at rt

over ni Th I % ved oto

o ve althEL o PRt ERITPURT 7 b0 ke SR by T el

puri fi @)ﬁb-llqm) ZL@W £ E&r)amdﬂiyz 18 didx 488t éThn- 2% mb@ﬁ&@ﬂﬁﬂﬂ%&q&%&% 066459

[0374] Step f. Subsequently, the HCl salt was dissolved in DI\/F (3 nm) and

the re<ollearPRnais Kkt Oves Os%ﬁ@ﬁkh ad NaRefddd Ot 3§ Bowhig 133, 0 ol ),

N- Mbc- 'dn%{ého;@dhﬁﬁel(%om) a‘ﬁd%téf‘(@éﬁm Rds BREY PaéRb 0, (197 B8, 0@ ol Atter

stirring at rt he reactlon m xture was poured into H20 (50 ml)

and themd@slulatmcrsgh@agf)ﬁms%f@m stmg ek 80 %(E:p@fdm\ghtundmm gaosnhate afiNmethe (20 L x
r i.n Wi ydr ous

I\/gSO4 ?elaﬁ%égnso vlzrﬁ}twa\%gg&eggategﬁhg\rﬁ%%@%gwrs éﬁsl}l due lt\?\lfa?EstO%ur I Q’q’ggsj%ﬂ \%%}8 ?atl ve

HPLC amdl)t Ohgybrgenic tiypowmdsashedwith Gfinaslqcbdrmalwltmefnhydagu@NaﬁmEﬂ& solventVs

(ESI): mz 791.4 Schene 0375 a.  Ref errl chene 3-2,
to a sa‘faatr%wee@négq%m W;aS(pydg i,@im c %jﬁdﬁm}l chyogyaleggsn g’dh?{ﬂ eum

2- (5- (/AN TRRYE ﬁ!(‘u/%)wgd?é/édn%duﬁ& '73;(14(53@62%%%@? &8s 4 BARWIL2LBA gDl ) |

and NaHCO3 (625 , é di met hoxyet hane (100 ni) and H20 (30
L) vvaéE%]dd’éW@d‘tngﬁmf)l 12 (152 rrg 0.186 mmol )at rt under an at mnosphere of
Ar. After stirring at 80 'C overnight under an atnosphere of Ar, the

r eact | W4ﬁi xt L¥tep pado esnlobon eladostpouThés ﬂéélnmg;@ I snrdel) it dokane thmEppes2 (200
m.) . r I he r t h _anhydrous Na2504.
The sol @%e @?ﬁg?%ne%%%aga%&%ﬁe fgféesr i ng Qr@}nﬂ% Hﬂrt!led’a%lon T céa[lwﬁsel col um
chr omatcogyecapityd 4aGNE Ma{iide sabaridd zQaW’ale)d totg(i)vegpanHiCbsal’fp@hlllhi was (seddomniye n&5%

3(;; elcga'rﬁﬁlﬁ%t uéfgﬁégr@rlﬁeatﬁmLﬁ&éMEg% O@Za%]&(%{b To a stirred solution
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nit) was added 4 N HC1 in dioxane (3 nL). After stirring at rt for 4 h, the
reaction m xture was WD 2010/ 065674PCT/ US2009/ 066459 concentrated and the

resi due wai® 2dro/mseb74n vacuo to give an HCL salt, which waeTosea06645¢ he next
step without further purification. LCM (ESI) nmlz: 476.2 (MtH). [0377] Step
c. Subsequently, the HCl salt was dissolved in DMF (3 nL) and the resulting
m xture was sequentially added DI EA (388 ng, 3.0 mmol ), N-Mc-L-Val-CH (116
ng, 0.66 nmol) and HATU (251 ng, 0.66 mml ). After stirring at rt for 2 h,

the reggidopn Heg Frﬁﬁé@tﬁleﬁ@}l‘"ﬂ?@HCp&ﬂ vbﬁ%%s@élgedqn)DWCtﬂnhﬁ foﬁ%%k& b#¥dding

suspensi on was extracted wwth DCM several tinmes (20 3). The extracts
wer e cditiN (¥eld, mlaas flechnwily, N- Mpp-ﬁe\/aldﬁﬂ (8 imgd0.Wg nimadh hydinthU 9502 .0.Ihe

sol vent ed and residue s purified b e .HPLC and to
o0\ e S nebT ol P IR iR of By TR BB R B e B B B e

8. 31- 8 pdAfi¢diby @bbarat&eﬂPL(BtoZ@th eampddhd 78. [IT-MS (EBIY: m/z 1(5194(1‘8 +Hy'8. 13 (m

1H), 8.07 (s, 1H), 8.04 (s, 1H), 7.90-7.91 (m 1H), 5.29-5.31 (m 2H),
4.26-4.23 (A~ 2{ha),04,38 (% , N2BI9:3E3H 980, ( H)oxlda'30n68| 6H) 2. 60-
2.62 (m — 278272733 ( T2 15-2728 (m 3H),
1.00-1.0% ( 2H), 0.96- O 988¢m 6H), 0.92- OB@«S (m 6H) pp?ﬁc LC-Ms (ESI):
mz 790.4 (RH). WO 2010/ 068674PCT/ US2009/ 068459 OHC Sethene 3-3 1.

4. ON HA / di e [0378]Step a. Referring to Schene 3-3, to a solution of
10 (45.0 47 mol ) i nyMeOH (500 nL) was added NaOMe (1.4 g, 25 mmol) at
rt. AftBr StirMfeng (q 8 h, the reaction mxture was added NH4Cl
(13.4 g, 25|Q)Opgm)| )Br Kok uIting m xture was stirred from another 24 h.

The sol veAt was renoveeg and the residue was dried in vacuo to give conpound

11, whchh Wa used for the next st Cth further purification. LC Ms:
(ESI) Mz /% f a
N % N
H : 81 |
OTN N
HN ( HN (
82 o\/\%o 83 o\/&o
N OQ /N 1. 4.0N HCl/dioxane w{\l
Crt N*@ 0
H H 2. HATU DIEA, DMF H z
NBoc O 1) N
oes *5
@] O
84 O\ / 85 \

Scheme 6-2

[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),O (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;SOs. 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,4 (50.0 g, 1.30 mol) at rt. After stirring at rt overnight, the reaction was quenched by

135



[0379] Step b. To a solution of 11 (15 g, 75 mmol) in CH3CN (500 nlL) was
added K2CO3 (11.4 g, 83.0 mmol ), followed by 2-fluoro-5-nitrobenzal dehyde
(12.7 g, wb.201mesd7%. After refluxing for 12 h, the reacPCOUSAIRIN6EIE WasS
concentrated and the resi due was washed with MeOH to gi ve crude conmpound 12
(12 g), which was used for the next step without further purification.
LC-Ms: (ESI) mz = 330.0 (MrH). WD 2010/ 065674PCT/ US2009/ 066459 [ 0380] St ep
c. Asolution of 12 (5.0 g, 15 mmol) in MeOH (500 nmL) was added tin (I1)

chl ori dgqihd decford:(10 R ? THEQE%I@&%&%G%& EHBtrdAGR REidGe RG] @infedd” ML) -

After stirring at rt the reaction mxture was carefully added
sat ur atvadh Fet@ld\@dé@o IN&D-ICKIB n%lum wmwsw«l)wnthjormid]@dr@@dlm vavgo nThetsohvenisas

extract ed wi,t h acetate X .3)... The extracts corrbl ned and
eashaa engaia BRaREH SRt RP ol o BmlIS B RIS BREGLERTDL TS S0
and t heth‘eﬁ‘Et@i‘U@ WAS(va) tediviertompoutal 190(48i0ve 86Yudked capohitedhoid. [(MB @SI)

LC MVE: E?é% {ng =.300.0 (MtH). [0381] Step d. To a solution of 13 (300 ng,
1.0 rrm?’f/‘j I driddht rat ed HC1 (0.25 nL) was added a solution of NaNO2 (76
ny, in H0 (1 nL) drop wise_ at O After stirring at 0 C for 30
m n, trﬁ‘é"ﬁ%actﬁteh%ifsz@a?lgt%gf @&&@HHQPQOM 6P srnel) anddMS T3P 50 1 5

Mol ) &0l FiPDEM Q-1 bl addedBoxaTyR lcﬂlohﬂ'e (289 41380 (nlnc{lj—at -7 U SR Hrlng at €1 T

(100 nm.) was added to the m xure. The organic | ayer was separated, washed
with HZ8 (ijﬁr %)theﬁ:@ctmnnrednm whs aid@@%wéo Raz60umolihad dwirewingmisturenoyed

and the resi 0 n

whi ch &V/aa% g%rsr%dcjﬁf e nex?gqsq?glg%q%%m%t rg cﬁgr% W%Su(ﬂnl%% ?%eeﬁtqyoadg%%%l % (ESI):
m zI 5%84113 olf_g‘dgid)laygggfag'&’dp&aﬁd ad theoagaeanllayter (mi @itfacmﬂmthFIUCNM((ZﬂlOrﬁlag 20)I4TK/501
o n i Br n acetonitrile s, adde

(782 e?xtzacm%?ry c ”ganf‘c? Q%#DW@ i Al diedtitieNp 41“éherﬁ0 YEnt Wes 1 eact i on
m xtur @eﬂf@%d%ﬁ@ﬁ%@eé&e”&as@i‘fédtzﬁ %&3% g&‘v& E'ru@e/‘?: B30 e PPBassod il (30

m.). The mi xture was concentrated and the residue was extracted wth CH2C12
(50 m ok \BynchWeueekltlma@ﬂgit%eweth@ﬁWthﬁeﬁurlﬁ\saﬂehe&w&(ﬂﬁl] né&,208ddMitiFd wi t h
anhydr ous Na2504. The sol vent was renoved and the residue was purified by
si i ca @] coISlﬂmdcﬁrmhﬁuregfapWUQﬁ’éﬂl("éﬁelé&hmmoi) o/bremomyridine-3,3-dginviee

conpou 15 .0 9% I Ste
o Reag ity T oS G AT dndTafing (RBF e R0H 51 P
S equent(js(‘(.zdérl%gwadd&iladm; a(owelim;agmlﬁigaiﬁ?g@fr?nm(leg&? fe?iualﬁe@gy ?ﬂéﬂiﬂlg sauln)ﬁnieas sium
acetate . X an . a rt
under aﬂuﬁ‘é}flﬁ%ln%ﬁgﬁeﬁm regingap g Sy F’EI%IP%‘E thsl%f%écrr{g?o e >h9)u ﬁgDFxtaaﬁtS

at msP%&@cdﬁﬁblﬁé’d whilRd varine nan@['(?fffeﬂ xEthVWaR ﬁ(ﬂblﬁS‘N@go\N TH sﬁv@rﬁ%e(s]f@gowd) The

resulting mxture was washed with H20and ied with drous Na2504. The

S(ﬁl venn resedasves parided hesibesgal aelumwhmmatcfgreﬂlywcw dQQsH g/ IdeMira

16 (227 60%
o) %@%&f’ 1 AL 8T} B -0 S 86 Bes5 7 apcr) Us200) 08845
Cor e ] 09, 386 PR ot Ry AaS sk BEL o MR AR AR 5
Lot 2‘??"0 L?f‘“w‘*%““%}ﬁ“ T T 2ta (505
1. 64 minsh) lw\llaﬁét%ale%@% ) veps 2‘8“?143%8% &? fng B&e ap)atlﬁ%p%q fﬁz (16 ny, i

0. 13 m@icliodhitbre W9 elltcRO tlﬂrBHQxS@EEHQETMfM@\%nd NotBlercdltdakd vBOwR&he8Qite for 17 h
under an atnosphere of Ar, the reaction mxture was diluted with Et0Ac (150

mL) . TAEOHe (ARl ey eFhoeliratesiss ataelerd widsbrén and drcdwithenhyielsd¥d-8Qs. vihe h
anhydr T S| urified b
Si | ?lcagngF%§dﬂn%0V§ ?18%13 edg?%uﬁn{?;ﬁ(péﬁﬁg%gf %lﬁgggél g&f{@/ cl\}}%%att%g? e corrpound
17 (151DCY)/MeOH yi5elldy/vpso givg ebmpaursiB39818i gl 839%GHdUD (sBShhite sofid: IBFRS ( MtH) .

[0385]%%@5 h. '50 &soﬁuti on of conpound 17 (100 ny, 0.15 nmol) in di oxane
/25473 (M3 H) .
(2 nlL) m

[0456] Step f. A mixture of compound 81 (2.0 g, 5.4 mmol), compound 83 (2.9 g, 5.4
mmol), NaHCOs (1.60 g, 18.9 mmol), and Pd(dppf)Cl,-CH,Cl, (239 mg, 0.27 mmol) in 1, 2-
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added 4 N HC1 in dioxane (2 mL) at rt. After stirring at rt overnight, the
sol vent was renoved and the residue was dried in vacuo to give an HCl salt,
whi ch waswo=en/(f66674t he next step without further purifi eariusn0oi&4s (ESI) :
mz 477.2 (MtH). [0386] Step i. To a solution of the HClL salt in DWVF (2 nlL)
was added DI PEA (0.24 ni,1.5 mmol), followed by N Mc-L-Val-OH (65 ng, 0.37
nmml ), and HATU (141 ng, 0.37 nmmol ). After stirring at rt for 30 mm the
reaction solution was poured into H20 (50 nL). The suspension was filtered

d th 1 C C cr T R b O I NVR
?” %rﬁ&ié[:gr Wag @Wﬂﬂf){a@ﬁx@( RE@R@) (%Iak Vit édalt@O @ 9é ﬁ%h@&ﬁﬁ(%?%%nﬂo@phe}é% (d,

2 H J= OQN@)Thege@AO(l dnxtmq Wq}:cogce;&‘a)rateg a11c5th€: gesumebwas 8d¢ezl PEM 2f) mLgand (s,

S 5 30- 5 2 4.12
( S 2 H) ((g(imf.,g Thﬁ |g)rgan e Was W (? W] tg]frlﬁé_%@ c#le% &bdnh%gti’gis ga%?ls %1&1}1 6H) |
2. 08- 2 sOver(tMas Zdrrblcl;veﬂl aﬁ@f}ﬁé 625%(4111(56337a531ﬁHﬁe@bW111b£gd‘1/501(uE;|‘ﬁ| chrdﬁaéogri@ﬁ/. 4 ( Mh+ H) .
WO 201 ol uen 0C chenme
3-4 [ o%%@%@f RarrD ingvE SR 4, & 404Gy 0‘1901(@ .16-‘0@, 19 8
ol ) iESIPHBLEN 7.4 (M + H)'.

[0457] Step g. To a solution of compound 84 (200 mg, 0.28 mmol) in 3 mL dioxanc was
added 4N HCI 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 HCl 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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(200 nL) was respectively added EDCI (9.10 g, 47.6 mmol ), HOBt (1.34 g,
5.95 mmol ), MeNH(Owe).HCl1 (2.93 g, 30 mol ), and Et3N (6.6 g, 65.3 nmol) at
rt. Afterwetzbrwicsgj4at rt for 3 h, the reaction m xture wag/userwodntssat ed and
the residue was purified by silica gel columm chromatography (Petrol eum
ether/EtOAc = 5/1 (v/v)) to give conmpound 20 (5.1 g, 87%yield) as a white
solid. LCGMs (ESI): mz 295.0 (M+ H). [0388]Step b. To a sol ution of
conmpound 20 (2.0 g, 6 8 mol) in THF (200 n.) was slowy added 3M MeMyCl in
THF (4.5 nL) at OC und an at nosphere of N2. After stirring at OCfor 1 h
and then at rt for H@Wﬁe react Hon guenched ,addi ng several drops
of aqueous M2 Th tio coted anchcido® resi due was
di luted wi ueous NaHCeB cﬁo\é\?%%tcer 50 The—orgami ¢ phase
was washell wst h"Brine and d¥ied wif'h anhydrous Ng25D 4~ e solvent was

renoved and the residue was purified by silica gel chr omat ogr aphy
(Petrol eym @ r/ AcCet = 10: 1&v/_)_) gl ve corrpound 21 g, 59% as a
white solld (E%)_T‘E{ HO—O % H. M8, weor N

2010/ 065674PCT. 9 [0389] Ste A soldtien~of co 21 (500
ng, 2 0 mmol) Bk (20 nL) and 48%5%1% HBr (0.5 niL) wa%ocﬁl?wry added
Br2(320rrg 9720mm|) in 48%aqued’ﬁs H .5 ) at rt. 9Mfter irring at
rt for 2 action m W@aﬁ %@m@g d arggl“ﬂ‘OJMggem due was
d|Iuted'v\$P -&EB—E& ed—w—t—h—EtOAc(lOOrer

The extracfs were combi ne H@nd washed vvrth purated NaHCO3 (30 nL x 3)
and dri ed wi®h“anhydrous Na3%34. The sol vent s rcem)ved and the residue
was dried in_vacuo tg_give crude conpound 22 as a white solid,
whi ch wasno : at i onpy/d-z M5 (ESI ) :

Mz 327.9 (MK Ht [ O\te —t—A-sotut i opl o nd Y228( #1511y, 1. 26
mml) in CHICNXP5 nl) 7 espect i vel W afidel

Pro- OH (300 ny , 1. 36
nmol ) and Et3N (387%y, 337‘8d 1) at rt"MFfer st|4rr|ng at rt for the

reacti on m xturp=e oncentrated and the residuoewas dri @wae
give crude «'@ 80 nﬁ‘)z@ PWm ch @ ‘ he n o’ste t hout
further i (M¥F

m xt ure onrpounql 23 (580 ny, 1 2 fand10 H40Ac (962 nﬁj(dp&ff'ZS mol )
|ntolueneE%5 m.) Was stirred at 11 overnlg The reaction m xture was

concentrated and the residue was Nl ed by sili ca gel colum
Ret maheum et her/lé

chr omat ogr aphy 4 = 9/1(v/v)) ve conpound 24 (400
ng, 72% as W @ o/ s OH bC, : z 4434 (P /2‘. Step f. To
a nixture oflca @ 380 I 5y ’ 5-
(4,4,5 Xt tr met hy1- 1,73, 2- i oxabor ol an- 2- {1)k- 1I-r|-||mdazol 2ycﬁ) relrdrne | -
car boxyl at¥°¢378 197 0. 860 mmol ), and NaH NPQCS3 ng, ®01 mmol ¥°°l“

2- di met hoxyet hane (15 nlL) and C L) was added Pd(dppf)Cl2 (35 rrg, 0. 04
. M Qg at 80 C overnight under an

p i oficentrated. The residue was
di | ut ed \Bt*ﬂAHUHQ@\ P¥0 ni) (add &ktracted vmthHE/hkg‘\Abn(SO mL x 3). The extracts
amd washed obrine and drig i anhydrous Na2SO4. The

sol vent wa®"r an resi due was purr fhed silica gel colum
chr omat ogr aph trol ettrer / Et OAc 5/ PN (v/ v) to give conpound 25
(550 ng, 95%vyi el d) asam‘({owsol - LCI\/B Mz 676.4 (M+ Ht

[0393] Step g.>cTo a sol ution corrpound 26 (150 rrg, 0.22 mol ) in di oxane
(2 nL) was added 4N HCl in d| oxane (2 mL) at rt. After stirring at rt
overni ght, the solvent was renoved saTleme 63

[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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WO 2010/ 065674PCT/ US2009/ 066459 the residue was dried in vacuo to give an

HCl1 salt, which was used for the next step without further purification.
[0394] Step h. To a m xt ur @Cofuskée/06€319 sal t
- OH

LC- M5 ( ESVD:20m/0656Y36. 2 ( M+H) .
m.) was added DI PEA (0.37 nL, 2.3 mmol), followed by N Mc-L- Val

DVF (2

in

(101 ng, 0.58 mmol) and HATU (218 ng, 0.58 mmol ). After stirring at rt for

30 mn,

5.38

(m 2|—|)waslg:d9771th wateoipr @qﬁerai H;nes GLOganL 5 3) 8k (Iriczl gith anhydrous Na;SOy4. 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), PPh3 (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 ether/EtOAc = 3/1 (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;SOy4. The solvent was removed and the residuc 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
CHCIl; (245 mL) was slowly added bromine (12.36 mL, 0.24 mol) over 40-45 min at rt. After
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the reaction m xture was concentrated and the residue was purified
by preparative HPLC to give conpound 26. 1H NWMR (500 MHz, CD30D) 7.96 (d,
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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-M (ESI): mz 790.4 (M+ H).. [0395] Step a.
Ref erri ngwocoBalessme 3-5, a m xture of trichl oroacet eal debyds2¢o9/026499 48
mmol) in water (120 nlL) was added Na2504 (104 g), followed by

4- br onobenzenam ne (35) in concd. ag. HC1 (10 nmL) and NH2OH HC1l (8.8 g,
0.13 nol) in H20 (100 nL). After refluxing for WO

2010/ 065674PCT/ US2009/ 066459 1 h, the reaction m xture was cooled to rt.

The s Olcbﬂpl@ﬁ§n 60l g4digsh, e £idtboh @ﬁlkﬁﬂ: @&dstlgtreﬂ §fht i Td} 3‘ﬁa§1&{5§e(ﬁd@ngy \(Sruefagpound
36 (8.0 g, 91% as a yellow solid (ESI) 0 (M=% H.

[ 0396] 8fegeubNahie'Oa was gardfublytatidavktd 'nftllltaaéllze mgmeshm gféld ovaanh‘ lmr rHas whshed SO4

G, 20 S BO UL 8 ESAR TPRG 3E R EHE blal ST 6o
and 7Ot(0g1vé\ﬁlmaé céhpoundmPll €37 grus afbrachelsoig. I‘.GFMSIQESH) 30z 2009 (Mestlhting m xture

was warned to 80 C and stirred for another 10 min. The m xture was cool ed

to rt qmumpoursteb fNT®a s@lendrz&tboga)pomﬂlmls(@b MR mo0ah batsideshs HE/DMR @f1i on,
washed with water for several tines d dried in vacug to give corrpound 37

(3.6 g (V/@@d/?y%nép dys added Nagt Grfye 5%611141@ 6%dmer@ES|n} mygezal opp 8t (¢ wader pyy |
[ 0397] Sh&Rp Here '8‘f ﬂ% XA 8tiRng QOARAUNN B tHe IniRRirdwaSadde BRI | brdmide (8.7 mL,

(4- bronophen hanone
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 phasc 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=10/1 (v/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), EtsN (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,SO4. 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,COs (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;SOs. The
solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum ether/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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(1.14 g, 5.7 mol), and potassium hydroxide (1.02 g, 183 mmol) in ethanol
(50 nm.) was refluxed overnight. The reaction m xture was concentrated and
the resi dwoe 20m06867Hut ed wi th petrol eum ether (100 nli) amdTRESR@E@9/066360 L) .
The aqueous phase was isolated, acidified by adding 1N HCl, and then
extracted with ethyl acetate (50 mLx 3). The extracts were conbi ned, washed
with brine, and dried with anhydrous Na2504. The sol vent was renoved and
the residue was dried in vacuo to give crude conmpound 38 (1.2 g) as a red
sol i d, k7 Fh mgpsg%lﬁﬁafeé n@@%ﬁdﬁh%d%‘/ﬂ%@(fW?ﬂ?Me@W(‘Sf)'ﬁE@)t\ixa@” LC VB
(ESI) mz: . Step d. A flask that charged with conpound
5 (1. zsgrrectat%ovmugbt unég ah@anm ¢ro 08610. Sobf@uCBlY, thn reavtien rraxtumwsfpmeade of

(Pt r oRuaMLy R e dhe oty P e e b R R0 30° T b0 e

yi el d) was cencgatrdtedargiahe d:s1dh€3wlyspmﬁﬁjd)bymi12c.a g8Bdol¥nf hhrﬂymbl)ograﬁoﬁﬁ&i)glsé ep e. A

m xture of co i nacol at o) di boron (0. 34 g,
1.3 mrﬁP‘)“POIB]&t@gZ?ﬁ%ﬁ“%é(ég/a ld?cﬁ@%?%ﬁgf %@1? Ward p Pd(dppf) CL2 (50 ng,

0. 06 %6?3 and_ di oxane was stirred at ' C overni ght under an

at mosph@46s] of S&Pmsﬁ%gé%}u%qm forrﬂ)ﬁ@ldﬂéb?déﬁ%ﬁlgni §tna%1)Waa§l ¥ieut edidiie h Et 0AC
(100 Mgy I\ge) (6 ﬁﬁiﬂ#dv%dﬁ&d‘fﬂb?l‘@@% %%Q)WG*‘C 'ﬂ?&r@@x@m@hﬁ rtd0enfhht gk Wi th
anhydr ous 12504 he sol vent was renoved and the residué was purified by
si | i cargetiorwixvmg vl comsnogedpithe Rstduo was duleted withds@Aoh0=mip/The (v/ v)) to
gi ve C%l”?t??yen a \Qasilgd W%h%fl e8 gr%)&/rl lvg hanlhgarl\@s IQE%E} ﬁ{e olveggwas rg oved!_gnd (The
correspondi ng POTon! 1'a” e edas an activ

i nt er meleh r@tidud wis ﬁdﬂﬁied@}(%ﬂﬁﬁ gﬂ)coluMhZ&ﬁﬁb@ﬁﬁl@?@PﬁH]kﬁiﬁ%ﬂﬁgEﬁﬁﬁé59/ 1

0400 A sol utign 0. n, DVE/ H20

(31 20VRY i eggied JB6 L BAT A Py Heded G G0 FaP %@6%5““8\”)”'1)
2-(5-i0do-1H i m dazol - 2-yQopyrrol i d| ne- 1- carboxyl ate (. 80 mol ),
NaHCoS [§499b  npdtem ke Angpitgre Oéﬁanme@sﬁ? LImg oo k)e@s(ﬁglag%afemb%n at rt
under ng 1 8tnn&f ménslen., an

t mosphey &St A SUCBepp ACHECISH 00 BeoB Sty KR EPORE TIONRL) . he
or gani én fligyane (Wasli) sk atieel] at WA SE dor lv\h thdep pin h@losahrmie of Ned hwctahtlmmy@mrous

a2 SOt USSP AL RS TR 64 AN PECTE UG B Bu i B By st ca g

col urm "¢hr'dfrat ogr a acetone = nd 17 (151 nmg,

ESGORIR (73 TR 0 A LSS n}ti‘l{@ﬁ%f el orid- ﬁ’ﬁW? hodéqiﬁi]nft o

was ada@illaAd - sliroxaine- 1(&rwﬂx)/1ate°d3t7@fng$1 lon lmrﬁtg) a:@udw‘zedcvq;zeman{(g[mt 201 gy,
reacti on m xture was concentrated a sidue was dri I n vacuo to

gi ve ar-Hemolal 2-digsthoryeiaanc s é&)fwert (Rénweﬁled %é(ébp%ltz F?‘csh@lzf(h@q H&r0-12
purifi %ﬂﬁél?’ﬁndek% M@n& §J:rl: of N, ZAfEer@tlgrl Mﬂ?@ °C [fmlnﬁieﬁgn thol_ e 5@1‘\4{ Wee of
the HC1 salt 1In nm.) was add | PEA (0.3 ni, nmol ) , owed by
N- Moc- [reaghipn mt(lrzgvaﬁgdde@ K6 Q69 ) manﬁmm@wnai\é@ﬂxgm mLstAﬁtnmln)rmgAt ttdor
stirr rac re 0] H20
The. sorPdtiL® miftbs gk R AR S e U O At 0 PEY REEW I 2 |

gi ve cofpolndhédrgahkd IWW(&&&S}MCIZVHKEBQB)MSH& @&h @dhdechhs Nk5SO,. 5th) 8. 63

1 = 10. 8 39 8.18 8. 08
Ed zﬂbsoljmti’sﬂsﬁﬁmﬁw dgn é*esfesz e(‘?ﬁé% s py led BifcHg &0 Pan C@Fﬁ)mat%fﬁw 10 (m
2H), 3 ﬁ&ro%u%YetﬁmEtéﬁ)c %18@ )?% gl%%mﬁoﬁa 1087140, %°>§;1ela 2 &&Ps A -
221219 (m 3 2.14-2 00-0.83 (m 12H) ppm LG Ms (ESI)
m z: 790mpoyii L7} CMM)EQ@YGV#@G@@Y US2009/ 066459 Schen‘e 3-6 [0403] Step

a. Referring to Schene 3-6, a mxture of 4-nethoxy-2-nitrobenzal dehyde (42)
(1.4 gl04717 mrfgsep mankp aasqimdmd)fypmemwd %éibﬁm@;(ﬂleﬂm@ 1]3311<g<an572 mbbIps was

added t ?e% £8 lI—ﬂEll 109(£nes(g at {1 yiatgr mhn %t rt ov%’rm%l%ti the reac?l i i urter\])vanOI (10

m) at'r After stirrin reacti on moxture was riltered.
The Solcblﬁhem&ae&\ﬂﬁi’lﬁdrésdchbwmﬂﬂéd ﬁﬁdca%%g@\td’baﬂﬂm], sattespiek tvay aded, forahelnekti ed i n

vacuo to qgi. ound _43. (1 g 7%y a yeI I ow powder. 1H NMR
|(_|LZ:>001II\_/I|)5§I’7 63 t(sli“t zrrugégttﬁi* %ég%g @78%21/2(1 1%!)/%%{6) 08 (d J7 goo(az J;H)Z °

, = m = 9. , ,
3.94 (s, 3H), 3.87 (s, 3H pmeC—NB(ESI) mz 311.1 (M+H).
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[0404] Step b. A solution of compound 43 (15.5 g, 50 mmol ) in THF/ et hanol
(5/1 (v/iv), 240 nL) was added NaBH4 (2.8 g, 75 mml) at rt. After stirring
at rt forwo2ni0/aeh@4r eacti on m xture was poured into i ceP@RUSLOMNG4EY eat ed
with 1 Naqg. HCL. The resulting m xture was extracted with WO

2010/ 065674PCT/ US2009/ 066459 Et OAc (50 nL x 2). The extracts were conbi ned,
washed with brine, and dried with anhydrous Na2SO4. The sol vent was renoved
and the residue was dried in vacuo to give crude conpound 44 (9.8 g), which
was us?aiwfzpr tsﬂ@;f REXhbshEMi b oY s{ibRhGEsoRRE i DRAE {zqm) Jmﬁ tb/@regﬁﬁhg Lk
335.1 (M + Na). [0405] Step €. A m xture of conpound 44 (9.0 g, 29 nmmol) and
10% Pdn@xipre BaspddpdDIHFA (R3Dmid 3. Oamdolwéﬂ}ﬂiH(P@GLnY)ﬂ Q188 ingr @30 amadp ag! f or

48 h u er enoh T mxt hr ough
eI eI ARERERIhEN kol EREL) PRl Pl bheglebddd
filtratie was. Tbmmlﬂtwatceﬂecae&bytfﬁleaﬁ@sarﬂqﬁnﬁa&bppfepﬁmed: HpLSitd piva gel col um
chromat o Pet.r et [ Eth acetate 9:1) to give conpound 45
(5.5 g° ROI&G)’I&H#@%@M}]S HﬁdHYIEH NVR (500 MHz, CDC13) 6 7.16 (d, J=
8.5 Hz, 2H), 6.91-6.87 (m 338—1) 6.25 (d, J= 8.5 Hz, 1H), 6.12 (s, 1H), 3.80
(s, 3H), 3.75 (s, 3H) 3.4 5 J— 110Hz,01H) 3. 27 (t, J= 11.0 Hz, 1H),
3.11-3.05 (m 1H), 9056 8. g2H) [ ppm LC—I\/B(ESI z 270.1 (M +
H . [0406] Step N‘?m Rodte 8% co A FH{K/O d 10% Pd/ C
(1.4 g) was S d at—ﬁe—zee*cg@g nB%nderﬁm spHere of Ar. The
0

m xture was Spurifi 8tk by silica dgel” “oldn chromat O(Petrol eum

et her/EtOAc = 6/7T (viv)) to gl ve conpound 46 (1.8 g, 6%@ as a white solid.
LC-Ms (ESI): rﬂz 266. 1 p0407] Step e. To a solution of conpound 46
(0.80 g, 3 CIGHRIOE in ?—6/_ ) was added 4 N BBr3/CH2Cl2 (4.5 ni, 18
mmol ) at -40 C. Aftesr stirr) BeeNat’ rt overnight, the reaction mxture was

diluted with water (30 nmL).,Jhe resulting mxture was treated with 1 N ag.
NaOH solution to adjust the pH4o 8, and extracted with EtOAc (60 nmL x 2).
The extracts were conbi ned, sh d wlth brine, and dried w th anhydrous

Na2SO4. The so nt was r%&\/@/@l\, nd th 5| due was pur| fi ed by silica gel
chr omat ogr & @’- rol@um et herBort 0A€r? t 47 (0.7
g, 99% as a o id, EGyMom(ESI): @ to[u@rﬂaO&})St ep f. To
a solution of ound 213746@: 82m@nt 3.5 mml) agl pyPldl ne (1.3 g, 16 nmol)

in CH2Cl2 (45 m_ was added and _Tf 20 (3. mmol ) at 0C. After stirring

at rt for 30 mn, eactipn een ed and the residue was
purified by SI|IC : bp?n Et = 10/1 (v/v))
to give conpof : (0&4@6&%@92 9 w 3ol id. {ESH; Mz 502.1
(M+ H. W *ef G65674PCT/ USZQ006H06458 [ 0409] Step g. Amef:u of
conmpound 48 (0.40 g1140. 80 mol ), bi s(pi nacol at o) di bdfon (1. 6"5 4.0 mol ),
pot assi um acetate (0.55 g, C and Pd(dppf)Cl12 (200 ng, 0.24 mmol)
and di oxane (20 nmL) was sfi & C oyer ni ght 1 undeicfiardt mospher e of
Ar . Subsequemndolny, 11t he t poff m Xt wgs |[di | ut ed—wirth—EtO0Ac (100 nL). The
resul ting mﬁ% wi th H2T7( 508Nt aﬁdzd'\ATLéd_)'% il anhydr ous
Na2504. The sol vent NEesnpved angl the resocdlue)was gﬁgzgl ed by silica gel

UI’

-

col um chr omat ogr aphy (Petrol eum et her/acetone = 166 ~to give

compound 49 (0.20 g. 54%yield). LGM (ESI) nz: (The

correspondi ng bﬁr 4@\ Acl d_was al so isolated and used as an actlve
intermediate fo Ohe n @
NS OTN\)
YfNH HN (
0
P 117 O\ °
Scheme 6-4

142



[0410] Step h. A solution of compound 49 (160 ng, 0.35 mmol) in DVE H20
(3/1(v/v); 40 nm) was sequentially added (S)-tert-butyl

2- (5-i odowoHeiomeseraol - 2- yOpyrrol i di ne- 1- car boxyl at e ( 388CEIS20090864590] ) ,
NaHCO3 (289 ng, 3.44 mmol), and Pd(dppf)Cl2. CH2C12 (71 ng, 0.090 mmmol) at
rt under an atnosphere of Ar. After stirring at 80 C overni ght under an
atmosphere of Ar, the reaction mxture was diluted with EtOAc (100 nmi). The
organic |ayer was isolated, washed with brine, and dried wth anhydrous

Na2504 194f3¢ SAWSARNGSn f%@%lﬁaﬁe 80d 1 NS 1R - 4"?%9““ fied by silica gel
col um chr omat ogr aphy (Petrol eum et her/acetone = 2/1(v/v)) to give conpound

50 ( 15buteyycagamyimerhincatcabyelliconddbilisd22.0qumE) QIEHD§PEM4Z3%3SOMIQMP@
[ 0411] nred sol 0 nd 50; (140 ol ) in
di oxan?ﬁp(lm?llagas a(ygdﬁo%RP%llgs (2% gggne atrﬁ ‘%Smirm b errmnstﬂ}er ring at

rt ovemgicbt mittiie waeadddddATUXT 6rge2®va$mﬁamwamdchtl afld apdestuhgmeistuiiei®ainas
dried in vacuo.tQ give an. HCL salt, which sed f r the step
I idnd
géj‘r atqeyap

Wi t houtt lrrf%ff qtyifor b eagtiogmixee Wes gapesnt Argey ?W%dlﬂ][‘%}fﬂ] Step j.

To a mpxdME @ mbNhdeeter(80 tnll) nT}QM:%z(Igc Phake WaswaddedilRIRE, afPdrd With 2. 1
mol ), foIIowed%l\l—BocLVal ”81 0.53 mml ), and HATU (200 ng,

0.530 mnidrousAfadP.. Jhe solvery v rﬁrrtlovreélan@ eripsiduct s dr@ém YagHo ta SV erugas

d db
D opar A b fbputiisaahd S0 o5 BLNEEEQRY rlish fit \CRBR B 57 Y
), 8. 6puBfi&Bioan,C-M§ (ES) A4-B0AYM mH)TH), 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)0473] 66 Step b3K) mix3urd3f {@npodiiils 1%@6 1461 (121g) in }Qc@H(ﬂﬂ @5 (vay stirkd,
1.01-0.8 Sl) z 790. 4
2010/ oeis/g@z szEr/]I %@z 6@%}6@@8&333/‘*5@5{(%}9@ mixurg ‘cm%fids% 3150 ige Vﬁé?rzg?q "y #¥ Schene

3-7, apEiad a 4. 35 75
i %?t%@%@bﬁﬁddﬁ%ﬁiﬂﬁ@d écale(u% 1355@( t@gdjﬁ@"f‘ﬁh)\f luBWpﬁC@:f[YllI% ge?,glé &%) 2012

(3.51 guxt@reowwmcte@wethmac&JOGQL@& gl tbe FFEICTS Wt aeth afpcbwsmdww(moo )

oo o Pt dfla QET R B by RARINGEO 2P RAVET: Sefertiived INE UG SARCBUlRUT © 6

m.). The sﬂmggd:ooldnrcyﬁnﬁc;mfegmpl&h@ggghe?ﬂﬁ eetlrer/ﬂfDAmd 1 Gvéd)rmgwet @nippd?cFilitéla o

Na2504. v

JaRACOR it 8 &f@ﬁmﬁeﬁeﬁ?l&%ﬂrﬁw%@wse AT IR R EPEDSe soapaand
53 (10. 89 LC- NB, (ES 20 .

201(()/ oé@t?%hp Elsaségpé@e g@%&mw@ﬁhﬁﬁen Q%%@P@eglﬁn%@ﬁ}ﬁ%ﬂ &D & (2.4 g,
11. 7 myBb)mapy 1@@@%2(06 n&)gwas%édgd @l eri- Bhta_ﬁE:alﬁaggylmﬁtérpﬁiﬁg MRMI(RO ML) was

stirred at rt for 3 The sol vent was renpved the residue was dil uted

wi t h ERrOAc20030 SHymmoi B (60O i5rli. 483 manad). despeativalyvt AftaintiydrouishSia2504.
Th I I
e solyant h}’i‘@ﬁ (1{5 {f‘%}{%ﬁxﬁ%dw%] s%@é%vﬂﬂ@at%ﬁe&%%ﬁ Ju}% ‘?‘\%{fi’ﬁbf(% b3, AfifracGp! UMM

chr omat og r ol eum et Facetong = ive corrpound 54
(1.3 g,aqM% NHiCh(SQe]h]L)oxmdjbrine ieéiadVBve(leSln)i driod WltﬂlaﬁhyllrédVIMSO{ U4t SIStep c.

To a sol ution nmpound 55 184 mmol) in Ac 5 s added
2" (17 repoved gt BBRSearR dhedin vedind e PRcd siipRd UABT AT ER” i xt ur o
was fi ke fol A&t S0p wikh¥@SuM@s padfinitioh. s el hedi7gn (xaeyp to give
compound 56 (38 g, 96% as a white solid. LGMS (ESI): mz 215.0 (MtH).

[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 Na2SO4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/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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[0416] Step d. A m xture of conpound 54(17.9 g, 83.3 muol ), conmpound 56(11.0
g, 83.3 mol), Cul (1.59 g, 0.25 mmol ), Et3N (23.00 nL, 166.6 mmol),

Pd( PPh3) 20020(02069674g, 4.20 mmol ), and PPh3 (4.40 g, 16 PCErusk)0vionc4BNF
(100mL) was stirred at 40 C overnight under an atnosphere of N2. The
reaction m xture was concentrated and the residue was diluted with EtOAc
(500 m.). The resulting m xture was washed with brine and dried with
anhydrous Na2SO4. The sol vent was renoved and the residue was purified by

I I ] / N o t
: | vgcgoargguﬁg Y cl&f@gﬁﬁegfmuﬁﬁu e S%e'er@s%lh@lg ﬂ%@%ﬁccﬁ t&)@éb%ocg 1 1}’8)%% %%

A sol utgi 68 mol¢m&aa@3 617615 15.05, mml)mva»dlpna@(@@@ l(IlLO)Wam@devl/as added
hydr ox | or | 5 , 25.0
e e e R A S

was addednig:}iawje( dn BnYspldie G0, Jheatudtibl GiXthe vvds)fllteﬂ'dalehrroagluCELﬁgETﬁ‘lsxs ure was
refluxed for. 12 h and then r at The..r e was sol ved.in EtOAc
and t héd hedilersdgaks Yeuve gmﬁ&?ﬁ (fg%tlﬂLbr%)n f‘afﬂ&af&rwaéav %%Wl&hh@vzfr ous

Na2SO4 and Bge SRItY 8y VRS Nagsqu'ﬂe ekt Qs FRIvEY Bnd VRS rélidug dva PuNAEHEY 0 gi ve

crude corrpound 58 (5.8 g). LC M %SI mz 282.1 (MtH). [0418] Step f. A
m xt ur éiligh gel r@Bateal@nhy@CM 01 (afvd) te EvPEOTPPTS! kH§)20re, Et%H (25

m.) wa t nder an at nosphere of H2. The reaction
m xturé L ?W?Zése@i m)%\ré%glg TETNH45. The filtered cake was washed MeOH

25 m_ . t h fied b
gi lica g4e7l§ col ug%E JF](Er g%la }AelaO% ﬁl%&gn%g]il@ nglu% Q%@F%I%%Hwnmég%ﬁ d IE!%el\/ls Y
(ESI) : 1782mA6H, ahd (NAHA)O; (3M019/n€}ﬁ&6m @S&QQ%&&&%QS M43k Sfieed g. To a

SB(élr gt: %ﬂ@%%a@rfﬂz)@un@ﬁg g& ﬁ%ﬁ%}"lb‘t‘nd%@“ @rﬁﬁl@@ 26%% %ﬁ’@%%x@% ﬁgdef\f E‘Er

stirri %gerﬂighf ﬁndéi/% ﬁh&%heré &¥eNS 8RGEdcAbn %&u&%%@@&n@é’te&% RO radRfu8 fyak 10
m.). Sub se uent he m xture was treated with saturated aqueous NaHCO3 to

adj ust dilne Wh\fé(v)ﬁé 1Y IsL) andewwrg@ﬁlr@)l Blyeorgorie Patkrs Masl Washed vt tmednd dri ed

th fied
b AR QLS RAAR A e KISSOONKE U NSl RRNEA AN HAEL 3L Qg ye puri T e
gi ve C(a(rllnmmrtdir(ﬁﬁht(ﬁglralﬁﬁ' (@ctr&la%l eﬁ]sr/a:emnet:efl/ B ol)to dice ddspolafd 116 (310 np38. 1

MrH) %, Ste on o trate 7(1.36 g, 5.7 mmol) and
(yr |H21I| e "(yédléé Y Wfohﬁ'&rag'i&nt%lb@ﬁg(ﬁggﬁm@a)ms(addedng 20 (5. 84) g,
20. 7 CH2C12 (3Q t 0 Af t t C for 30 th
r eact W*ﬁi Ix'? uHeP gado é@HH&%@%{O@&%H@p@H@#@? %({,%Qv%gl lamql)rlpéiggw @.r?i |n ca
gel CO'n&L%a%QH@é&WQFC@BMﬁoﬁfn%t(B Olngum et AGLY Er@hCatTt £98 T, heh¥akdiod ighiee

compound 61 (2. 4ﬁdg as a yellow solid. LC (ESI): mz 502.0 %Mr
[0421] Stee goricemitad e kive o GUHING {0, 10 sifoNich was used fo

ot ), "R BaCHERY FERS 1B 8a%y: “0 2 owbi ) "ana di owan (80 nL) waS stirred
80 |
o xt ur SBL G b SRR B O PR BOSL 5 il ERERE Y 886k e

Wi t h Ha@x(EEOwadaddahDIREA i43inlh2 aminyiol), NMd\ia]ZS&40H]’¢166$ﬁg oe@tmms an@noved

and th |de spurl ied ilica gel coI romat.o Pet r ol eum
ot her / SLETRE %WPI))I)CSH%‘%/ 155 S e B30 r(%@ewctle %1’51}% . LG MB
(ESI) %Koen&a’ﬁgd §nc{tM: testdue wad BEH QI ByeRBRRAVRHM AT ANt @mpduk@s1Aligamvssol at ed
and used as an active internediate for the next step). [0422] Step j. A

sol ut | ORSFMEIAPSUMEt B2 (1.7 g, 3 7 mmol) in DVE/ H20 (3/1(v/v); 40 nL) was
sequentially added (5)-tert-butyl

2- (5-io0do-1Hi m dazol - 2-yQpyrrolidi ne-1-carboxylate (3.70 g, 10.0 mol ),
NaHCO3 (2.7 g, 32 mol ), and Pd(dppf)Cl2 (0.65 ng, 0.80 mml) at rt under
an atnosphere of Ar. After stirring at 80 C overnight under an atnosphere
of Ar, the reaction mxture was diluted with EtOAc (150 nlL). The organic

| ayer was isol ated, washed with brine, and dried wi th anhydrous Na2504. The
sol vent was renoved and the residue was purified by silica gel columm

chr omat ogr aphy (Petrol eum et her/acetone = 2/1(v/v)) to give conpound 63
(650 ng, 26% as a yellow solid. LGCGM (ESI): mz 676.4 (MrH). [0423] Step
k. To a stirred solution of conpound 63 (200 ng, 0 3 mmol) in dioxane (3
m.) was added 4N HCl in dioxane (3 ni)44at rt. After stirring at rt

overni ght, the reaction m xture was



WD 2010/ 065674PCT/ US2009/ 066459 concentrated and the residue was dried in
vacuo to give an HCl salt, which was used for the next w thout further
purifi catworen106sévs (ESI): mz 476.2 (MrH). [0424] Step PCTRsh@ogeant |y, a
m xture of the HCl salt in DV (3 nL) was added DI PEA (0.5 nL, 3.0 mmol),
foll owed by N Moc-L-Val-OH (130 ng, 0.740 mmol ), and HATU (281 ng, 0.740
mml ). After stirring at rt for 30 mn, the reaction m xture was poured
into H20. The solid was collected by filtration and purified by preparative

HPLC t gyl VIR LIOTP QYR e6¢ of ddth PR A6 8PPofVhKla IHS0D) ppm 9.80 (s, 1H),
8. 87 87@%%8‘0‘%. (m 3H), 5.30-5.27 (m 2H)),

4.25 (s, 2H), 4.12 (s, 2H), 403390 3.66 (s, 6H), 2.61 (s, 2H),
2.31-2.08 (m 8H), 1.09-0.90 (m 12&9@”7&%E8|) mz 790.4 (M+ H).
Schenme 3-8 WD 2010/ 065674PCT/ US20 6459 0425] Step a. Ref erring to

Scheme 3-8, to a sol utjon of 132((Rsf0 g, 14 7 mpk] ] QL) at rt,

N, O Di net Wdr G Pam n yroc .
g?ﬁe

16. 2 ol o Et 3N (2.2 @2. Opermwoty)Nawess e Adided. After stirrhpy at rt
for 24 h, thé reactl on mx&eure was concent r at edand thedpge5| due vh& y | ut ed

W th DCIVI (150 ni). e e was washed with saturated aqueous 1 and
brine, r&w&,ggxgnye M@nhydrous Na2504. The sol vent vvas
rem)ve2HATU of DMF e was p fi y silica gel columm chromatography

(Petrol eurge her/ \@fv 4/ 1 (v/v)) Woyg{ve conpound 133 (3.78 g, 87%

yield) as E} dow sdlid. LCM ( ESIO?D/ z 295.0 (M+ H). [0426]Step b. To
a sol utidn sconpo nd“H133 (3.53 ¢ ZKO mml) in THF (80 nL) was slowy
ft

added 3M CllnT 6 ny) at O er stirring at OC for 1 h and then
at rt for another 1 h, the reacti oﬁ v%s guenched by addi ng saturated
aqueous NHACLl. The reactl on m xture was concentrated and the residue was
added saturated aqueous NaHCO3 (25S¢delmeand Et OAc (100 nl). The organic
phase was washed with brine and dried with anhydrous Na2504. The sol vent

was renguafl arngtep BRcFBSh iéeSc‘i‘i@éﬁe i & ddMutRGH@- Hré’m%ld{@olﬁloﬂﬁ’g}lﬂﬂe &e# (3.0 g,

10099 as a white solid. M5 (E SIy: mz 250.0 0427;Stepc To a
sol ut i éﬁh%g, kd m@mjhm alllmirelzs mmldgw (12np) mwdqdnlrmws@b{owmi 29-84 28

1Pr 2NE TMBOTf (7. 47
o 35, ShfSb . e BP0 VTG b R0 OB nnfe B 300 1 Gl

t hen atcomcientfrmed dhotrdsiduc des d1$dﬂ&ed edeEMah0erimt 1) uheremlﬂngvamtted: wastwesbat ur at ed

agueous b ive ed with an 2504
A o R 2 P DT it P RE SR a0 e syt B s e DR D
conpoungkidudSvas %uﬁﬁgi by Mmacgu w&ﬁmﬁ%ﬁﬂl)nfaﬁf rzlﬂlh P&iﬂlelﬁﬁ @taewcéﬂaﬁak Aupnher
purificatjion. LC M sol ution of

0 42 a
P orpoURIETSSTBGY 6,024 Eobhmpic)jana TN BgidhLs MBLEaD o 3SRy “adbied
solution of NBS (1.79 g, 10.1 mml) in THF (20 nL) at 0 C. After stirring
at 10 @481 1 Step bhdopdaisiiropf epmpounes esScorcenmodl e terhbiutyhe(tesi due was

di | ut e, yist 5 N and dried with
anhydr gu’ ﬁgtfg%til%‘h% 31q\ﬁC\)/Xean{;]%lalip2( 1%]}‘% O%EP go%gﬁﬁ}%&% f(;l’l ed in
vacuo ftarbgkwetcct.2dle, ?c@nmml))dndB[GHCB)g 61.9) g, M0 mmolas 1\2sdichedfoxydtiraned3® st ep
wi t hout further ificati ) 3 0429] Step e.
To. o setaingriatr CHlbb e PrshENGh Gbks Bagis 05 mebb AL adid o) ot r.
( gzj SF BﬁﬁoAf tsBﬁ&e t&“Ng AR s@iring bt 80 POYBYJrnidRd tHetr8Nti6S mbdtu wdZohcdNiRic). MRS €
adae er stirri

residue was diluted ngth 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 ether/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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WD 2010/ 065674PCT/ US2009/ 066459 at rt for 5 h, the reaction m xture was
washed with saturated agqueous NaHCO3 and brine, respectively, and dried
wi t h anhywocor/MeeZ$O4. The sol vent was renoved and the Pesiusa@omestsgdri ed in
vacuo to give crude conpound 137 (5.0 g), which was used for the next step
wi thout further purification. LCGMs (ESI): mz 463.1 (MtrH). [0430] Step f. A
m xture of crude conpound 137 (5.0 g) and NH40Ac (8.39 g, 109 mmol) in
toluene (100 nm.) was stirred at 115 C overnight. The solvent was renoved

and t he £ Qairdbeaiic tHs|dut &ds WhHEDHELORS( QL saltNEhith Wall LR RS R/ Ped
with water and dried wth anhydrous Na2SO4. The 501 vent was renoved and the

r esi dushamest sier withed fipyhes piiifecatige LG Y SUmRS oz SABLEXF apHY ( Pet r ol eum
ether/EtOAc = 3/1 (v/v)) to give conpound 138 (1.2 g, 25% as a white
sol i d. [0484MV5 (&) Y SnbsequichBy 1th¢ MiEHpalt WaddBdJoBted pn PMITQ raL)wmdtthcc esdfingonpound

138 (442 1. ) 0 und 1 o, CO3 (336
o 4 60X PRy g IR A B VR g e b e R e

Pd( dppBAat2 042G, (Xmﬁmﬂg, re@peZﬁVdH?ﬂ)ﬁlﬁer @ﬁﬁ’ﬁh@ afi f&?ﬂlﬁmh&feee@floﬂl\lﬁuxt&fet er
stirring at 80 C overnight, the reaction mxture was concentrated and the
resi dudangenagniraiedendine WS@PM@S Peficd by pisrprape HPLS eigverseamnsrgddt-dphase
was wa§m§g§M?y@@§p1@gwang*drled wi th anhydrous Na2SO4. The sol vent was
renoved and the residue was purified by silica gel columm chromatography

(Petrol eum et her/ EbOAc = 1/2 (v/v)) to gi ound 140 (5 y 68%

yi el d) a yeII bEtd gr LCG-MS (ESI): m 3.4 (MtH) . [0@?%@ h. To a
sol ution of corrpo 139 ng 0 19, ymo n "€di oxane r(2 NY) $Tadded 4N
HC1 in xane riAglat Brt for 2—-h—the r%actlgan m xt ure
was con et Nied é?‘?dctheﬁgs«r mas d| ssglved |n watBrC (5q1L) ‘and added
sat ur at ed?aqueous NaHCO3 t oeadpust pH val he resul ti i Xture was
saturated with NaCl and extracted with DCM ¥ 5). The e DTN €
_anhydr ous Na2"504 The sol vent 9&/as

sacuo to give a free base, which was
purification. LGM (ESI): mz 633.3

used for the next step w thout” fu

(M+ Ht [QA@%pﬁe sgquently, he free base was dissolved in DCM (5
m.) and th tu pded J\ NVaI OH (40 ng, 0.23 nmol) and DI C (29
ng, O. @ﬁﬁl) After stirring at fir @0 nm the reaction mxture was
concenty atged and the residue was pur Nmby preparative HPLC to give
conpoung—41+—+LCGMs—(ESI ) : 4 ( WO

2010/ 0656 74RQY:. USTOH9/ 066454

conbi ned and dried with dried
renoved and t he residue

wnt hesi s of conpounds of Formul a
He [0434] Step a. Referring Sel ut | oh* Bt H¥d%gund 27 (5.0 g,
20 mol ) in CH3CN (200 ) g, BOammmEl, pvHOBt (675 ny,
30 nmmol ), MeNH(Owe). HCAA"B°93 g, 8D mml), &nd:E{3N (6.1,9, 60 nmol) at rt.
After stirring at rt for 3 h, the reaction ARt e @untrated and t he
resi due was purifi ed by Si I ica gel colum chromatograp @Petrol eum

et her / Et 0Ag @ gl ve corrpound 28 (5.4 g, 92% yield) as a white

=t

Ao W T

/ oo

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 ether (250 mL). The resulting mixture was washed with sat. aq.
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[0435] Step b. To a solution of conpound 28 (2.9 g, 10 mmol) in THF (100 nl)
was slowy added 3M MeMyC1 in THF (20 mmol ) at OC under an at nosphere of
N2. Afterwetzbrwiosgf4at OC for 1 h and then at rt for 1 hpCrhis260m6d4s0n was
guenched by addi ng several drops of agq. NH4Cl. The reaction m xture was
concentrated and the residue was diluted with EtOAc (100 nlL). The organic
phase was washed with sat. agq. NaHCO3 and dried w th anhydrous Na2504. The
sol vent was renoved and the residue was purified by silica gel columm

chr ommwalta/bﬁfet oYl %B%tle&%tan@&t&swée )Tht«:@ol%mava%%ﬂmya%@ (2.3
g, 92%yield). LC (ESI): 24 ep c. To a solution
of 29 (e 8gideg W$S4drmdmtz yaqun t@@lwemld@mmpm 9@r(d)b4\g1) sseayelb)@d@HWBan ¥48. 8 g,
14. 7 mt't(s)é dfof Fhe nte)g stetphW1 lou? %urtliltrerl rtrctllflcatlont ECHQI% (ﬁgl)% f)sleéq Q gl\/l,[ ﬁf}tl on m xture

was war e |rr|ng or "ano the reaction

RN O DI R R DR AL B e

r enov edti@edlattrh@r ISB$1155EQIHW@;§/ thciredttibm niaGreOvds@ogicd €nt6 fidech@at6i10 MRO tURPerddn( 2. O
g) as a yellow solid, which was used. for the next ste wi t hout further

puri fi &9 figared ped s flieatp yas ppufralizgsd it (ANHQR weps colleglgd BY i on of
COWpOU@@trﬁQn(\%as%g’d Q]t‘th@\%‘t%d)drfeﬂ z%é@p o) n%ﬁre%@@ﬁp&htﬁ@@l Laddp; OH (1.6
g, nmol ) .2 mol) at rt. After stirring st rt for 2
h, thehCéé%(ESihmrh%d}(MMQ vvashed W|th saturated NH4Cl, and brine,
respectively; the organic phase was dried wth anhydrous Na2504. The

sol vent0485% r itey edAandturhef soagiodods WRamdd21 €32 inrg, J doumot) an gihydroms ude

gg???:’lg)g{lg 106, 52 Pé) % ?cﬁéfi;ﬁl dr{@s S T%ggtl(f Weef\ st Qr\%%% a rt%)r él\fl tt}?eor%gctfolfllrrﬁigﬁfte
2010/ O&agzmﬁéﬂ&ﬂﬁm%@&@faﬁew{a@é@&ﬂ&deﬁ DEM AS (rink ). U'e ndiktueowposiivied¥ith2. 4 g,
5.2 mml ) and NHAOAc (4.0 in toluene (52 nmL) stirred at 110 C
over ni gfter (R mbegdiand dyied Wh% atl@adms 2P % tTE SN Veéétrewefi@ntit cARAIYi | ut ed
Wi th Etw%é‘gul(lﬁ&pwﬁﬂ-glhcér 0e c@uﬁﬁ%ﬁ%tﬂ@@grmnﬁq})@é/ﬁ&roﬁéﬁrﬂ Edked 5@39@9‘@ gN@ZCO:g

(50 nmL x bri ne; respectlvey t he organi ¢ phase was dried wt

anhydr @m@xmmmpvhedswlamé 92’ (168 meehBpeitldnd atkow edi HuMHaIsS I ara 355e9d by
silica 1818 Eﬁ ol um chr omat ography (Petrol eum ether/Et0Ac = 1/1(v/v)) to give
compound 327(1.4 g, 62% as a yellowsolid. LC-MS (ESI): mz 442.1 (MH).
[2??3_9]( i@é&%] ' Stepﬁ X 6 O0 e SOMRANAD 2324 03/ 868’mg 03s mmol% (-t%}t:‘t}u%;lt_bmyl
(4, g 5,2|5(6t(et4[5a51etﬂamtﬂlgz1 B32- atbmbahmrpt@n 124- yan)zopdjﬁmmzdazqt)plﬂnmﬁiﬂd-ot i di ne-1I -
car boxyl ate in 1,

2- di rretchr(?%/}éﬁtﬁé‘t@ g0 Hl}lﬁlaadaqﬁtzte&alt%s @@7 %% Taadleh Hpa@cﬂblaf:%v@wﬂtaz?ﬁ%g,
0.34 %kn&%ﬁ‘e&(ﬁﬂmﬁ? %§M&&@d@lﬁopb@lz ALLES (88id, 0i0BGA1) 80t ¥ Gh NI ght
under an at nosphere o 2, the reaction mxture was concentrated. The

r esi duetmeshet bﬁNedAftartshrrmg@t $&BUC aromightd tlteheacaqm mrmwnmgaed erdict ed

w th Et0A xt.na n shed brine
and dr}ﬂe %51&? " Anh %d%EJOsAChQQQGH“ ) a%l]gvaﬁ% %g%r%l% ew%f 1%%%?%' due
was pumxtaﬁheetdmhybmte aI&BdrgzellwﬂﬂdﬂhmoﬁhN@ﬁﬂmﬁ{mh&n(Pﬁﬂeﬁtb@ttﬂﬂrﬁtth@fesﬂdﬁé O0Ac =

5/ 2 / t. d 3 78% | d lid. LC
(ESI ;Y“\éz)s??“ gefgbvvema@ Qrpe&ﬁr@f‘femﬁap&y o uglt?t ?@%02\& u{/.l ZWVﬁ?O %'easﬁpound
33 (25Q, @urﬁ9%7(1m|g)57%y@k9>ﬁﬁ%orﬁ dﬁ‘d)%"‘%gr% QDe/Vghaﬁ )Lcatdl@e(ﬁsﬂ) AN HCL in

dloxane N2 After stirring at rt the reaction m xture was
concent/PRtéd ahY - the residue was dried in vacuo to give an HCL salt, which
was used for the next step without further purification. LC M (ESI) m z
475. 3 (0489] H) St?l@MI])Stselptibn oRweguehi (PO md 8. 1WdImeh fin dipganedsdanded in
THF (5 130 0.74 mol ) at
re. Af tagefé-e)dsﬁ ﬁrclp ng CE@ t(§ P’LSL %%er s*’mng%ﬁ?& I‘( %/ﬁnthe reagtb"“a“él e was added and
t he resuhdechfiged aat:tht: @amdnib xitabl d8ed\vaS a8ilid torggvt atHCE sattpwhlahl ek agedZonthe hbe@

sol vent was re d an the ri by preparative HPLC to
give cd Bﬂﬁautﬁﬂﬁ%muﬁt o%gm%ﬁ%%ﬁ&@ @”6%)8 06 (m 1H), 7.96-7.99
(m 2H), 791792(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 z14789.4 (MrH). EXAMPLE 5 - Synt hesis of
conpounds of Formula 1111 WO 2010/ 065674PCT/ US2009/ 066459




Schene 5-1 [0442]Step a. Referring to Schene 5-1, a m xture of conpound 65
(300 ng, 1.05 mml), (S)-tert-butyl

2- (6- (4, 4v0,286100ss67amet hy1- 1, 3, 2- di oxabor ol an- 2-y1) - 1H beazwspap/obasgdazol - 2-
yl)pyrrolidine-I|-carboxylate (1.14 g, 2.75 mol), and NaHCO3 (740 ny, 8.80
mmol) in 1, 2- dinmethoxyethane (30 nL) and water (10 nlL) were added
Pd(dppf)C12 (179 ng, 0.220 nmmol) at rt under an atnosphere of N2. After
stirring at 80 C overnight, the reaction m xture was concentrated. The

resi dugoiwgp dide ?dsws&ihel??/:tﬁelﬁél HwRAMLSRELH DRF (VL) ahBSOhGRAEC | ayer

was washed vvrthy%rr ne and ed with anhydrous Na2504. The sol vent was

r enov e avaaaddedHasY €52 thie | MsmpDrNtM@HLB@IQH (iﬁan@,é] 32comghmarsiil RO aphy
(Petrol eu t her/ acet one onpound. 66 9 .

LC v (RaP L) E5RANE AT il g B B 5 CRRE MR b et
(110 n’gndﬂlelﬁslma)spuﬂﬁdlby(ﬁﬂeﬁar(ﬁvdlﬂl)’L@I&Sgl&tdd@dpcﬂma9m HCMS (Esl):oxane (2 nl)
at rt. Aft rring at rt for 3 h, the reaction m xture was concentrat ed
and thélféz&db was dried in vacuo to give an HCl salt, which was used

directl wrthout further puri fication. LGM (ESI): mz

for the next steP
P ® C

499. 3 E) TPAUNAS & AR HC1 salt was dissolved in DW
(2 m), foIIowed by addlng DIP ny, 16 nmmol ), N Mc-L-Val-OH (68 ng,
0.39 nmmol ), and HATU (148 rrg, rrm)l) At rt fter stirring ,@t rt for 15
mn, the rgaction m xtur |nto heV\D 1

2010/ 0 /2A4526)0 scﬂ i d ecg DYNHPAt 1 Ham”N urified
by pre tive HPLC ive corrpound LC- (ESI) mz (M + H)t
EXAMPLE B@- Synt hesis @f conpounds of FEQI’ mula I11d Schemg, 6-1 [ 0445] Step

a. Referrig to Schene 6", a mxture of cBfpound 70 (8.00 g, 1%15 7 mol ,

pur chas Otro dri crm s eprgal M | waukee, W sconsin, USA),
bi s(pin AE’a? oro N\9/g, 42 8 mml ), K2Co3 (10.50 g, 107 1 mol) in
1, 4- dl()ééa-ne—@éﬂ-@» )l[\lvvaB added Pd(dppf)Cl2 (2.9 g, 3.6 mml) at rt under an

at nosphere of N2. EF stirg] at 80 C for 3 h under an atnosphere of N2,

t he reaction m xture waszcool tort and filtered through Celiirt{r)545.
The filtered cake was washed ‘MEBO t OAct (100 niL 3). The fi]trat

concent A Bheonesi I hdnt@Bhe )i ACN'(3BY9HL résul ting
m xt ur (ﬁ@;ashed—w—t‘rr nd dried wht drous Na25 e sol vent
was renmovgd and the residug was purified by ilkga WO Br 126

2010/ 0656 74PCT/ USZOO% 06645

9\[‘///>

>Jj >\,/j 1. 4.0N HCl/dioxane
BocN compound 122 NBoc H O O H BocN
(/\< O 2. HATU, DIEA, DMF
0

3: 0
A P

131

\

Scheme 8-1
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gel colum chromat ography (Petrol eum ether/Acetone = 1/1 (v/v)) to give
conpound 71 (8.28 g, 86%yield) as a |ight brown solid. LGM (ESI) mz
272. 1 (MwOHp10/d686¥46] Step b. To a m xture of conmpound 7PCTAIS2@9®66421 8

mmol ), (S)-tert-butyl 2-(5-iodo- 1H i m dazol-2-yl)pyrrolidine-1-carboxylate
(9.50 g, 26.2 mmol ), NaHCO3 (7.30 g, 87 2 mmol) in 1, 2-di met hoxyet hane (500
m.) and water (150 nmL) was added Pd(dppf)Cl2 (3.6 g, 4 4 mol ) under an

at nrosphere of N2. After stirring at 80 C overnight, the reaction m xture

was COT@@'?!LF atgifp aNfefeitnd B el X\@Stoda! éoﬁftr%ﬁ* oftdpdenBAGs (759 Mod el wat er

(50 nL e organic | ayer was washed with brine and dried with anhydrous
Na2 SM4 in Iﬁﬁé\cs(cbt)@/@@b wiaa slowsnasided Bar(d9 Otge 29 mindlent wia d ftpustirfingal rbier gihl thea gel

6406 y1 &1y SRR I RTINS O s N G The e GRIBRE et b o %

To a selithitbrioe and déahpik athydbus Na@S@,. The &ﬁvdﬂﬂ'ﬁflaa reinifov4d amd_thp yésidiic wais was

dr op- vmseyadded Tf20 (3.71 g, C, After stirrin t 0C
for 1 Hrghty 4eue to g%y crgéfhwftm hg L frogn ‘ﬁ%&t e Est vk e
resi du%uﬁﬁ&tlggrn@l\@gi B3): S/t D@9 gl ppol uim chr omat ogr aphy ( Petrol eum
ether/acetone = 4/1 gv/v)) to give conpound 73 (2.04 g, 60%yield) as a

yel I ow| @mgd Sltg) NBT()%%bDunHﬁ %f &ﬂl%o%n& 'i/ist Ao %[8@%§)%9Cﬂl ,CNQ16o LYt ure of
conmpound 7 nmet h

5
0X0- 14(\@)@ ane(dE{SXN ch5P15 @Iér(t%met WmmO:k),, Z@N@ﬁl@b@ta@t @-32-my11,)269 A -hmal of d] i mi
dazol - ?&8@9 ét?rTn%aty ?or 2%% rg cgl 7%‘[‘8%:9 bré%eaagr\%ae‘%?& %ﬂz 695%6 %@ﬁgggg 9,

3.56 Mo oxye hane
Pd( dppfwitBI2CM1L2F0 mi.). ThekBixmr®ivhs ahshet Wﬂﬂhdwterailﬁd dtinbsithaniey dodusN2,SAf.t er

stirring at. 80 C over ni under an sphere of. N2, the r tiqn mxture
was cordentlversEs rem%veﬁggtﬁ thgdesids ‘tﬁ‘tS%&‘ggW Vit (ESBREO AP r‘h’??a C . water (25

ML) . TR@i0aNIséd FRYR ndBste\RERAA fiHeP plifiABoR/NE-89 @S1v,143 Bhpdrogs
Na2SO4. The sol vent was renoved and the residue was purified by silica gel

col urm Bhr omat ography (Petrol eum ether/acetone = 1:1 (v/v)) to give
conpound 75 (0.40 g, 64%yield) as a yellow solid. LGM (ESI) mz 707.4 (M
+ H) . [[0W3D] StSep e. AToixaurs of atdorengfousd kbi3id) ?EdNHMArr@9 Dg 1P metbin) in

di oxang feze quf)?)l Swaasds 1%gd g'tl\{4|dg% (;Vrérnq KOS re{c%omﬁ) xture v(lt co'rAf(f:et Gt 3%%1(5 J[fhleng at
rt for '3 PEACt T OR M Xt ure Was® Concentrat ed and the Fesi dué was dried
in vacu@udura vgis dduiad wHEID M (1500 i) CThewRis tuns €ds fvahed hethrbeixt asd aﬁbd/wlt}hout
further |f| ion, LCMS (ESI) 607.3 (M

2010/ 0858 %@%o@t%ﬂ@é@@b\’vm&g@yé wjl the resifpe &att@mfi%é\%wsrt@aﬂélwélm was

di ssol %Efé)rﬂafb(%% gﬁetfgk)wm tf:tﬁtlzll/éé%ﬁ‘e bMOﬁle}v}Pgo Iv%'b'o&Bo&xh 1'211 (19¢ 8b
N- Moc- L- Val % ? rt After

9 ng, O.

stirri rﬂgecattemfrqr@ﬁormpwndtlﬂg) aSélanf ifecolitd LM Wd@?n%?ehthtléh and t he
residue was purified by preparative HPLC to give conpound 76. LC-MS (ESI):
Mz 764094] M -Stef d. To asclhmo%wmqoomsquSﬁaowS nResrhis(pigacobtodienm 6- 2, a

sol uti ?E' 2? f %O% n)dK@Ac(a%’ﬂg, 99. lgmgc(ﬁ) in f A didXane (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/)) 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, (1.25¢g, 43.5mmol). After

completing the addition, the reaction mixture was refluxed for 30 min. The reaction mixture was
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THF (500 nL) and H20 (500 nlL) was added K2CO3 (83 g, 0.60 nol) and (Boc)20
(73.0g, 0.330 nol). After stirring at rt overnight, the reaction m xture
was conceworatidsend t he resi due was extracted w th Et ORCT(R2@90t64%9 3) . The
extracts were conbi ned, washed with brine, and dried w th anhydrous Na2504.
The sol vent was renoved and the residue was dried in vacuo to give crude
conpound 78 (62 g), which was used for the next step wi thout further
purification. LCGM (ESI) mz 230.1 (M+ Ht [0452] Step b. To a sol ution of

COWDOUQQleJ% #80d Bitbred 28R sBHPLAs tvishEl Ah(HOAL aNP&icl 19%%0‘%1 drd NaH4 (50.0

g, nmol) at rt. After stirring at rt overnight, the reaction was
quench@dmvaMMQAZQIQY@@Bﬁ?ﬂﬁ@$ﬁU@2G@QW@Hﬁﬂﬁwﬂam@ﬁm@wameﬂ@ﬁén(1@3hﬁ% The
resul ti §D 5@[6(”@§ oncentrated and the residue was diluted with Et0OAc
(500 nt ? Thé ture was washed with brined and dried in vacuo. The

sol ven d,and th residu S olunn

chr omad SRR oh S TREE L SMath S lip S0 B b Fopgl it OS ABlmE 7o
(42.0 gddRa2O I @Bd)g, as.5anmbli) ke o668 mL IR 1&1551)) aﬂdMCQOZ 1 (M+ H.

[0453] St.ep.c,. To a solution of conpound 79 (30.0 ) and DMSO
(35.0 imgdylhydrorylaminepipgdrqehlopide gaﬁh@awk))@értyﬁﬂ@rﬁﬂérﬂa% riogrmehy, thoog
mol ) @éacﬁg@m%tut'%fv&ag %o%hfritb@%@ﬂle resiic (ab @lutdd Rith DEEMT(ERLhLL 'Th@nﬁh‘dféa was

added Et 3N (60.0 g, nol ) the resulting m xture was S?I rred
anot hemwag vs’raslmd Wlﬂasa@rat@d: M@qu@NHh@lf safyrated @awubﬂablﬁg)scﬂmérb@hedemcta@m ng

H20. Th t t h ted

with Déﬁﬁl?]}%ﬁ tﬁ;a hgré?ouﬁﬁ exegg% ? 1§ent %919 re %ec? &Ft%g%shcﬁ%%as\'\ﬁls f{')ee(f( IS f acaﬁ d

dried wilich gN&BEﬁhh ch'fdilﬁatsgiaphé}n([PemalSumeth@v/Ed)za@d 81!1h(®/»1))e15|gdme:_ loﬂ@mw ihz5d in |
t )

N R S e

[0454] Step . d. A m xture of coppound 8 % ] I?{

6- br omd$1 di e g3 TapapivHan placannyund »2 (3rﬁ9og )12(2%1‘10 D g THE Ah3) mLypsas

2008021834 addcandr MRAigdeg if THRqs 91 nft:) 2800 A Aer kﬁ'rrl‘%‘% g’b"@s@r Mh)anWasr 85 r red at

rt overnight. The reaction mxture was neutralized by adding saturated
aqueous, takH@CRon Thequeashsdtbiyragding xaturatedggycax NThE 6dmiy).tTheEpAT w200 L x

2504 TV 36 TGS P OG L UACFR N b B R Pl Shbp LN Gel
col um mihranhydrowmﬁm (D@MblVEﬁ)ﬂ'Was r81€ibxled(anﬂ\ﬂ)@reildu@wvﬂowﬂ“ﬁﬁ(by@dlc8gel(7 8 g,
55% yi el d) C M (E 5] Step e. ixture of
conpoufaugy hiqmasogyap %dl’itr the{ﬁg\%ﬁr Hi%|(é(f§)t?jglﬂswﬁp<(uﬁdé%§§ 028, 1

nol ), 19%%@&}&%&%&%%(@3&@sgiSI)?%/szm1\)1+1@)‘Yd Pd(dppf) C12. CH2C12 (886
ng, 1.0 ') in 1,4-di oxane m.) was stirred at 80 C for 3 h under an

at mosphigfeg) of Sh%p h.TH8 als6REbA Qf‘cdﬂlﬁv%\)nﬁl%%& Qz?‘gﬁosf |1§%§ﬂoi)hﬁ Qmﬁ%%ﬂ 49 545

and the filter cake was washed e filtrate was
was hed slavilhadsieid fe. At girl 2 @dnwpb) n Eﬁh@/dﬂd&%) Mﬁ(ﬁtﬁr StTrheg sfot”t {aedh, thas renoved

dth ' f §PCM MeOH
250l 1700 P a R e st S R MDY TPL AR AR
LC- M5 (ashad wittzbrbdk/and dflMi W1th|)anh§[dﬁéllﬁe‘]fa5$©p The sélventxiad ﬁﬁn@fed@ﬁdifﬁﬁlt&idt&l (2.0
e L RN A TN G R
2010/ 0Gaet RETiddE3R A VO dsI): m/md'g)?\xai@)ane (90 nL) and water (30 nL) was

stirred at 80 C overni ght under an at nosphere of N2. The reaction mxture

was conggej r atgeh fnth 4 Muﬁ&ﬁdf@ﬁﬁie‘%&p@ﬁlﬁﬁ&7%g§ %QQHE@N (ﬁS‘HHL‘}‘%@ ﬁdcfeﬁo m) .

The organi ¢ pahse was washed with brine and dried wi th anhydrous SHA.
The soll®eNtBasayor@hdvdd gah‘H6 iveol) arxi Fehe (WA 2. p10r6 himed). bﬁtelsstlrma&atgéfor éol um

B FDUAR e e MR Dl o 7
sol ut i Sabehuanypbundxidd wR00asigd wih RBuraredlajjudons SIHYC1 shdoxaaereyy@stive, and

dried with anhydrous Na,SO,. The solvent was removed and the residue was dried in vacuo to
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added 4N HC1 in dioxane (3 nmL). After stirring at rt for 3 h, the reaction
m xture was concentrated and the residue was dried in vacuo to give an HCl
salt, whiwb 2em06567@¢d for the next step without further paridSeeavs@n? LC M5
(ESI) mz 607.3 (M+ H). [0458] Step h. Subsequently, the HCl salt was

di ssolved in DVMF (3 nL), and the resulting m xture was added Et3N (0.20 ni,
1.4 mol), N-Mc-L-Val-OCH (55 ng, 0.31 nmol), and HATU (118 ng, 0.31 nmol).
After stirring at rt for 1 h, the reaction m xture was concentrated and the
residu 10%’%%11&%&@%@8(@%%?%@1% Was ilRhGod e Hé)&@tegmgh'trﬂrtﬁé pukificdYBn( ESI) :
mz 764.4 (M 065674PCT/ US2009/ 066459 Scheme 6-3 [ 0459] Step
a. Ref &G-MSESH: 8¢i$d @13 Ho a sol uti on of N-Boc-L-Pro-OH (29 g, 135
mol ) and DI PEA (29 g, 225 mml) in THF (500 nL) was added HATU (51 g, 135
mol ) 405001 . Ateej. Amiiruirnef cderdonfponnd R8nGSne gﬂartdrbéhiﬁb@m@e%% 122 auci ne

(95) (25 sultin Iutlonwa tirred at
et or oiedine Pt By 5 LT RS oRR iR, FOTHpisn iRl S PP A
2010/ 0ttt 4BETWAISEROLY WIREBEN (339 neIONTRNIbALR Gvad Rdshddayittewheitndwrizd iithut ed
with Et OAc (500 nL). The resulting m xture was washed with water for

sever aRnRydis 1%%@4 fhe ﬁolzg?ntémarmw@é apil e revtHraYweriNad solicarsrd celympent  was
remveqh@mt&g%hpgﬁét%na{@ﬁemm@Amy%y@o i9c 84 @lﬁdmwo%out yiStay &€

conmpounds 96 "and were used for the next step wt further
puri fi editeeelid. ILC-]NE(@SBI yi/z 44270 384 H) (M+H) . [0460]Step b. A mixture of
crude conpounds 96 and 96' obtained fromthe reaction above in AcOH (1000
m.) vvasf,Oﬂltll r r éddepak. 40 a@ikomre QQCOmWSurbbbh(@éBlmgy1.4ﬂmnwle&ompomndrﬂ2£t(ﬁ®(b was

careful | utr al 4 i sa r at ed. aq us sod onat

ol ot e AT B A PRI D ey S BT i A SR RS SRR s SR e e
w th E(OAL)fas a&&wa’rdedppmms 07 2@90 rm M) ) unbibBeareatinb@shc e SR, A eordirmigd,
washed with water, and dried w th anhydrous Na2504. The solvent was renoved

and t hat & avranighls HsgpactipREnigyresyasi ceaceggﬁte@ Artha resifug pry ditiied Pthe um
et her / E4QA¢ (5‘0 Iﬂtiaﬂd%%}l)ésb %1[9' Yhe @réarﬁg’ghﬁe WZlg-t{thieﬁl\ﬁth BriR a8l ﬁH@d ffem 95) as

a yellow solid gy A m xture of
conpourahygifous Mr80g The ?olsenﬁws )femwedrmd ﬁylrsﬂldlvlva@@wﬁed] élhcangtj; colgmnQ

o <Eehabstaag et e BB Ope ot S Mt hmnd BB 405, s 9 4

r ef | uxettld)we aRiclibWw selieIC- S (ESHD@MISG’S&(M +N9.. The reaction mxture was
concentrated and the residue was diluted with EtOAc (250 nL). The m xture
was waghsad] wi tStepl.i Tea ediﬁltldifdfe:dm\pbﬁﬂd B0y Sl &S0 Na&ﬁcbcl) in thgxaSO(VERML) Was
renoved and the residue was Burlfl ed by silica gel | um chr omat ogr aphy

( Pet r oM@ AsdadiidY EL @Aaoxansﬂ% D 5t AECTeHHEAM  Tor3 b?therf‘gctlcssm%xwréway

LG M5 Q:glge)ltratga Zn(ﬁt‘ﬁé’rc%lcﬂle)s drl&pﬁlz%]:b%t%%l\q,* an'%{@? %‘tu\ﬁlﬁlcﬁ)tvﬁﬁimqyﬂq R&i( 7.7
g, 20 mmuol) CCB% nol ) F (150 nL) and MeOH (150 mi)
was st|stepe\dthat1t furthgrayuri czﬁlonTh@ M&éliﬁll) WZW&MM@P s filtered through

CELI TETm 545 and the filtered cake was washed with EtOAc (100 nL x 3). The
filtrati@s0dhs cHerentSubsamcathd theldClrelivan diswazgcdinlRIVIE @2 .Ginlh aDEKhe(1RECure ) .

The m xtur t br| d rou The
ot vonsadi A TRREAYOGR M 12 PhlolG e PREL RO B 04 h. S PN
chr omatzaragyy Iﬁﬁio[)calt etUHfteﬁ Mﬂ@ﬁ@t f@ﬂe h—thB/réac(lNﬂ M)x)tut%@v@ lcma:eﬁ@difwmm 99
(4.7 g, 75%yiel d) [I463]St

sol uti & r5$ldvﬁW%ﬁ%ﬁ%éﬁfaqpa@HyﬂHPb@d@)gWe@emeowd 13124 CHdP jEi?pIh WN 8.4

(M+H)".
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CHC13 (245 m.) was slowy added bromne (12.36 nlL, 0.24 nol) over 40-45 mn
at rt. After WD 2010/065674PCT/ US2009/ 066459 conpl etion of the addition,

t he reactwonomossarre was stirred at rt for 3h. SubsequemrCryuS2&atersat ed
aqueous NaHCO3 was carefully added to neutralize the m xture. The organic

| ayer was washed with brine and dried with Na2504. The sol vent was renoved
and the residue was dried in vacuo to give crude conpound 101 (37 g) as a
brown solid. LCGMs (ESI): mz 200.9 (M+ Ht [0464] Step f. To a solution of
COWPOU'EX&M?PI_(EW g nﬂl%mgof"&]rﬂ dlﬂld@'ﬂhﬁgﬁﬁlﬂ% W/ DVF (5/1 (v/v), 120 nl) was

Tsperston inm ner al oil) at OC under an

at m)sph After Stirri ag aetmz(dt)pf)f or 3 e | xture was added
benzyl m Br7+ AO).B ulting mxture was
stirred a rt over ni ght an th@ r /h%n s ue’?tch by°addi ng sat ur at ed
aqueous NMHACL1(50 niL). The zeactiOh m Lture was céncentrated and the

phase was washed with br| ne and dri t h anh{drous Na2504. The sol vent
was renmdvEd SEr tChe Ndu sOpurlBogeﬂt by@/ﬁ ol ¢az

chr omat agraphy. ( et OW &g&mh (11
g, 77% yiglid)y LCIVB (E 291p A£ + H)Bec[ 0465] Step g. A m xtty e of

conmpound 99 (2.80 g, 9. 04mml) conmpound 102 (2.6 g, 9.05nmmol ), Pd(PPh)2C12
(6.3 g, 0.9 mol), CQul (2.55 g, 1.34 mol), Et3N(25rrL 18 mml) and

PPh3 (4.7 g, 1.8 n 0 nm) was stlrre
Subsequeffty7, t $ONA XtTe \Was eancent rated si
di | uted wth Et H (150 m) and” §T50*M). e organl o phaseqNﬁs washed

with briTede and{dried w gh anhyd‘i‘%us Na22504.
the residue was Nmucified by silica gel col ung_ttromat ography (Petrol eum

ether/Et0OAc = 10/1 (v/v)) to give conpound 103 (4.0 g, 86%yield). LC M
(ESI): mg 322.2 (M + i ep h. A solution of conmpound 103 (4.1
g, 79 I OL Et OH ( gdged hydr oxyl am ne hydrochl ori de (650
ng, 9. I)oand ;s~- ), respectively, at rt. After

stirring—at—66- C f ofy th reacto xture was added K2CO3 (1.64 g,
11. 85 mowkA Hemd )éizo m.). The r su ting mxture was refluxed for 12 h.
e

residue was diluted with EtOAc (1501%?:1(( and water (50 nlL). The organic

SubsequenttMy, th tion mxturetkN/as concentrated and the residue was
diluted with EtO0Ac ( and wabe“'ro(zo m.). The organi c phase was washed
with brine and dried anhydr ous Na2504. The solvent was renoved and the
residue was purified by silica gel colum chronmat ography (Petrol eum

et her/ Acetone = 5/1 (v/v) to DCM Meéidnre 41 (v/v)) to give conpound 104
(1.5 g, 36%yield). LCM (ESI): mz 537.2 (M+ H +. WD

2010/ OMMPCTstHSaw&/rQ@@%F&h&%@m ShfRtute of A-Brombbéreodiazelemueyng, 484 and
10%Pd/C(15g£|nMe was stirred at rt overni ght under an

at nos pHEpd).¢gfm Oxsealﬁ@éﬂawwromwl@ @éét PO H rigbeP{drriGle {38840E-t hr ough

CELI TEHm84 5, A0 i 281 K r(?@nﬁ?'éﬁ‘d ¥R Ran ggwﬁl Wak ttet(@@gt,éﬁé})eﬁtd gro%éss ofhe

filtrate was concentrate he resi ewa purifie a gel colum
chr onatdo@sapﬂyeﬁltﬁdqwlenttlwmthmst thds. TiE7Bactpn nB8Brywed Hin stl_rtedl\aB% ESin - rﬂ z

i) Pyt 7 4d Rl b5 G B QRGN TSR, "3

nmol ) a:utefédghroé%ﬁ £1?]a(Bdﬂ @Htgmg“éﬂsr (Tjhef)ﬂlera?l \gatstcﬁntdﬂeanee(a@d the rangaib p’tcﬂih@t WS )
concentrate a esi due was ited Wt OAc 00 ni The m xt hre
was wasdHedNw eﬁﬁw %@S%ﬂ]ﬂ(’f&t‘tP%r&PW @ﬁmgﬁmﬂeﬁﬁ@ﬂseﬁu%bwwwmmmi
renoved @@ o g@@%@d qlgg“mtgsgml fied by silica gel colum chromatography
(Petrol eum &t her Ac 5/1 (v/v)) to give conpound 106 (720 ng, 69%

yi el d) %é'ﬂ@b'vs dtg%b) A m&loﬁQé ]OHWI'[KIUII_IQ (2+5 M[lg‘ii@)?z]n t ?‘3 'lnn)ﬁﬁ&lﬁ @agf
conmpoun 6 ng, 0 6 mmol ), i nacol at o) bor on 227 ny, nmol ),
PdC12( dlopfly addeIQ @1to asalogomyf dleon@pﬂmﬂn)e (64id, @@mn@cﬁlB@ THE (22 mL)rmBYS CE n

di oxane tirred t r of N2 The
Mona St 0 Ataliohe P st Rt s, A A S PR o

(ESI') : upt@06F 3Tk [(IDA $oldiontwas cooled to -78 °C for next step.
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[0470] Step 1. To the above reaction m xture was added (S)-tert-butyl

2- (5-i0do-1H imdazol-2-yl)pyrrolidine-1-carboxylate (370 ng, 1.02 mmol),
fol | owed WO 2hEHES34( 201 ng, 2.4 mmol ), 1, 2-di met hoxyet r@maISEeDINEHMS9 wat er

(2 nm), and Pd(dppf)Cl2. CH2C12 (100 ng, 0.12 mml) under an atnosphere of

N2. After stirring at 80 C for 2 h under an atnosphere of N2, the reaction
m xture was added K2CO3 (691 ng, 5 mmol) and MeOH (20 nlL). After stirring

at rt for 30 min, the mxture was concentrated. The residue was diluted

wi th Efékig) ( 15§ize[m=:) Aaslaﬁm\éﬁb% (£.50¢ 94 mfe® aﬂﬂgﬁl'alr(ﬁod(ﬁife%an\é"?‘ﬁ%f‘@&h@ Wi th

bri ne and dr| ed w th anhydrous Na§504 The sol vent was removed and the
r esi duenmels ingTHT {1 %edLbyasédolaleo g& ‘G dhg R ActlgivatiograapiapoyPety dowlym

et her/ Ef OA v/v CAMmAUR d 108 wo st eps
rom ¢ ST Benh Otib e i RBEUAGD Ryl 10 Whreg BB et 1 B0 5

sol uti dlhe@éacﬁ@ﬂwﬁnmd:ndl&a b@k&ﬁvlmddlﬂg 2 s¢1uidn) ofi adetthi anmmerHIQ(lmLQv/M@m @abdyed 4 N
HCl in dioxane (2 at rt. After stirrin vernl e reaction
i xt ur @ sC ﬁh&r@ﬁ%twatf@atua%‘aa%wﬁreéwaw aﬁgéhe(‘i‘rdiﬂ@ﬁ A% Efoanfi5 fve an HCL
sal t, whitgh MRSiqHsR 1Jy@fwhi1&<t@@t>éa with@phyadRaeita wﬁﬁlh&rorgwlb fayealhQficd L OV
(ESI): mz 450 51 WO 2010/ 065674PCT/ US2009/ 066459 [ 0472] Step n.

Subs eq@é‘manbydrpuﬁesomm Q&ﬂate' {ittercd pabesingerdrataq. BivFerpde projluciddl 8Ag) wesdiliad ng
m xtur & %ﬁgﬁfﬁ%ﬁ%ﬁ? gﬁg@ag SSeéghrglﬂ 1)% 9 I@en a't\fb;l_lfgagﬁo - Val - O+ (108. mg, 0.50

nmol ), erS|rr|n at rt for 15 mn, the
t t

T addu oo 2R rﬁ%% SSjlisthad %@%ﬁ@ﬁ%@?%&%ﬁ%8%-%@%9@2%

(ESI 3 Oéqsﬂég 2%@83 85 (ﬂéﬂoi')/ hbngfsoﬁoﬁiHl;tgylgi?BB (068 g%\B Bﬁ)man{ZmQSéMﬁc(ha@ﬂﬁ) ﬁ‘vaslt WO

2010 ep. a. errjn 0 Sche 0 a

sol ut | SHTetat %é) 2 f? ﬁ 1?@ SB[SY%& af:w]w@t&ﬂ?@ﬁ? Frs! Efs%w i arey % 1 g,

22. 0 mypikd w%ﬂ@&%’&% fiftraBOn aBwEshdlWlith wa!‘t'erwﬁ:e(mé} Bk WRA iRddedmcrpound

95 (4.6 g, .0 mol) at rt. After stirrin the reaction mxture

was addee proyct wasgugificd by Oashrabir c_)mwte&r?@lwd@g%mtamﬁ]@eme@m VPted/Stvadue e was
Fesi dus T ¢ %53 %lﬁi"%taoﬁ@‘f‘%éfﬁg- 1) and ﬁf er (50 mL). The or gani c
PRase NSl M0 e o 0 O DR Tl v
conpoumgsoly A @iathyhirng (3059@ 33 \6tmrabl) wes lugse o ODQIIiL)tlha sedd tubt eps wirtddait
further 48 Ué If(])crl9%ar;[ulnogfter elng cooFgl t)he gga%tlcﬂnorglx%urg I\vaa;trla;)lsferred 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/cthyl 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 (80 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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[0474] Step b. A m xture of conmpounds 110 and 110" (10 g) in AcCH (50 niL)

was stirred at 40 C for 16 h. Subsequently, the reaction m xture was added
into i ce wateri/i2dd nl) and neutralized by addi ng sat ur aCedSagaaeus? Na2CO3
to adjust pH value to pH 8. The resulting m xture was extracted wi th Et0Ac
(100 mL x3) and the extracts were conbi ned, washed with brine, and dried

w t h anhydrous Na2504. The sol vent was renoved and the residue was purified
by silica gel columm chronmatography (Petroleumether/EtOAc = 1/3 (v/v)) to

6 v DAy gt oot (R £ RRSMITERTR boup) ¥9.4.98 solt &

1- ( 6- bi4tipnpFHt hak3h-R), ¥ DR 2HcH) bﬁd@t(ﬁﬂmdné.zemmﬂ (B 5O5¢] HAS, L5+l ) in

050 6 PhgD) 4 g SR G s S RO UL G . e '@

stirri Qypgh H@&@mml,@&m%nmJﬂgﬁactl on m xture was washed with saturated
aqueous NaHCCB (50 nmL), saturated aqueous NH4Cl (50 nli), and brine,

respectl vely, %pd dried Wth1)amym‘j;rppu.$3ml\la2504 The sol vent wassacgmmyved and
the residi SRS vac@ecHgogioperccr udeoe 51_@ cﬂzkﬂlﬂﬁdﬂ)% Cyghi ch

was used fo pgt st 8 00U f e hgr purifica 8 Az 478. 1
(M+ H +. [0476] Step 2d. A nmixture of crude conpounds 113 (41 4 g) and
NH40AC (100g, 1.30 mol) in—oluene (300 m,) was stirred at 120 C overni ght.
The reactign mixture was czf;abﬁfﬁ

frated and I‘,\ﬁSI e(yv%s dilu Mth
EyOAc (5 g_hmur_é_c\@sqms Ht%@i j/u—mq-hydr ous
Na2504. The pempmed,cand WENT esi éEHyvas purlofl éa by¥%flica gel
col um chr omat O§F3aphy (Petrol Bum et her/Acetone = 6/1 to 1/1 (v/ v%% to give
corrpound 114 (24g, 61% y| eld; two steps from f12) as a yellow solid. LG M

(ESI): /4§ 1 (M+ H + m@)mﬁég%mw / iS2009/ 066459 [0477] Step e.
an

A m xt urbe 3 g, CH@NStEfammm'IOl)p NpI na co at o) di bor on (1 83 g,
7.2 mol ), 91703 mml)|nF;L H4-
added Pd(dppf) Cl2. (0 Boy~/ 0. 98 nmmol ) under an a gph After

stirring at 80 Ceoverni ght under an atnosphere of N2, t he reactlb m xture
was filtered through CELI TETnb45 and the filteRed cake < washéd with

Et OAc (100 mL x 3). The filtrate was washed 'bf‘ﬁe anﬁu\dP' T wi th
anhydrous Na2SO4. The sol vent was renoved and ? esi due Opurl fied by
silica gel colum chromat ography (DCM MeOH = 50/1(v/v)) to ve conpound
115 (2.0 g, 61%yield). LGM (ESI): mz 506.3 (M+ H +. [0478] Step f. To
a m xture of conmpound 111 (500 ng, Séhetnewr®l ), conmpound 115 (900 ng, 1.78
mol ), and NaHCO3 (328 ng, 39 mmol) in DVE (15 nL) and water (5 nlL) was
added T@Kldppg%ﬂé?a@%rﬁ SWem® 923t MRt REBSmBTind B SPREs S mafoNdg Af ter

overni ght under an atnosphere of N2, the reaction m xture

t t
has CoRCRHH (e AN el BTG (48 me ik e Taw ETHREA(208 2 ) S wat or
(25 i), EH&% Oﬁ'h%?&hﬁmg%ﬁiﬁué"@ﬁs g%gﬁ‘%xt 1 IQ%IIU ri%dch@&%;tﬁ{ 'v@a‘! édkB anhydrous

Na2SH4. renoved an e residue was silica cOl um
¢ hr omatdegriaghynzoRetcidodtipd rstet her.3 lag StSameobr atdt, lanfl wfinvdontihwedgit vtefot: bhipotlimd 116

(310 5% yi el d . id LC M 1) . .3
{oav0) Besion it Rendaah oo bt fkis b 65
di ox an@ohfm&drﬂpganma@&%ﬂéw%ﬁé@lmthm@ @%200Em{ Pakll Brne (200 ML), dfell @FerStirring

at rt for the reaction m xture was concentrated and the residue was
dri ed Mz%mﬁlieqeé apql gencgiiratgdionsyiofary grapertatad he seide froxtureheasaificd by p
Wi T hout,f gl%téﬂ%maqzz%hgﬁy(@igﬂn%r}rgxzir%@@kgt—egl i 2/@(9@)5[9 LdnYam %@h@ lljc% o5l t was

di ssol ve e resulting mxtur was a EA (0.43
m., 2. Sasmetbyv;browivbdid. DaMSGHESIL 36 (WTHD: 748, tveil):, 34dnd HATU (353 ng, 0.93
nmol ), respectively. After stirring at rt for 2h, the reaction m xture was
concenf{0HRed Step bhd masurd oéthagsodout (11 2exl 3bmnprl)3ﬁ;amabbmereirdiabﬁ:im AcQHve

gg%?gg@%ﬁ,ﬁ!ﬁﬁ@%gﬁ(@@% 18h' 9[?16 ten(lperaturlg)was a110\\x/1\gi 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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EXAMPLE 7- Synthesis of conpounds of Fornmula My Schene 7-1 [0481] Step
a.Referring to Schene 7-1, to a solution of 6-bronoquinolin-2(1H) -one (70)
(0.40 g, wogormmosbg74i n anhydrous pyridine (12 nmL) was adaet/use@prodssel y with
Tf20 (0.81 g, 2.9 mmol) at 0 C After stirring at O Cfor 1 h and at rt for
3 h, the reaction m xture was concentrated. The residue was dissolved in
DCM (100 nL); the resulting m xture was washed with water (25 nL x3) and
dried with anhydrous Na2SO4. The sol vent was renpved and the residue was

puri fi edsRihisdthd G@ifdsliof éH"ﬁ‘?mH GIEI‘BHB{E %ﬂ{pﬁ?@bﬁnﬁE%tﬁ%%ﬁ@)ﬁ%ﬁ%UﬁP?J/&)"i@ 2/'1
(v/iv)) to |ve compound 86 g, as a yellow solid

(ESI) e aa“ssct@nqlmnedbegmm[dazmg](se e %%V@Ida) WM&KESIofm/eéa@cblﬁwmé (0.54 g,
15 nmol), (5-tert-butyl 2-(6- (4,4,5,5 -tetranmethyl-1 ,3 ,2-di oxabo ro
| an- 2- yA3131 H- ez 0. Pdhixmirclaiztbt p@dym\y@.?-(gl 3 dinnel) fcqnlﬂm@bbm ea(tﬂonzhndg, 3.0

mol ), H 1.0L 1) _i.n 2- di met hoxyet hane (30 L) and
vater (R HRE b dinln e o) Yt BB TN ARIR R TR under
an at mspheniened whacidfit@witbt 0% HOGoaltio8 Qo &djest eid Yy to givbevhite pebipantesn xt ur e
was concentrated. The resjidue was diluted with EtOAc_ (100 nL) and water (25

mL) . THEC BFGHHRE Wi heckdsdby; fdlgptgnand thensdiisd ipwaqrose ?ﬁ@d caﬁlaom 3@t h

anhydr %Hﬁltﬁ’@%%ed)-raﬁlcﬁ UV 8 WPHc hEXRY e?%l%% ful@er ﬁfﬂ%n"‘@@ -MyrEsHed by
silica gel colum chrorratography (Petroleumether/EtOAc = 1/1 (v/v)) to

gi ve compddt(87H{1.0 g, 95%vyield) as a yellowsolid. LGMS (ESI) mz
700.4 (M+ H). [0483]Step c. To a solution of compound 87 (100 ng, O0.14
mol ) i[@51d] ox Htep (12Amn)xt1wa9f A2 d, AINnHGl) in thidnpbchiveide 26Gnin].) as refluxAf t er

stirri t fo t he react]j )

50107 08 deah At rolbat el pek Ate RRTLRP M kidhE e MBkt igecvpte siva i i
vacuo fichlogid,eviach WislmB alidpendddi 16 B rﬂilﬁﬁlrdb?ﬂiﬂled Id[eﬁfyﬂ kl}helf (Q()O hﬂQ/’[ﬂﬁXQS 0shiep

wi t hout_ further purification. Ht [0484 Stepd
SubseqUérihs $psPeon it aé%ﬁdtd%\@sm Qg%u &?@%rateﬁ dm@netbalmohéwa (%HPéO’%l@% Ming

m xtur q6%&%@%12%&%&%0@190%%6;%& f15RL51 nfhdRE 2N Mekinfdhy{ 55 g, 0.32

mmol ), and HATU : mmol ), respectlvely After stirring at rt for
30 m nbemmeesruhfam@@ atrﬂxﬁuzm@l thersstiersd dent Or Gtte o capmtight 0res iAdiuelatds wpur i f i ed

b reparati.ve HPLC to give conpoun ES| 14.3 (M +

St none gndleitabali bt PR A B ent B SRReBbE B rpount 8o
(7.44 ghroﬁ&t(@ra{mm|e)ut1&@¢le)Ei‘nb$/EtC2Ac2‘ d/lle(tvhmoy@@fezt adlpw D1id$1.99 goo%0yid)] ) was
stirred at 130 Cfor 7 h. The reaction m xture was di ssolved in petrol eum
et her (@58] nL)Step BeTH asuikiurd\ef 1dixidI1-§2\Wag2-dashackty-bherSHt L-mathyl-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;SOy, 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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WO 2010/ 065674PCT/ US2009/ 066459 NHACL1 and brine, respectively, and dried
w t h anhydrous Na2SO4. The sol vent was renoved and the residue was dried in
vacuo t o wDwelomesete conpound 90 (11.4 g) as a yel |l ow oi PCTMs2@k/06@s9 used
for the next step without further purification. LGM (ESI) mz 316.0 (M +
H). [0486] Step b. A m xture of conpound 90 (12.4 g, 40 mmol) in conc. H2SO4
(50mM.) was stirred at rt for 5h. Subsequently, the reaction m xture was
poured into ice-water. The suspension was filtered and the filtrate was

neut r alipzef Wiy 0% Mdhddsoilhien 04 [ MaRmpHlik Qﬁkﬁéj(S@YnL)' Widsalidon, washed

wth wat er, and dried in vacuo to give a m xture of conpounds 91 and 91
LCMS (EEMPA@/(Q 6224 898 fwhal). Hf he el @7 mtﬁlpreavaSAemd@tdﬁé *©fforcloipoud disengdl and
9,[2 0 Csole 'was r?mmollarf)talaf%ggrgﬁshoogl“ glcrrﬁ e(rklxture) Wﬂ/a add ec-[f 20 (0.5 n)

er stirring a he et T on M'x WaSSMs Oncent r at ed
and t heollue.ﬁn aﬂttenaa\@alﬂiysamingeﬁth ex BXMELCRQ: #11L)B.to Et(eAcrbxltyurYellmssrmls bl Wi th

t nd d th T I t d
and ner eBia adnsur o1 LH }ﬁ@ﬂﬁ?@‘@ﬁ%ﬁa hromat ography
( Et OAc/ Pet r ol eum et her 5/1 é%v( ive a mxture of corrpounds 92 and
02" (16184, Ao i dpaeruds Sal%vp 7d|7|mg L eonpmeRap Y HE/(Z-538]5) Wgasagdad ) |

[ 0488] P{@R4d MTIPdl@xa{HeXfOJﬁlﬁ) of -t CPPRUNIGS: 1%%(‘(@@ QaQ2tirrd LRt 3816 R ha AR
(5)-tert-butyl 2-(6-(4 455tetranethy1- 2-di oxabor ol an- 2-y1) - 1H benzo

[d] i mivditiltsl wa@-rymywwqunm notamevaleoratmntcbgwy b/alﬂcev Q(A@B Tﬂng yeliova ol dmpds) washerdl

vas aadad PeHsufy &5 Tbesl b THIFHAGENERIANE b U T SR o)

of N2. ud¥d fer thstncxtrstapgvistiouBfirtGeopeifichgii LCtMS (Esacmmmm kHwMRV@sarum

concentyrated and the residue was added Et OAc (1Q er (20 nm).
The orﬁg @Bﬁa@éeméu?twsaf@amr W@dewwnﬁr%i“ﬂ araﬁwﬁf.le W h anhydrous

Na2504. The sol vent_was residue was purified by silica gel

col urm [&HPbmatER hphs2 Gllﬂé? ?Q%P%lrﬁfé%féﬁ BgAS me, 10- im(rw%%B?foL OR bpound
93 (18 : 9 ESI) m
7004 (W Lour oY BT AT AR NP R C R T S R b (oo ™
nmol ) O Itimok)arT(he (Ruhib} nvigisrecadabestirrdMatiCIori2n5 i acndaiwe a(lzokvbl)t wafrerovesitdnr r | ng

at rt for, 3 eaction m s .concentrated_.a t he ue
P S A A ey A R Bl R ot i

Wi t houtH,Oub OB CNOUIN G kg Ridodidrs wéee w&a{nE&hé 107 20 BOOURY 6(Md+7j'ﬁnd 8. M8

2010/ 065674PCT/ US2009/ 066459 [ 0490] Step f. Subseguentl , the HCL salt was

di ssol VedlowrsobieT 'Y, resnedtivakydCharecterizetion ef TiaH MMRLAOEMIN. CBCl)M18-321(ba sl )
N- Moc

res pectLI| ﬁ {/W,g\fét ef P%rgﬁgé@? 2)q) ?35?5:_3'%;&{ %Iﬁ%%ﬁ@%&t? 22@2?5?37 rsn’
concentl2HY,ed7 6 st HE) 2@942d44|e(nw431) Ju9d-2.i1 & dmbyH p D SPAr. 2t (inv @ 2HPpfint bC MY e

CompouRBS g 8T TaRs DLAMHEAS 5. 1 WD 2010/ 065674PCT/ US200/ 066459
[0520] Characterization of compound 7’. 'H NMR (300 MHz, CDCls) 0 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, /= 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, CDCl3) § 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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[0491] Step a. Referring to Schene 8-1, to a solution of conpound 118 (57.5
g, 290 mol) in HOAc (100 nL) was slowy added Br2 (49.0 g, 290 nmol) at
rt. Afterwetnrwishgy4at rt for 2 h, the reaction m xture wras/tsc@glogesaeided

sat urated agueous NaHCO3. The organi ¢ phase was washed with brine and dried
wi th anhydrous Na2504. The sol vent was renoved and the residue was dried in
vacuo to give crude conpound 119 (60 g), which was used for next step

wi t hout further purification. LCGMs (ESI): mz 276.9 (M+ H) +. [0492] Step
b. To a solution of conmpound 119 (25.0 g, 89 9 nmol) in CH3CN (100 nlL) was
added (5)-N-Boc-Pro-OH (19.4 g, 89.9 mmol ), followed by Et3N (37.35 ni, 2@9
7 mol) at rt. After stirring at rt for 2 h, the reaction mxture was
concentrated and the re ug was ute:df/vith DCM (250 nlL). The m xture S
washed wi thwag er and édmwlth nhz Na2504. The sol vent was renove

/215

780,

and the r due was drk in vacug to iye-cconpound 120 (37 g), which wasg
used for t next stepq let::hout f rther purlﬁ‘lcatlon LCGMs (ESI): mz 313m2
(M 100 + +. [0493] St p c. ure of crude compound 120 (37 g) and g
NH40AC (6%/ o0, 899 in xyI en 100 nmL) was stirred at 140 C overni ght.
The reacti m Xt ure concentr ¢d and the residue was diluted wth DCM
(500 m.) m xture washed th brinegand dried w th anhydrous
Na2504. The=4ol vent \zem)ved -.u the residue was purified by silica gel
col um onmt ography {Petrol eumgether/acetgne = 10/1 (v/v)) to give

conpound 1 (12 g, 40 8 steps From conmpound 119) as a white
solid. LG (ESI): mz7892.1 (M¥={)) +. o0494]Step d. To a m xture of
conpound3 121 %3 g, 7.65 gnal),8 bi s(praacpl ato) di boron (4.24 g, 16.8 mmol),

KOAC (1%3 ge<19 1 ol ) PN 174- di oaje 0 nmL) was added Pd(dppOCl2 (624

ng, O. 7653 k) under an atjrosphere of ter stirring at 80 C overni ght

under arr'ﬁtnfﬁ; phere of N2, the reacti i xture was filtered through
CELI TETnb45, and the filtered cake shed with Et0Ac (100 nL x 3). The
filtrate wa washed w,Eh brine and ¢¢ied with anhydrous Na2504. The sol vent
was renoved and t he r§§ dye was pyrigi w-th silica gel colum
chr omat ogr a2phy (PetroIfeJna:et her/ agetne =8/ 1 (v/v)) to give conpound 122
ield) as™@|gray so||aJ$_ ESI) gz 440.3 (M+ H).
f

To a boiling solution/o napht hae c acid (123) (50.0 g, 290
¢ (100 ni) wag—slowy add a mixturg of Br2 (46.3 g, 290 midl)
: , “43. 5mol g-Z8kt er conpl et g the &dition, the reaction

m xt ure efluxed for 3Q nin. The rfaction nmture was WO

2010/ 0656 / US2009/ 066A5%° col ed t t and filtered. The solid was washed
wi th HOAcQand dried irPyacuo to givesgrude conpound 124 (50 g), which was
used for Bhe next step \ i thout furthes purification. LGM (ESI): mz 251.0
(M+ H)t ﬁQ 96] Step f. xture of pound 124 (10.0 g, 39 8 nmol) in
CH3CN (20 k) was added”EDCI (18.3 9¥"95.5 nmol ), Et3N (16.08 nl, 159 2
mol ), andq“’ I\L%O Di met hyllpydr exyl am nethydroghl oride (4.8 g, 50 mmol) at rt.
After stirgfjPg at rt o er%n ght, the Yedction m xture was concentrated and
the residde| Ras dilute {th DCM (25 ). The m xture was washed with
saturated @ rﬁieous NH4 Sat ur at ed agugous NaHCO3, and brine, respectively
and dried V\nthoanhydr ous SO4. The sl vefit was renoved and the residue
was purifi }g silica g&l colum chr Togr aphy (Petrol eum et her/ Et 0Ac =

8/1 (v/v §i ve conp%&% (3.6 G, \3t%vyield) as a white solid. LC-MS

(ESI): mz 294.0 (M + 97] Step g.{Tq a solution of compound 125 (3.60
g, 12 2 mpol o in THF (15 ) was sl ow y~added 3M Mel\/gCl in THF (8.31 nl)
at 0C Aferzstlrrlng at for 1h@nd at rt for t he reaction was
guenched b dding satgrated aqueousgNHACL (5 ni). The sol ven was renoved
and the rgsidue was ut@ Mth DCNg The m xture was washed with water and
dried with aghydrous “J‘?l'he solgent was renoved and the residue was
purified by §1 lica ge mv chr omat graphy (Petroleum ether/AcCEt = 10/1
(v/v)) to gi ge compoun 126 (3.05 g, 100%vyield) as a white solid. LC M
(ESI): mz 249.0 (M+ H). [0498]Step h. To a solution of conmpound 126 (3.05
g, 12 2 mol) in DCM (100 nL) was




slowy added Br2 (1.93 g, 12.2 mol) in DCM (10 nL) at rt. After stirring
at rt for 2h, the reaction was quenched by addi ng saturated aqueous NaHCC3
(10 nmL). wbeowvigsstic | ayer was washed with brine and driped/useao/oesiliydr ous
Na2SO4. The sol vent was renoved and the residue was dried in vacuo to give
crude conpound 127 (4.0 g), which was used for the next step w thout
further purification. LCM (ESI): mz 326.9 (M+ Ht [0499] Step i. To a
sol ution of crude corrpound 127 (4 0 g) in CH3CN (15 nL) was added
(S)-N-Boc-Pro- OH (3 g, 6 mmol ) and Et 3N (3.70 36.6 nmmol ). After
stirrid@p2al riSteRp. érﬁlxtlirﬁef m@@m alﬁlw&bmrexxhﬁgzowdégrﬁ,rlé%@lb t he

residu ( washed
W th sgr%e:g@g# ce}g} aqlﬁéglgé\égé Qﬂlszgﬁm?e@ggﬁe%ﬁgzws h tkSirl e t% an ydr ous
Na2504 solVtrg veo levagntatedbsndeeredved pagsdurt hed thes¢rdueingaissidiei ved diissolved:uno to WO
2010/ 065674PCT/ US / | ve r ude 0 1 5. ..Whi ch was
coed 1 arnarhoR ETR R0 Biskee antold PR df el b, 2562, 1
(M + Hxtirr¢ ORQOfoS EhpSJttura&dmIa)H@(DﬁQO(D 1)) wehe aduaPTRNGhsgodSioq vas Giltgl)edébﬂdtHHI-MOAc

(9.36 g, 122 mml) in _toluene ﬂ%‘cwas stirred at 110 C overnig he
react | 6?§umnﬁtsahl<éwafa\§a%ﬂe%@hts?%ﬁaé®% PheOnds); watsr Ml pad @Bywc@tﬁtemw (250

m) . Thepgthkj M{dedri’é’@:% Va2 edg it timp@ian (@@8@%'%)@5%911&7@@6’1%11’ ous Na2SO4. The

sol vent was renoved and the residue was purified by silica gel columm
chroma tr 29
T B

[ 050 1] Gt.ég, 6(4 mifl)an msxkvamtem@furewﬁmdhﬂd)l mdzwetef-;@o@; m¢tdahobwele)=1/Yomsound
129 (50

22 bR MBI y L aPRART g B et Qe s s 7
0.131 msch)l (b ETheaBsudtinEsapiakion 0dluliéh wAY filedredfi rthd fuidatas Shskedovigi ni ght ,
the reaction m xture was concentrated and the residue was diluted with

Et 0Ac (86T mbhandgiicsr” paprore pive firecogicepanime shirsehoxybsacitched 't Kk i ne
and d“a??elwv&%hanhydr ous Na2SO4. The solvent was renoved and the residue
was purified by silica gel colum chromatography (Petrol eum ether/Et0Ac =

10/1 (\(‘ESI ; t C’St%B g‘;A%QEEPféLHthéQT% é%/ﬂf %Bd (21§§/fgyfo€i Bhnd®Swi s‘ﬁ?ﬂe#u@é’& ol i d.

LC M5 To a soI ution conmpound 130
(150 nmghioy] 2Blonmo (30 min), @'hecrmatvge (eilu®edrfg) 6\ha§hfalctd®d>n4:mx‘ﬂﬁd_wame\dpmade (2.0

t 1 xt .
Concont P78t EUP e BONER i Gl B ir S UBTPh B VBT NG TR 0 wni on
was usagyélfv ddhid. next step without further purification. LCGM (ESI): mz
475. 3 (M + Ht [0503]Step m Subsequently, the HCL salt was dissolved in

DVF (2[652381) asteh ihe dikpdnbior oneis dalgechl 82t REDt(Qd36.5 4.73nRoéther was
N- Moc- L-Val - OH (86 mol ), and HATU (202 %0 49 mMmmol) at rt.
e

, 0,49
After diepted witg déazoww%%erﬂin# Ok RN fiegtber %mmq&%w 52 BoHcesnb\ent ¥ and t he

resi du P ESI
iz 788 FRpRRg R RSB BB SR G S ne s

of comﬁbﬁﬁg)samfellﬁwrsnhd aL(] 1\@ (ESD): 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,CO3 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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Scheme 9-1 [0504] Step a.Referring to Schene 9-1, a m xture of

2- bronobenzot hiazole 1 (2.72 g, 9.5 mol ), 4-nethoxycarbonyl phenyl boroni c
acid (2) wo.280/g56740 mmol ), Pd(dppf)Cl2 (388 ng, 0.475 moolUS2000/02648 Na2CO3
(10 nmL) and di oxane (20 nmL) was treated by a repeated process of
degas-and-refilled-with-nitrogen three tinmes. The reaction m xture was then
stirred at 95 Cin nitrogen atnosphere for 4 h. After being cooled, the

m xture was diluted with THF, and then filtered through a pad of

CEL| TEWﬁrtrleh@as eb!tﬁo?ﬁ&@aﬂ@ﬁﬁe FANGERE fe@fdﬁ@' \x@@gartlh&le‘arﬂég@eeﬁ% gp&leta‘f@(%o
directly purified by flash chronatogra usi ng net hyl ene chl ori de as

el uent m&)@ngweerébimbm&dhe:@(gpn@@h@se \B@Oliﬁ%et ldytedtenchdtwdl aver NadSd. Aft@505] St ep
b. A sqluti ithium n hexane rm)l ) was

o ol y et it Pt T e o Ry S RE 0 & e8Pty ot
(20 rTL)tceazhte/-hg)&nE‘rW@S’) td pivBlester”S {036 @dd?/&y'léid) ast}h:ﬁoﬁabhkﬁ I[QIH\/IISB(SES@ hasved to
stir fQ7 %‘29% -78 C and then warmup to 0 C. The LDA sol ution was

cool ed P& ‘f or next st ep V\D 2010/ 065674PCT/ US2009/ 066459 [ 0506] St ep
c. Asolution of 3 nmol ) and chl or oi odonet hane (7. 30

mol ) i¢2BHF (Step &L %@reeﬁtsga 3t(é60 g, &3 mmed) t@&%vwm&ﬁeraﬁe&bﬁ éd?%bove
vas sl anhyl) GAnadsad ?ﬂeﬁé’(@% ﬁaﬂ}hﬁ S@h1HE AR bAVIE wad Kirldat 170€C F DMl NOpdA Xt ure
was sti rred for additional 1 h. The reaction was quenched by sl ovay addi ng
a sol utr¢raevabdf edailé eoluantthe nesrmsl I(rcltﬁtlal(wp/s\p)lrlflekbbmtlcmel cl?tsm@tagnambyr eacti on
m xt ur s u vater. ; cet at e.
e A G L e B L T

Iayer \Ra%}déld}aﬂ; yellew samdnyﬁ(rZMS(ESIQilmfﬂﬁsme[MHH filtered and concentrat ed.
The crude product 4 (1.80 g) was dried in vacuoand the residue was used

di rect l[520pr rBx¥h hC TOALOERbR @flblslea@ztzbem (4?@5@7!)311 enna) mﬂmr (zath) @ﬁs 4 (0.59
g, 1.61 N- Boc-L-Proline (0.8 1), nmol )
and di |a§@f&r‘%@pétm9%ﬁ% 6 o éﬁtn@noléaatg‘s %ﬁ?aﬁt%m@t\%ﬂem SHlLrsd %e{%foétzlhrred at

50 C fahedollent RS e§£}|0}’2§&1t ant@fe RYRAROKAL 86k B Fal R0 ng%'Sd(Ug 3Bend) LEFLIRY W th
water. The solid was collected by filtration and washed wth water tw ce.

After BEilngpltidwhist wan uyelciouthe nexiestaprwitheupfuodacpuribastiqn ECFMEAEBY: fizash
chronat48956[\lc9ill>j%(et hyl acet at e/ hexanes = 1/9t01/5 (v/v)) to afford 5 (0.92
67% yiél e;s a white solid. [0508] Step e. A mxture of diester 5(0.81

g: 1.1 i um.acet (3.39
g, 33 O#’I'JI) th‘P aeﬁoéu Ofdglﬁ\(})%l ggzs? ‘gm%“)%g\zg (t)llgll(fgezdé/ nqgg C for
90 m n.mrAdlY edd Ibmqude) 8ehg, D13 nirBE id O IVEnK niktercWADMF-IBE @miled into a
flask and concentrate to dryness. The residue was_partitioned between

chl or o VRTAHF L (aeva), WasriddechRIF Ay EhY @iy, A0ermol at alicderchipr MixEica¥asand
brine, sandi &GS RHEvas Eb@po%&ﬂﬁld%@%tnlmgﬁeanwnl Itﬂxﬁge Bs bifFdd via

chr omat ogr aphy (NHAOH acet one/ et hyl acetate = 0 (v/ivliv)) to give
conpoumtepeHlIoC i prgyide Pospowidd) asashite sphdl.t éH MR éBOO[MH@)QPIStC@) 0.92 (m, 12

et hyl SHecanbrd AL “CEOHEat OF £ O PBRLF PDrE PR R B A at e

t enper zeltnuﬂe) 733 (4, 18), amsi(scomem(ated 7tHz drfy)tegs (d,Tr&.1rtesi1dle78&8d,di ssol ved

ext 1 acueti! 7 A Hrr B by SHisa TS e 28 PpenbCavSor et 2l dONPH% ( 27d g

7699 was obtained as its TFA salt
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[0510] Step g. A m xture of N nethoxycarbonyl-L-valine (40 ng, 0.23 mol),

DI PEA (98 ng, 0.76 mmol) and HATU (87 ng, 0.23 mmol) in DVF was stirred at
rt for 30W0i2010/065¢780 ny, 0.076 mmol) was added as sol i dPCTHiS20600m66459N

m xture was stirred at rt for 2 h, and then dropped into water. The
precipitate was fornmed and collected by filtration. The crude product was
WO 2010/ 065674PCT/ US2009/ 066459 purified by prep HPLC to afford conpound 8
(16 ng). 1H NWMR (CDC13, 300 MHz) 6 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 (44, m, 3.74 (6H, s), 2.6-2.0 (10H, m, 1.10 (6Iﬂ
d), 1.95 (6H, d) ppm LG M (ESlI): mz 796.4 (MtH). Scheme 9-2 [0511] Stepz
a.Referring to Schene 9-2, to a m xture of conpound 2 (6.31 g, 35 mmol) a@d
HATU (14.63 g, 38.5 nmmol,) in CH3CN (<150 n,) was added sIowa DI EPA (9.05¢
g, 11.35 ©70 mml). The resultig a1 Xt UERe was tlrclgedgat rt for 15 nm?o
the mxturg was added 3, 4- di am nog @uo]g ceacid e hyIOeséer 1 (6.31 g, 3500
nmol ) at and st fgr OI"hEI nued atg t<TQj“ 217 h. The r@actxl on was quenched"”
with satukated NaHGER FolWpion, and|ewd r é{d with EtOAC, (3x150 mi).

Conbi ned o) ganj ¢ phase re washed with 0 (2x200 m’_’) and brine (200 m),
dried ov 2504, il | ef ed_4nd concehbrated on a ary evaporator. The
crude m e was purlfl by col unn ﬁ{omat ography UEI ng hexane/ Et 0Ac =

3/1 to 2/ v/iv) tag g|ve an amde { 289, 94%) w- brown solid.
LC-Ms (ESI): z (e 343, (MH)- 341 [0512] Zx% mixture of the
product (112 33 ool ) from abo reaction in ACO—|O(=§00 m.) was heated
at 40 C fqr : tenperature al | oned t rmt(gGOC and further
heat ed th@‘; m xture f 24 h. Al starting materi was consunmed based on
LC- M5 analwysis. Thezexcess sol ventz®as refoved on a rotary evaporator to
give a cr om Xt ur whi ch WO 201 65674PCT/ U 9/ 066459 was subj ect to
purificatidn by col chromat ogr a el uti,ng wi hexanéfl Et OAc 3/'1 (v/v)
to give a t| onal i bemzi m dazol §( 1062 g, ). LCG-Ms (ESI):
mz 325.1 . [0543] pcSAm e Hf the p $0.2 g, 31 mol)
fromtheaove reactlon an for 75&9 02 31 nol 0H(200 nm.) was
heat ed und wrefluxc d|t| for 60 h. The m | ky m xt was -aC|d|f|ed

with 10% SO|UtIQ o adjust thég,pH 1 to give vijte premp:g)ates Thes
precipita as col tgc ed by filtrgtion and then ddjed in vac to afford
conpound 3 ( .9 g, gga titative yited), which was @s@d for t h& next step

wi t hout furth?ér pur ation. LC-QB (ESI): mz 283s o(I\/HrHB [B514] Step d. A
m xture of (89g, 31 mmol) méﬁlonyl chlorldeg ot )%/vas refluxed for
3 h. TheQrg gkion mxtyure was concentrated and the: e%idug was dried in
vacuo to & v8cacid ctfforide, which waé_r‘(L suspended| 'l a & xture of dried
di et hyl &dieES(200 [ THF (50 nL). 8 t'he suspensi on was added dropw se a
flash generated dia t hane sol ution pr OXI matel {\216 mol of

di azomethane sol ut| o gener ated from®5 {Z
4NN—tl9| quonamde)"%OC andt ens¥ireed it at 0 Cto rt

Pl

I

A

over ni gft vol atil e was fenpved on a rdtaryoe{aporator to give a
resi due. The resi du S purified col um chr orpatogr apldy el uting

hexanes/ Et 0Ac = 3/1 (v i\ve ellow solid{(2.89 g~ 17%vyield).

[ 0515] StepTe. To a m KtureSpf ©
2-di azo- ]2-4\2144 (2-di azp-acetfvy) - ph
benzoi m dazdl - 5-y1l -et anon bt ai

yl1-1-met hyl = ~
from above .89 g, 5.49 mml) in

AcCH (50 was addéd| S owly HBr (7 %| n AcoH 62 m.,, 14. 31 mmol ) at
rt. The r | ting mLzLx‘Ct re s stirred at_ ry fa zan® then all volatile
was renmoved @n a rotsHr orator to gIOV cr)f:Pde m 'r/ ez The crude nm xture
was further gried wzh gne on arotaryfe aporator 25 nL) to give

conpound 4 as yellow solid, which was used r the next step w thout
further purification. LCM (ESI): nmlz 448.9 (MtH).



[0516] Step f. To a crude m xture of conpound 4 (-5.49 mol) in CH3CN (50
m.) was added N-Boc-L-Proline (2.59 g, 12.01 nmol), followed by adding

Dl EPA (3.w 2mo/062¢29 nmol ) at rt. The resulting m xture wag/uskomnedsat rt
for 5 h, and quenched with H20. The m xture was extracted with Et 0Ac (3 Xx
50 nL). The conbi ned organi c phases were washed with H20 (50 nL) and brined
(50 m.), dried over Na2SO4, filtered, and concentrated on a rotary
evaporator. The crude m xture was used for the next step w thout further
purification. LCM (ESI): mlz 719 3g I—% WO .

2010/ 06%¥1hPCitersoBoicourAs Schana I setby Zgbromg-tbenothisokspbprdife 6F00smg.. 5. 72

nmol ) | e (qml] sul ting
m Xt urgrgvs\/)a?s{lln at £%%1§ﬂ&145 C ?cdagﬁf;@%"ﬁ‘agoﬁg%é@mﬁ% (ﬁhﬁ}%é ventg g/e?-sgnqunelngved on
a rot apyd @vﬁﬁbr(&it&)mgl(m(@nml)awm dobeolmedkiniarmaixedvbilednt @HF/QMF edt2,t5onlglohum
chroma h wi th. hexane: Et 0A¢c = Yel Low br own
ol 1o daehEB Hie dhe BBl RO adE R o i Eatiteddendy Bk g

[ 0518] Blagpwhs heh@edao 05 Ul @nde® hitidgom6 Of cddlddAd . Mhe solvd® wanBImovedudddr (7. 5 rTL)
was added HC1 (4.0 Min dioxane, 10 ni The resulting mxture was

sti rrededieed pressye ang the residpe Waki- daﬂrsplveé t@éipl{ltef%@% BV Bis Mot ar y

evapor @I)lgﬁoﬁ Qaé%vi(s@lea' %}Ilﬂlgﬁ‘fuﬁa@éd IdaHJ@? bYigk hievariRlvith NesolaRethtelh di et hyl
et her (2 mL) and then further dried on in vacuo to give an HCL salt,

whi ch \msfltﬁb@dmhmgeﬂ belumaxPC3/dsOM £ AA-2 fudv)d iegivplies flighaydliow. solid( B ( ESI ):

Fegi of Sgr YR TSGR O RIEYE DA FES PosBb RS St R B0 BhidE i L Ton
of thesﬁwwdqt 21(151& aasqs 310, | npd 31;—1)15\1311Bq9c M/ STO /4 $56. mov+A)2 mmol ), and
HATU (76 ng, 0.2 mmol) in CH3CN (1.0 nL) was added DIEPA(65 iL, 0.4

ol ) . [0832] T esﬂﬂ:ﬁ bNToMskigeh8oNBs1 @410 5 rieds Atnohtin fRrsoRrcht Mixt@odf t hen al |
sol vent was renoved on a rotary evaporator to give crude m xture. The crude

m xt ur § HieQlHfQ @O0l oy wspuddipl G Q. He® @5$-Ig£)51t omadcithe quﬂégixﬁlrgoner s
were o I
res pec:‘e‘}a\%letlnﬁé;11 %2%10:\%{:1? eri z}ge%/‘?)cl)%ﬂ%\@%lehgw @?%8% (SMﬁg) %{%{dg)g av%&gtlh%gH( br s
1H), 7 wk9adin@2d {om-2 8kbh,2NoHED-Theecfpitatc2ifs, filer&llan dBidd (ngiv@ifree 4ci@(B.6g42 (m
3. 2.20-2. 44 4H), 1.98-2.18
1@@”’ aﬁ‘ﬁhlﬁﬁrﬁ"h@% %%thsql%%v%&i %é)w*H) mz (M2)/ (2m 39?0 (MH1): 794, (m

[0520] cterization 1H NMR (300, NHz, 30 (Br
s, %%3? 7§8'21° ﬁlsa%“?l{e chéh 4%1£8641QW{1109|3B35 Sgspfédeéi l?,éhl?%?‘fi? %}ge %039 (t,

J= 6 6 » hetkdd to %Bfﬁlgll' f9102 Lrhekidtile WabBmolkEd Snded Fiucad ppdssde 38d (HO  4H)

2. 00- 2. (m 4H), 0. 1.07 (m 12H). LG M (ESI): mz 793.4 (MH).

[ 0521] W@W%@ mpﬂ@ed@qua@géd earedhoeprespendingsisyihhatichy ol | ow ng the sane
procedure as that used for synthesizing conpounds 7 and 7' and using

N- Moc- P534Y- O temdt dadhasuspeniion of thyaryl@blogisle abover de? f ezmelnin thg BiNUR ( 300

5 5. ST af R S B oo o B8 Gt Wt mals Bz tRoP)

2. 00- 2 c36v () i didtHy] cther9Thd deact®n rZikhurgp sticfSd MBn{ €8l thrt TH. £.O-MS2)nH 2H NMR

(Me1): sl?owed reactl\(/)\gl)wza(s) ]é(())r/ngl%‘?eg?éfﬁcsr({l\gesrl% (\)V%sglre?r?OGV% E‘[90 give crude product diazoketone.

'H NMR (300 MHz, CDCl3) & 8.43 (s, 1H), 8.20-8.23 (d, J= 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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[0522] Step a. A m xture of nethyl 3-am no-4-hydroxybenzoate (2.5 g, 15
nmml ) and net hyl 4-fornyl benzoate (2.46 g, 15 mmol) in nmethanol (75 nL) was
stirred awvornpionsssai ght. The sol vent was evapor at ed und@CTSAwoM6b4pY essur e
and the remai ning resi due was di ssolved in dichloronethane (150 ni). DDQ
(3.5 g, 15 4 mmol ) 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 resulting solid was washed with saturated NaHCO3 (50 miL), water (50
m), andn&klvhd Bﬁﬁh&tv@asQ%Q&Etéﬁ«%nl@&féhl‘é{%dn?éihdn@ (YQC\‘:JQSh%@w%\I\?&I@BERQ opdd (4 g,
86% yi el d) as low solid. [O ep b. Amxture of diester 1 (4 g, 12 8
mol ) andibting, Idrledw‘hay M%S@@éftnbwmwdlrceftﬂ@ fobvent, ghe audepreduct ivas purgsidwant

m xt ur e.,of ter 0 —/5 f uxedfor
5 1 el sORRIRC BTN ca LR v CRh ARy AR aESE 2 dR gl

neut r al Yo HCL The | t ) 0 t i

or . T HEED: T ARG TFS ot erd T BURIL A by et 1o aiED oﬂ%ﬁe the
corr espRdidag Idus&ntmwlmlg 4ot ingho)3at 378 °C. %mﬁ{ed}tloﬁﬁva}!@ﬁﬂr&wo&m id.

[ 0524] St ep. ¢. e of the dicarpoxylic acid (2. nol ) wa
suspen@é@fﬂ}gﬁt thTdHW mght-¢ pueel) we addpd- Tihg deagion Wﬁ%stlrr@maa%éar %lb%nde h. The
reacti QfledbhXd Witk NARR R LBRALAITEH MRASE whEAHGERFhR 'B@t%le'r'i Fakdh Qndj@H%lz {3'31) vacuo
to provide the corresponding diacyl chloride (3.25 g) as yellow solid.

[ 0525] Snéficdrganicsispevisi wished withériaé, aleipd, fdmdrandgomnmtn@dz Yarudtogivel 7

mol ) i.n ether s, hregated with diazonethane (71 nL, 0.33 Nin ether, 23
nmol ) afudgc P%l\lr,\r%"(ﬂ ‘Igl%e sol vent was evapor at ed under reduced pressure and

ol . 10362 e 9 b0 G LR s OB L PR o i (B e
(1.55 @as 4dcYedrml|PE)A (0e2 rslUuSpRAERd) dnd 46(@ 6t7|g<;2 a&mdol() LDad&iohltﬁrectlo he) bt ur e was

drop-w sel.y added 48% HBr in AcCH ( at C. The reaction
mi xt ur E°3REQN MREHCWES Tdedy r&%vefl‘tlglénﬁhes%oﬂ\fe%wasr r@moiednand%?‘é}}cé‘fvéﬂe’?‘i@?‘@@ was

added %JlfBVHlMﬂéIBhl@thtaH@(s&f REKh QWi NEHC& (oL} &filur &8, delk@ v@ﬁf a,sONEA ficr
resul ting suspension solution was filtered off and the solid was washed

W Itlh wa&trecpvahn he goleent] the vrad@mw@ctgvast@ubﬁ?h@k@hwlmm( (Ha8ngy/Et08%-y1/&l d) ias
2 (1.38 3.2

N Boc- (B ﬁw@?iﬁd SV %lem*%%ﬁé%?ﬂ@?é}?@nﬁwl S ol S im

2010/ 8%@:‘%”%053 5obior oie Refmer - BT E AP R A PR i i ng

r esi dueubsasaspdddd iﬂnﬁ&ﬁdmbte&t‘d\f%Qm 79@1135 7 aﬁxﬁﬂpetrﬁ ti&ylahainca B thIWaE Ermndh. L) .
The or gfanl ¢ phase was then collected and dried over Na2SO4. After

concentlhgybsrvas serded snddiseisd i F4ds. §uﬁ0&1 Shfeolefl il Theyaliite sREWOPE™S ed over

silica gglvelsl %’Juuﬁ&c%@tﬁ@éé@ﬁi’&@%sﬁﬂlﬁéﬂedt%nﬁéeﬁ%va?étaﬁ& 0312@9 2 B orgae Yi €l d)
as yellow solid. LCM (ESI): 3 [ M-H] . 28] S pg.Amxtureof

est er Ph{BEGsKed, (fll®rq‘ihmﬂ)com¢dtr@mdrmma9mracﬂteaﬁ@l t(ng Megnatgmlalmlp)lrlﬁ
degass l.ene , ik N seal |rr C for
00°rm oa e ERToFo R P ek a® BHIGE RS IHE PR AV bb o ad i £ Pec
by sil i7¢% el). tJo-®ISOESDE apty 6(GeMmyill) 'acet at e 100% then et hyl
acet at e/ net hano1=90/ 10 (v/v)) to give bisimdazole 4 (474 ny, 89%yield) as
yel | ow[esd0] d. Stép VBI¢ ESRhtiondfz @66 m3, DN hirhol) BT2OMSLO I wakaddedsDFAI(S on of
bisimdazole4(474 , 0.71 mol) in THE (20 nl) was

mL). The reaction mixfure 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)".
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added 4N HC1 in dioxane (3.6 nL, 14 mmol) at rt. The reaction m xture was
stirred at rt for 2 h. The sol vent was evaporated and the residue was dried
in vacuo wo2giwves@&4(ca. 330 ng) as yellow HCL salt, whi ebTwessoa®eddsd or t he
next step without further purification. LCGM (ESI): mz 465.2 [ M+H].
[0530] Step i. To a solution of 5 (135 ng, 0.29 mml), N Mc L-Val-OH (152.6
ng, 0.87 nmol) and DMIMM (240.5 ng, 0.87 mmol) in a solvent m xture of
DMF-THF (2 ni, DWMF/ THF=1/3 (v/v)) was added D PEA (0.5 nL, 2.9 mol) at rt.

The reqedipn Mg Py Mesudd JrRdod g@ 64 Phano1)in M&dﬁ{‘gfﬁmﬁy%@%&feﬁ‘ﬂd@d the

remai ning reaction mxture was purified via prep-HPLC to provide conmpound 6
as whi (&0 weg) . sclehaINVRPYEGOon. Niﬁ@l p@psdB)th GIzOTIQ:ZrqunonmxtH)e ws, shekqnnm the H)

2.26 2.(m

5 18 Emlakﬂ_blhqde%ggga (fér 48?,_&@ ﬁ?lxi zzs‘amfltﬂje 09 C%iﬂ?]afm%ndézow;%rate% tlljé: 7 73 (d,
J=8. 1 Ik&idut wHs purfi&Bor dlicalgeBcdluida (DZMAMcOH 998/X ¢/))liblgived. f2ck dpdne B68. 7 Hz,
2H) ppm LC-Ms (ESI): mlz 780.4 (MtH). a) wT'a) EL (3a) ca | :|002
11111 M8 : (5¢ i0il EcEc < csi 00 a)a),

[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 uL, 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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WO 2010/ 065674PCT/ US2009/ 066459 [0531] Step a. Referring to Schene 9-4,

et hyl 2-brono-6-benot hi azol ecar boxyl ate (100 ng, 0.35 mml),

4- acetyl phenyldnoseni c acid (69 ng, 0.42 mmol ), Pd(dppf) €C2/US2EN9M60459. 05
mmol ) and Cs2CO3 (228 ny, 0.70 nmol) were dissolved in a m xed sol vent
(THF/DWF = 3:2, 5 nL) in a Schlenk flask. The reaction m xture was degassed
and refilled with nitrogen three tines. The flask was heated to 95 C under
nitrogen 6 h, cooled to rt. The solvent was renoved under reduced pressure
and the reS|duegyas re-di ssolved in dichloronmethane (DCM . The DCNIsqut|Q
was washed wth satura{eqzthKIB brine and dried wi th Na2504, 2
concentrated, pysdied BySsilica gel colum (DCM MeOH = 9.8/0.2 (v/v)) tos
give 1 as sli ghy ,,éﬁlid (70 mg, 62%vyield). 1H NWR (300 MHz, CDClS)oG

8.65 (s, 1 17- 8. i 3H), 8.06-8.13 (m 3H), 4.43 (g, 2H), 2.66 (So
3H), 1.44 (t ppm OC M (ESI): mz 326.1 (MtH). [0532] Step b. To a &
suspensi o 1%4.0 g 3 mmol) in the solvent mxture of THF/ MeOH H203

0 (2.58 g, 61.5 mmol ). The reaction m xture masm
The Vol atile was renoved, and water (50 nli) was
ted to 1-2 with 2N HCL. The precipitate was

a free acid (3.6 g, 100%9 as white solid. LC M
3]Step c. A sanple of the acid (3g, 10 mmol)
ori de (50 m.), heated to refluxing for 2 h. The
reduced essume and the residue (3.2 g) was
dried in vaguo to give t 2ﬁrrespond| % chloride. [0534] Step d. To

t he suspenélon qof the acyk—chgorlde-an e (3 g, 9 5 mol) in the m xed

sol vent & D&M BAF (7/3 (v/ hg) yﬂ 0C\was added fresh-nade
dlazonetﬁﬁg (58 equiv.) |et yJN he¥. The reaction m xture was
stirred from tort |hg LC-NB an 1H\NNR showed reacti on was conpl et ed.

(100 ni) s /added Li O
stirred at i
added and

(ESI) mz:)298.0 (MH)
was suspegded in thionyl
vol atil e wad renpved unde

The sol veni renoved E %lve crude product diazoketone. 1H NWMR (300 MHz,
CDC13) 6 8.4 , 1H), 84208.23 (d, \J= 7. 5 2H), 8.08-8.15 (m 3H), 7.86
(d, J=17.8 H ~6.0 (s,S Hﬁ 2.68 ( -ppn1 [ 0535] Step e. The

di zoket on& wa's dlssolvedIln acetic a H?Q\ Zl) and HBr (1.1 equiv, 48% aq.
sol ution) 3 added, stlrred at rt fo;£1 centra&ed to give conpound 2
(4.5 9). 36] Step f. fe\qgsolutlon <Ibz L-Broline (3.59 g, 14<4

di i sopropyl ethyl amne (60 ni, 36 mml) and 2 (4.5 g= 12 mol ) in

acetonitrgle (50 ni). deaction m ¥¥te was stirr€d at rt overnight. The
sol vent was® [WO 2010/ 0GQ624PCT/ US2009
extracted vgtlh,dichl oronet hane (3x),"
dried over 2504, Aft enoval of t

mol ) in gcetonitrile ;;E?Mhit) and Bl fSO nit) wasEadded

8459 renoved and product was
dshed wi t*h NaHCO3 (200 nmli) and brine,
ol vent, the crude product was

purified orfgi®ica col Hexane/ Et 0Ac 1/1 (v/v)) to give 3 (1.2 9g).
LC-M5 (ESI )% |mz 543.%2 (WHy-. [0537] St To a solution of 3 (1.2 g, 2.2
mol ) and (2.18 m., %23 2 Mol ) in S added TMS-0Tf (0.8 i, 4.4

nol ) at -784C. After the reaction was s |rre r.t overnight, PTT (910
mg, 2.42 moly was adde e reaction 5|r ed at rt for 2h and

guenched wi tl¥ NaHCO3 sol n. The mxte rtltloned bet ween wat er
and CH2C12( and t he orjgani c phase was he with brine, dried,
filtered an ncentrated”Im vacuo to giv ude conmpound 4 (1.37 g)

L w 0..__0©O

e
g

MeO,C
HCI
0O
OH
Boc
DIPEA



[0538] Step h. To a solution of N-Boc-L-Proline (568 ng, 2 6 mol) in
acetonitrile (10 nL) was added DI PEA (0.54 nL, 3.3 mmol) and 4 (1.37 g, 2.2
nmol ) i n woebomicse7isl e (10 nl). The reacti on m xture wasPSTiUS2@d/06d459 t
overni ght. The solvent was renoved and product was extracted with
di chl oronet hane (3x), washed with NaHCO3 (200 nL) and brine, dried with
Na2SO4. After renoval of the solvent, the crude product was purified on
silica colum (Hexanes/EtOAc = 1/1 (v/v)) to give 5 (900 ng, 54%yield).
LC M5 ESI . mz 756 3 (I\/H—I) [0539]Step i. To a solution of 5 (900 ny,
A MPLEL0 v Senthesipof ¢ompe Adlm yhe was added anmmoni um
acetate (2. 75 , 3b5. 7 nmol ) and trlethyl amne (5 n, 35.7 mol). The tube
was seddd anﬁ%&t%@felﬁ@gimﬁc@ﬁﬁdp It aghixtugpef rethyld 3.3.4The vol atil e

oS Y85 TRAE 4 LM UM L3 M PG e

conc entatidtnsxdhyil estea(@Uugn20 Tineol) edeKﬂiﬂ?@ @7 0de 98matnesl) ml 60wak opDMSO eds by a

(630, mo eSO R S fusrEeg e g, i gogl iR piSepudtiptn S oS! e
sol ut i QREEDAEafBRD D of QQ@SFHawga)nd 1By dPGMs (x20hJally i thAEISO aqm)wédﬂfﬁnﬁéaﬁﬂ_) The

reaction mxture was stirred at rt for 2 h; TFA was renoved to give a TFA

salt, WHP¢ FN w9 uAEEr geertEondhe residapwa Rise by sHica sl Cﬁlﬂnilf? i cati on.
0541 T 10
LL WL?nS) h%ngh&ghééyét}gﬁ' a at% ng) EA t§ @} lt) td aﬁ?(?d ngxf_&m )60% i (

L- Val , 1.32 ol )
and Di IREAlglﬂ?yeilcahsolﬁl J8 Wivii ()300MHEZ @Hﬁi’g)léohé%@vag 88t(mr 28yl 7alt8 +1.62 (myver ni ght .

pur 1 11 efon! 26 B TC PR (BRI Reoin:: 8 4. 2 S ADrve gi've 7

500 74% yi el d LC mz 773. .
(2010/ 0 %‘?hpcﬁtgls%(fgme S@OF b@%sﬁz %mpoﬁ%m%aleél\%ﬁﬁhw (%8¢ 808 1y,
0. 647 mRb1) in m%L?QaMdeM@A@@g&QOIE@4&7@5@ ﬁgs)hl}aagd@ﬁefarﬁi mflr ops of

con. HCl, purged with H2. The reaction m xture was ‘'shaken in the shaker
under @Oscnmylmlrne 48h26.Find ofi 3 Y - Bds inflickares e1d4(bmlcémfmﬁﬁm7§r? via

Curv) ) PNyt 28 pl ECTCIE IR Bt By BB T o oy SRR PN ™ 2

free artqumhéd bmder@pse 8dadi(id0of MymL &f AsOFIDHF (v/n, DINFT(lSrdshlhng\mmatbdeﬂ

N Moc- D- Phg- OH (43 ng, O. nmol ), HAT 0.157 mmol ) an (155
i al, 0“@&1§g‘?ﬁ%?f}d paﬁﬁ”&ﬂ?@ﬁé&f %&éa@f%@dﬂé%‘?g?”gfﬁlﬁprwawegﬁ%ﬂ a&ﬂ ent
was r enpuesdundebvdredysed Aeﬁa%hweﬁtraﬁdﬁet&rregﬂalemaq)uﬁﬁemﬁth@urasﬁ ERGAN
preparative HPLC to give 8 (33 ng), in which R' is a methyl group. LC M5

(ESI): chﬂowaga@apbyam heﬁa@%qumaqztﬂﬁeoww 4/ Brasfpekcompopd éﬂl gaking a

I f it N-
For' N MBVE Brl B ARk AN, EBeENE o bee bR Rl ES a8 2 oms
obt ai nG(tO((ﬂSlH?)g)@l@zﬂﬁ 4. ESls) 21y, 2:5789, 214, 1.64+) IH), B 03465 pMajkpmhg a sarrpl e of 9
(70 mg, 0.08 Mol ) in DCM (15 nL) and treated with TFA (4 nlL). The

cor r espgsy®| ng Step BoCoppoOeHicE (18sz, oBbahmel) RBoad-LIPAlLsal .65 ¢, 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,SQOy, filtered and concentrated under
vacuum. The crude material was purified by flash column chromatograph cluted with

hexanes/cthyl 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), NH4OAc (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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[0546] To a solution of the TFA salt in THF (10 nL) was added DI PEA (132
iaL, 0 8 mvol) and CDI (39 ng, 0.24 mmol). The reaction was stirred at rtrt
until thewoeamticssr4conpl eted (nonitored by LC-MS). To tireTABSRaiocHSNAS
added net hyl ami ne hydrochloride (54 ng, 0.8 nmol). The reaction was
stirred at rtrt overnight. The solvent was renoved and the residue was
purified by prep-HPLC to give conpound 10 (12 ng) LC-MsS (ESI): mz 829.4
(MtH) . WO 2010/ 065674PCT/ US2009/ 066459 EXAMPLE 10 - Synt hesi s of

conpou rﬁ@ae@{o 179 EUh 8n bit Bhth Q347 S EMeReodRe BN, | FYD AcinSNOFerd Qadkd aftd Hicxt ur €
of nmethyl 1,2,3,4- tetrahydroisoquinoline-6-carboxylate hydrochloride (4.28
g, 18 8&rgan latyer Svaq séparatddf | Thgragiesns biyer wiesd aktragsedyiith ds®ae (3 858 ng;). 2be nmol )
and K2HP irred.at 80 C.f0

hour s. c%\?cl)slélgz& ég(’é@?}qgera Were (Iirzeﬁi ovrerglgl a @[O hftﬂteﬂ\f nd concen%rated u{ldetr vacuu IFEIi’lheB 00 nl
of Et OAmdamﬁte&waamefﬁddm flaflhn eolﬁmgahtomak@y@h e\hasd waﬁ he;dmw/éthylhlz&an‘eol | oned
by bri 504). Aft jration, the residue was purified
by siIR@% gﬂqﬁégﬁﬁ%¥% 46ﬁﬁ?%ﬁ? gﬁvﬁgﬁégg ?%Rhyl acetate (v/v), 3/1 to
1/1) to afford conpound g 0@6¥|eld3 as slightl ye||OM/SO|Id 1H
NMVR (3083, 3) sgnnicg comlffoueé 400 2Hf)- 70 ), disyolged inghioxapg (2 mly 3 (g,
1H), 4.8 sélﬁvlngzkbds trg‘atgcﬂ-wfﬁ 4Mgﬂ?[%l 1n?th%né gl4 3’31'1_19_, 5733 ﬁﬁn((l} Agé_rbstm:ﬁlg% rt(ﬁ)r 2 |'|)
ppm [0548] Step b. To a solution of
c hl or oi2dd WMQ@ n(lgu%wg c03®nzaﬁqﬁr@n6} thp meSFHE V(ad@lrlml_)n w&go @omwamlﬂﬁl

(preco freshl nd 26.5 nL of
"5 M B B s p R Qs el R LRI 7000 T
The r e@dO7mimo) and N-8Masels- Vating (3ddnd, Or1 9 wambipwies: ditsolvéd ildDNET @rel). DINBA

quench b ropw s of AcOH THE

resul ti ‘ﬁa nff; 3t1|§r gn&ﬁﬁ%ﬂ%&éﬁag %H npioDise ?#@%ﬁ@ﬁ@@ f%mal)r% a‘t\g‘?rat ed
NaHCOB stirHag apftq&ru\@rdlgw &he Y@@tld‘fﬁﬁﬁﬁge wa§ Boddz&ra%éwmﬂrth@fésﬁﬁ@wam&ﬁ% byAf ter
concentration, the residue was Eurl by the flash colum c ronato%raphy

(si | i carephasisnBRLE thgiveatemaoand §(%3 mgl)@g ail@hta/reﬂ@wolubr}bﬂm(@(@,l@ g 54%

YLese) mz)%w(vl.srgé ’?&2%4@89?%@ 12??3)811%(52”7%13 zn)?l&gﬁ}’(%ﬂ : 2H) P

(t, 2H)4 2534, 097(2([1 m) 2|H)3 :ppfmsH 015)49]968@@ (CH, BYRIT0I565 26H %),8%093.42 (29 myol ),
N—Boc -Prolin g % 27 9, 7., mmol ) and DI PEA (1. 32
m, 7. éé) n%r%Wm)é éﬁ) s9§|%‘é mhoé%%ﬁ@ (125 m) ppy. L@"H\ésﬁ%%étm6§3%xt ure was

then h @gﬁto 50 oCin an oil bath for 4 h and cooled to rt. The sol vent
was renoved under vacuum and the crude was partitioned in EtOAc (20 mlL)
and H20 (10 nlL). The organic | ayer was separated and the aqueous |ayer was
extracted with EtOAc (2 x 20 nL). The conbi ned Et0Ac | ayers were dried over
Na2504, filtered and concentrated under vacuum The crude material was
purified by flash columm chronmat ograph eluted with hexanes/ethyl acetate
(2/1 to 1/1 (v/iv)) to afford 3 as a yellowsolid (1.1 g, 49%yvyield).

[ 0550] Step d. Conpound 3 (1.0 g, 1.32 mml), NH40Ac (2.89 g, 39.6 nmmol),
TEA (5.52 nmL, 96.6 nL) were dissolved in xylene (6.6 nL). The reaction

m xture in a sealed tube was then WD 2010/ 065674PCT/ US2009/ 066459 heat ed
to 140 Cin an oil bath for 2 h and then cooled to rt. Et0OAc and H20 were
added and the organic | ayer was separated. The aqueous | ayer was extracted
with Et0Ac (3 x 50 nmL). The conbined Et 0Ac | ayers were dried over Na2SO4,
filtered and concentrated under vacuum The crude material was purified by
flash col unm chromat ograph eluted with hexanes/ethyl acetate (1/2 to 0/1
(v/v)) to afford 4 as yellow solid (0.7 g, 74%yield).
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[0551] Step 5. A sanple of compound 4 (0.50 g, 0.70 mmol), dissolved in
dioxane (2 nL) with stirring, was treated with 4M HCLl in di oxane (14.3 ni,
57. 3 molwO 2660mes678t i rring at rt for 2 h, the reaction RCIIUS2@INWEIS9
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
ng, 0.097mmol) and N-Moc-L-Valine (34 ng, 0.194 nmol) were dissolved in DV
(2 m). DPEA (0.2 nmL, 1.16 mMmmol) and DMIMM (53.6 ng, 0.19 mol) were added

to the mxture. After stirring at rt for overnight, the reaction m xture
was concentrated and the residue was Jpurified by preparative HPLC to give
rt compound 5 (9.3 ng) as a | ight yelNow solid 1H NVMR (CD30D, 300 MHz) 6

5\3
(2H, s), 4.25-4.19(2H,rr),z4. M m, 3.90-3.80 (2H, m, 3.70-3.6
(6H, s), 3.50-3.45 (2H, mj 0074 2. (2H, m, 2.40-1.98 (12H, m,
0.99-0.88 (12H, m) ppm LCNMBSESI)E 830.4 (M+H). WO

2010/ 065674PCR US2009/ 066459 EXAMPLE 14 - Synthesis of conpounds of For nulza

Vc [0552] Step al Réferring Schenme 11-1, to a solution of the bronide
1(2.0 g, 42 prepared acgording to published conditions) in dioxane

8.18 (1H, s), 7.52-6.99 (7H, 1), 5\35/5.27 (1H, ), 5.19-5.11 (2H, m), 4.

68/15780@0&%/21 54751.3

(60 n) addg%jj bi s( pi nacdl at|o) di boron (4.32 g, 17 mmol), Pd(PPh3)4 (0.49
g, 0.42 FTand |pogassi unfagetate (2.06 g, 21 nmol) under nitrogen

at nosphere.| The reag® on mi xtlure was stirred at 80C for 5 h, and then

di luted w et hyl| @8etate Q nL). The organi c phase was washed with H20
(20 nm.), d ove@’ odi umA ate and concentrated in vacuo. The residue
was furfhetl pugifijed by si a gel colum chromat ography (haxanes/ et hyl

acetate X¥/4 to 0/1 (v/v)) 0 give 2 (1.3 g, 79%yield). LCM (ESI): nfz
523.3 (Mih). [0553] Step b. A xt re:ai«?-quinolinol triflate 3 (0.72 g,
1.4 mol )5 boroni ¢ ester 2 (0%%9 , L. 44l ), Pd(dppf) C12- DCM (114 ny,
0.14 mml)[ih 2 M Na2CO3 (2.8 a Ioxane (5.6 nm.) was treated by a
process o gas-and-refill ed-wth-nitrogen ghree tinmes. The reaction

m xture w&s then stirred at 90 Cl@der niNogen atnosphere for 4 h After
being coolefd, the mxture was di|ued with YHF, and then filtegred through a

ETm The &iltrate was &oncentrat d tpeCcrude groduct was
| ash chr omat ogr aphy H40—Vacetoni%l et iyl ac@ at e,

pad of CEl T
purified M : =
1:8: 100) ording a pure prod 4 (0.80 g, 75%3Fi el: s a ®ite soli e

LC- M8 z 759. 4\ (MtH) . 54] Step c. &F fllhms‘ac ic agd (2.5 nL
was sI(()va e in_%ggg(sor?ui (£]4 (8.80 g, 2L § r’mﬁl’gin 03201(2 (5.0 371_)
|

at rtrt. The\re ng. mxtureOwas stirred at|rtrt for 2 h, and then
concentrat edft S. The crudei product wasydried in vacuo to give a TFA
salt, which used for thep,eﬁtestep wth further purification. LCVS
(ESI): mz 659.3 (M-H). [O0555EStep d. To a mYy e of theg TFA salt (69.1
ng, 0.11 nmpl) gbtained fraonm bgvoe reaction iz (3 nL) was added DI PEA
(0.23 m,, 1 nmpl ), fol | oped by & -
Nret hoxycarbonyl |- (8-t et rah 0- 2H- pyran-4-yl)g
HATU (52 g, 9. 14 rifrgl§. Aftgr stirring at rt I

was sl owly gnappeddrd o H2
col l ected godgﬁl t rfa¥icon. T

¥¢ine (30 ng, 0.14 mml) and
2 h, the reaction m xture
resulting precipitate was
purified by prep-HPLC to

afford product 5 (34.5 ny). NVR (CDC1l3, 308 )R6 E9°(m 1H), 7.80-
7.60 (m 4k, 7.5 (m 2H), 736 (d, 1H  7.10 ’Ag)) 7.56 (d, 1H),
7.44 (d, 5.28 (m 2H), 4l54 (t, 1H), 4.42 Z1H))._4°910-3.93 (m 7H),
3.68 (m 3.42 (m 2H), JO-2.22 (m 8H), 208 (M 5H), 1.80-1.40
(4H), 1 J90 (m 6H) pp MG (ESI): mz 858.4 (MrH). WD

PCT/ US2009/ 0664 0556] Step e. A solution of conmpound 5 (37.7



mml) in 6 nL of benzene was refluxed for 2.5 h. After renoval of the
sol vent, the crude product was purified by prep-HPLC to afford 6 (23 ng) as
yel | ow powden10/6567MVR ( CDC13, 300 MHz) 6 8.40-7.40 (m POHUS200988646%, 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 M5
(ESI): mz 856.4 (MtH). [ 0557] Fol | om ng procedures and conditions
described in Scheme 11-1 and substituting conpound |a for conpound 1,
conmpound 6a was prepared 1H NVR (300 MHz, CD30D) S 9.21-9.18 (m 1H), 8.79
(S, 1 AVIRE Fal I5.0 Sypghesis of comppaynds obFenmulaMce g 10-8. 07 (m 1H), 5.32-
5 H),434424( 2H), 4.13-4.06 ( 2H), 3.95-3.89 (m 4H), 3.67
H)[055@] 24-Sepa. R(efﬁrrlwf)o Schergg 1 p-1119 a(sﬁutlszzlq}‘ the bregpidg 14.0@nt-24%pol, 1. 01

2818%0%&%%%@&%%@%@%%&&%? E&%ﬁgggxéeﬁgﬁgong\%@ym hetic Schenmes for

Conpoubdgpiodcotat®diboroar(t 321y, ReBow!)oPd(@PBh;3)s (0.49 g 6,43-mmol) anGpétesyand 2ecate
(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/cthyl 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,COs (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% yield) 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, SH), 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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H2N

- Br NBr

WO 2010/065674 PCT/US2009/066459

[0556] Step e. A solution of compound 5 (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) § 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)".
" ’ 9
7/ ~NH
=\ A
8 v
N © o N o I\I:>

o) Oj/

”J\OMG ”)\\we e N C\

6a H O
[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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K2C03, MyCO3, EtOH, 65C 1. Me3Sn 2.1-1+ J. Am Chem Soc. 1987, 109,
1. TMsOTf, DIEA, DCM 2. PTT, THF 3.
WO 2010/065674 PCT/US2009/066459

EXAMPLE 12 — Additional Synthetic Schemes for Compounds of the Invention

o 1. LIOH'H,O, THF/H,0

H 0
1. TMSOTY, DIEA, DCM
2. EDCI, HOBt, Et;N, DCM, ~N<~ , .
MeOJ\(\/Q\ o )m 2. PTT, THF
NS
N Br 3. MeMgBr \N B

Commercially available

1. EtsN, ACN

i w >\/)
Br\)l\(jij\ R=Boc or Chz
N
N Br

2. NH4Ac, toluene, 120°C

NBoc
NBoc
%NH %
O O O

R=Boc or Cbhz

Ph(PPhs),, 2.0M Na,CO5/DME, 80°C \
R=Boc or Cbz RN

1. 4.0N HCl in dioxane, when R=Boc O/‘\ !/ \> <I/K3
H

2. EDCI, HOBt, DIEA, CH;CN

Q H
N (ONg O=< "
HO)‘I \[O]/ >=o

Scheme 12-1
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O NBr 2. NH4Ac, toluene, 120C Schene 12-5 WO
2010/ 065674PCT/ US2009/ 066459 1. 4.0N HCl in dioxane, when R=Boc
WO 2010/065674 PCT/US2009/066459

o 0
O,B—B\O io\
2%,
Br‘Q}_(/\IN d |N
ES J\ﬁ Pd(dppf)Cl,, KOAc, dioxane, 100°C J\?
RN

N

R=Boc or Cbhz R=Boc or Chz

N Br

|

H N O O 1. 4.0N HCl in di
N 4. in dioxane,
NBoc | \ 4 | when R=Boc
) =

Ph(PPh3),, 2.0M Na,CO4/DME, 80°C NBoc H lel 2. HATU, DIEA, DMF

R=Boc or Cbz M
HO™ ™
OaW, e
N N\_ /"N O\
N

Scheme 12-2
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2. EDCI, HOBt, DI EA, CH3CN HO HyO O Schenme 12-6 1. 4N HA /di oxane 2.
HATU, DI PEA, DMF 0 HO. HI ?10 O
WO 2010/065674

PCT/US2009/066459

NO2 E NO N N 1. 10% Pd/C. H,, MeOH
©\/j 2 O 2. s-BUONO, CuBr, CH5CN, 60°C
—_—

N Cs,CO3, DMF NO2

Commercially available
1. TMSOTf, DIEA, DCM

NG
Br@N Me,Sn” O @N 2. PTT, THF
2.H 0 O

Br J Am. Chem. Soc.
1987, 109, 5487

1. EtsN, ACN N
HO__J., | N

Br N ‘N y N

H >— - R

d o R=Boc or Cbz o} NR [

N
H -
RN

Br 2. NH4Ac, toluene, 120°C

NN N
1. 4.0N HCI in dioxane, when R=Boc; l N
10% Pd/C, H,, MeOH, when R=Cbz H |N
N
2. EDCI, HOBt, DIEA, CH3CN >Z:O N
OTN

(0]
10 ¢ ST S
o

o)
\

IZ .

TZ7N

Scheme 12-3
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Schene 12-7 1.4 N HCl, THF 2. DMIMM DI PEA DMF- THF / yCO2H NHCO2Me
NHCO2Me6 MeO2CNH ( Schene 12-8 [0558] Step a. Referring to Schene 12-8, a
m xt ure oVoebtwlesey4br ono- 2- met hyl benzoate (1.0 g, 4.11 moolyS2emadeddBs (1. 15
g, 6.46 mmol) in CCl4 (13.7 nmL) was heated to reflux for 6 h. The white
precipitate was filtered off and the filtrate was concentrated under
reduced pressure to obtain yellowoil 1 (1.47 g) which contained approx.
25% of unreacted starting material by LCMS. The crude material was used
wi t hout further purification. [0559]Step b. Crud tep (4.11 mol ) was

di ssol ved i ff" gl aci al, acgiNc  acig . %-¥,), and 4] brerpapal i ne (0.85 g,
4.93 mml) Nadded™t o\tHe sol ut he#d. The reacti©dn $i xPure was then heated
to reflux Qalgd to rt. K &S Gu@ic R addrd and neutral i zed

! b;uéﬂ%lﬁ

with solid Na2€B to 7. The aqueous'Sol utitoncwas extracted with ethyl
acetate (3x100 nL), and the organic |ayers were dried over Na2504, filtered
and concentrated under vacuum Thencrude nater| purified by flash
col um chros-vQ%{fgh aluted withy s/ et hyl la 121 to 10/1) to

n

renoved byp#qg tthen with ptggierhyl <a ctdte to a d own solid 2
(0.54 g, 36%yield). 3 3y 7. 79-7. 6 mﬁ%?.ess-?.a?
25°

(m 2H), 7.65-7.52 (W=/2H 4. 87 bl st iewppm [ 0560] Step c. Alpkxbure of
conpound 2 (0.54 g, 1.46 mmol), pinacol diborane (0.82 g, 3.

1. 4.0N HCl in dioxane NI/\>_©7N/§N
o :
N

I

2. HATU, DIEA, DMF 7 i
o} N
HO™ ™ NH OxN
HN._O o= T
> o} '
N

/ HN>§ (

Scheme 12-4
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mmol ), KOAc (0.86 g 8.76 mmol ), and Pd catalyst (0.12 g, 0.15 mmol) in

di oxane (28 nL) was WD 2010/ 065674PCT/ US2009/ 066459 heated at 110 C for 30
h. The r esiotzpomesd7dt ure was cooled to rt and dil uted w PRTRRR009THE&SAqUEOUS
| ayer was extracted with ethyl acetate, and the organic |ayer was dried
over Na2SO4, filtered and concentrated under vacuum The crude material was
purified by flash colum chromatograph eluted with ethyl acetate to afford
dark yellow solid 3 (0.49 g, 73%yi el d). 1H NMR (300 MHz, CDC13) 6
7.90-7.70 (m 7H), 4 81 (s, 2H), 1M0-1.20 (m 24H) ppm [0561]Step d. A

m xture of 3 (400 ng, O0.87 rrrml) [ |m dazol e conmpound 4 (630 ngy, 1.73
nmol ) and Pd(PPh3)4 00 0.17 ®and Je hate (311 nmg,
2. 25 mmol) in DVSO W 100 C for 14h.

The reaction mxture was cool e PPV BRE ° ?I uted with H20 and extracted
wi t h di chl oronet hane. The conbi ne organic | ayers were dried over Na2SO4,
filtered and conceritrat gd under vacuum The grude material was purified by
flash col urm chr omatMsgrapdiy™( et hyl—acetaf, t BEHBR2EOPMM3 (v/iv)) to
afford 5 (357 g, 648 yield) o = i)ght Yelll ow sotretH-NWR (CDC13, 300
MHz) 6 7.95-6.90 (mAng%ﬁ}ms&% m 2H), '3.41 (m 4H), 2.95 (m 2H),

2.28-1.85 (m 6H), 1EF°CF¥" 9H), 1.48 (s, 9H) ppm [0562]Step e. To a
stirred suspension of 5 (40 ng, 0.059 nmaN)Achn T 0.6 nL) at rt was added

4 N HC1 solution in 14d|oxane( .6 L), and"® xture was stirred at rt
for 4 h. The reacti ur ?iceﬁtBP%&f@H bn Yacuo to give an HCl salt
(37 ng, 100%yield),¢ ed w fhout BUI’ITgcatI on in the next step.

LC-Ms (ESI) nfz: [(l\/Hr2H)/2] 478.5. [0563]6t &P “To a stirred sol ution of
HCl1 salt from above (37 ng, 0.059 mmol) and N net hoxycar bonyl - L-val i ne

(22.6 ng, 0.13 Mol )Ny was addedHdHAdidk ,Wnﬁg%,OC;O. 13 mmol )
fol l owed by dii swwml %ﬁi&@ﬁm‘_—ﬂm% /S YR vren er being stirred
at rt for 4 h, tRejged8ction m xturey diHoart kagt WEA PH:F20 and extracted with
di chl oronet hane. The conbi ne organi c Nayers re, dried over Na2SO4,

filtered and concentrated under vacwim}to gio Os¢rude product, which was

purified by prep HPLC to give 6 (6.4 ny, 14%y eld) as a white solid. 1H

NMR (CDC13, 300 M—Iz) 6 7.95:7. 0 m 9H), m 2H), 4.40-3.61 (m 6H),
3.34 (s, 6H), 3.20- |9 95(dd 6H) 0.90 (dd, 6H). LC-Ms (ESI)
mz: [MH 793. | 4]t ep 9. El , the six-nmenbered anal ogs (2a, 2b,
2c) of conmpound 2 pr epar ed foIF i ng published procedures. Conpounds
2a, 2b and 2c wer rther transfo ol | owi ng the sanme synthetic
sequences and condj ;{an descri bed afford their perspective anal ogs
of conpound 6. V\D<2010/ 065674EP$(F//U‘52009/ 066459

Scheme 12-5
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[0565] Step a. Referring to Schenme 12-9, to ethyl pyruvate (24.4 g, 23.4 ni,
210 mmol ) was added dropw se H202 (35% 13.6 g, 13.6 nL, 140 nmol) at 0 C
fol | oned W9 28tova6s67ag for 5 min To a m xture of 6-brono- penastévasase (10. 0
g, 46.7 mmol) in H20 (45 nL) and H2504 (13.7 g, 7.5 nm., 140 nmol) was added
simul taneously the fresh prepared ethyl pyruvate m xture and Fe504 *7H20
(38.9 g, 140 nmmol ) in H20 (90 nL) at 0 C. The resulting m xture was kept at
0O Cand stirred at rt overnight. To the m xture was added additional H2504
(27.4 g, 15.0 nlL, 280 mmmol) follome- fresh prepared et hyl pyruvate

mxture (288 g of et g(}/ pyr uv 8 i, 1a20 By andh 402 35% 27.2 g,
27.2 ni, @@ pl J ERh &SRS TAM ( @ 208G Mol ) i n K 180 m.) at 0
C. After Ingmg® C for 7.5 h, BXCgsSs ice was added | he reaction

m xture and thhe pH was adjusted to 10-14 s;lution. The
basi ¢ nfoutesiy awiade extracted with Et0Ac (5 x 300 ml), and thé conbi ned
organic layers were dried over Na2504, M| tered, and concentrated on a
rotary eveporcat or give yellow oil. ncrude product 1 was used for the
next step wth'?)Wrt urificati onNSABHES) mz: (M1) 288,

[ 0566] Sté<pB°b°beTooa cr ude YA xt ;qe of 1 (-46 7 mmyl)>in MeOH (250 nl) was
added KGO Buede, Gooc450 r PM@mnhKMM@ByMB$Wbeated under refl ux
condition for 3 h, all volatl$e renoved on a rotary evaporator to give
a brown solid. The brown solid was dissolved in H20 (20Q ) —and t hen
extracted (3x200 nL). The pH of the aque s @ @ s adj usted
to 3-4 wt ;‘ ol uti on ARHc R¥LEAGLEElaiM t OAc (5x200 ~N Conbi ned
or gani @ W‘oo er W d'~eoncent r at a rotary
evapor a or'to gi ve aSNa¥éﬁa ow of d 66 g, yield). LC—N@ ES) mz
(M+1) 260. [0567]Step ¢ ute f 2 (1.43 @£ 5 5 mvl) in (50
n.) was added slow y oxayl chIoW? (4.0 g, 9.5 nL° 110 nmol) fH Véﬁed by
one drop of DMF at rt. After the resulting m xture was stirred at
overnight (15 h), all volatiles were renoved on a rotary evaporatbr The
crude m xture was used for the ne¥# steq Qgthout purification. [0568]Step
d. To a solution of 6-brono- benzot PEWSI12%_ carbonyl chloride 2 (-5 5 mol )
in THF (50 nL) was added dr | ash generated di azonet hane sol ution
(approxi mately 16.6 mmol of M. Biane sol ution generated from25 1 mol
of 4-N, trlnethylbenzen S Lfananlde) at 0 C. The resulting m xture was

stirre iéi%i?L{QO mn a m&@@@sthe tenpe%iégié w-S\-QiDH d tQTﬂéﬁﬂ1t0
rt. Aft h was—contipued—at—rt-f H h, O\ Moo
2010/065674PCT S20) 64E&9NLGN at NaHe@./MreESs0ice B4 on a rotary evéﬁorator.

The crude m xture wBsVuSed for the next step without further purification.

[0569] Step e. To a m X, (e,
1- ( 6- br pporcheRzot hi gzoll; 2= 1%- 0- 8¢ w° ne obtai ned from above (-5.5
mol ) i Iy pciy p asi sl owl y added\ HBr (48 % 0.69 nL, 6.1 mmmol)

at rt Th resultin ture was stirred @ﬂ for an additional 2 h. A
volatllq{yhgi(ennve omHa rotary evaporatoFNﬁé)give dark solid. The crude
m xture waggfwther d by azeotropic evaporation with toluene on a

rotary evapqfator (15 nl X 2). Conpound 3 was obtained as a dark brown
sol i de, which was used for the next step without further purification.
[0570] Step f. To a crude m xture

2- br onmp- 1- ( 6- br ono- benzot hi azol - 2%%f?n§9ﬁghone A7 (-5 5 mmol) in CH3CN (50
m.) was added pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (1.31 g,
6.1 mmol ) followed by addition of DI PEA (2.14g, 2.69 nL, 16.6 nmol) at rt.
The resulting m xture was stirred at rt for 5 h, and then quenched with
H20. The m xture was extracted with Et0OAc (3x50 nit), and then the conbi ned
organi ¢ phases were washed with H20 (50 nL) and brined (50 nmi), dried over
Na2SO4, filtered, and concentrated on a rotary evaporator. The crude

m xture was purified by colum chromatography eluting with hexanes/ Et 0Ac =
6:1to 4:1 (v/v) to give the title conmpounds as brown solid (297 ny, 12%
for total 4 steps from2). LGM (ESI) mz: (MtH) 493. [0571] Step g. To a
solution of (S)-2-(2-(6-bronmobenzo[d]thiazol-2-yl1)-2-oxoethyl) 1-tert-
butyl pyrrolidine-1,2-dicarboxylate 4 (297 ng, 0.63 nmml) in xylene (5.0
m.) was added NH40Ac (488 ngy, 6.32 mmiblS). The resulting m xture was heated
at 145 C for 2 h, and then all solvent was renoved on a rotary evaporator
to give a crude m xture, which was subject to columm chromatography el uting
with hexanes: Et0Ac (1:1 to 0:1 ratio). Conmpound 5 was obtained as brown
solid (65 ng, 23 %9. LC-Ms (ESI) mz: (MtH) 451. [0572] Step h. A m xture of
5 (43 nmg, 0.1 nmmol), 6 (44 ng, 0. 1 nmol, prepared as



descri bed previously), Pd(dppf)Cl2 (4 ng, 5 i _inol), and Na2CO3 (35 nmg,
0.33 mmol ) in dioxane/H20 (2.0 nL/0 4 nL) was purged with N2. The resulting
m xt ure W@ 28t0/osse@d at 90 C for 8 h, and then dil uted wpPChH/U2®9/0d46389
reaction mxture was extracted with Et 0OAc, and conbi ned organi c was dried
over Na2SO4, filtered, and concentrated on a rotary evaporator. The crude
m xture was purified by colum chromatography eluting with hexanes: Et 0Ac =
1:3 (v/v) to give 7 a yellow solid (60 ng, 60 %yield). LC-M (ESI) niz:
(MrH) 683; (MH)- 681. WO 2010/ 065674PCT/ US2009/ 066459 [0573] Step,is To a
crude sol uti @en of compound 7 (717 .056 mmol ) in THF (7]5 vy ﬁs added

HC1 (4.0 MJ i oxaee, 1 t PN 7he’ r & Rg MA=xture stdTved at
rt for 1@%& then al/ﬁj‘gl@% i e vas, re'm)v Na@r&fy—evapvr‘a‘rm’to
give y&Tolv Solid. TheeyerT oW sol i d Was washed wily h di et hy!0 wstafaErr)Px10 i)

and then further dried on1a rotary evaporator 2o give yel | 8%"8d1%°¢ 5 The
crude solid was used for the nextysatep without further purification. The
deprotected free am ne from abo'veN| 8;?9, -0..1mqol ) was di ssol ved in CH3CN
(1.0 Yas treated with, N-methBxygat bonyf -y-&al] 1, 0.2 nmol),
HATU (76 S7g; @g | EPA (58¢%nm, 65N i LY @ @ el'resul ting
m Xt ure was e rd r Zarbnl k.80 t hef*al | sofvehts réj)rh“er@\/ed on
a rotary evaporabor to give crgd@_ﬁqﬁh)%bdg&e. The crude m Xture was plrified
by prep-HPLC efuting H20 to CHCN, and the isol ated cohpound was -80%
purity. The product was further purified by prep-TLC eluting with EtOAc

w th 5% NHAOMHe.oHRi ve p ugty8 (4.5 ng) as a white solid. 1H NVR (300 MHz,
CDC13) 6 8 ddrvvBbip, 1H@SN 7. /,N7.28-7.46 (m 4H), 5.38-5.58
(m 4H), 4°PM5gHR. 42 (m \2HFo0 3. ~08 Ny 71 (s, 3H), 3.69 (s, 3H),
2.10-2.40 , 1. 20 r\u%% m 8Hp, 0.81-"0.84(m 12H). LC-MS (ESI) m z:
(MrH) 795.7 [U574] Biol o2i cal Actiwity [0575]B{ojogical activity of the
conpounds of VB nvention was determ nedydssd n HCV replicon assay. The
| b Huh-Luc/ Neo-ET cell line persistently expressing a bicistronic genotype
b replicon in Huh 7 cells was obtSthemd 12480m ReBLi kon GVBH. This cell |ine
was used to test conpound inhibition using luciferase enzynme activity

r eadou a asur nt of 0 i nhi bition of, replico evel s.
[ 0576] 8Bk TR HCRAED o SERTRENTS o el S8R ofeir L S e 1.0
It ri p:c I @at el h@ndlhﬁldCENBS $1.19L a0 esmimdOubaa(18 .cyrnéLY)Zw#s HaicAto ?dﬂﬁf{ lﬂdiérﬁ m%rﬁeh?

uci ferase assay. Enzyne aciivity.was measured using a Bright-Ao Kit (cat.
nunber “@%@mcln@ww%éﬁtﬁr@&fﬁvdﬁ%ﬁﬁ%& Y98 FAERISH .un%xéqu%Ff? BRRPSHE quat i on
was  us gty UeReirt @ & %)%}ﬁ&ﬂéon%{gdra%ro‘@isﬂﬁ ofﬁ’ﬁreﬁﬁéﬁ%teﬁﬁ%‘sﬂ%ﬁal tp Control =
(Average Conpound Val ue/'Average Control)* 100 [0577] The Oval ué was
det er mL&eM Sudiha grude apitdad wes isschvaihgut fugthdrgiurideatiog. equati on: Y = Bottom +
(Top-Bottom/ (1+10A ((Logl C50-X)*Hill Sl ope)) WO
2010/ 06BB1 PCIStejsb0 096616 Y (4.06m8]dbCES distblved inglagaimeotimabsd @B mepeat ed

several tines in the.repligqn assay. 9], Ex | e compounds .of the

o eel o tTa e OER pERRPRT e R IR SRy P RO I R e

i nhi bi tighyheated tovictiyx Faarl 2 medny codled fert.CHAP QLBUASL Wvhdnddes pecticutraliAddWithb.
Additionally mass spectrometry results are provided. Table 2 provides
addi t i S Neakdhp 8HCo nidsaBovd folphien VasveiiarisHh Wlt#ﬁélymﬂtaé@ﬁéépéo Bty s

i ndi Catﬂ?edo'\r/g%i@%g% were dried over Na 80, Wit £RMOESRARAS uh@r FsRRint #RGER90T >1000
nM 999 nMto 10 nM 9.9 nMto 1 nM or <1 nMrespectively. Pharnmaceuti cal
Conposindtatag was purified by flash column chromatograph eluted with hexanes/ethyl acetate (12/1 to

10/1) to removed byproduct and then with pure cthyl acetate to afford brown solid 2 (0.54 g,
36% yield). "HNMR (300 MHz, CDCl;) § 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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[ 0580] An el eventh aspect of the invention provides a pharnaceuti cal

conposi tion conprising conpounds of the invention. In a first enbodi nent,

t he phar msioeatoisad74conposi ti on further conprises one or PODMAES2009/066459
pharmaceutically acceptabl e excipients or vehicles, and optionally other

t herapeutic and/ or prophylactic ingredients. Such excipients are known to
those of skill in the art. The conpounds of the present invention include,
wi thout limtation, basic conpounds such as free bases. A thorough
d'SCUS%kQ&iQﬁlﬁh@@&ﬁﬁﬁwtT&ﬁk&%oﬁ%ﬁ%ﬂk@p&ﬁm%%ﬁ&&h@ﬁ&%ﬂ@@@w@ﬁﬁb@ icavail abl e
in Rem ngton's Pharmaceutical Sciences, 18th Edition (Easton,” Pennsyl vani a:
Mack Pablidoshlang Corptinagted wgB oyl =ﬁ<@6®1]&@bﬂﬂe rdiant layer vhe diied eved @d:5bde of

gglml 3' $ik aeh'a%‘ Fo& Qr?trz[??daunu' gveé‘ g{sngla ‘rhC o ‘e?%ﬂa erlaplwas pl}{r%fbe?i bé ’hatsﬁ‘feef I%{l g‘bffe (s,
SuUppos |chmma&grap|:h| didtsd WQH p&yl z&:&tateﬁl@\aﬂéﬁﬁdaﬂt qu\xdmldsqsps RS TMisjicld) eHns,

oi ntnents, |lotions or uni t dosage forn1SU|tabIe for

si ngl e NMR{(R0YIHz ?Qﬁlﬁ)fg 7a90p7 %Q:[@J@oé%éﬂ 2IIIPre1 ohp®EntFBRPPW 1 | i ncl ude an

effective anount of the selected drug in conbination with a

phar mad®@fdi calStop dc deapxinr ef  &100irag, Oatianmpl), igdelinidagale crmpoitcs (08 net her
phar ma t at

Pnvent fog gy GAEEREPL2CHMATDI7 b G Sotecthl Ehuna B GLL IR, of

t he pr asBMSO Aenk) oml Hj@:dSLﬂj]mhgwashﬁamdsa,t lﬁ(h%(éfnrd 4AbrTheoeactiac enxtarerwast ur es of

i somers, phar Its or .sol vates thereof.together
ut ohonaole el BREh S o8 PR BB ol g RRbE G y ot her
t her apediciscv@pdfied owr BRIV atftéred hIﬁ‘tDécﬁldd:rﬁfMe%l unfl 583 hrer TB@&mde feREaISkis ons,
conventignal nontoxic solid carriers include, for exanp phar maceut i cal

gr ades Pafifigrn{lash|columphgraatograpliclthy hagg e mﬁha@?lea%(t%v/@da pffadshGehari n,

2010/ 0t Thra tBodBRD e Re B e LR PG AR APIB 20 IR omosi 41 on

wi || gemsim) 1), B ak¢mt Hig), fzmsr(nprHa 22861 .85 (moEPS u5e (s, aH3.0f 4@ 9I¢)amml e
nonaqueous sol ution, suspension or syrup. Tablets and capsules are

pref er (@s62pr alStgslel Mo sistidtd QRpdmeion®f 5 Tabng! 6 05sNGnLAHS THES(OfonLpitat wise Wi | |
general | |ncI e one or_ nore connonl¥§§§ed carriers such as. | actqgse and

corn stdit sPREPR Hyl -Agiareec (Oumh).28d fegisBirerrsttasdat 8 fort B Hicso

typi Calréa%tlétgﬁil%gurew&@ RohdeAkatdd SUSPENSS BN aﬁ‘ﬁ@l @ﬁ?@h ntié]qog‘%t}hé{@) AQRAtwaRy be
conbi ned with emul sifying and suspendi ng ents. deS|red fl avori ng,

col or i mecdawidiayt Pevicatienintfe agénics. ﬁﬁyWEéEé dé@[€§+%ﬂyﬂ AT8-her optiona
conponents for incorporation into an oral fornulation herein include, but
are not{0363i t ehfep 6, Tqaae@wdmmtiwegfflé?dlsqdefndhmgowgﬁéﬁm 010R9 otoaal) *F@l‘égent s and

the like, [058 e f the
corrpounc?th ?/catrﬁgnyll rrIT\'/Vean @r%a(’lslrril)l t(§1e rrrrlerlrho gi mﬁﬂé{‘% %‘? g +ll?(?45%)]6@86] In a
first @l’\IBQﬁimHB idlloafedtbyelibopbpytiéthpspeand (0. ItﬂﬂE @B@hﬁr&jmm{ftet Beih@ktirtdieat ktrfoat ment
of hepatltls [0587] A thjrteenth aspect of he | ntion provides a

met hod 4d¥% therrgactiph riruisat gsdilateg Vi traefdl Wil %@mﬁf@m}f dbpj ect in

need t REHBAE ordnlcNEfRPE iGN byer@faz@@} 'fYt@re@ IRY %nc@ﬁtrzﬁ‘e@ﬁfﬁ@%ﬁuﬁf‘[o %
invention, optionally in a pharnaceutlcal conposi tion. har maceutical | y

or t herﬂemfudq waduoy, vefifle stap perifgdonmrenHPLAdO gbpo&i-4 In@nl‘Wfo lylekBets dethiteered to

and wi P el ORIRBERT: o Sl TP Mros ah Ut WPt bt 21, The ™

nat ur e (a@e) ex2®@NYo ¢h, 1118), ORI, BHm,(i.mi(rag, dHeateds (Esgcmrqmﬁq i79Bs of the
treating physician, and the therapeutics or combination of therapeutics

sel ect ggse4pr asidp gl stnﬁledrlyome sikbEmbdrB@aRfidR ¢4, 28, AREBEMPRINd 2 viry €N
situation can be determ ned by routine experlnentatlon he subj ect nay be
adm ni Preped @@W&yuldtsb@sprageduusew%np%és 2 2pbeadae W@ﬁ‘dﬁlﬁheréramét{vrra@de t he
si gns, i an
ot hor ARKPRERR s SRR sPluchiR st S Afing WL BUAPYCRP TGl AL BRRERY |
t he ar mndbgstafeampogndsiuich di seases mnll be able, wi t hout undue
experinmentation and in reliance upon personal know edge and the discl osure
of this application, to ascertain a therapeutically effective anmount of the
conpounds of this invention for a given di sease.
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Combi nat i onTher apy [ 0588] The conpounds of the present invention and their
isonmeric fornms and pharmaceutically acceptable salts thereof are useful in
treati ng woaomveseat i ng HCV i nfecti on WD 2010/ 065674PCPCUSR@0/0068%59

al one or when used in conbination with other conpounds targeting viral or
cellular elenents or functions involved in the HCV lifecycle. C asses of
conpounds useful in the invention may include, without |imtation, al

cl asses of HCV antivirals. For conbination therapies, nechanistic classes
of agents that may be useful when conbined with the conpounds of the
present invention include, for exanple, nucleoside and non-nucl eosi de

i nhibitors of the HCV pol ynerase, protease inhibitors, helicase inhibitor

/$154751.3

NS4B inhibitorg and nedi ci nal agents that functionally inhibit the intern@l
ribosomal eptry site (IRE and ot her nedi canents that inhibit HCV cell £
at t achment oﬁzgirus entry =HCVSRNA transl ation, HCV RNA transcription, g
repllcatlon HCV mat atg n, &ssenbly or virus release. Specific %
conpounds i fj_t/hes? cl es dﬂ:useful in the invention include, but are ngt
limted to, rocyclid, ggyclic and linear HCV protease inhibitors
such as tela vir ( Q% bqgepreV|r C}+503034), narl aprevir
(SCH-900518 LTIMN- 19 2%)“ TMC- 435 (a. k.a. TMC-435), MK-7009,

Bl - 201335, I-2061 (cillupre |,g)o BNB—@Q?" SACH 1625, ACH 1095 (HCV NS4A
pr ot ease c51fagtor i nGi bt 0f)T WX- 500 - L PHX- 1766, PHX2054, | DX- 136,
| DX- 316, AEIE450 EP- 0 (and congen:rs)o&Qd VBY- 376; the Nucl eosidic HCV

polynerasegﬁgegllcase) i'nhi bbitors usefad in tde jnvention include, but are
not limteddos R7128, PSI-7851, |DX- , 1 D&102, R1479, UNX08189,
PSI - 6130, PSI-938 and PSI-8r9 and varipus other, nucl eosi de and nucl eoti de
anal ogs and® inhibito yncl udi ng akt notlgrnted to) those derived as

2' C- net hyl di fied nucl (t)|des aza di £i ed nucl eos(t)ides, and
-deaza nogi fPedanucl eog(thi des. hbnnucl@5|d? CV pol ynerase (replicase)

|nh|b|tors ul in the ihvention, Bé?ﬂgwe not limted to,

HCV- 796, H 1, VCH 759 QK}+916 V 98, MK-3281, ABT333,

ABT- 072, PF-00 68554 Bl - GS-9190 7 3, JKI;109, G.-59728 and

GL-60667. [@8Y] I n addition, 5A |nh|b|tors of "t he preﬁent i nvention may
be used in nbi nation with | ophyl I'in and |nnunophyVE|n ant agoni sts @gg,
wi t hout |ini3|ation, DEBIO c¢npounds, NM8ld as well as Eyclosporine and &ts
derivatives)| %i nase i nhi bgf@rs" inhibiltors of heat shogk proteins (e.qg.
HSP90 and HSP70), other i ﬁonodulatory a@eﬁtsPthat e i ncl ude, without
Iinitation,iﬁnerferons (-4l pha, -beta,| - ~t-gamma, -|anbda or
synthetic) such as Intron ATM Roferonk nﬁeron A300 AdvaferonTM

I nfergenTM _blunof er onTM né feron MPTEM ~ A af egoneTM | FNI3TM FeronTM and
the |ike; pal ethylene gly derivatized &egyl ated) interferon conpounds,
such as PE erferon-a-2a (PegasysTM', PEG interferon-a-2b WO

2010/ 065674RCY US2009/ 0664 (PEG ntronT pegyl ated | FN-a-conl and the
like; long act:ng formul atilons and deri vat] zati ons of interferon conpounds

such as the gl byr n-fused i feron, A buferonTM Locteron TM and the

i ke; interf roms w th varj types f LeShtrol |l ed delivery systens (e.g.
ITCA-GS% Bgga-iat erf eron livered by the DUROCS TM subcut aneous delivery
systen); aﬁ@ﬁ% t hat st | ate th nthesis of interferon in cells,

such as rgsi qut tol and t he ke; int uki ns; conpounds that enhance the
devel opnent af type 1 helper § cell re$ponse, such as SCV-07 and the I|ike;
TOLL-1i ke receptor agonists such as 10101 (actilon), isotorabine,
ANA773 and the like; thymgsiin a -1; 45 and ANA- 246; hi stam ne
dlhydrochlor|oe propager8a i@ tetraghl®rodecaoxi de; anpligen; |M-321

KRN- 7000; agti podi es, sg%o st vacir, -$8658 and the |ike and

pr ophyl act i c~&nd therap uia Q&Ccines suc s I%hnovac C, HCV El E2/ MF59 and
the like. In agdition, any qf the above-degcri\b nmet hods i nvol vi ng

adm ni stering an NS5A inhibitor, a Type | interferon receptor agoni st

(e.g., an IFN-a) and a Type Il interferon receptor agonist (e.g., an IFNYy)

can be augnented by adm nistration of an effective amount of a TNF-a

ant agoni st. Exenplary, non-limting TNF-a antagonists that are suitable for
use in such conbination therapies include ENBREL TM REM CADETm and HUM RA
TM [0590]In addition, NS5A inhibitors of the present invention may be used
in conmbination wth antiprotozoans and other antivirals thought to be
effective in the treatnment of HCV infection, such as, without [imtation,
the prodrug nitazoxani de. Nitazoxani de can be used as an agent in

conbi nati on the conpounds disclosed in this invention as well as in
conblnatlon mnth ot her agents useful in treatlng HCV |nfect|on such as

Y - I Y ~ N 1 . o yy r I ~—~ I 1 -



adm nistered as nultiple conbination therapy with at | east one of the
conpounds of the present invention. The present invention is not limted to
t he af or ewerviogwedl4cl asses or conpounds and cont enpl at eeCrrusasoandsnew
conpounds and conbi nati ons of biologically active agents (see, Strader,
D.B., Wight, T., Thomas, D.L. and Seeff, L.B., AASLD Practice Cuidelines.
1-22, 2009 and Manns, MP., Foster, G R, Rockstroh, J.K , Zeuzem S.,
Zoulim F. and Houghton, M, Nature Reviews Drug Dlscovery 6: 991- 1000,
2007, Paw otsl;gj J-M, Chevaliez, S. and McHut chi nson

Gast r 0é¥R08 ol SR a1Rferting fa Sgpmedges to cthylnyangiscR-48. B3 4arﬁd 2 gumol iy |

Nat ur e b M

Nat ur o 80 BHFGRR, 07090 | Koebl .o il o i EPEoN Ay o SUGRSL Sy

2005. Beauhixgaus 0P6 -bromcChenzethiazQpi( Hi.0 g, 4m7 tnmné)smllfg@t(% mdl) aDdihigSO4 83671g4 634,

2008 ob kst b Ses gadbisittyBiascishyms MeTberibareg AR fuval i i, o1 0

| chi nuFasoT: 7H2@IQZ8J¢( i, 148.mamM) Y2 ALD 890 thL) atSU KT he r&_su,ltlﬂ‘ghﬁixh,ﬁrkliwas Kept an(d
Mat suura Y he EMBO Journal . 1-11, 2006, Sor.iano ters, and
Zeuzem Cand eﬂrr%il o g overigtt To s mixkua asadded aé@gowﬁzs@o@é 4 %éﬁgnLﬁ 0

Mir r ay mIMlpfoll%Wéd %Wekﬁﬁrepalecfeth lﬁﬂ&ﬁ%’te" Iﬂfxuﬁ)@g@aﬂ' £Bf ethyl: %626 s #f06 and
Neyt s Antiviral Research % 371, 2006, each of which is

i ncor péﬁ@tré@blbyd HePedBhc¥ 1 o XKk, Mmmet)wndnéc@mHzQ €77i8s2, 280 et pint hat
conbi n?%PC{rlléB(s pn (%% th?r SI:[]i%‘le ra‘%%e’a d?or ?gﬁnéxcgs% 1cen\91 sua%%ecfl Poythg ttlcal ly

conpat ion o Pnventi ve group t her
conpoumndstuaf andhke pmm@hdjuﬁe@foolupl lowltlmh Ize)rMcKmHQulmdSn oi]lhesbade r@ﬂ%mtréle/as

i nventive gr oup, ng nbi n n does not elimnpate th
ant i - viekc %@cwmﬁtacgﬁ%ﬁ% 10eb 6(3 combIg SRy RETVECTG B EH OB Nndor.
ant i - vVigl@ledagd cbhéhuadfed bhe r@tﬁfi}'r VBES b RALvERIMRASHE IR drd®Srdduct 1 was

[ 0593] Conbi nhati on therapy can be sequential, that is treatment with one
agent fupqdsfor tgaextiséan \&lﬂ@@bﬁm@iera@@ﬁmaqurbrL(‘ek/bﬁﬁﬁSé)m%@vlél)eéé& t r eat ment
conprises a different conpound of the WO 2010/ 065674PCT/ US2009/ 066459

i nvent i[¢66br \itep b. Efn@om anixene Of:bhﬁﬁﬂsremoa e MepdliRd0 ofLtwes addeddh®Hon and
t he ot co rlse r. nmore bjialo ctiv nt can be
tr oat it G L h BBE R08RRE IR B e ER Y R ol BRI Riglibin o

t her apyem@rdionalrodey &vap@ano ragilvea biowan sfitl e‘frhé bewaaohd eks dl@smedtlheb@l rst

t herapy. before beginning th 0 therap Tret nt wth both agents at
the samddmbanddhenaiogey pahinde 3?2&%09 el d'hs ReHRFAtsPIAN RS,

Conbi nafijueed tdeen hth mesd®blulen bﬁd%itﬁ@teh@vlﬁl\moﬁg%iﬁ)oaﬁ@ @il ude three
or nore agents. The dosages for both concurrent and sequential conbination
t her apyranicl laygs pap driechovee SorYs4 BHerediiand epingnirded omradyg ey anprapico @xeeret i on

t t | th fact
cnoun 10 S EFTRRDRR e st rﬁeq%oi’@@“é% mf %?asa}/\go VZ?yOW- th the
Sever| EQS@L t rﬁe (é)mill ta'rr?u@tu c oflif(laﬂfl l egIS bC‘N? §O Was a slo Pder st ood

that f y par I'cular su CI i c osage egl ns an gdul es may
be adj usiydhoyvide (14.0ng oDl d](ngmbl) fblﬂke;vddrw_lzl atiediva 6fDMEed rtamdict the

prof essi opal j.udgnent of the ers erl supervi sing the

i ni SEULPE GHYBHC ¥ ReEHEI HAVTBI tﬂgﬁlﬂ? Oﬁ %re%ﬁf {PEAFERs and

pat ent apRkdtGAITHRRREIMiRMIrd Wad (ikd fRRRCAdX 9@15 wno&rpﬁnh@m%hn i ncor porat ed by
reference as if each individual publication or patent application were
speci firgg| ¥ %}Q%h”%‘é'sglﬁ%h ¥k @%n@@%éf&oﬁ&z@@ 3. Eh@%xﬂ@élﬁ&ﬁ&% Dy srehiipnce.

[ 0595] Al t hough t foregoi ng i nvention been descCribed in sone detail by
way of m THESD0 sl oras a@@delxmmiseeﬂEbergelpﬁnatpd)é@sormthmeapiutlyn Gibpiondhestely dadi ng,

it will rreadi |l v, a ent to dlna I|ntheart|nllght of
t he teaclﬁ(i?ln fgha(% %{tﬁi‘ngepl mven F%errlé)[? i mcerltréllmr(l) aﬁgllé'strlrg%(}:}yrmdl fications may
be rfB.d@elﬁzhﬁésﬁIfGnamﬁlﬂQiﬂU ‘defpae tdsﬁlgng hoxutdheassitred at OYC &€ QP eninhnd then thevent i on

e RRET B Ty 2 A0 oSSR LEPRLgs e
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A is selected fromthe group consisting of single bond,
-(CR2).-(0)-(CR2) p-, (CR2),-0-(CR2)p-, -(CR2),-N(RN)_(CR2)p-,

-(CR2), - SyOktoeRNE_(CR2) p-, (CR2).-C(0)-N(RN) - (CR2) p- PCT/US2009/066459
-(CR2) . - N(RN) - C(0) - N(RN) - (CR2) p-,  (CR2) . - ((0) - 0- (CR2) p-,

-(CR2) . - N(RN) - S(0) k-N(RN) - (CR2) p- and (CR2).-N(RN)-C(0)-0-(CR2)p- and a
het eroaryl group selected fromthe group Xl is CH2, NH, O or S, Y1, Y2
and Z1 are each independently CHor N, X2 is NHL 0 or S, Vis -CH2-CH2-,

Gtc""volaﬁ%remé%n %BN) e\(a TorOIThe £ Wi At Pror tﬁm{%ﬁ@téb a and b

are independently O 2, th the proviso that a and b are not both
0, phidayd furtb@p@iuﬁgatlon

[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,SQ,, 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 5 (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;SQOy, filtered, and concentrated on a rotary evaporator. The
crude mixture was purified by column chromatography cluting 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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t he carbons of the heteroaryl group are each independently optionally
substituted with a substituent selected fromthe group consisting of

hal ogen, wWOHp10/068§74- NO2, hal ogen, C to Cl2 al kyl, G wPoT@B20et@sval kyl ,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al koxy, al koxycarbonyl,
al kanoyl , carbanoyl, substituted sul fonyl, sulfonate, sulfonam de and

am no, the nitrogens, if present, of the heteroaryl group are each

i ndependent|y optionally substituted with a substituent selected fromthe
group ¢eyay stidigy PfTo Qdudgéolﬁt@on@f%oﬁlbwdd 7 @17%9;1(@9%6 heh&y patiy p 5mL)

cycl oal'kyl, heterocycle, aryl, heteroaryl, aral , al koxy, al koxycarbonyl,
aIkanowmsa@kﬂﬁﬁ@h&KHMSmdsmmﬁuﬂ@dﬂéatﬁoﬁ ¢HBEthomgu@\aﬁdngqlﬂah&wﬂﬂé a and
b are in en nde dently

are i n&e%glﬁagnt Piﬂal % W re‘Boved °§ it eVG‘porf{Or 5 813 Vel sTJﬁ. P{a%"p"é%" lecﬁt | ty
sel ect eds Waﬂmdtm&l @Eth}dl}ibtlﬁ:@ (&t 19trhIncandfthdnyfil ribgelhicd balk ogery, evap(ﬁ:bipr to(@iye -

hal ogen, C to 2 alkyl, G to, G2 heteroal kyl, _cycl oal terocycle,
aryl, He{Q¥ a%hfk/%e g §R)1d WagI R gr %ﬂmsm%w%w IRy WPOH E@Fbam)yl ,
subst i td Bt cRUlifeeBine Foth hiRRA#8 muLd. Hﬁﬁl@l)d)@as@%‘é‘ol@éﬂ ﬁthHmh GRNL) Swas

i ndependent|y selected fromthe group consisti ydrogen, - Cl to

n
Cl2 al lagpted githtNometipxpesronghl wgline @?éngaﬁﬂklmnol)hlgt\@w%mge 2am1g1pl) and
het ero aIk o kox arbon
Cober [ EliEba & Reptd pr AR, AR R e AL SRR P22 AT then

attac hedlvérﬁs ezleieheﬂhosedotﬁl Dilotalyy esPotafdtio pive thrle aﬁamﬂ erlﬁfcnﬁie rﬁlﬁtulﬂtgwhﬂ\l t he
WB-A cap B are each independentl % a 4- to 8-nenbered ring
F

t hat @uaﬂedal?wepﬁlé’tlé}%uga HaQipctiMnand theriselaied Forapung, Wa\ﬁﬁépéomr@ach

het er o @t 9f8dubtfwa{%rf§§ﬁé?ﬁounﬁ§d B%B%@aﬁt‘lﬁg With ﬁt@Ac v%tﬁ‘@% NAgORpRE | east
one of B or is aronmati c; eac Ra is independently selected fromthe

group oonkictsy (4rfgmg)‘ as-aQihite s@Nd "NORVRNEDO yEH, CTIC1H)® CL2(BriskyH), 7GB-1.84 C12

net e gkl Joye e o DELSIGHCL) Syl BeLEoty Lo drs s ko

sul f ongm dﬁ69a@dsﬂ)nzrlo,2 ANGh,12H) B .20-1 B0 (nS8AN0.AL 098, q,2H)tL(!IMS éESiPer

substituted, wth one or nore oxo; each r is independently 0, 1, 2 or 3; W
i s i ndéMeRdertly sel ected from
[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), cach 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 each compound.
% Control = (Average Compound Value/Average Control)*100
[0577] The ECs value was determined using GraphPad Prism and the following equation:

Y = Bottom + (Top-Bottom)/ (1+10" ((LogIC50-X)*HillSlope))
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z1- XXl -zi 7-1f11 ,)(1 WD 2010/ 065674PCT/ US2009/ 066459 Xx2NNX2 ,

wherein: X1 is CH2, NH, 0 or S, Y1, Y2 and Z1 are each independently CH or
N, X2 is WB200/667%, V is -CH2-CH2-, -CH=CH, (CH2), - N( RECTASC@pid$da59 or
-(CH2)a.-0-(CH2) b-, wherein a and b are independently 0, 1, 2, or 3 with
the proviso that a and b are not both O,

[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 *, **, *%% or **%%
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 pharmacecutical 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 thereof 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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optionally includes 1 or 2 nitrogens as heteroatons on the phenyl Wis
optionally substituted with one or nore substituents selected fromthe
group comspivgsef- OH, -CN, -NO2, halogen, C to Cl2 alPkylus2@9/066@5€C12

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 am no, Wand ring B can be connected through either a
carbon or a nitrogen atomon B, and Cy is a nonocyclic, bicyclic or
tricyclogiap- Qr Len TBARKEAHE YS! @Al goWiion W&l BEREIE! thee RE ¥rmUrQURLIQT

het eroaryl group wherein up to three heteroatons are independently N, S or
0 and whidsole, i softgst ¢apadb hgnagupsisisolutied swipehsigner syrupnoiebletsudnd ichpsuben g

sel ected from th r-oup. censi st of - OH. - | ogen. .Ci to Cl12

i kyt Pt Rpdh iRl 1 Bt bRy i PSRNy iludeaf ¥

ar al kylor makdkeamymordl kexdyaaidaodiyh as Btissgo corrcasdornDybricaubadentsydued asul f onyl |
sul fonate, sulfonam de and am no; e Re, Rd, Re and Rf is independently
sel ect QUESPTOHT 12 efﬁﬁﬁe&rg?a&le/iaﬂe,edgﬁghmm@@ﬁpené@nﬁ @edée%ﬂmcp CEPh B
het er ogldyWe comtbalel WithdRehi@fyfrg 4n@ sBspcABAD8E@E. NE AGirdMithbo By cOIBrify sdPaH Kyl
het erocycCl e, heteroaryl or "aryl, wherein, each hetero atom if present, is
i ndepenyesienipe pgent magy I added #f well. Hatheireptiorel capgommtiRy insprrotan info pe
substi t ut I . 1 e Kyl . r a4 to 8-
nenberggﬂ?ﬂ%@xﬂ%%g%%ﬁgédggég%%?gé ﬁ@?ﬁéwgﬂgg%g§%¥é?S%@%ﬁ#@%&?Pgbr aryl and
wher ei mthidaamghetes eat timlike.f present, is independently N, 0 or S, Re and Rd
are optionally joined to forma 4- to 8-nenbered heterocycle which is

opt i ong038F] f usedwéliih aspetthdthaSinvémiob praveded @seel thet@nmayidd & the invedtendar yl
ring, and Re and F% ar _qgtionally joined to forma 4- to 8-nenbered
heterogyﬁpgnﬁﬁwgﬁo %nﬁgF? fidl 1y fused to another 3- to 5- nembered

het erocycl e or heteroaryl ring; Y and Y are each independently carbon or
ni t r ogé¥P86hnd Iz adpef cpbodiment ﬁ%@ﬁ%@%ﬁﬁwcts@ﬁél&déaﬁlﬁpwﬁfqrﬁ%e Gr0EtObnsi sti ng
of hydieggis (Cl to C8 alkyl, Cl to C8 heteroal kyl, cycloal kyl, heterocycle,
aryl, heteroaryl, aralkyl, 1-3 am no acids,

[U-(CR 8t7] NRSg ﬁn%de%%ﬁ 215 8 Ofﬁ‘i@%%)ehﬁ rb(fggsélg)n%ﬂ% of fryitfngﬁ% ftfslas and

[ U- (CRAD) t 2 NRB- (CRAZ) | - UL (CRAZ) T ~0- (CRAZ) t- R, wherein, U Ts selected from
t he gr eoppoonsadhinmsterof te Ch@ject in1@eSiheranich th8apyuRicalleeltlotiRlgm®Btahd R7 i s

e S S O 5 B REL BRy S LeBrET o

ar al kylherapeutically 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 discases
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 thereof are useful in treating and preventing HCV infection
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WO 2010/ 065674PCT/ US2009/ 066459 R8 is selected fromthe group consisting of
hydrogen, G to C8 alkyl, ClL to C8 heteroal kyl, cycl oal kyl, heterocycle,
aryl, hetwoaarwdesé7ar al kyl , -C(0)-R81, -C(S)-R81, -C(0)-@CREKE2009C66AF N- R812,
-S(0)2-R81 and -S(0)2-N-R812, wherein each R81 is independently chosen from
the group consisting of hydrogen, C to C8 alkyl, Cl1 to C8 heteroal kyl,

cycl oal kyl, heterocycle, aryl, heteroaryl and aral kyl, optionally, R7 and
R8 together forma 4-7 nenbered ring, each t is independently 0, 1, 2, 3,

or 4, apfeYr hlicPused in BmPnatn wWiothQBRPBGhR tartieirhi YNENGlaPelfmehts or
e°h (CR2) - 0- (OR)

selected fromthe group consisting of a singl ond,

- (CR2) ,funq(ipm.) ig(u@m) ip.the HC@F@I}:C}L&:@( @lawwﬁ)cg(npp@)qgu,seful in the invention may
(CR2). - N - G 0). 7:N( - - 7 - N(RN) - C(0)-0- (CR2)p- and a

1o va; Rl bl e s PR i, Bt a5 g

of ) (1, ydechaniktic theses ofipgunicdthaifmB/ el ude 2l whet &nibiked wish thelcempewhds bdthet he gr oup

consisting of a.si bond, N NC NHN1\1-HN - N !
presgnt?nvention ﬂl {u ¢, for exXample, nucleoside and non-nuclensg\clfe izhiﬁtors 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-a-2a (Pegasys' ™), PEG interferon-o-2b
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vhy N -, N'---r\K\ HN...... IN- N H N-.. ,--.2z....... , - I N
WO 2010/ 065674PCT/ US2009/ 066459 4. The conpound of any of the preceding

cl ai ms whwpenr/desq74Rd, Re and Rf are each i ndependent| yPseluseavaedssom t he
group consisting of: hydrogen, Cl to Cg alkyl and Cl to C8 heteroal kyl,
wherein, each hetero atom if present, is independently N, 0 or S, 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

(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
o -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 (¢.g., an IFN-a) and a Type Il 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-o 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 uscful 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] NS5A 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
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Re and Rf are optionally joined to forma 4- to 8-nmenbered heterocycle
which is optionally fused to another 3- to 6- nenbered heterocycle. 5. The
conpound WO 201068674 wherei n one or both of Re and Rd or PRe&/Uspa)9Rb66489 e
optionally joined to forma 4- to 8-nenbered heterocycle which is
optionally fused to another 3- to 6- nenbered heterocycle. 6. The conpound
of claim4 wherein Re and Rd are joined and forma heterocyclic fused ring
system sel ected fromthe group consisting of: (0)02S N, Z wherein RN is

sel ect g1 fdcaMsk fa?scgg&ua tRORBb® oMb REatBYA 10989 NEHh808k76:0 Sl arakkyl . Cl to
Cl12 heteroal kyl, cycloal kyl, heterocycle, aryl, heteroaryl, aralk

al koxy 6,498 35,6 &r Bonyb. 6%4@50;518 Pota Noabb§Ht 47% TR0 T4 ARSIV 4R91 . |
sul N3 803 SULTPRATLIR. wo TBEIERIRRYNAT1E! A S00ss) Wi Gipaer ei n Re

nd Rf ‘are join eterocycllc used’ ring sys e’m >from
the gr oup OOMSI%tWOQ)Oﬂ%ZSDMO&]OkMSB G Ot/ 1BIBS; hWOa(Fl(D%IWy WO:(}'M)MDKy I

het ero I y k 0, noyl ,
car ban&%ﬁg 0%75032@14 %5@%%2@5 W%E@f}&gdn % 8343} gﬁﬁﬁﬁ%ag \%) 9914Eleg§gonpound
of any W@%OR)@S@ WVO@2/1836@ W(ME@I%W @O@OQ)S@SIt Q&@b@@&@@ V$©|99R)t7¢5’4 fwom t he
)/ YI1Y |, X-X)i ) (! YO, X XL, X ) (XN, X
group @éwgﬁ%ltﬁ Mép@f 07(31-9ﬂand5("0ﬂ8/0219< 7:x X -X' and X -X' wherein each X
i's independently Nor Cand if C,_ may include a hydrogen as necessary to
conpl et{Q;S9t2he Vad eimenally reehibinagigeso fixfor hlsanilmgleﬁ@m@mldwten&romrmay@ér with the

]P:: g\rﬂ S 1n1 terﬁﬁfsr%{lff‘l@ c co?né)lrwao lﬁ?@? Wlh{_ dt 1@?%}% 05 lthse %g%? gﬂﬁlﬂf ﬁ ;gﬁt fg

the renmicnd@r, THe ﬁré]ﬁnmﬁvmmtiﬂds et lignitgd awhe Ia&bérﬁerﬁlbhabdhmé‘st orfgompburalk ahde
contemplates known and new compounds and combinations of biologically active agents (see,
Strader, D.B., Wright, T., Thomas, D.L. and Seeff, L.B., AASLD 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, Beaulicu, 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, each 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 cach treatment comprises a different compound of the
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WO 2010/ 065674 nol ecul e. 9. The conpound of claim8 wherein B and B

together is PCT/US2009/ 066459 X, ,?2(*_ , XX /- XIX X-XX-X , .."-Y...

(- XY Y, Y-WO 20dw065m_ y \ \) (") (' PCT/US2009/066459

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 is 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
onc of ordinary skill in the art in light of the teachings of this invention that certain changes and
modifications may be made thereto without departing from the spirit or scope of the invention as

defined in the appended claims.
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X =XX'-X orX -X wherein * indicates attachnment points to the remai nder of
the conmpound. X=X X4-)(?)_or *_ y\X Y/ X =X wherein * indicates

at t achmernwopoiomesé7o t he remai nder of the conpound. 11PCThsS2@9mp@and of
claim8 wherein B and B together is X-X 0 X=XX=XX X/ )(?2)_ * *)((/" \ XX\
\ X=X ,X =X, orX =Xwherein * indicates attachnent points

CLAIMS

1. A compound having formula I:

(R®),
RS W B'
\( B A’ R
Y.
N \(
(R?), Y ~gf

ZA wherein:

A’ is selected from the group consisting of single bond, {CR»),—C(O)—~(CR2),—,
~(CR2)w=O~(CR2)p—, ~(CR2)NRM~(CR2)y=, ~(CR2—=S(O)-NR~CR2)p,
~(CR2):~C(O)N(R™)~(CR2)p—, (CR2):-N(R™)-C(O)-NR™)~CR2),-,
~(CR2)s—C(0)-0—~(CR2)y—, «(CR2)x—N(R™)-S(O)-N(R™)~(CR),- and
—(CRz)n—N(RN)-C(O)—O—(CRz)p— and a heteroaryl group selected from the group

Y2 2 2
A4 105 <0 LA <
consisting of X', , , XN , XN
v2__ N Ysz Y2 NS Y2
4 7 7 I j\ %4
_<x21)\ _<X2 \ /)\ _<X2 N/ /O_<X2
H Y? S Y2 21-Y] 717Y] j\
N— D\ AQ\I\§_ Ra'd \B—N
X2 X2 x1 H

/ ng\’ O@ "

X'is CH,, NH, O or S,

2

wherein:

Y', Y? and Z' are cach independently CH or N,

X%isNH, O or S,
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to the remai nder of the conpound wherein no nore than 2 of X are nitrogen.
WO 2010/ 065674PCT/ US2009/ 066459 O\ *-N O *-N O X X% S )_ 12. The conpound
of cl ai m8Oowhavmwese74B and B' together isX-XX-X 0\ pO.. | p@cd/useg0/056450* - NN- RN
NN XXX XXX XXX =X, X XXX, XX X-X, or )%X -X wherein *

I ndi cates attachnment points to the remai nder of the conpound and RN is

sel ected fromthe group consisting of hydrogen, -OH, Cl to Cl2 alkyl, Cl to
Cl2 heteroal kyl, cycl oal kyl, heterocycle, aryl, heteroaryl, aralkyl,

al koxy, al koxycarbanyl.cral kepawt. Sathaneyl,) oS EHuL-8f —stiihQOYICH,),-
sul fonat e and sullfonaim' d%’ 13. The corr’pour%?:i‘%(;R Zlkai JZr?1E8 \Aﬁ(gﬂrﬂe)l n (IB az%bd’ B
t oget her i s 000" O®/hein a and b are independently 0, 1, 2, or 3 with the proviso that a and b are

not both 0,

V.
Y2
< S /Z “\
X2 optionally includes 1 or 2 nitrogens as heteroatoms on the

phenyl residue,

the carbons of the heteroaryl group are each independently optionally substituted
with a substituent selected from the group consisting of halogen, -OH, -CN, -
NO,, halogen, C; to Cy; alkyl, C; to C;; heteroalkyl, cycloalkyl, heterocycle,
aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl,

substituted sulfonyl, sulfonate, sulfonamide and amino,

the nitrogens, if present, of the heteroaryl group are cach independently optionally
substituted with a substituent selected from the group consisting of -OH, C; to
Cy, alkyl, C; to Ci; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl,
alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate

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, -
OH, -CN, -NO,, halogen, C; to C;, alkyl, C; to Cy; heteroalkyl, cycloalkyl,
heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl, alkanoyl,

carbamoyl, substituted sulfonyl, sulfonate, sulfonamide and amino,

cach R" is independently selected from the group consisting of hydrogen, -OH, C;
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*- A 0*-NNR *-N R-N A I ndi cates attachnent points to the

remai nder of the conpound and RN is selected fromthe group consisting of
hydr ogen,wo@bi0/i63s#o Cl2 al kyl, Cl to Cl2 heteroal kyl, egTlusadorpbgsso

het erocycl e, aryl, heteroaryl, aral kyl, al koxy, al koxycarbonyl, al kanoyl,
car banoyl, substituted sulfonyl, sulfonate and sul fonam de. WO

2010/ 065674PCT/ US2009/ 066459 14. The conpound of claim8 wherein B and B
together is remai nder of the conmpound and RN is selected fromthe

group consisting ef Cﬂﬂﬂ{y@gﬁ'}o Cl?he terS:Qlk}t/locﬁio%ﬂ@ll lﬁ\é{erocg:életé?ylcﬂgte@%ty?r oal kyl,

cycl oal kyl, heterocycle, ary teroaryl’, aralkyl koxy, al kox carbonyl
al kanoyl , car banmoytalky, LﬂHSIXB’I dk@@cabbﬁﬁr&ka,noslub?frbﬁatn}é %}hﬁiltst@d fd VO

2010/ 065 6 74pPCT/ Uszlcﬂgona% ﬂ 9lfonamide and

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

B and B’ are each 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 Cy; 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 more 0xo,

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

A A
W is 1ndependently selected from)\ , R J\ )\ Yt _<\ J\,
4 A\ 4
/(I _< @\ /©[x2_ _<x2@\,
N7 Y2 y N\ /N ¢
QE;%% ADY At IO
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i ndi cates attachnent points to the renmai nder of the conpound and the

si x-nmenbered ring optionally contains one or two additional nitrogens as
het er oat owe 20i0idesdé7he provi so that the total nunber of niPCTaAHR9/06635¢ he

si x-menbered ring does not exceed two. Owherein * indicates attachnment
points to the remai nder of the conmpound and the phenyl noiety optionally
contains one or two nitrogens as heteroatons. 17. The conpound of claim8
wherein B and B together is 00 NN\\\e 1, orH wherein * indicates
attachment points to the remai nder of the conpound; therhe yl noiety
optionally contains one or two nitrogens _as heteroat ops; RN is sel ected
fromthe groupyo stin ogen MN,_Cl to C @ Cl to C12
het er oal kyl , %@\gyﬁ@g? @ ete , ar al kyl, al koxy,
al koxycar bonyl xatNéa Mérm I St 2 onyk, sul fonate and
sul fonam de. 18. The corrpound of cI a| m 1 having formula Il: (Ra)r

OO x2 )Z[j:%—Cy— — @\ _</
<, I, fl ~ I l

YN and

wherein:

X'is CH,, NH, O or S,

Y', Y? and Z' are each independently CH or N,
X?isNH, 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.
Y2
< S /Z \J\
X2 optionally includes 1 or 2 nitrogens as heteroatoms on the phenyl

residue,

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

alkanoyl, carbamoyl, substituted sulfonyl, sulfonate, sulfonamide and amino,
W and ring B’ can be connected through either a carbon or a nitrogen atom on B’, and

Cy is a monocyclic, bicyclic or tricyclic 5- to 12-membered cycloalkyl, heterocycle, aryl

group or heteroaryl group wherein up to three heteroatoms are independently N, S
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)11. N selected fromthe group consisting of a single bond,H HN-NHN-N\ ,
WO 2010/ 065674PCT/ US2009/ 066459 19. The conpound of claim 18 having fornul a
ha: ( Ra wo2010/06b@rei n X and X' are each i ndependently ®erast@d/obesom t he
group consisting of a bond, -CH2-, -CH2-CH2-, -CH=CH, O , S, S(0)1_2-,
-CH20-, -CH2S-, -CH2S(0)1_2- and -CH2N(R1)-, wherein 1Z1 is chosen fromthe
group consisting of hydrogen, ClL to Cg alkyl, C to Cg heteroal kyl,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al kanoyl,

al koxycarbonyl, gaHRamamichaddhtRmbey Lbli@rd SHH SRY%k more substituents selected
from the group consisting of -OH, -CN, -NO,, halogen, C; to C; alkyl, C; to Cj»
heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy,
alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate, sulfonamide

and amino;

cach R, RY, R and R’ is independently selected from the group consisting of: hydrogen, C;
to Cg alkyl, C; to Cs 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 Cs
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 cach independently carbon or nitrogen; and

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

U is selected from the group consisting of —C(O)—, —C(S)— and —S(O),—,

cach R4, R’ and R is independently selected from the group consisting of hydrogen,
C; to Cs alkyl, C; to Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl and
aralkyl,
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20. The compound of claim 18 having fornula Ilb: (Ra)r yl Xb-XbXbd= Xb Zr
Ro)()\\2..... " Rd )" Z wherein each Xb and Xc is independently Cor N WO
2010/ 0656V0RCIVIISZA09/ 066459 21. The conpound of cl ai m POTh@semgedssy mul a
l1c: (Ra)r yl Z%Wb=1=Xb V 1 )( | )(

R? is selected from the group consisting of hydrogen, C; to Cs alkyl, C; to Cs
heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, -C(O)-R®,
-C(S)-R*, -C(0)-0-R*, -C(0)-N-R*",, -S(0),-R*! and -S(0),-N-R*,, wherein
cach R* is independently chosen from the group consisting of hydrogen, C; to Cs
alkyl, C; to Cs heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl and aralkyl,

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.

2. The compound of claim 1 wherein A’ is sclected from the group consisting of a single bond,
~(CR2)w—O0~(CR2)p—, «(CR2):=NR™~(CR2)y=, ~(CR2)y~C(O)-N(R™)~(CR2),,
—~(CR2):N(R™~-C(0)-N(R™~(CRy),— and «CR),~N(R™)-C(0)-0~CRy),~ and a

Z1’Y 21- X1

heteroaryl group selected from the group consisting of )\ X )\ Y

2

Y2 Y2 fi v2 Y2 N Y2
4 — 1 7y N % S 4«8;[ \

3. The compound of claim 2 wherein A’ is selected from the group consisting of a single bond,

)\/>_—( )N\N)—HN\>—):>—%/>—_</:©\

fl*/ﬂ*’lkﬁxﬁx
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Xb X(Rl=a)Xr ¢ and X are each independently selected fromthe group
consisting of a bond, -CH2-, CH2 CH2 , CHCH, 0O , S, S0)1 2-, -CHO-,
-CH2S-, -wb28(0)pi672- and CH2N(R1)-, wherein 1Z1 is chosem/useanmosdssd gr oup
consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sul fonyl. 22. The conpound of claim 18 having fornula |id:
yiXc-Xc 1 <> 1 Zi Rc----..... 1 Xi Xc=1=Xc (Ra)r RdZ Xb and Xc is
|ndependently@C or N

@}x @}x * @3
ooy

4. The compound of any of the preceding claims wherein

RS, R, R® and R are each independently selected from the group consisting of: hydrogen, C;
to Cg 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.
5. The compound of claim 4 wherein one or both of 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.

6. The compound of claim 4 wherein R® and R® are joined and form a heterocyclic fused ring

system selected from the group consisting of:

% % 2, %, A
ERNN/YEI'R\/\H”
P, O O SO0 50

, , and
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WO 2010/ 065674PCT/ US2009/ 066459 23. The conpound of claim 22 having fornul a
I'le: wherein X and X' are each independently selected fromthe group
consi sti myoabrelond, CH2 , CH2 CH2 , CHCH, 0 , S PCHUSrMIP6q459 CH20-,
-CH2S-, -CH2S(0)1_2- and CH2N(R1)-, wherein 1Z1 is chosen fromthe group
consisting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, alkanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. 24. The conpound of claim 18 having fornula I1f:
yi Xc-Xc 11 ) (%Xc@kRa)r RCX1Xc=1---b I Xb / \) (Ra)r Y RdzZXb

(O)o2S

N . . .
Z wherein R" is selected from the group consisting of hydrogen, -OH, C; to

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

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

7. The compound of claim 4 or claim 6 wherein R® and R are joined and form a heterocyclic

fused ring system selected from the group consisting of:

Z g 2 Z g 2 Z'/ 2 Z g 2 Z 2 Z'/ 2 Z 2 2
§ 2 RN RN NR
OIS I
N N N ~N N ~UNATN0
z~ ad vad \),Z ,Z27 \/&O,Z O and
~S(0%
./N\) . N . ..
Z wherein R is selected from the group consisting of hydrogen, -OH, C; to

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

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

8. The compound of any one of claims 1 to 7 wherein B and B’ together is selected from the

X ,x X Y Y y ™

X "X \?

W 1y ) : : : : :
l/x~x

X\\ X X\\ X X\ ,X X \ X X

group consisting of X—X X—X , X=X, X X" and X —X' wherein

2

Y
\
Y

’

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(0O);,—; and
B and B’ attach to the remainder of the compound at any available attachment point on the
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X\ Xb= X 1 (Ra)rwherein each Xb and Xc is independently Cor N 25. The
conpound of claim24 having formula I1g: X and X are each independently
sel ect ed woamwdess7gr oup consi sting of a bond, CH2 , CPRTAS2009/0@H5CH , O

, S, S(0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2- and CH2N(R1)-, wherein 1Z1 is
chosen fromthe group consisting of hydrogen, G to C8 alkyl, G to C8

het er oal kyl, cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, al kanoyl,
al koxycar bonyl , carbanoyl and substituted sul fonyl. 26. The conpound of
claim 18 haﬁb@gukornula I I'h: each Xb is independently Cor N 27. The

compound of claim 26 having fornmula lii: (Ra)Tr
X, Y.
I
X\\ />— X'\g\gﬁ*
9. The compound of claim 8 wherein B and B’ togetheris  X'— X=X
X=X y >y Y-Y,
N 7 AN | \ . ’ \
' / * l>=§7* l>=g;*
X\ . A XN\ 4 XN\ 4
X=X X=X or X—X wherein * indicates attachment points to the
remainder of the compound.
—x Ny vy
\ ) : - : :
x"xsxx xX§ X XQ X
N\ N\ A\
o O e
10. The compound of claim 8 wherein B and B’ together is . . .,
X—X
<%
' X X
X, X Y- X, < S~y
X\/ \X Xax 3 x hs =X Y X X - |X
= Y ¥ | *—Y | | | S NS )\
\ $X\ P/ . N p/ . Y\ '/ . X Xl *
- S U Y7 OOXT T WY X ,
_< Y-
S —Y X
_q?_ >_ y_%%_y_J
or X=X wherein * indicates attachment points to the
remainder of the compound.
X=X
* / X
XTI TN
\X \X' J\* )\(
11. The compound of claim 8 wherein B and B’ together is” , ,

X=X

/A
_<\ />_
R n tallt e SY |
, , Or X=X wherein * indicates attachment points

to the remainder of the compound wherein no more than 2 of X are nitrogen.
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xb+xb x ota);bb X Z wherein X and X' are each independently

sel ected fromthe group consisting of a bond,
WO 2010/065674 PCT/US2009/066459

_ N\ 4 N4
12. The compound of claim 8 wherein B and B’ togetheris  X—X' | X—X
O @)
YO Y\O
*_N *_N
S N 7
X=X . X=X or
*—N @)
X=X wherein * indicates attachment points to the remainder of the compound and

RY is selected from the group consisting of hydrogen, -OH, C; to Cy; alkyl, C; to Cy,
heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy, alkoxycarbonyl,

alkanoyl, carbamoyl, substituted sulfonyl, sulfonate and sulfonamide.

RN .N RN _N N,
ﬁ* *_N/%N N SN . *~N~ °N
\ 1] 1] T * 1] T * \ 1] 1] T *
—~ X Xm NN/ — x xm

X=x , X=X X=X | X=x ,or X—X wherein *

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

substituted sulfonyl, sulfonate and sulfonamide.
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CH2 , CH2CH, CHCH, 0 , S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2-
and CH2N(R1)-, wherein 1Z1 is chosen fromthe group consisting of

hydr ogen,w@RotoweS&4al kyl , C1 to C8 heteroal kyl, cycl oal legirjush@ves@sycl e,
aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl and
substituted sulfonyl. 28. The conpound of claim 26 or claim27 wherein Xc
is C 29. The conpound of claim26 or claim27 wherein Xc is N 30. The
conmpound of claim 18 having formula Ilj: Xc is -CH2-, -NH or -CH2- CH2-

and each Xb is independently Cor N WO 2010/065674PQT/U82009/06 kS
The conpound of claim 30 having forrmula I1lk: mhélﬁi re ach
i ndependently sel ected fromthe group consisting X CH2 CH2

, - CH Chly, T compaund X Qi whered B 9ad B G5 Reris - CRES( 0) 1 2 anﬂ" CHZ N( R1) -

wherein R is chosen fromthe group consisting of hydrogen, G to C8 aIkyI
C to C8 het ycN ; heterocxcle aryl, heteroaryl ar al kyl ,
al kanoyl , * o| c on cir banmoyl §u tltut $fmyl 32 The
cmmmmdofHHnm fmwﬂg rmul a | Ig~ & cu oo X Z1" . --.- N1
1/¢( , ,
X * x'\‘xl X' *
41 41 NS 1Y
STXTN, s~y X

N \‘xl N x' *
—~ XL =LY
S X'J\* or _<S x'-‘ X'

remainder of the compound and R” is selected from the group consisting of hydrogen, -OH,

wherein * indicates attachment points to the

C; to Cy, alkyl, C; to Cy; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl,
alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate and

7 N
\N/ S

N\_N__~

sulfonamide.

15. The compound of claim 8§ wherein B and B’ together is

T NN S S \
~ ~ "y m ~NY
* = \N * T T N\
N X N 7
~2 w/;( %Tl 2
—{lj/ﬁ\ NW i NW* NYN\ *
N~ . *—Q\/N\N/ ’*_Q\/N\?N *_Q\/N\)/
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xXcc-=(Rha) XXr1 Rd Y\ Z wherein: each Xb and Xc is independently C or N;
each Rb is selected fromthe group consisting of oxo, -OH -CN, -NO2,

hal ogen, WD 20w/63Z4al kyl, Cl1 to Cl2 heteroal kyl, cycl oalPkylys2éveessseycl e,
aryl, heteroaryl, aralkyl, alkoxy, al koxycarbonyl, al kanoyl, carbanoyl,
substituted sul fonyl, sulfonate, sulfonam de and amno; and s is 0, 1, 2,
or 3. WO 2010/ 065674PCT/ US2009/ 066459 33. The conpound of cl ai m 32 havi ng
formula I'lm Xc=Xc zrY)1( ) xix.;17xc ,,

RSN I J@k -~

indicates attachment points to the remainder of the compound and the six-membered ring

wherein *

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 two.

16. The compound of claim 8 wherein B and B’ together is
N ’d
|
N _N
@]

wherein * indicates attachment points to the remainder of the compound

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

O O
Joothee!
* N * N *
17. The compound of claim 8 wherein B and B’ together is RN , RN ,
O
| ' '
A | | |
RN * O * O * * O

O O (@)
N 0L OO 00U
N<o \ *)\N ) /km /l\o )
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(Rb)s rl xb xb xbl=xb (Ra)r , Wherein X and X' are each independently
sel ected fromthe group consisting of a bond, CH2 , CH2 CH2 , CHCH, O

, S, S(Oy02810/0656420-, -CH2S-, -CH2S(0)1 2- and CH2N( RCYAIS200ms6@tn 171 i s
chosen fromthe group consisting of hydrogen, G to C8 alkyl, C to C8

het er oal kyl , cycl oal kyl, heterocycle, aryl, heteroaryl, aralkyl, alkanoyl,
al koxycar bonyl, carbanoyl and substituted sul fonyl. 34. The conpound of
claim18 having formula Iln: Xc=)(cxb_xb2 Z1Yi 1 )K)(/RcXlxc -1-xcx (Ra)r

Q \\S//O O\\S// .
sogsouls ot
|
*)\O )\N *)\N ‘ ‘ ‘
H , Or H wherein * indicates attachment

2

points to the remainder of the compound; the phenyl moiety optionally contains one or two
nitrogens as heteroatoms; and R" 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.
18. The compound of claim 1 having formula II:

(R%),
1
f’/ai\
(>
RC
X! e
R
B A
Y.
d/\ \(
R Z v
~—f

(R®)
z wherein A’ is
/4>—- HN-N HN- 3*—
selected from the group consisting of a single bond, /‘\)7 , )\
—«Nj@ ~ n —~ ﬂ 1
N N

//iiﬁh_ //iish_ N N:I:é;L\

s ,~-~d |, H and H :

200



Rd Y'...., Z wherein: each Xb and Xc is independently Cor N, Xhi is N or

0; and xb2 is S(0)2 or C(0). WD 2010/ 065674PCT/ US2009/ 066459 35. The
conmpound WD 20l04i686784 havi ng formul a Ho: Xc =X xb_xb2 Z1PCTWSPEIPG64¥d Xcd- XcX
(Ra)r z' wherein X and X are each independently selected fromthe group
consisting of a bond, CH2 , CH2 CH , CHCH, 0 , S, S§0)1_2-, -CH20-,
-CH2S-, -CH2S(0)1 2- and CH2N(R1)-, wherein 1Z1 is chosen fromthe group
consi st i ng of hydrogen, G to C8 al kyI C to C8 heteroal kyl, cycl oal kyl,

het er 0GycHif cofdf; é;\éhmd@@élﬁﬁlol%rﬁﬁhng%ﬁﬁﬁé(ha al kanoyl , al koxycarbonyl, carbanoyl
and substituted sul fonyl

(R?),
1= Y
Z| \>—Cy B'
x1
" e
N X'
AN \/

Y4 N

(R?); /

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 Csg alkyl, C; to Cs heteroalkyl, cycloalkyl,

wherein X and X' are

heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl, carbamoyl and substituted

sulfonyl.

20. The compound of claim 18 having formula IIb:

Ra)r

XC——X°© —|— Xb
=|=xc Xb
Ra)r \(

Z1/\>_</
RC
Xb:xb

Y.
Rd/ \Z R)r

wherein each X" and X¢ is independently C or N.
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36. The conpound of claim 18 having fornula Hp: Xc= Xc Z1Yi 1 )( )<
RcX1Xcd- XcXb2 (Ra)r Rdz wherein: each Xb and Xc is independently C or N,
Xhi is NwO2010/@x4xb2 is S(0)2 or C(0). 37. The conpomnd/uskoooloedssy 36
having formula 11g: (Ra)r X*Xc ( ) X Xc-Xc

21. The compound of claim 20 having formula Ilc:

a

0 \H\ -
T F R

N, /

Z wherein X

and X' are cach independently sclected from the group consisting of a bond, —CH;—,
—CH,—CH,—, -CH=CH-, -O—, —S—, =S(0);.,—, -CH,0—, —-CH,S—, —-CH;,S5(0O);.,— 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.

22. The compound of claim 18 having formula I1d:

RC
x1 Xc: _Xc
(R®), b / A R®
Y.
P
R7T N2 \\xb—xb
Y'
‘ S~Rf
(R®), /TR -
Z wherein each

X" and X® is independently C or N.
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wherein X and X' are each independently selected fromthe group consisting
of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, §0)1_2-, -CHO0-, -CH2S-,

- CH2S(0) WO-20e8md567€H2N( R1) -, wherein 1Z1 is chosen fromPCRaAISQe000p6459

consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sul fonyl. 38. The conpound of claim1l having fornmula |1

Rf wherein N---- )1 A is selected fromthe group consisting of a single
bond, Hoi mloompo{lr'ld\%ﬁclainLj2N1aQﬂag1foﬂrﬁ1hlé Mmes-NM N I N--%
(R,
1 Xe——X° XP=|=XP
A N
\ /"

(FL‘)r /

z 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.

24. The compound of claim 18 having formula IIf:

1

f")i\
C
R iy
Y.
/
re”” N,

wherein each X"
and X° is independently C or N.
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; and WD 2010/ 065674PCT/ US2009/ 066459 each Xc is independently C or N. 39.
The conmpound of claim38 having fornula Ma: 40. wherein X and X are
each i ndeperrdevisker4sel ected from the group consisting oPCa/usemd/06648H2-
-CH2-CH2-, -CH=CH, O , S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2- and
-CH2N(R1) -, wherein Rl is chosen fromthe group consisting of hydrogen, Cl
to Cg alkyl, G to Cg heteroal kyl, cycloal kyl, heterocycle, aryl,

het eroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanmoyl and substituted
sul f onyk. Tftlombagn Mﬁ&%&nln‘%'f@fnmlé”ﬁ ghaving formula M: WO
2010/065674PCT US2009/ 066459 4I. The conmpound of claim40 having fornul a
Mc: X and X' are each independently selected fromthe group consisting of a
bond, CH2 , CHZ_CH-Z1 CH CHK—oX , S, S(0)1_2-, -CH20-, -CH2S-,
-CHZS(O)l 2- and %, CH2 R1) - I/Mherékn 171 is chosen fromthe group

consi sting of hydrogen o C8 alXyl, C (R, C8 heteroal kyl, cycloal kyl,

het er ocyc) alk¢noyl al koxycar bonyl, carbanoyl

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

26. The compound of claim 18 having formula ITh:

(R%):

21/ Y1\>_<:/\ b :Xb
. %\ >
X'I
wY/‘\ Xb:Xb \(
R N ) M~
z wherein X and

each X" is independently C or N.
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42. The conpound of claim40 having formula Il1d: WO

2010/ 065674PCT/ US2009/ 066459 43. The conpound of claim 42 having formul a
Me: Z'wothrerodiens7X and X' are each i ndependently sel ecret/uSeanmosdsss gr oup
consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, S§0)1_2-, -CH20-,
-CH2S-, -CH2S(0)1_2- and CH2N(R1)-, wherein Rl is chosen fromthe group
consisting of hydrogen, G to C8 alkyl, C to C8 heteroal kyl, cycl oal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl

and sutgstmelgogg)oﬁhﬁgpdwﬁh126%vmy}&nggmpund of claim40 having formula UM
(Ra)r(Ra)r X+Xcxbxb (Ra)r Xc cb xbXc4Xc

(R%),
Xb

. A

\\z (R //N

2
wherein X and X' are each independently selected from the group consisting of a bond,

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

28. The compound of claim 26 or claim 27 wherein X° is C.
29. The compound of claim 26 or claim 27 wherein X° is N.

30. The compound of claim 18 having formula I1j:

r /Y'\ Rf
Z'

wherein
X®is -CH,—, -NH- or -CH,~CH,—, and

cach X" is independently C or N.
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xbxbXc (Ra)r Rd WD 2010/ 065674PCT/ US2009/ 066459 45. The conpound of claim
44 having formula My: (Ra)r(Ra)r X+XcXb+Xb Xb / ) X+X (¢ (Ra)r 1 cb
XbXbXc (Raprom/ocpdTerein X and X' are each i ndependent!| yPseluseanaedssom t he
group consi sting of a bond,

31. The compound of claim 30 having formula ITk:

RACAvsS
- 1

AN R?)
z 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);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

32. The compound of claim 18 having formula III:

C C
z“”(& X=X
re | > <\ />
)(‘I XC_|_xC
(R®);
Y.
e
R¢ \\‘z
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 C;
alkyl, C; to C; heteroalkyl, cycloalkyl, heterocycle, aryl, heteroaryl, aralkyl, alkoxy,
alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate, sulfonamide

and amino; and

sis 0,1, 2, or 3.
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CH2 , CH2CH, CHCH, 0 , S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2-
and CH2N(R1)-, wherein 1Z1 is chosen fromthe group consisting of

hydr ogen,wa@i20tome@84al kyl, C to C8 heteroal kyl, cycl oal legirjush@ves@sycl e,
aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl and
substituted sulfonyl. 46. The conpound of claim 38 having formula II1h.

i ndependently C or N. WD 2010/ 065674PCT/ US2009/ 066459 47. The conpound of
claima46 having formula I11i: are each independently selected fromthe

gr OUp ggnﬁﬂeséohﬂ)gu&ioiaclgﬁlr@ havgg%bpmulgﬂgl CHz CH'CH , 0 o S, §(0)1_2-,
-CH20-, -CH2S-, -CH2S5(0)1_2- and CH2N(R1)-, wherein 1Z1 is chosen fromthe

group conS|st|ng of hydrogen, G to C8 aIkyI C to C8 heteroal kyl,
cycl oal kyl, heterocycle, aryl, heteroaryRWsaralkyl al kanoyl ,
alkoxycarbonyl car arkhanoy| anﬁ:substltu ul fonyl. 48. The conpound of
cl ai m 46 haV|ng 3or a I

X°- —X°
(R%), Xb— Xb X'
(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(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

34. The compound of claim 18 having formula IIn:

. Y] Xe=—=X°¢ XP—Xb2
| \>_< >_</ Xb
RS, \ / / \ Re
X1 XC-|—xc Xb‘l A
(Ra)r Xb::xb
Y.
Rd/ \Z (R?), /Y\Rf
z
wherein:

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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WO 2010/ 065674PCT/ US2009/ 066459 49. The conpound of claim48 having fornul a
I[11k: Zwherein X and X are each independently selected fromthe group
consi sti myoabrelond, CH2 , CH2 CH2 , CHCH, 0 , S PCHUSrMIP6q459 CH20-,
-CH2S-, -CH2S(0)1_2- and CH2N(R1)-, wherein 1Z1 is chosen fromthe group
consisting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, alkanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. 50. The conpound of claim 46 having formul a M

VIO 20185 08564 BGTd HS2900B6H5Formida iSNe compound of clai m 50 havi ng
b\

formula I'1Im (Ra)r xbx
Xb_xb2

x°—‘—xc

N

AN (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.

36. The compound of claim 18 having formula IIp:

wherein:
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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\ z xb (Ra)r / Z wherein X and X are each independently selected fromthe
group consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, S0)1_2-,

- CH20-, -vEb28t0/065€22S(0) 1 2- and CH2N(RL1)-, wherei n 1ZPCiraisetosesdss rom t he
group consisting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl,
cycl oal kyl, heterocycle, aryl, heteroaryl, aral kyl, alkanoyl,

al koxycar bonyl, carbanoyl and substituted sul fonyl. 52. The conpound of
claim38 having formula Mr Z2 Rf \ / Y ( (RA)rRa)r <14Xb 1

37. The compound of claim 36 having formula Ilq:

(R%),
Z1/Y1 Xc='=Xc b1
Rava et
X\/N szisz \[\/X'

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—, =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.

38. The compound of claim 1 having formula III:

(R?), (R%),
x°=|=x°

a Y'
» s \Z (R e ~~rgf
z wherein

N7 - -N
|/§>—- HN-N HN-N,
= B Sl e

A’ is selected from the group consisting of a single bond,

N N Ny
- -~ A I

and
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CARe XX )(cb )(cXb H1 XL wherein each Xb is independently C or N
53. The conpound of claim52 having fornmula |11l o: (Ra)r 1Ib
WO 2010/065674 PCT/US2009/066459

cach X° is independently C or N.

39. The compound of claim 38 having formula Illa:

(R®), (R®),
XC%XC
N B
//&x{
N ° .
) N \(\x'
\/N\ (R?), N\/
z / |
Z 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 Csg alkyl, C; to Cs heteroalkyl, cycloalkyl,
heterocycle, aryl, heteroaryl, aralkyl, alkanoyl, alkoxycarbonyl, carbamoyl and substituted
sulfonyl.

40. The compound of claim 38 having formula IIb:

(R%); (R%);

x°='=x° sz*sz
0

Xb
e
XC Xb \>7Al R
Xb
r /Y'\ Rf
Zl

wherein each

Iz

/

xb=i=
y (R®)
re”T N

X" is independently C or N.
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Xbdx 1 Xb )(c X are each independently selected fromthe group
consisting of a bond, -CH2-, CH2 CH2 , CHCH, 0O , S, S0)1 2-, -CHO-,
-CH2S-, -wb28(0)pi672- and CH2N(R1)-, wherein 1Z1 is chosem/useanmosdssd gr oup
consi sting of hydrogen, Cl to C8 alkyl, Cl1 to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sul fonyl. 54. The conpound of claim52 having fornula blip:
(RA)r(Ra)r YU Xb 1R)(bXb )(c 1 XQ

41. The compound of claim 40 having formula Illc:

(R%)r (R
X°:|=Xc XP=[=XP
N > < X
//N\\7///j[::’f§>£{ \>b // T>F———A
N Xb=—=xb
X\/N H (Ilaa)r N\/

VA wherein
X and X’ are each independently selected from the group consisting of a bond,
—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

42. The compound of claim 40 having formula I11d:

R%r R%r
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(Ra)r 1 1Xbl bX WD 2010/ 065674PCT/ US2009/ 066459 55. The conpound of claim
54 having formula I1IT ( XURa)rRa)r NXc(Ra)r | Xbi 1 r Xb XbXb 1 Xb
WO 2010/065674 PCT/US2009/066459

43. The compound of claim 42 having formula Ille:

Ra)r Ra)r

i H \

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);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

44. The compound of claim 40 having formula IIIf:

S S R,
e eRuatc
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, , Wherein X and X are each independently selected fromthe group
consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, §0)1 2-, -CH20-,
-CH2S-, -wb28(0)pi672- and CH2N(R1)-, wherein 1Z1 is chosem/useanmosdssd gr oup
consi sting of hydrogen, Cl to C8 alkyl, Cl1 to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. 56. The conpound of claim1l1l having fornula IV: Z1
Yi)(c=xcl X% xb 1 )( )< I IRcxlxc-1-xc)(2H b (Ra)r(Ra)r

45. The compound of claim 44 having formula IlIg:

X=X i mt R,
N — xb x°=|=xc
o4 ¥

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

46. The compound of claim 38 having formula ITh:

(R%); (R®),
x°:,=xc xb:‘:xb\
b
N
\KL/S\-X{>—§_/§’ ‘V
RS R®
N Xb A
H
\\Xb x{ '
N 1‘ "~
R° z (R%)r Z'/ R wherein each X" is
independently C or N.
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RdZ wherein: N -'
)I... /| NA is selected fromthe group consisting of a single bond, H

; and exsionodesstd Xc i s i ndependently C or N 57. ThePcorgseemase@so cl ai m
55 having fornula IVa: X= X 1) xlxcxc (Ra)r

47. The compound of claim 46 having formula II1i:

(R?); (R%);

x°:|=xc xb:':xb

4 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;,S5(0O);.,— 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.

48. The compound of claim 46 having formula I11j:

(R®), (R,
x°:|:x° xb:I:xb
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Z' wherein X and X' are each independently selected fromthe group
consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, §0)1 2-, -CH20-,
-CH2S-, -wb28(0)pi672- and CH2N(R1)-, wherein 1Z1 is chosem/useanmosdssd gr oup
consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. 58. The conpound of claiml1l having fornula V. Rf
wherein: HNNNHN A" is selected fromthe group consisting of a single

bond, 4ouril (Mrripoﬁﬁtgof claim 48 having formula ITk:

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

50. The compound of claim 46 having formula II11:
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- and each Xc is independently Cor Nwith the proviso that no nore than
two Xc are N. 59. The conpound of claim57 having fornula Va: Zwherein X
and X' arwoeaoesétdependent|ly sel ected fromthe group ceasitstémgeass a bond,
-CH2-, CH2 CH2, CHCH, O , S, §0)1_2-, -CH20-, -CH2S-, -CH2S(0)1_2-
and CH2N(R1)-, wherein Rl is chosen fromthe group consisting of hydrogen,
C to C8 alkyl, G to C8 heteroal kyl, cycloal kyl, heterocycle, aryl,

het eroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanmoyl and substituted
sul f ongl . 11RO mbREn EHRARMD 128 ine! B2 1iiiavi ng fornula Vb:  wherein WO
2010/ 065674PCT/ US2009/ 066459 each Xb is 1 ndependently C or N. 61. The
conpound of claim59 haYégg fornulaﬁgb: ,

x°:|=x° xb:|=xb

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

—CH,—, -CH,—CH,—, -CH=CH-, -O—, —S—, —S(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

52. The compound of claim 38 having formula IIIn:

RS N
Rd\
Y N
\ H
Z
wherein each X° is
independently C or N.
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z' wherein X and X' are each independently selected fromthe group
consisting of a bond, CH2 , CH2 CH2 , CHCH, 0 , S, §0)1 2-, -CH20-,
-CH2S-, -wb28(0)pi672- and CH2N(R1)-, wherein 1Z1 is chosem/useanmosdssd gr oup
consi sting of hydrogen, G to C8 alkyl, G to C8 heteroal kyl, cycloal kyl,
het erocycl e, aryl, heteroaryl, aral kyl, al kanoyl, al koxycarbonyl, carbanoyl
and substituted sulfonyl. 62. The conpound of claim59 having fornula Vd:
\Xc-(1-Xc a)r/ X)L(IN X 7 Xb (Rla)rN H WD 2010/ 065674PCT/ US2009/ 066459 63.
The conpopNd:Afpofhdb eI 9 oI bd Ye: x. , ? Z.] wherein X
and X' are each independently selected fromthe group consisting of a bond,
CH2 , CH2 CH2, CHCH, 0 , S, §0)1_2-, -CHZ%;, -CH2S-, -CH2S(0)1_2-

and \\

(R%)

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;,S5(0O);.,— 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.

54. The compound of claim 52 having formula IIp:

N
Re
RS /N | *Xc Xbé | H \,
"~
Xb

Zv
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CH2N(R1) -, wherein R is chosen fromthe group consisting of hydrogen, G
to C8 alkyl, G to C8 heteroal kyl, cycloal kyl, heterocycle, aryl,

het er oar yWWo 2arozleker4, al kanoyl , al koxycar bonyl, car banoylPCarus2eiosd45¢ ut ed
sul fonyl. 64. The compound of any one of clains 18, 20, 22, 24, 26, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60 and 62 wherein Rc,
Rd, Re and Rf are each independently selected fromthe group consisting of:
hydrogen, Cl to C8 alkyl and Cl to C8 heteroal kyl, wherein, each hetero
atom sk ﬂ{eec%g%und&dmgleg%q%tfwnmﬂﬂl or S, Rc 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 are optionally joined
to forma 4- to 8-nmenbered heterocycle which j i fused to anot her
3- to 6- menbered heterocy QR - cl aim 64

wher ei n one of Rc and Rd e and Rf_af m a 47 to 8- menbered
het erocycl ¢ which 45 Ixk y fu5ﬁ69to ot herN3- to I%T_Eglmered

het er o ) he ¢ npoun cl ai i'64 whertm both of Rc and

Rd and Re an re i ned ko 8- nenbered,ﬁeterocycle which is
opt i onakl fused t ered heterocj%le 67. The conpound

ano
according t one of c?ains erein each le is independently WO
2010/ 065674 /U82009/066459 - , -0CF3, -CF3, or -F. 68. The
conpound according to any one of g; , 20, 22, 24, 26, 30, 32, 34, 36,
38, 40, 42, 44, 46, 48, 50, 52, 5s 56, 58, 60 and 62 wherein Oﬂe of .Y and
Y is N 69. The conpound of clain168 wherein both Y and V' ar®¥ RN a

N' 70. addh®’ serpatindeRhdadily seb@e®@frofltBé fugd Borfkktingt6f a Bohd, 52, 53, 56- 61
wherein A" isHor N 71. The conpound according to any one of clainms 1-70

wher ei mCHzandHz-Chee €861 H= 30anihe -2 ds ~CH20—, ~CH,S—, ~CH,8(0) 12— and
—CH,N(R")—, wherein R is chosen from the group consisting of hydrogen, C; to C alkyl, C; to

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

56. The compound of claim 1 having formula IV:

Z1/1\ X=X /Y2 Xb\xb
. o= =< L
X1 X¢-|—xc X2 Re

wherein:

|/>— j\];N)_ HN’N\:
A’ is selected from the group consisting of a single bond, % N ,

1 1y S0 ST T

and
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72. The conmpound according to claim71 wherein the amno acids are in the D
configuration. 73. The conpound of any one of clains 1-70 wherein Z and Z
are each wodepansent |y sel ected fromthe group consi sti RGTAS2009/066459
[U(CR42)t-NR5- (CR42)thi - U (CR42)t-NR7- (CR42)t-R8, -U (CR42)t-R8 and
-[U-(CR4A2)t-NR5- (CR42)t] . -U- (CR42)t-0-(CR42)t-R8. 74. The conmpound of claim
73 wherein one or both of Z and Z' are

[U-(CR42) t - NR5- (CR4AL. - U- (CR42)t-NR7- (CR42)t-R8. 75. The conpound of claim

74 wherein oneyor Noth of Z and Z' are
-U—(CR42)t-NR%—( 42) - U (CR42)t - NR7- (CR42)t-R8. 76. The compound of claim
74 wherein onenN of Z and Z' are -U (CR42)t-NR7-(CR42)t-R8. 77. The

compound of clHim 74 whedein either one or both of Z and Z' are
[C(0)-(CR42)t-NR5- (CRAALL-U- (CR42)t-NR7- (CR42)t-R8. 78. The conpound of

(él(gl)n}é;é%eﬁ{l&@dgcﬁi%eppﬁ ?é%&z%tl\ﬁ&dmz(cglg)t R8. 79. The conpound of

claim 77 wherein one or bot h Qf Z and Z' are
[ C(0) - CTRAR) conyirBrq gRAZ N i ha@{n@)fon@R4 PY4:- NR7- (CR42)t - R8. 80. The conpound
of claim79 wherein one or both of Z and Z' are

C(0) - (CRA2) t - NR5- (CR4g)t C(O 4}2)t NR7 - (CR42)§<DR8 81. The conpound of
claim77 wherei nzone‘\ bot h/o and Z'
| />—<
X! b
x
X
\/N X
\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(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

58. The compound of claim 1 having formula V:

Saases

(R%)

Wherein:

e

-N -N
A’ is selected from the group consisting of a single bond, H s , N
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C(0)-(CR42)t-NR7- (CR42)t-R8. 82. The conpound of claim81 wherein one or
both of Z and Z° are C(0)-(CR42)"-NR7-(CR42).-C(0)-R81. 83. The conpound
of cl ai m80 2o4ver6867n one or both of Z and Z' are (C(0)- ( ERAA)S20080RG646¢ 0) - R81.
84. The conpound of claim8l wherein one or both of Z and Z' are
C(0)-(CR42)"-NR7-(CR42).-C(0)-0-R81. 85. The conpound of claim 84 wherein
one or both of Z and Z2 are C(0)-(CR42).-NR7-C(0)-0-R81. 86. The conpound
of claim 73 wherein one or both of Z and Z' are -U (CR42)t-R8. 87. The

conpound of claim86 wherein one ek both af_zZsand 7' =(0) - (CR42) t - R8.
88. The corrpow}a%f @ m 73—\(0r1ne<’or lbot|h of<Z hd i’ are _
[ U- (CRA2) t - NBh: 42)JL%- ( ) tZ0> CRARYT>NRB. ’89. N 0 aghmd of claim

88 wherein 6ne or bdthof Z and Z' are
- U (CR42) t - NR5
wher ei n one - of Z and Z' are
C(0)-(CRA2)t-NR5S-{£R42)-C(0)-(CR42)t-0- (CR42)t-R8. 91. The conpound of
cl ai m 88 wherelln one ornhoth of Z and Z° are

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

59. The compound of claim 57 having formula Va:

V. (R,
7! \ =X
/W/I\ 1 \ / -
g XC_|_XC B A
X a
AN =) Y\X.
\Z (R, /N \/

z wherein X
and X' are cach independently sclected 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.

60. The compound of claim 57 having formula Vb:

P SR
. Z'QH )\
'@ bs

Xe—|-xc R®
(Ra)r Xb=xb \(
Y.
d v
R z ' /Y ~Fg
z wherein

220



-U(CR42)t-0-(CR42)t-R8. 92. A pharmaceutical conposition conprising any
one of the conpounds of clains 1-55. 93. The use of the conpound of any one
of cl ai mew@-20R/i6seThe manuf acture of a nedi cament. 94. Phe/uss@I066489
conpound of claim93 wherein the nmedicanent is for the treatnent of
hepatitis C. 95. A nethod of treating hepatitis C conprising adm nistering
to a subject in need thereof, a therapeutically effective anount of any one
of the compounds of clainms 1-92.

cach X" is independently C or N.

61. The compound of claim 59 having formula Vc:

(Ra)r xb|=xb Y\X'
(R%):
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.

62. The compound of claim 59 having formula Vd:

\ /H\

Ra)r

XC_ _XC
R

f

221



WO 2010/065674 PCT/US2009/066459

63. The compound of claim 61 having formula Ve:

XC_ _XC

(R2), Xb_xb

(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(0O);.,—, -CH,O—, —CH;,S—, —-CH,S(0O);.,— 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.

64. The compound of any one of claims 18, 20, 22, 24, 26, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52, 54, 56, 58, 60 and 62 wherein R, R%, 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.
65. The compound according to claim 64 wherein one of 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.

66. The compound according to claim 64 wherein 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.

67. The compound according to any one of claims 18-63 wherein each R" is independently
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68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

WO 2010/065674 PCT/US2009/066459

—CN,-OCHF,, -OCF3, —CF3, or —F.

The compound according to any one of claims , 20, 22, 24, 26, 30, 32, 34, 36, 38, 40, 42, 44,
46,48, 50, 52, 54, 56, 58, 60 and 62 wherein one of Y and Y’ is N.

The compound of claim 68 wherein both Y and Y’ are N.

The compound of any one of claims 18-41, 46, 47, 52, 53, 56-61 wherein A’ is H or
1L
—~
N
H .
The compound according to any one of claims 1-70 wherein Z and Z' are cach 1-3 amino
acids.

The compound according to claim 71 wherein the amino acids are in the D configuration.

The compound of any one of claims 1-70 wherein Z and Z' are ecach independently selected
from the group consisting of

~[U~(CR%)~NR’~(CR*)].~-U~(CR*)~NR’~(CR*))-R®,

~U~(CR%)~R® and -[U~(CR*)NR’~(CR*;)J.~U~(CR%)~O—~(CR*,)R".

The compound of claim 73 wherein one or both of Z and Z' are

—[U~(CR%)~NR’~(CR*)):J«-U~CR*,)~NR'—«(CR*)~R®.

The compound of claim 74 wherein one or both of Z and Z' are

—U—~(CR*%)~NR’—(CR*)~U—~(CR*)~NR’—(CR*))—R®.

The compound of claim 74 wherein one or both of Z and Z' are

—U—~(CR*)~NR’—(CR*)~R®.

The compound of claim 74 wherein either one or both of Z and Z’ are

~[C(O)«CR*)NR’~(CR*%)].~U~(CR*)~NR’-(CR*)R®.
The compound of claim 77 wherein one or both of Z and Z' are
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79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

WO 2010/065674

~C(0O)«CR*%)~NR’<CR*))—U—~(CR*)—NR'—«(CR*))R®.

The compound of claim 77 wherein one or both of Z and Z' are

—[C(O)~(CR*)~NR’~CR*),J.—C(O)~(CR*))—NR'—(CR*,)R®.

The compound of claim 79 wherein one or both of Z and Z' are

—C(0)~(CR*)~NR’~(CR*))—C(0)~(CR*,)—NR’—(CR*,)—R®.

The compound of claim 77 wherein one or both of Z and Z' are

—C(0)«CR%)~NR'<CR*)~R®.

The compound of claim 81 wherein one or both of Z and Z' are

—C(0O)«CRY);~NR’—(CR*)),—C(0)-R®".

The compound of claim 82 wherein one or both of Z and Z' are

—C(0)~(CR"*,)),~NR’-C(0)-R*".

The compound of claim 81 wherein one or both of Z and Z' are

~C(0O)«CR*%),~NR’—(CR*),—C(0)-O-R™..

The compound of claim 84 wherein one or both of Z and Z' are

~C(0)~(CR"*,),—NR’-C(0)-0-R"..

PCT/US2009/066459

The compound of claim 73 wherein one or both of Z and Z’ are ~U—~(CR*,)—R®.

The compound of claim 86 wherein one or both of Z and Z’ are —-C(O)~(CR*,)—R".

The compound of claim 73 wherein one or both of Z and Z' are

—[U~(CR*)=NR*~(CR*,),J—U—~CR*)—O—(CR*,)—R".

The compound of claim 88 wherein one or both of Z and Z' are

—U~(CR*)-NR’~(CR*)—U~(CR*)—O—~(CR*)R".

The compound of claim 89 wherein one or both of Z and Z' are

~C(0)~(CR*)~NR’~(CR*)~C(0)~«(CR*)~O—(CR*))R".

The compound of claim 88 wherein one or both of Z and Z' are
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92.

93.

94.

95.

WO 2010/065674 PCT/US2009/066459

~U~CR*)~O—(CR*)~R®.
A pharmaceutical composition comprising any one of the compounds of claims 1-55.
The use of the compound of any one of claims 1-92 in the manufacture of a medicament.

The use of a compound of claim 93 wherein the medicament is for the treatment of hepatitis
C.

A method of treating hepatitis C comprising administering to a subject in need thereof, a

therapeutically effective amount of any one of the compounds of claims 1-92.
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