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—~OC=0NREC_ i kpiNICCREE3_o-Oh st O” —0)011312 —SCE= O)NR.mRm,
N(C34cyc|oa1kyI)CI2(C3 8cy0|0alky|) S(O)l.
2N(CO salkYl) (G -3cycl oal | cyl),
~-Nit'1S(0)3_2(C34cycl oal kyl), C24a|keny| C28al kynyl ,
CN, CF,, OH, or optionally substituted aryI
substituents; such that each of the above aryl,
het erocycl yl, hetaryl, alkyl or cycloal kyl groups may
be optionally, independently substituted with -N(CO.



-NR11C(=0) NR12R33, -NR1llI S(0)0.2R32, -C(=S)0R11,,

-C(=0) SR11,- -NR11C(=NR12) NR11R11, -NR11C(=NR12)O0R11,
-NR11C(=NR12) SR11, -0C(=0)0R11, -0C(=0)NR11R12,
WO@O7I051/37 ) SR11, - SC(=0) ORLI, or - SC(=0) NR11[RE§3/US2006/044461
substituents; in the cases of -NR3IR32,
-NR3"R32l, -NR312R322, -NR332R341, -NR313R323, and
-NR3ThR333, the respective R31 and R32, R311 and

R 321, R312 and R322, R331 and R, 12313 and R323,

and R323 and R333 are optionally taken together with -

-P(O)ORTECRIE, 1y geikylibeaCh Qalkfl] Choatiteeyt, GLallanylachashiitosyE.aseiRyl, —C..

3- : t d i i
o e R oL MO LRI B A ey,
Cralg it Gy 5B Lo @B CsoREangh —eHsIoE>-isHeipeligh  oseloCs
salkenytO JkBB - ol Ly | hikinhH, By Es@xMkony iR LB, ~@¥BoC:s salkylC,.

wallom o e G et ey o By s~

heteroc DS IZmPCew il kifibh is optionally substituted with one or more independent halo,
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Rl - Ky .= 04 degad Kyt D b342 _Jm It AR I
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—NR™CENR PR N-O0 (B AR T - ORIBE BK Y HICCIASRRY, T C(=0)OR™",
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""-CO Ba[ kyl - CO’CD- sal kv1) —

- O R 1 PISQeyplksk et-CahorNeayl. anyb gy, tacd—Sabalipih
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G Bal Kyl - O oD Bal'kyl h%ﬁ rerggggcsf oal Lyl - 00 é'éf‘kﬂ 0-0
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. ~CF;, —OCE —QRfT,c XRICR Easafmyh eCanr?l’, ~-cER) BRI - SIBaHEN] S S(0),.
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SRR B :g%ﬁ%gta 5;’321 R T RIS o St
. —P(O)OR?i’of‘%awnS TRHTB R ; IRaYiflefthat (3 is 00 \BEHAGRYHN(hen R’
is 4-pipdahgitkyl ) - Co. sall cylhet atyl, '
- CQsBal:Ky k- NGC4333 1k v L) ( ak kyh )i aettyl, .
czc?ﬁal y 31§(%3§CN%CF§;Z cz%,’ rf%ﬂaréma’“ix » in each
instancegig biependetlys; wherein said ring in each instance
i ndependR dphoRidl s@RAtk HGh UHRSeRRBY @ FRLSYT substituent, or Co.
%ﬁ%ﬁg O%%aigssggﬁg% &5,1'5121?6 &H%egééng Ba oe, %oé“@?@k%%ﬂ%& -CO(C
. AhoDpIOs% padiot] -Odat, -d)lkmrﬂlo@mtemyﬂg!, 1800)o zaryl, -S(O)pshetaryl, -S(O)o-
i - AA8 A 120-Ax (1 7 - *
1%‘5%‘?3%‘*@1 PO Fg‘?g?‘mwfaé%aﬁy%-%ﬁgﬁﬂgg CO(C g Co
PSR e A et krIBER( il i-H{ Coatl e ICR(GaeRvRlgty]), 7N(Cos2lkyDCO(C;.
By Dr-SeDEN(Odaky By plkd), m‘%@)@f@i@mﬂﬁmm&wﬁmﬁ%@-
[ -4-¢8-am.na- 1- 7-
(R SRR R SO oo GmpptGr o
@uqu@y@{ | welptlod) O eliaBi A(Coplkyl JCON(Cs seyeloalkyl)(Co-
S;Gncglp,sm{;oaa:];amc:m(ds_éi&’yc(o%l@)mn;i@wgaag&g&gzcc%hwabﬁgﬁi “StO),.
I dﬁ@" - - 3=y
T 5%%@‘(? ' 8.805%1?33@, %ﬁ%@*-@é" é’é‘ﬁﬁ%{%@@%ﬁéfﬁ Ceeflrgyl: ON, CF,
PR amopkgpainabgitutehayl obstiwintsgsush thatrcir efghe BoVELRyTF heterecyclyl,
W2 1. alkyl of oy Mooyl groups may Be bptlonklly; Buadbei@enaMIReMbred with -N(C,.
IS alky), hydrNo%j\rlh\a{mgenl\cE'ml\' ;%1, etaryl, i?saﬂyl, Co-imi?ylcyclyls“co-saikyl”
N(Cogalkyl)-S(0)o.+{Cosalkyl}, —Cosaliyl-S(O)o-N(Cppalkyl)(Cogalicyl), ~Co salkyl-N(Co.
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salky)CO(Co.galleyl), —Co salkyl-N(Co_salkyl)CO-N(Co palkyl)(Cp salkyl), ~Co-palkyl-CO—
N(CosalkyD)(Cosalkyl), ~Cisalkyl-COr{Cosalkyl), ~CosalkylS(O)or{(Cosalkyl), —Co.
salkyl-0-C, salkyl, —Co salkyl-O-C, galkyloyclyl, —Cagalkyl-O-Cygalkylheterocyelyl, —Cq.
salkyl-0-Cy salkylaryl, —Co salkyl-O-Co.salkylhetaryl, —Co galkyl-S-Cy alkyl, ~Co salkyl-8-Co.
salkyleyelyl, —Cy salkyl-S-Co salkylheterocyclyl, —Cosalkyl-8-Cysalkylaryl, —Cogalkyl-S-Co.
salkylhetaryl, —~Co.salKyl-N(CgsalkyD-Co salkyl, —Coalkyl-N(Cy galkyl)-Coalkylcyclyl, —C,.
salky!-N(Co salkyl)-Cy salkylheterocyclyl, —Co.palky-N(Co.galkyl)-Cq salkylaryl, —Cy salkyl—
N(Cosalkyl)-Co salkylhetaryl, C;galkenyl, Cs.salkynyl, NO,, CN, CFs, OCFs, OCHF,,
—Cosallcyl-Cy seycloalkyl, .
~Co.galkyl-O-Cogalkyl,
—Cosalkyl-N(Cogalky(Cosalkyl),
~Co.satkyl-8{(O)p.2-Cosalkyl, or
heterocyclyl optionally substituted with 1-4 independent Co_salkyl cyclyl, or
substituted cyelyl substituents;
) E' in each instance is independently halo, ~CFs, ~OCFs, ~OR?, -NR*'R* _C(=0)R?!,

—-cozR‘" ~CONR*'R*, -NO,, —CN, ~8(0)2R*", ~S(0)o,NR® 'R*, -NR*'C(=0)R™,
~NR*'C(=0)OR™, ~-NR*'C(=0)NRPR®, -NR*'S(0)s,R%, -C(=8)OR*, -C(=0)SR”,
NR"C(-NR”)NR”R*”' ~NR*'C(=NR¥OR, -NR*' C(=NR*)SR*, ~OC(=0)OR?,

-—OC(—O)NR"‘R” —OC(=0)SR™, ~SC(=0)OR™, —SC(=O)NR*'R*, C,_soalkyl, C; roalkenyl, Cs.

roallynyl, —C; joalkoxyCy.ioalkyl, —C;.yealkoxyCs.salkenyl, —Ci_1oalkoxyC, yoalkynyl, ~C\_

1021ky1thioCy..0alkyl, —Cy.soalkylthioCy.oalkenyl, ~Ci.soalkylthioCs.oalkynyl, cycloCs salkyl, cycloCs.
salkenyl, —cycloC; zalkylCy . palkyl, —cycloCs sallenylCr.alkyl, —cycloCs. galkle,,malkenyl, —
cycIoC}saIkanleZ_malkenyI —cycloCs.salkylCy. ealkynyl, —cycloCs. salkenylC, galkynyl, —
heterocyclyl—-Co_maIkyl —heterocyclyl-Cs. palkenyl, or —heterocyclyl-C,.galkynyl, any of which is
optlonally substxtuted with one or more independent halo, oxo, —CFs, ~OCEs, —ORY, -NR*R*,

. —CO)R*, <CO,R*, —C(=0)NR>'R™, —NO,, —CN, —8(=0).R*, -SO,NR*, -NR*'C(=0)R*®,
—NR“C(—O)OR“ ~NR¥C(=O)NR¥R®, ~NR¥'S(0)oR>, ~C(=8)OR*, —C(=0)SR*,
-—NRMC(“NR”)NRHRM, _NR! C(=NR32)OR33, “NR*C (=NR32)SR33, ~0CF=0) ORSI’
—OC(=0)NR*'R™, —OC(=0)SR*, ~SC(=0)OR?', or —SC(=O)NRR* substituents;

or E' in each instance is independently aryl—Co.;pallcyl, aryl—Cyjpalkenyl, aryl—Cs.
walkynyl, hetaryl-Cg jpalkyl, hetaryl—C,_jpalkenyl, or hetary]-C, palkynyl, where the attachment point
is from either the left or right as written, where any of which is optionally substituted with one or
more independent halo, —CFs, —OCF;, ~OR™, ~NR*'R?2, ~C(O)R*, —CO,R¥, ~C(=0)NR? ‘R32
—NOz, —CN, =5(0)p.R™, -S(0)0s,NR¥R¥, -NR¥C(=0)R®, ~NR¥ C(=0)OR®,
—NRJIC(=O)NR32R33, NRMS(O)o.an, __C(:S)ORSI, —C(—‘—O)SRSI, —NR* C(=NR32)NR33R31, ‘



CH3 \JZ * 104\NH --...N* NH2ZNH -...,., NS * NEl2
N :: H#F11 NHZ2NH t. . FIN H3C -,.0 * NFHANH N --
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NRPICENRPOR™, -NRICENR )SR“ —OC(=O)OR™, ~OCEFO)NRR®, ~OC(=0)SR™,
—SC(:O)ORE”, or —~SC(“O)NR”R32 substituents;
in the cases of ~NRIR®, -NRPUR™, -NR> R, ~NR33ZR3 _NR3PR*?, and
“NR¥PR® e respective R¥! and R, R and R*, R and B3 R*¥ and R*Y, R°® and %%, and
R and R are optionally taken together with the nitrogen atom to which they are attached to form a
310 membered saturated or unsaturated ring; wherein said ring in each instance independently is
optionally éubsﬁmted by one or more independent ~-N(CopalkyD(CosaliyD), hydroxyl, halogen, oxo,
" aryl, hetaryl, Co.salkyl, —~Co.salkylCs scycloalkyl, ~Cogalkyl-N(Co.salkyl)S ('O)MCO'galkyl ~Co.
salkyl-N(Cq salkyDS(O)esN(Co.salkyD( Cosalkyl}, —Cosalkyl N(CopalkyDCO(Copalkyl), —Co.
salkyl- CON((CasaHCYD)S(O)U-z(Co.salkﬂ) —Cypalkyl-S(0)osN(Cosalkyl)(Coselkyl), —Cosaliyl-N(Co.- -
satky)CO(Copalkyl), -'Co-aalkyl-N(CMalkyl)CON(Co-salkYD(Cn-salk_YD, —Co.palkyl-CON(Co.
salkyD{(Co.salkyl), ~Co. salkyI—COZ(Ca_galkyl) —Co_saﬂcyIS(O)M(CMa]kyl) ~Cygalkyl-0-Coalkyl, —Co.
galkyl-O-Cygalkylcyclyl, —Cn.aalkyl-D-Co_galicy]hcterocycloalkyl -—C@galkyI-O-Cg.galkylaryl -Oaryl,
—Co_galkyl 0-Cqgalkylhetaryl, —Co,salkyl-SCMalIcyl ~Cpsalkyl-8-CoalkylCxsoycloalkyl, —Cosalkyl-
S~Co.ga1ky1heterocycloalkyl —Co.¢alkyl-S-Cq salkylaryl, —Co. gaﬂcyl-S»CD_galkylhetaxyl —CMalkyI—N(Co_
salky])-Co galiyl, —Co.salkyl-N(Co.salkyl)-Co.salkylCs.goyeloalkyl, ~Co.galkyl-N(Cosalkyl)- Co.
salkylheterocycloalkyl, —Co.gaikyl-N(CMalkyl) -Cogalkylaryl, —Co salkyl-IN(Co salkyD)-Co. ga]kyii‘letaryl
—Cc_galkyle(Cg.gaIkyl)(Cu.saﬂcyI), C,ztlkenyl, Cosalkynyl, NO,, CN, CF3, OCF, or OCHF,
substitnents; wherein said ring in each instance independently dptionaﬂy} includes one or moTe
heteroahoms oﬂ'xer than the nitrogen; - 2
mis@®, 1,2, 0r3;
n is0,1, 2, 3,o0r4;
aais 0 orl1; and
provided that Fonnula Iis not
, trans—4-[8—annno-1-(7-chloro-4-hydroxy—1H—1ndﬂl-2-y1)umdazo[1 5-glpyrazin-3-
yl]cyclohexmaecarboxyhc acid, '
 cis-3-[8- anunc—l—(7-chioro— 1H-indol-2-yDimidazo[1,5-a]pyrazin-3-
yijcyclobutanecarboxylic acid,
trans-4-{8-amino-1 [7-(3-1sopropy1)pheny1—LH-mdoI—?.—yI]nmdazo[1 S-a}pyrazm
vi} cyclohexanecarboxyhc acid or
trans-4-{8-amino-1-[7-(2,5- dlchloro)phcnyl-lH-mdol Z—yl]:lnndazo[l 5-ajpyrazin-3-
w1} cyclohexanecarboxyhc acid.
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SUMMARY

[12a] In a first aspect, there is provided a compound represented by Formula (I}
NH?_ Q1
/Xs
Q Q%
R |
O

or a2 pharmaceutically accepiable salt thereof, wherein:
' X,,and X, are cach independently N or C—(E"),;
| Xy is N, C—(B")e 0r N—(BD,;

X3, Xy, Xs, and X5 are each independently N or C;
wherem at least one of Xs, X4, Xs, Xs, and X, is mdependently N or N—(E! )3,,,

Riis Co.valkyl, cycloCs jpalkyl, aminomethylcycloCy.ealkyl, blcyclocs.malkyl aryl,
heteroaryl, aralkyl, heteroaralkyl, heterocyclyl or heterobmyclocs 10alkyl any of which is optionatly
substituted by one or more independent G" substituents;

Q' is —AR)B(W)y or -B(G AV}

A a.nd B are respectively, 5 and 6 membered aromatic or hete:mammatlc Tings, flxsed
together to form a 9-membered hetercaromatic system excluding 5-benzo[bifiryl and 3-indolyl; and
excluding 2-indolyl, 2-benzoxazole, 2-benzothiazole, 2—benziﬁﬁdazo]y1, 4-aminopyrrolopyrimidin-5-
yl, 4 -aminopyrrolopyrimidin-6-yl, and 7-dcam-7¥édenosiﬁyl dcrivaﬁircs_ when X, and X are CH, X,
XﬁandX;,areC,andXzand}QareN; '

or Q' is —~AR"NWA(Y)m, wherein each A is the same or different 5-membered aromatic or
hetercaromatic ring, and the two are fused together to form an 8-mermbered hetémaromatic system;

| R’ is independently, hydrogen, ~N(Cosalkyl)(CosallyD), hydroxyl, halogen, oxo,
aryl{optionally substituted with 1 or more R:*1 groups) hetaxyl{opuonally substituted with 1 or more
R groups), Cyealkyl, —CosalkylCs scycloalkyl, —Co.salkyl-NR S(0)2R 2!, —Co.allyl-NR*'S(O)e.
21\;!—1{3211{331’ '"'Co.ga.ncyl-S(O)o_zNRal IRJZ'E, "_CO-B B.lky]-'NRs—" COR321’ —-Co.galkylﬁNRBH COstzl, —CO-
alkyl-NR*'CONR**'R**, —C;, 4alkyl-CONR*"'R*?, —Co.52lkyl-CONR> HS(0)eR™, —Cypalkyl-
COR™; Copalieyl-S(O)o.R*", ~Cousalkyl-O-C,.salkyl, —Co.salkyl-O-Co.salkyIC; scycioalkyl, ~Co.
3alkyl-O-Cy galkylheterocyclyl, —Cg_salkyi-O-CD.gaﬂcylaryl, —Cogalkylaryl, —Cp salkylhetaryl, —Co
salkyTheterocyclyl, —Cmsaﬂq'l—O—Cg_ga}kylhemxyl, —Co.salkyl-8-Cq salkyl, —Cg.salkyI-S-CMalkﬁCg_
' scycloalkyl, —Cg.palkyl-S-Cy galkylheterocyclyl, ~Cg_galky!-S-Co,galkylziryI, —Co galkyl-S-Cp.-
salkylthetaryl, —Cg salkyl-NR'")-Cy_salkyl, —Ca_salkyl-NR>'")-Cy.salkylCs seycloalkyl, —Co.saltkyl-
N(R*)-Cysalkylheterocyclyl, —Co.salkyl-N(R*)-Co.salkylaryl, ~Cosalkyl-N(R*' ")-Cy.calkylhetaryl, —

8a



H3C

Co5alkyl-NRPUR | _C, galkenyl, -Ca galkynyl, NO, CN, CFs, OCF;, OCHF;; provided that Q' isnot
N-mcthyl-z-indolyl,' N-(ph_enylsulfopyl)—z-indolyl, or N-tert-butoxycarbonyl;

Wis indepen&enﬂy, hydrogen, —N{Cgsalkyl)(Cosatkyl}, 'hydroxyl, halogen, oxo,
aryl{optionally substituted with 1 or more R* groups), hetaryl{optionally substituied with 1 or more
R* groups), Cy.calkyl, —Co 5alkyICs oycloalleyl, —Co.salkyl-NR1*8(0)0 R ™, —Co salkyl-NR*'S(0)-
MNRPZR®Y, ~Cy alkyl-NR N CORR?, —Cy gallyl-CON(R™)S(O)oR™, ~Cp.salkyl-S(0)paNR VR, —
Co salkyl NRCORZ, ~Cgalkyl-NR*?CONR PR, ~Co salicyl- CONR® 2R, —Coqalkyl-COR™™,
Co 5Tk 1S (0o 7R3, ~Co galkyl-O-C, salkcyl, ~Co salkyl-O-Co.galiyleyelyl, —Cogalkyl-O-Co.
salkylheterocycloalkyl, —Cogalkyl-O-Cosalkylaryl, ~Co salkylaryl, —Cp.zalkylhetaryl, —Cg.
salkylbeterocyclyl, -Oaryl, —CwalkyI-O-Cé.salk)#lhctary], -Cn-galkyl-S-CMallqu, —Co.galk_yLS‘C;,_
salkyICs oyoloalkyl, —Co gallyl-S-Cp galkylheterocycloalicyl, ~Co salkyl-S-Cogalkylaryl, —Cosalkyl-S-
Cogalkylhetaryl, —CwalkylfN(RSIz)-CméaﬂWIs ~Cgalkyl-NR**)-Co salkylCs goycloalkyl, ~Cogalkyl-
N®*'%)-Co galkylheterocycloalleyl, %aﬂcyl--N(RSlz)-CMalkylaryl 4&@uq1-Nm3‘2)£ :

- galkylhetaryl, Cp galkyl-NR>¥ZR*, —Cz_salkenyl —C,.salkynyl, NO,, CN, CFs, OCFs, OCHE;; provided
that Q' isnot 4-benzyloxy-2-indolyl; '

Y is mdependenﬂy, hydrogen, —N(Co salkyD(Cosalkyl), hydroxyl, h:alogen, OX0,
ary)(optionally substituted with. 1 or more R* groups), hetaryl(optionally substituted with 1 or more
R¥ groups), Cosalkyl, —Cq.5alkylCs seycloaliyl, —Cogalkyl-NR*S(0)0R*?, —~Co satkyl-NR*5(O).

INRPIR™, _Cy 4alkyl NR*'COR™, —Co.5allyl-CONR)S(O)o sR*™, ~Co.salkyl-S(0)oNR* 'R, —
Cwﬂ@l-NRz"CDRsz', —Co.galkyl-NRmCONR?‘“Rm', ~Co.salkyl-CONR R -, (alleyl-CO R,

—Co.galkylS(O)p.2R*, —C salky1-O-Cygalkyl, —Co-salicyl-O-Co galkylCs soycloalkyl, —Cp salkyl-0-Co.

galkyiheterocycloaucyl, —~Co.salkyl-0-Cy galkylaryl, —Cosalkylaryl, -;Cd.salkylhetaryl, —Co

 qalkylheterocyclyl, —Cop.salkyl-O-Cogalkylhetaryl, —Co.salkyl-8-Co.salkyl, —Cosalkyl-S-Co salkylC;.
scycloalkyl, —Cg_galkyl-S-Co.salkylheterm:ycloalkyl —Copalkyl-S-Cosalkylaryl, —Co.salkyl-S-Co.

- salkythetaryl, —Co.salkyl-N(R* *)-Co.salkyl, —Co.galkyl-N(R?*™)-Cg salkylCs scycloalkyl, ~Cosalkyl-

N(R™-Cy salkylheterocycloalkyl, ~Cosalkyl-NR"")-Co-salkylaryl, —Co galkyl-NR™')-Co-

salkylhetaryl, —Cpqalkyl-NR*'R**!, ~C, galkenyl, —C salkynyl, NO;, CN, CF;, OCF;, OCHF;

- provided that Q! is not 2-carboxy-5-benzo[b)thiophenyl;

G" is halo, 0x0, —CFa, ~OCF;, —OR*™, -NR**R*%, .C(O)R’"?, ~C(O)C;ssoycloalky],
—C0,Cs soycloatkyl, —-COR?, ~CEOINRPZR™?, -NO,, ~CN, ~S(0)02R>"%, ~SONR* R,
NR“Z(C==O)R322, NRZHC(=O)OR322, NR? 12C(=0)NR322R332, NRMZS(O)MR?'H, ~(;(=S)OR312,
—C(=O)SR3’2, ZNR? lzC(=NR32)NR332R34I, —NRslzC(ﬂNRSR)ORﬂz, —NR312C(=NR322)SR332,
~OC(=0)OR"?, —_OC(=0)NR**R>2, ~OC(0)SR*™, —SC(=0)OR’?, ~SC(=0)NR*"R*¥,
~P{OYOR*?OR?*?, ¢ gallylidene, Cojoalkyl, Capalkenyl, o oalkynyl, —CiyoalkoxyCi.soalkyl, —C;.
16alkoxyC, ypatkenyl, —Cijoalkoxy Cyeaikynyl, —CrypaliylthioC) jealkyl, ~CrsealkylthioCy.alkenyl, —
C10alkylthioC,. salkynyl, cycloCs.salkyl, cycloCs salkenyl, —cycloCs salkylC yoalkyl, *TC;':}’CIDC:,_

gb



salkenylC,_palkyl, —cyeloCssalkylCaa salkenyl, —cycloCs.salkenylCs. 10alkenyl, —cycloCHaIky]Cg.

ealkynyl, —eycloCs galkenylC; oalleynyl, _neterocyclyl-Cpaoalkyl, ~heterocychyl-Cy salkenyl, or ~ -
heterocyclyl—Caacalkynyl, any of which is optionally substituted wx‘.‘h one or more independent halo,
0x0, ~CFs, ~OCF;, ~OR?", -NR**R*, ~C(O)R™", —CORE, —CEOINRR, -NO;, -CN,
—S(O)mRm -80; NRYPRY®, NR.BBC(”C))R?'” NRSBC(=O)OR323 o 313C(=O)NR323R333

~NR*P5(0)0:R, —C(=S)OR*'?, —C(=0)SR’*", CNRCPCENRZINRIPRZ, ~NRPC(ENR SINOR™,

NR3130(_NR323)SR333 __OC(_O)ORB.?G “OC(’"O)NRBISRBZS OC-(_“O)SR'?'B SC(_0)0R313
—P(OYOR*OR®®, or ~SC(FOINR®PR™ suhsutuents

or G is aryl-Coacalkyl, aryl-C;.jealkenyl, aryl-C,. malkynyl hetaryl—-Co.maIkyl

hetmyl—Q.lancmyI or hetaryl—Cay alkynyl, where the attachment point is from either the left or
right as wriften, where any of w‘hlch is opuonaﬂy substituted with one or more mdependent halo,

- ~CF, —~OCFs, ~OR’™, NR3’3R3‘°“3 ~C(OYR’, ~CO; R, -C=O)NRPRP®, —NO,, ~CN, —S(O)o.
LR*3. S0, NR313R323 ~NR 3130(___0)1{324 NR.313C(=O)OR323 NRBHC( _O)NR323R333 NR313S(O)
RIS, —C(—S)OR“?' —C= —O)SR.3]3 NRSHC(—‘NRHE‘)NRERM 313C(—NR3‘23)DR333

~NR*PCENRP)SR, ~OCEO)OR??, —O OCEO)NR*PR?, ~OC(=0)SR*Y, - —SC(=0)OR*",

, —P(O)OR3‘3OR323, or —SC(=0)NR"R** substituents; provided that G'! is not N-CHzcozH when R?

is 4-piperidinyl; . :

RB! R32 R33 RSI] R321 R331 R3|2 R322 R332 R:Ml R3l3 RSB R333 and R342 in each

. mstance, is independently

Co.saH{Y]. optionally substituted with an aryl, heterocyclyl or hetaryl subsﬁment, or Co.
galkyl optionally substituted with 1-6 independent halo, -CON(Cysaltkyl){Cosalkyl), -CO(Co-
galkyl}, ~OCg.s2lkyl, -Oaryl, -Obetaryl, -Oheterocyclyl, -8(0)pzaryl, -S(Ox-chetaryl, -8(0)-
Jheterocyclyl, -S(0)s2Cosalkyl, N(Cpsalkyl W Co-gatkyl), N(Co.salkyl YCON(Co salkyD{(Co-
aalkyl), N(Copalkyl YCO(C salkyD), M(Cosallyl YCO(Cageyeloalkyl), -N(CosaliyHCOAC.

salkyl), S(O)I—ZN(CG-Ba]kYD(Cﬂ-Sa]kyl), NR"S(0);2(Co-slkyD), -CON(Capeycloaliyl XCs
cycloalkyl), -CON(Copsalkyl XCa _scycloalkyl}, —N(Q_gcycloalkyl )CON(Co_galkyl)(CMaJkyl),
N(Css cycloalkyl )CON(C;,.Bcycloalkyl)(co_salkyl), N(Co-zallyl YCON(Cs.seycloalkyl}(Co.
-galloyl), -N(Coalky)COACs- scycloalkyl), “N(C5 seyeloalkyl)CO(Cs. gcycloalkyl), S(Oh.

- sN(Cpsalkyl)(Csseycloalkyl), -NR”S(O)L:(CMGYGIOE!]!CYD Cpgalkenyl, Casalkynyl, CN; CF,
OH, or optionally substituted axyl substituents; such that each of the above aryl, heterocyclyl,
hetaryl, alkyl or eycloalkyl groups may be optionally, independently substituted with ~N(Cs.
salkyl)}{Co.salkyl), hydroxyl, halogen, ox0, aryl, hetaryl, Cosalkyl, —Cogalkyleyelyl,—Co
galkyl-N(Co salkyl)-S(O)o.z{Cosaliyl), —Cp.5alky1-8(0)o.--N(Co.salkyl}(Co-salkyl), —Co-
g2l kyl-N(Co.sallylYCO(Co-zallkyl), ~Cyyalkyl-N(Co.salky) CO-N(Cop sy} (Co.salkyD), ~Co-
allyl-CO-N(Co.salkyl)(Co-salicy1), ~Ci.4alkyl-CO~Co-sallyi), ~Cp.42lkylS(O)oz~(Cosalkyl), —
Cosalkyl-O-C,salkyl, —Co_galkyl-O-Cosalkylcyelyl, —Co5alkyl-0-Cy salkylheterocyclyl, Lo

8c



N142 * NH N....CH3

salkyl-O-Co salkylaryl, —Co.salkyl-O-Co.salkylhetaryl, —Co salkyl-S-Co-salkyl, —Cosalkyl-8-Co. '
salkyloyclyl, —Co.galkyl-8-Cq salkylheterocyelyl, —Cosalkyl-S-Cosallylaryl, —Cq5alkyl-S-Cy.
saliyThetaryl, —Cy.salkyl-N(Co salkyD-Co.galkyl, ~Co.salkyl-N(Co-salkyl)-Co.salkyleyclyl, ~Co.
galleyl-N(Cp.salkyl)-Co salkylheterocyclyl, —Cosallyl-N(Co alkyl)-Co.galkylaryl, —Cq.salkyl—
N(Cy s2Tky1)-Cogalkylhetaryl, —Cs-salkenyl, —Cz.salkynyl, NO,, CN, CFs, OCFs, OCHF,
—Cosalkyl-Cy.soycloalkyl, : :
-Cpgalkyl-0-Co_salkyl,
—Co.5alkyl-N(Co.salkyD)(Cosalkyl),
—Cy 42lkyl-8(0)oz~Co-salkyl, or
heteroeycly] optionally substifuted with 1-4 mdependent Co_salkyl cyclyl or
subsututed eyclyl substitoents;
E' in each instance is independently halo, —CFs, ~OCF;, ~OR?, ~NR*'R™, ~C(=O)R”,
_COR™, ~CONRY'R®, -NO,, —CN, —S(0)oR”, ~S(0)eaNR 'R, ~NR*C(=O)R”,
NRPCE=0)OR™, “NRPC(=0)NRZR®, -NRS(0)0R?, ~C(=8)OR", -CO)SK™,
—NRI'C(=NRHNR”R?, _NR¥CENRPOR®, ~NRPC=NR)SRY, ~OC(=0)OR™,
—~OC(=0)NR*R”, —OC(=0)SR™, ~SC(=0)OR?, ~SC(=0)NR*'R*, Cpjealkyl, Crioalkenyl, Cy.
walkynyl, —Cy_0alkoxyCi.iealkyl, —Ci.10alkoxyCs roalkenyl, ~Cy.calkoxyCy.roalikynyl, —Ci.
j0alkytthioC).alkyl, —Cr.joalkylthioC; jealkenyl, ~Cj.palkylthioC,.palkynyl, cycIng.salkyl, cycloCs.
salkenyl, —cycloCs. salkylC; palicyl, —~cyeloCs salkenylCiioalkyl, —cycloCasalkylCo,y oalkenyl, ~
cyclocs_aalkenylcg.ma]kenyl -—cycloCs.galkleQ_walkynyl ——cycloC;_salkenylcz_maIkynyl -
heterocyclyl—cmoa}kyl —-heterocyc]yl-—cz-wa]kenyl or —hetemcyclyl—-Cg alkynyl, any of which is
optionalty substituted with one or more independent halo, oxo, —CFa, -—OCF3, —OR™, -NRPR™,
—C(=O)R%, —COR*, —C(=0)NR*>'R™, -NO, —CN, -—S(—O)MR“ SO;NR“ —-NR*'C(=O)R%,
~“NRIC(E=0)ORY, -NR¥'C(=0)NRZR*, -NR*'§(0)0R", —C("S)OR" -C(=0)SR*,
N'R.BIC(—'NR:‘Z)NRﬂRB _NR3! C(—NR”)OR'“ NRS’C(—NR”)SR” —-OC(—O)OR‘“
—OC{—“O)NRE'R” -OC(—{))SRB' —SCEO)ORY, or ~SC(=O)NR NRP'R® substituents;
_ or E! in each instance is independently aryl-Co.ealkyl, aryl-Cs jealkenyl, aryt-Cs.
walkynyl, hetaryl—-Coalkyl, hetaryl—Cpicalkenyl, or hetaryl-Csyoalkynyl, where the attachment point
" js from either the left or right as written, where any of which is optionally substituted with one or -
more independent halo, —CFs, ~OCFs, “OR™, -NR¥R”, ~C(O)R™., ~COR*, ~C(-OINRV'R,
~NO,, —CN, wS(O}o.ng, -5 (O)g.zNR3 1R32, ~NR C(=O)R32, —NR31-C(=O)OR32,
_NRPCOINRZR®, -NR*'S(0)oR%, ~C(=S)OR™, ~C(=0)SR*, -NR*C(=NR*)NR*R",
_NRP'C(=NR)OR™, -NR*'C(=NR*)SR¥, ~0C(=0)OR*, ~OC(=0)NR'R”, ~OC(=0)SR"',
_SC(=0)ORY, or —~SC(=0)NR*'R™ substituents;
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"NNH2 * NH. . CHB NNH2 * NH* NH---- NH* N N
NH2 * NH ---- NNH2 * 0 * NH2 0)Th SCN '

in the cases of—NRngz, —NRSURSZI NRsuRzzz NRsssz NR3”R323, and
_NR™R™, the rospective R and R¥, B! and R, K% and R™, R and B, K¥” and R, and
R*® and R*™ are optionally taken together with the nitrogen atom to which they are aﬁapﬁcd to forma
3.10 membered saturated or unsatsrated ring; wherein said ring in cach instance independently is
optionally substituted by one or more independent ~N(Co salkyI}{CosaliyD), hydroxyl, balogen, oxa,
aryl, hetaryl, Coealkyl, —Co gatkyiCs yoycloalkyl, —Co salleyl-N(CosalkyDS(OJoCostlicyl, Co.
2llcy1-N(Co.gaTkyDyS(0)o3N(Co.sallyD)( Co-galleyD), —Co.allyl-N(Co.sally)CO(Cosalkyl), ~Co-
salkcy}-CON((Co salkyD))S(O)o A Cosalleyl), ~Co-aalleyl-S(Olo 2N(Coaalley Y(Cosaliey), ~CosallA-N(Co-
RIKYDICO(Co alkyl), —Cp 2Ty -N(CosalkyDCON(Cooaliy N Couelly), ~Cosalky-CONCo-

saillcy T CosalleyD, ~Cosalkyl-CO(Co salkyD), ~Co salkylS(O)o o CosalkyD), —Cyp galkyl-0-Cosalkyl, —Co.
salkyl-O-Co salkyloyelyl, ~Copalkyl-O-Co.salkylhetrocycloaliyl, ~Cosalleyl-O-Cosallylaryl, ~Ouaryl,
~Copalkyl-O~Coealkylhetaryl, —Co-nalky1~S-Cu-saIkyl, —Co 5aTkyl-8-CosalikylCs seycloalkyl, ~Co palkyl-
S—Cmalkyﬂwterocycloamyl, ~Co.qeillcyl-5-Cogalkylaryl, —Cp galkyl-S-Cy salkyThetaryl, ~Co salkyl-N(Cy.
saﬂcyI)-CosaIkyl -Cualkyl-N(CwaJkﬂ}-CmsaﬂqﬂCs.scycioaﬂcyl —Cosalkyl-N(Co.aalkyI}-Cm
salkylbeterocycloalkyl, ~CosalkytN(Co.salicyl)-Coallylaryl, —Cmalkyl N(Cn,saﬂqu}coaaﬁwihetarﬂ
- —Cypalkyl-N(CosalkyD)(Cosalkyh), Cpealkemyl, C;_Balkynyi, NO,, CN, CFs, OCFs, or OCHF;
suibstituents; wherein said ring in each instance independently optionally inciudes one or more
heteroatoms ofher than the nitrogen; |

. mis(, 1,2, 0or3;

nis0,1,2,3,0r4 and _

aais @ or 1; and prowden that the compound is not frans-4-[8-amino-1-(7 -chiom—-f!-
hydraxy-1H-indol-2-ylyimidazo[ 1, 5-alpyrazin-3-yljeyclohexanecarboxylic acid, cis-3-[8-amino-1-(7-
chlm-o-lH-mdol 2-yDimidazof1, 5-{2}pyrmn—3—yl]cyclobutanecarboxyhc acid, frrans-4- {S-a;nnno-l-['I-
: (3—1sopropy1)phenyl—LH mdol~2—y1}nmdazu[1 ,S-alpyrazin-3-yl}cyclohexanecarboxylie acid, or trams-
4-{B-gmino-1-[7 —(2,S-dmhloro)phenyl—IH-mdul—Z—yllmndazo[l S-a]pyrazm—B—yl} cyclohaxanc

carboxylic aCId
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N * NH NNH2 \ ---- NHz O\ NHcfria NNN=* \H
#ri 0O * H3¢c N-,, WHz N 10 NH A ' cH3

wherein the compound is selected from any one of the following stractures '
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wherein X 1s N or CH; _
or a pharmaceutically acceptable salt thereof
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[12b] In a second aspect, there is provided a composition comprising a compound as disclosed

above, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

[12¢] In a third aspect, there is provided the use of the compound as disclosed above, or a
pha:maoeutically acceptable salt thereof, in the manufacture of a medicament for treatment of

‘Hyperprdliferative disorder.
[13] According t0 an embodiment of the present disclosure, the compounds are réprésented by

Formula I, or 2 pliarmaceuntically acceptable salt thereof, wherein X; and Xz are CH; 3 and X are N;
and X, Xg and X; are C; and the other variables are as described above for Formula L.

8al
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[14] Inan embodiment of the present disclosure, the compounds are
represented by Formula I, or a pharmaceuucally acceptable salt thereof wherein X, and X, are CH;
X3 and X are N; and X4 Keand Xy are C; Qs —AR! JmB(W)y; and the other variables are as
described above for F orm1ﬂa L

[15] In another embodiment of the present disclosure, the compounds are
‘represented by Formula I, ora pharmaceutically acceptable salt thereof, wherein X, and X are CH;
X, and X are N: and Xy, X and X are C; Q" is ~B(G")eA () and the other variables are as

described above for Formula L
[16] In yet another embodiment of the present disclosure, the compounds are

represented by Formula ], ora pharmaceuneally acceptable salt thereof, wherele and Xg are CH;

X5 and X are N; and X4, Xg and X7 are C; Q! 1s opttonally subshtuted indolyl; and the other variables

" are as described above for Formmla L :
[17] In st11] another embodiment of the present d1sclosure the compounds are

represented by Formula Lora pharmaceuﬁeally acceptable salt thereof, wherein X, and X are CH;

Xz and X5 are N; and X4, Xgand X are C; Qlis optxonally subsntuted benzothienyl; and the other

variables are as described above for Formula L
[18] Inan embodiment of the present disclosure, the compounds are

represented by Formula I, ora pharmaeeutcally acceptable salt thereof] wherein X; and X, are CH;
Xy and X5 ave N; and X4, Xsand Xy are C; Q' is optionally substxtuted benzmdazolyl and the other

' vanables are as described above for Formula L.

[19] In another embodiment of the present disclosure, the compounds are
represented by Formula 1, or a pharmaceutically acceptable salt thereof, wherein X and X, are CH;
X, and X are N and Xy, X5 and X5 are C; Q' is optionally substituted henzoxazolyl, and the other
variables are as described above for Formula L '

[20] According to another embodiment of the present disclosure, the compounds are -
represented by Formula L, ora pharmaceutxcally acceptable salt thereof, wherein X is CH; X, X3 and X5 are N;
and X, X, and X, are C; and the other variables are as deseribed above for Formula L

[21] In an embodiment of the present disclosure, the compounds are
represented by Formula I, or a phannaeeutiea]ly acceptable salt thereof, wherein X is CH; X, X5 and
Xs are N; and X, Xg and X5 are C; Q‘ s —ARDNB(W),; and the other variables are as described
above for Formmia 1. ' )

i22] Inanother ernbodiment of the present disclosure, the oontpounds ’

are represented by Formulia I, or a pharmaceutically acceptable salt thereof, wherein X is CH; X, X3
and X are N; and X,, Xgand X7 are C; Q'is —B(G”),,A(Y)m; and the other variables are 2s described

above for Formula 1.
[23] In yet another embodiment of the present disclosure, the

compounds are represented by Formmla L, or 2 pharmaceutically acceptable salt thereof, wherem X, is

9
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CH; 'Xz, X5 and X are N; and X, X, and X5 are C; Q' is optionally substituted indolyl; and the other
variables are as described above for Formula L, |

[24] In still another embodiment of the present disclosure, the
compounds é’:e represented by Forrmula I, or a pharmaceutically acceptable salt thereof, wherein X, is
CH; 35, X5 and X are N; and Kq, Xgand X~, are C; Q' is Vop’ti'onally substimfed benzimidazolyl; and
the other varizbles are as described above for Formula I ‘

[25] In another embodiment of the present disclosure, the compounds
are represented by Formula I, or a pharmaceutically accepiable salt thereof, wherein X, is CH; Xz, X5
and X5 are N: and X, X5 and Xy are C; Q' is optionally substituted benzoxazolyl and the other

variables are as described above for FormulaL _
[26] In yet still another emnbodiment of the present disclosure, the

compounds are reprcsented by Formula I,-or 2 pharmaceutically acceptable salt thereof, wherein X, is -
CH; X;, X3 and X; are N; and X4, X and X are C; Q' is optionally substituted benzothxenyl and the-

~ other variables are as described above for Formula L.
[27] The compounds of the present disclosure 1nc1ude:
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[27] The conpounds of the present disclosure include:
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or a pharmaceutically acceptable salt thereof _
, [28] The present disclosure includes a composmon compnsmg a compound according to
- ~ Formulal, ora pharmaceutlcally acceptable salt thereof, and a pharmacentically acceptable carrier.

[29] The pfesent disclosure includes a composition comprising a compound according to
Formula 1, or 2 pharmaceutic’aﬂy acceptable salt thercpf; and an anti-neoplastic, anti-tumor, anti-
angiogenic, or che:motherapeutw agent. - - :

[30] The present disclosure includes a method of treatment of hyperprohferatlve dLSorder -
compn'sing a step of administering an eﬁ'echvc amount of 2 compound according to Fermula L, or a
pharmaceutically acceptable salt ﬂaereof ' -

[31] The present dlsclosure includes a method of treatment of hyperprohferatwe disorder
compnsmg a s‘fep of administering an effective amount of a compond according to Formula I, ora -
pharmaceutically acceptable salt thereof, wherein the hyperproliferative disorder is breast cancer, hmg
-smaﬂ cell lnng cancer, kidney cancer, renal cell carcinoma, prostate cancer, cancer of the

ovarian cancer, thyroid camncer, endometrial cancer, cancer of the GI tract,

cancer, non
blood, liver cancer,
Tymphoma, renal cell carcinoma, mantle cell Iymphoma, ot endometrial capeer.

[32] The present disclosure includes a method of treatment of rheumatoid arthritis,
hamartoma syndromes, transplant rsj ecﬁon, IBD, multiple sclerosis or immmmaosuppression diseases
comprising a step of administering an effective amount of the compomnd according to Formula L, ora

pharmaceutically acceptable sakt thereof.
[33] The present disclosure includes intermediates useful in making the compounds of the

disclosure. Such intermediates include compounds represented by

Cl
NN N Y
K\/N /? ’ k/N /
o HO
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ora phannaceﬁticaﬂy acceptable salt thereof,
[34] In ail of the above circumstances forbidden or umstable valences, N-S, N-halogen

O £
?‘...

bonds are excluded,
[35] . As used herein, unless stated otherwise, “alkyl” as well as other groups having the

prefix “alk” such as, for example, alkoxy, alkanyl, alkenyl, alkynyl, and the like, means carbon chains
which may be linear or branched or combinations thereof. Examples of alkyl groups include methyt,
‘ethyl, propyl, isopropyl, butyl, sec- and tert-butyl, pentyl, hexyl, heptyl and the like. “Alkenyl”,
“alkynyl” and other like terms include carbon chains having at least one unsaturated carboﬁ—carbon
bond. , ‘ _ '
[36] Asused hersin, “Cpqalkyl” for example is used to mean an alkyl having 0-4 carbons —
"that is, 0, 1, 2, 3, or 4 carbons in a straight or branched configuration. An alkyl having no carbbn is
hydrogén when the alkyl is a terminal group. An alkyl having no carbon is a direct bond when the -
alkyl is a bridging (cormecting) group. ‘

[37] The terms “cycloalky!”, “carbocyclic ring”, cyclic”, or “cyclyl” mean 3-1¢ membered
mono or polycyclic aromatic, partially aromatic or non-aromatic ring carbocycles containing no
heteroatoms, and include mono-, bi-, and tricyclic saturated carbocycles, as well as fused and bridged
systems. Such fused ring systems can include one ting that is partially or fully unsawrated, such as a
benzene ring, to form fused ring systemns, such as benzofused carbocycles. Cycloalkyl includes such
fused ring systems as spirofused ring systems. Examples of cycloalkyl and carbocyclic rings include
Csgeyeloalkyl such as cyclopropyl, cyclbbutyl, cyclopentyl, cydlohexyl, and decahydronaphthaiene,
adamantane, indanyl, 1,2,3,4-tetrashydronaphthalene and the like.

[38] The term “halogen” includes fluorine, chlorine, bromine, and iodine atoms.

[39]  The term “carbamoy]” unless specifically described otherwise means -C(O)-NH- or -
NH-C(O)-. | '

[40]  The term “aryl” is well known to chemists. The preferred aryl groups are phenyl and
naphthyl.

- [41]  The term “hetaryl™ is well known to chemists. The term includes 5- or 6-membered
heteroaryl rings containing 1—4 heteroatoms chosen from oxygen, sulfur, and nitrogen in which.
oxygen and sulfur are not next to each other. Examples of such heteroaryl rings are furyl, thienyl,
pyrrolyl, pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl, oxadiazolyl,

21
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thiadiazolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrezinyl, and triazinyl. The term “hetaryt”
includes hetaryl dings with fused carboeyelic ring systems that are partially or fully unsaturated such
as u benzene ring, to form a benzofused hetaryl. For example, benzimidazole, benzoxazole,
‘benzothiazole, benzofaran, quineline, isoquinoline, qumoxalme, and the like.

[42]  Unless otherwise stated, the terms “heterocyclic ring”, “heterocycle”, “heterocyclic”,

and “heterocyclyl” arc equivalent, and is defined as for cyclic but also contains one or more atoms

chosen independently from N, O, and 8 (and the N and S oxides), provided such derivatives exhibit

- appropriate and stable valenicies. The terms include 4-8-membered saturated rings containing one or
two heteroatoms chosen from oxygen, sulfur, and mtmgen Examples of heterocyclic rings include
azetldme oxetane, tetrahydrofuran, tetrahydropyran, OXepane, 0Xocans, thietane, thinzolidine,
oxazohdme oxazetidine, pyrazohdme moxazohdm& isothiazolidine, tetrahydrothmphene
tcﬁrahydrothmpyran ﬂ'ncpane, thioczne, azchdme pyrrohdma p1pr:nd1ne azepans, azZocane,

[1, 3]dioxane, oxazoliding, piperazine, homopiperazine, morpholme thiomorpholine, and the like.
Other examples of heterocyclic rings include the oxidized forms of the sulfur-containing rings. Thus,
teu'ahych'oﬂnophene _1-oxide, tetrahydrothiophene-1,1- dmmde thiomorphotine-1-oxide, '
thmmorpholme-l 1—dmmde tetrahych'oﬂnopyran—l—oxxde tetrahydrothiopyran-1,1-dioxide,
thiazolidine-1-oxide, and t‘maznltdmf:-l l-dloxidc are also considered to be hcterocychc rings. The

> also includes fused rin g systems; including het-het fused systems, and can include

term “heterocyclic

a carbocyclic ring that is partially or fully unsatirated, such 458 benzanc ring, to forrm benzofused

heterocycles For example, 3,4 -dlhydro-l 4-benzodmxme, tetrahydroqumolme,

tetrahydrmsoqmnolme isoindoline and the like.

431 Compounds described heremn may contain one or more asymmctnc centfers and may

thus give rise to diastereomers and optical isomers. The present disclosure includes all such possible

dinstereomers as well as their racemic mixtures, their substanhally pure resolved enantmmets all

possible geomemc isomers, and pharmaceutically acceptable salts thereof, The above Formula [is

shown without a definitive stereochemistry at certain positions. The present disclosure includes all
" stereoisomers of Formula I and pharmaceuntically acceptable salis thereof. Further, mixtures of
" stereoisomers as well as isolated specific stareoiscmars are also included. During the course of the
synthetic pmccdufes psed to in:epare such compounds, or in using racemization or epimerization -
proccdures known to those skilled in the axt, the pmducts of such procedures can be a mixture of
- steredisomers.

[44] The disclosure also encompasses a pharmaceutlcal comp051t10n that is compnsed ofa

compound of Formula I in combination wifh a pharmaceutically acceptable carrier.
[45] Preferably the composition is comprised of 2 pharmacentically acceptable carrier and

' a therapeutically effective amount of 2 compound of Formuia I as described above (or a

pharmaceutically acceptablé salt thereof).
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[46] Moreover, within this preferred embodiment, the disclosure encompasses a

pharmaceu‘ﬂcal composition for the treatment of disease by inhibition of mTor, comprising a
pharmaccutlcally acceptable cartier and a non-toxic therapeutically effective amount of compound of
formula T as described above (or 2 pharmaceutically acceptab]e salt thereof).

1471 Theterm “phannaceuncally acceptable salts” refers to salts prepared from
pharmaceutically acceptable non-toxic bases or acids. When the compound of the present disclosure is
acidic, its corresponding salt can be convcmenﬂy prepa:red from pharmaceuhcally acceptable non-
toxic bases including 1 morgamc bases and organic bases. Salis derived From such i morgamc bases
include aluminum, ammonium, calcmm, copper (ic and ous), ferric, ferrous, Lithium, magnesiund,

- moanganese (ic and ous), potassmm, sodium, zinc and the ke salts. Particularly preferred are the
_ammonium, calchum, magnesium, potassium and sodim slats Salts derived from pharmaceuhcally
acceptable organic non-toxic bases include salts of primary, secondary, and tertiary amines, as well s
cychc amines and substituted arnines such as naturally occm-nng and synthesized substituted amines. '
Other phzrmaceutxcally acceptable orgamc non-tox:lc bases from which salis can be formed nclude
ion exchauge resins such as, for example, a.rgmme, betaine, caffeine, choline, N’,N
dibenzylcthylenediamine, diethylamine, 2—dlethylammoethanol 2~dzmethy1armnoethfmol .
ethanolamine, cthylenedxamme N—ethyimorpholme N—eﬂlylpipsndme, glucamine, giucosamme

" histidine, hydrabamme mopropylamme, lysine, mefhylglucalmne morpholine, piperazine, piperidine, ‘
polyamine resins, procaine, purines, theobromine, triethylameine, trimethylamine, tripropylarnine,

. tromethamine and the like. 7 S ,
[48] When the compound of the present disclosure is basic, its corresponding salt can be

conveniently prepared from pharmaceutically acceptablﬂé non-toxic acids, including inorganic and
organic acids. Such acids include, for cxamplc acetic, benzenesulfonic, benzoic, campharsu]fcmc
- ciirie, ethanesulfonic, fmnanc gluconic, glutamic, hydmbromc, hydrochlorie, 1seﬂ110mc lactic,
malcic, malic, mandelic, methanesulfonic, mucic, nitric, pamois, pantothenic, phosphoric, siccinic, '
sulfuric, tartaric, p—toluenemlfomc acid and the lke. Partlclﬂaﬂy prcferred are ciiric, hydrobromic,
hydrochloric, maleic, phosphonc, sulfuric and tariaric acids, ' '
[49] The phannaceuncal compositions of the present disclosure comprise a compound
represented by formula I (or 2 pharmaceutically acceptable salt thereof) as an active ingredient, a
" pharmaceutically acceptable caxrier and optionally other therapeutic ingredients or adjuvants. The
composmons include compositmns suitable for oral, rectal, topical, and pearenteral (including
subcutaneous, intramuscular, and intravenous) admmmtratzon although the most suitable route in any
given case will depend on the particular host, and nature and severity of the conditions for which the -
_active ingredient is being administered. The pharmaceutical composﬁibns may be conveniently :
presented in unit dosage form and prepared by any of the methods well known in the art of pharmacy.
[50] Inpractice, the compounds represented by Formula I, or pharmaceutically acceptable

salts thereof, of this disclosure can be combined as the active ingredient in intimate admixture with a
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pharmaccutlcal carrier according to conventional pharmaceutical compounding techniques. The
carrier may take a wide variety of forms depending on the form of preparaﬁon desired for
administration. e.g., oral or parenteral (including infravenous). Thus, the pharmaceutical
compositions of the present disclosure can be presented as discrete units suitable for oral
administration such as capsules, cachets or tablets each contalmng a predetermined amount of the

active ingredient. Further, the compositions can be presented as a powder, as granules, 25 a solutzon,

asa sustsmn in an agueous hqmd as a non-agueous hquid, 85 an ofl-in~water emulsmn orasa

water-in-oil liquid enmlsion. addition to the common dosage forms set out gbove, the compomnd

- represented by Fommla 1, or a pharrmacentically acceptable salt ﬂxe‘reof rriay also be administered by
,controlled release means and/or delivery devices. The comipositions may be prepared by any of the

- methods of pharmacy Tn general, such methods include a step of bringing into association the active )
in gradlent with he carder that constitutes one or more necessary ingredients. In general, the o
composmons are prepared by umformly and intimately admixing the active ingredient with 11qu1d

: camers or ﬁnely divided solid catriers or both. The product can then be convemenﬂy shaped into the

desxrcd presentation. :
[51] Thus, the pharmaceutical compositions of this disclosure may mclude a

pharmaceutically acceptable carrier and a cormpound or 2 pharmaceutically acceptable salt of Formula

L The compounds of Formula I or pharmaceutxcally acceptable salts thereof, can also be mcluded in

‘pharmaceutical compcsmons in combination with one or more other therapeutically active

compounds. _ _ _

_ [52] The pharmaceutical carrier employed can be, for example, 2 solid, Hoguid, or gas
Examples of solid carriers nclude lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia,
magnesium stearate, and stearic acid, Examples of hquld carTiers are sugar symup, peanut oil, olive
oil, and water. Examples of gaseous carriers mclude carbon dioxide and nitrogen.

[53] Inpreparing the compositions for oral dosage form, any convemient pharmaceutical
media may be employcd Tor example water, glycols, oils, alcobols, flavoring agents preservatives,
coloring agents, and the like may be used to form oral liquid preparations such as suspensions, elixirs
and solutions; while carriers such as starches, sugats, microctystaliine cellulose, diluenis, granulating
agenis, lubricants, biﬁders, distniegrating agents, and the like may be used to form oral solid
preparations such as powders, capsules and tablets. Because of their ease of administration, tablets
and capsules are the prsferrcd oral dosage units whereby solid pharmaceutieal carriers are employed.
Optionally, tabiets may be coated by standard agueous or nonaqueous techniques. )

[54] A tablet containing the composmon of this disclosure may be prepared by
compression or molding, optionally with one or more accessory ingredients or adjuvanis.
Compressed tablets may be prepared by compressing, in a suitable machine, the active mgred:ent na
free-flowing form such as powder or granules, optionally mixed with a binder, tubricant, inert diluent,
surface active or dispersing agent. Molded tzblets may be made by molding in a suitable machine, a
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mmixture of the powde:red componnd moistened with an inert liquid diluent. Each tablet preferably
contains ffom dhout 0.05mg to about 5g of the active ingredient and each cachet or capsu]e preferably
containing from. about 0.05mg to about 5g of the active 1ngred1ent '

[551] For e:xamplc a formulation intended for the oral administration to humars may
contam from about (. Smg to about 5g of active agent, compounded with an appropriate and
convcment amount of carrier ma.te:nal which may vary from about 5 to about 95 percent of the total
compomt:on Unit dosage forms w111 generally contain between from about Img fo about 2g of the
active ingredient, typically 25mg, 50mg, 100mg, 200mg, BOOmg, 400mg, 500me, 600mg, 800mg, or
1000mg. | ‘ .
| [56] Pharmaceutical compositions of the present disclosure suitable for parenteral
administration may be prepared as solutions or suspensions of the active compounds in water. A
suitable sm'factant can be included such as, for example, hydroxypropyloellu]osa stpersmns can
. also.be prepared m slycerol, liquid polyethylene glycols, and mixtures thereof in oils. Further, a

preservative can be included fo prevent the defrimental growth of microorganisms.

[57] Pharmaceutical compositions of the present disclosure suitable for injectable use -
include sterile aqueous solutions or dispersions. Furthermore, the compositions can be in the form of -
sterile powders for the exiemporaneous preparation of such sterile injectable soluhons or dispersions.
In all cases, the finial mjeciable Form must be sterile and nust be effectively fluid for easy
syringability. The pharmaceutical compositions st be stable under the conditions of manufacmre :
and storage; thus, preferably should be presenmd against the contaminating action of microorganisms
such as bacteria and fungl -The carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyel (e.g, g!yccrol propylene glycol and hqu1d polyethylene glycol),

| vegctable oils, and suitable mixtures thereof

[58] Pharmaceutical compositions of the present disclosure can be in a form suitable for
topical sue such as, for example, an aerosol, cream, ointment, lotion, dusting powder, or the Iike.
Further, the compositions can be in a form suitable for use in transdenmal devices. These
formulations may be prepared, utilizing a compound represented by Formula I of this disclosure, or a
pharmaceutically acceptable salt thereof, via conrventional processing methods. As an example, a
cream or ointment is prepared by admixing hydrophilic material and water, together with about Swil%

. to about 10w1% of the compound, to produce a cream or ointment having a desired conéistency.

[59] Pharmaceutical compositions of this disclosure can be in a form suitable for rectal
adminisiration wherein the carrier is a solid. Tt is preferable that the mixture forms unit dose
suppositories. Suitabie carriers include cocoa butter and other ﬁaterials commonly used in the art.
He suppositories may be conveniently formed by first admixing the composition with the softened or
melted carrier(s) followed by chilling and shaping in molds.

tGO] In addition to the aforementioned carrier ingredients, the pharmaceutical formblations

described above may include, as appropriate, one or more additional carrier ingredients such as
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diluents, buffers, flavoring agents, binders, surface-active agents, thickeners, lubricants, preservatives

(including anti-oxidants) and the like. Furthermore, other adjuvants can be included to render the

formmlation isotonic with the blood of the intended recipient. Compositions cdntaining a compound

described by Formutla I, or pharmaceutically acceptable salts thereof, may also be prepared in powder

_ or liguid concentrate form. _ '

[61] The compounds and compositions of the present disclosure are useful in the treatment

-of cancers of the breast, lung, kidney, prostate, blood, liver, ovarian, thyroid, GI tract and lyxhphoma_
The compotmds and.compositions are useful agamst cancers including non-small cell lung cancer
(NSCLC), renal cell carcinoma, mantle cell lymphoma, and endomctnal cancers. Further, the
compouiids and compesitions are useful in treating other indications such as rhewrnatoid axthrifis,
bamartoma syndromes‘ trangplant rejecﬁon, irritable bowel disease (IBD), mﬁlﬁple sclerosis aﬁd
1mm1mosuppress1on : o ‘

[6z2] General]y, dosage levels on the order of from about 0.01mg/kg to about ISDmg/kg of
bddy weight per day are useful in the treatment of the above-indicated conditions, or aliernatively

_about 0.5mg io about 7g per ﬁaﬁent pér day. For example, cancers of the breast, lung, kidney,
prostate, blood, liver, ovarian, thyroid, GI tract and lymphoma may be effectively treated by the

administration of from about 0. bl to 50mg of the compmmﬁ per kilogram of body weight per day, or
alternatively about0.5mg to about 3.5g per patient per day. '
{631 Dosage levels on the order of from about 0. Olmgfkg to about 150mg/kg of body

- weight per day are uscful in the treatment of non—small cell lung cancer (NSCLC), renal cell
carcinoma, mantle cell lymphoma, and endometrial cancers or alfernatively a‘bout 0.5mg to ab()ut 7g :
per pammt per day. They may be freated by the adxmmstra’hon of from about 0.01 to 50mg of the
oornpound per kxlogram of body wmght per day, or altemainvaly about 0. Smg to about 3.5g per patent
perday. o :

{54] Dosage levels on the order of from about 0‘.01mg/1cg' to about 150mg/kg of body
weight per day are usefu! in the treatment of theumatoid arthritis, hafnartoma syndromes, transplant
rejection, irritable bowel disease (IBD), multiple sclerpsis and immunosuppression, or aliernatively
about (.5mg to about 7g per patienf per day._ They may be treated by the administration of from about
0.01 to 50me of the conmpound per }s:ilégram of Eody weight per day, or altematively abont 0.5mg to
about 3.5g per patient per day. ‘ -

f65] It is understood, however, that the specific dose Icvci for any particular patient will

u depend upon a variety of factors including the age, bady weilght, general health, sex, dist, time of
administration, route of administration, rate of excretion, drug combination and the sévcrity of the
particular disease undérgomg therapy. ' ' | |

Biochemical Assay for Inhibition of mTOR Activity:
[66]  The ability of compounds to inhibit the mTOR kinase activity was determined in an

in vitro immunoprecipitation (IP) kinase assay using recotmbinant 4E-BP1 as a subsirate. The assay
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* determines the ability of compounds to inhibit phesphorylation of 4E-BP1 a well-known
physiological substrate of mTOR. The imimmocapture mTOR complex from HeLa cells is incubated
with various concentrations of compounds and His-tag 4E-BP1 in kinase assay buffer prior to addition
of ATP o start the eaction at RT. The reaction is stopped after 30 mins and the phosphorylatcd His-
tag 4E-BP1 is captured on a Nickel-chelate plate ovemight at 4°C. The phosphothreonine content of
4E-BP1 is then measured using phospho-4E-BP1 (T37/46) primary antibody and corresponding anti
rabbit IgG HRP conjugated, secondary antibody. The secondary antibody has a reporter enzyme (eg.
horseradish peroxidase, HRP) covalently attached, such that binding of primary antibody to
phosphorylated 4E-BP1 can be determined quantitatively which is equal to the amount secondary
antibody bound to it. The amowmt of secondary antibody can be determined by incubation with an
appropriate HRP substrate.

The stock reagents used are as follows:

Cell Iysis buffer:

[67] 40 mM HEPES, pH 7.5 containing 120 mM NaCl, lmM EDTA, 10 mM sodium
pyrophosphate, 10 mM B-glycerophosphate, 50 mM sodium fluoride, 1.5 mM sodium vanadate and
0.3% CHAPS.

Complete mini EDTA-free protease inhibitors (Roche, catalog #11 836 170 001)
Hel.a ceil pellets (Paragon Bioservices)

Pretein G coated plates for immunoprecipitation (Pierce, catalog #15131)
mTOR (aka FRAP) N-19 antibedy (Santa Cruoz Biotechnology, catalog #sc-1549)
IP Wash Buffer:

[68] 50 mM HEPES, pH 7.5 containing 150 mM NaCl
Kinase Buffer: '

[691 20 mM HEPES, pH 7.5 containing 10 mM MgCl2, 4 mM MnCi2, 10 mM b-
mercaptoethanol and 200 uM sodium vanadate, Make fresh for assay.

Recombinant 4E-BP1 (aka PHAS I) (Calbiockem, catalog #516675)

[70] Dilute 4E-BP1 stock (1 mg/mL) 120 times in kinase assay buffer to obtain a
concentration of 0.25 ug/well in 30 ul
ATF Solution

[71]  Prepare 330 uM ATP stock in kinase buffer
Ni-chelate Plate (Picrce, cataleg #15242)

Antibody Dilution Buffer:

[72] TBST containing 5% skim milk
Phospho4E-BP1 ({T37/46) Antibody:

[73]  1:1000 dilution of phospho-4E-BF1 (T37/46) antibody (Cel} Signaling Technology,
catalog # 9459) in anfibody dilution buffer
Donkey anti rabbit IeG, HRP conjugated
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[74]  1:10,000 dilution of anti rabbit IgG HRP conjugated (GE Healthcare, Catalog#
NA934} in antibody dilution buffer
HRY subsirate:

[75] Chemiluminescent reagents (Pierce, catalogh 37074)

Assay Protocol: ‘

[76] HelLacell lirsatf: was prepared in bulk by homogenizing 25g of cell pellet in 60mL of
cell lysis buffer and then, dentriﬁxged at 12,000rpm for 30min. The clear supernatant was transferred
to fresh tube, aliquoted, quickly frozen and stored at —80°C umtil use.

[771 Protein G coated 96-weil plate is washed once with lysis buffer and 50uL of diluted
mTOR antibody is added to each well, and incubated at RT for 30-60min. Then, 50ug of HeLa cell
fysate was added 1o cach well in SOpL of lysis buffer and incubated at 4°C in a cold room on a shaker
for 2-3h, Lysate was removed and the plate was washed with 100uL. of complete lysis buffer for 3
times. The platé was further washed 2 times with 'IOUpL of high salt wash buffer. Diluted 4E-BF1
(substrate) is added to each well in 30pL. The compounds were added in various concentrations in
5pL to each weil. The drug concentrations varied from 30uM to 0.1pM. The final DMSO
concentration was 1%. Only DMSO was added to positive control wells. For negative control wells,
no ATP sclution was added but instead 15pL of kinase buffer was added, the reaction was started by
addition of ATP in 15uL to a final concentration of 100pM to rest of the wells except negative control
wells. The reaction was carried out for 30min at RT. Then, 45l of the reaction mixture was
transferred to Ni-chelate plate and incubated overnight at 4°C. The plate was washed once with
antibody dilution buffer and 50uL of diluted phospho-4E-BFP1 antibody was added to each well, and
incubated at RT for 1h. Then, the plaic was washed 4 times with TBST and 50uL of diluted anti-
rabbit secondary antibody was added to each plate, and incubated at RT for 1h. The plate was washed
4 times with 100pL of TBST. To each well, 50pL of Pierce Femto chemiluminescent reagent was
added and the chemiluminescence was measured using victor machine.

[78] Comparison of the assay signals obtained in the presence of compound with those of
positive and negative controls, allows the degree of inhibiton of phospho-4E-BP1 phosphorylation to
be determined over a range of compound concentrations. These inhibiton values were fitted to a
sigmoidal dose-response inhibition curveto determine the ICsp values (i.e. the concentration of the
compound that inhibits phosphorylation of 4E-BP! by 50%).
mTOR Cell-based Mechanistic Assay to Measure the Inhibition of Phosphorylation of 4E-BP1
(T37/46) '

[7] MDA-MB-231 cells were plated in 96 well plates at 2x10* cells/well in 90 ul of
complete growth medium and incubated at 37°C O/N in a CO, incubator. Cells were treated with
various compounds in a dose response manner for 3h at 37°C in a CO;, incubator before making cell
lysates to measure inhibition of phosphorylation of 4E-BP1 at T37/46. Cell lysates were transferred to
a 96-well plate coated with 4E-BP1 antibodies to capture phospho<4E-BP1 (137/46) and incubated
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O/N at 4°C. The amount of phospho-4E-BP1 in each well is further measured by incubating the wells
with anti-rabbit phospho-4E-BP1 (¥37/46) antibodies and a corresponding goat anti-rabbit IeG
conjugated to HRP. Amount of HRP present in each well is measured by a chemiluminescence
method, which corresponds to amount of phospho-4E-BP1 in each well. ICso values were determined
using a 6-point dose response curve.

Biochemical Assajr for Inhibition of IGF-1R Activity:

[80] IGF-1R inhibition was shown in a tyrosine kinase assay using purified GST fusion
protein containing the cytoplasmic kinase domain of human IGF-1R expressed in 8f% cells. This assay
is carried out in a final volume of 90 pL containing 1-100nM (depending on the specific activity) in
an Immulon-4 96~well plate (Thermo Labsystems) pre-coated with 1pg/well of subsirate poly-glu-tyr

(4:1 ratio) in kinase buffer (50mM Hepes, pH 7.4, 125mM NaCl, 24mM MgCls, 1M MnCl, 1%

glycerol, 200uM Na;VO,, and 2mM DTT). The enzymatic reaction was initiated by addition of ATP
at a final concentration of 100puM. Afier incubation at room temperature for 30 minutes, the plates
were washed with 2mM Imidazole buffered saline with 0.02% Tween-20. Then the plate was
incubated with anti-phosphotyrosine mouse monoclonal antibody pY-20 conjugated with horse radish
peroxidase (HRP) {Calbiochem) at 16Tng/mL diluted in phosphate buffered saline (PBS) containing
3% bovine serum albumin (BSA), 0.5% Tween-20 and 200uM Nas; VO, for Z hours atreom
temperature. Following 3X 250ul washes, the bound anti-phosphotyrosine antibody was detected by
incubation with 100pl/weli ABTS (Kirkegaard & Perry Labs, Inc.) for 30 minutes at room
temperature. The reaction was stopped by the addition of 100t /well 1% SDS, and the

- phosphotyrosine dependent signal was measured by a plate reader at 405/490 nm,

[81] The EXAMPLES of this invention demonstrated at least one of the following:

[82] D Inhibited phosphorylation of 4E-BP1 by immunocaptured human mTOR as
determined in the Biechemical Assay for Inhibition of mTOR. Activity with ICs values between
6.001 M and 11.00puM. It is advantageous that the ICs, values be less than 1.00pM and more
advantageous that the IC;, values be below 0.1pM. Even more advantageous, the IC;;, values be less
than 0.01pM. |

'[83]  II) Inhibited the phosphorylation of 4E-BP1 (T37/46) in the mTOR Cell-based
Mechanistic Assay with ICs, values below 40puM.

{84] I Inhibition of IGF-1R in the Biochemical Assay for Inhibition of IGF-1R

Activity with ICs, values less than 15uM.

EXPERIMENTAL
[85]  The following schemes, intermediates and examples serve to dermonsirate how to

synthesize compounds of this invention, but in no way limit the invention. Additionally, the
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following abbreviations are used: Me for methyl, Et for ethyl, iPr or iPr for isopropyl, n-Bu for n-
butyl, t-Bu for tert-butyl, Ac for acetyl, Ph for phenyl, 4C1-Ph or (4CDPh for 4-chlorophenyl, 4Me-Ph
or (4Me)Ph for 4-methyiphenyl, (p-CH3CO)Ph for p-methoxyphenyl, (p-NO2)Ph for p-nitrophenyl,
4Br-Ph or (4B1r)Ph for 4-bromophenyl, 2-CF3-Ph or (2CF3)Ph for 2-trifluoromethylphenyl, DMAP
for 4-(dimethylamino)pyridine, DCC for 1,3-dicyclohexylcarbodiimide, EDC for 1-(3-
dimethylarminopropyl)-3-ethylcarbodiimide hydrochloride, HOBt for 1-hydroxybenzotriazole, HOAt
for 1-hydroxy-7-azabenzotriazole, TMP for tetramethylpiperidine, n-Bul.i for n-butyllithium, CDI for
1,1*-carbonyldiimidazole, DEAD for diethyl azodicarboxylate, PS-PPh3 for polystyrene
triphenylphosphine, DIEA for diisopropylethylamine, DIAD for diisopropyl azodicarboxylate, DBAD
for di-tert-butyl azodicarboxylate, HPFC for high performance flash chromatography, 1t or RT for
Toom temperature, min for minute, h for hour, Bn for benzyl, and LAH for lithium aluminum hydride.

[861  Accordingly, the following are compounds that are useful as intermediates in the
formation of mTOR inhibiting EXAMPLES.

[87}7  The compounds of Formula I of this invention and the intermediates used in the
synthesis of the compounds of this invention were prepared according to the following methods.
Method A was used when preparing compounds of Formula I-AA

N Y
l%/u\(;‘

=AA
as shown below in Scheme 1:
Method A:
Scheme 1

NZ = NH, N;ﬁﬁt
D =) N

%N%N '\VN\/{
RS R!

u I-AA

[88] where Q' and R? are as defined previously for compound of Formula L.

[89] Ina typical preparation of compounds of Formula I-AA, compound of Formula I was
reacted with ammonia in a suitable solvent. Suitable solvents for use in the above process included,
but were not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like;
dimethylformamide (DMTF); dimethyl sulfoxide (DMSOQ); acetonitrile; aleohols such as methanol,
ethanol, isopropanol, triflucroethanol, and the like; and chlorinated solvents such as methylene
chloride (CHyCl,) or chloroform (CHCL). If desired, mixtures of these soive:nts were used, however,
the preferred solvents were isopropanol and a mixture of THF and isopropanol. The above process
was cartied out at temperatures between about -78°C and about 120°C. Preferably, the reaction was
carried out between 80°C and about 120°C. The above process to produce compounds of the present
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invention was preferably carried in a sealed reaction vessel such as but not limited to a thick walled
glass reaction vessel or a stainless steel Parr bomb. An excess amount of the reactant, ammonia, was
preferably used.
[0] The compounds of Formula Il of Scheme 1 were prepared as shown below in
Scheme 2.
Scheme 2

STHES,
- L ca ==
(SR O
m [ ?

where Q' and R® are as defined previously for compound of Forrula L.

[91] In a typical preparation of 2 compound of Formula II, an intermediate of Formula II
was freated with POC], or the isolated “Vilsmeier salt” [CAS# 33842-02-3] in a suitable solvent at a
suitable reaction temperature. Suitable solvents for use in the above process included, but were not
limited to, ethers such as tetrahydrofuran (THF), glyme, and the like; acetonitrile; and chlorinated
solvents such as methylene chloride (CH,Cl,) or chloroform (CHCL;). If desired, mixtures of these
solvents were used or no solvent was used. The preferred solvents included methylene chlonide and
acetoniirile. The above process was carried out at temperatures between about -78°C and about
120°C. Preferably, the reaction was carried out between 20°C and about 95°C. The above process to
produce compounds of the present invention was preferably carried out at about atmospheric pressure
although higher or lower pressures were used if desired. Substantially equimolar amounts of reactants
were preferably used although higher or lower amounts were nsed if desired.

[92] The compounds of Formula IIT of Scheme 2 were prepared as shown below in

Scheme 3:

Scheme 3
1 o 4
J " ’”\R’ | Q j)\
s e g B
N Ny
w (T

where Q' and R? are as defined previously for compound of Formula T and Al'=0H, alkoxy,ora
leaving group such as a halogen or imidazole,

[93] In a typical preparation, of a compound of Formula III, a compound of Formula IV
and compound of Formula V were reacted under suitable amide coupling conditions. Suitable
conditions include but are not limited to treating compounds of Formula IV and V (when A' = OH)
with coupling reagents such as DCC or EDC in conjunction with DMAP, HORt, HOAt and the like.

Suitable solvents for use in the above process included, but were not limited to, ethers such as
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tetrahydrofuran (T HF), glyme, and the like; dimethylformamide (DMEF); dimethyl sulfoxide (DMSQ);
acetonitrile; halogenaied solvents such as chloroform or methylene chloride. If desired, mixtures of
these solvents were used, however the preferred solvents were methylene chloride and DMF. The
above process was carried out at temperatures between about 0°C and about 80°C, Preferably, the
reaction was carried out at about rt. The above process to produce compounds of the present
invention was preferably carried out at about atmospheric pressure aléthough higher or lower pressures
were used if desired. Substantially equimolar amounts of reactants were preferably used although
higher or lower amounts were used if desired. Alternatively, compounds of Forroula IV and V (where
Al =F, Cl, Br, I) were reacted with bases such as triethylamine or ethyldiisopropylamine and the like
in conjunction with DMAP and the like. Suitable solvents for use in this process included, but were
not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like; dimethylformamide (DMF);
dimethy] sulfoxide (DMSO); acetonitrile; halogenated solvents such as chloroform or methylene
chioride. If desired, mixtures of these solvents were used, howover the preferred solvent was
methylene chloride. The above process was carried out at temperatures between about —20°C and
about 40°C. Preferably, the reaction was carried out between 0°C and 25°C. The above process to
produce i:ompounds of the present invention was preferably carried out at about atmospheric pressure
although higher or lower pressures were used if desired. Substantially equimelar amounts of
compounds of Formula IV and V (where A! =F, CJ, Br, 1) and base and substochiometric amounts of
DMAP were preferably used although higher or lower amounts were used if desired. Additionally,
other suitable reaction conditions for the conversion of a compound of Formula IV to a compound of
Formula III can be found in Larock, R. C. Comprehensive Organic Transformations, 2nd ed.; Wiley
and Sons: New York, 1999, pp 1941-1949,

[94] The compounds of Formula I'V of Scheme 3 were prepared as shown below in
Scheme 4:

Scheme 4

where Q' is as defined previously for compound of Formula I and A2 = phthalimido or Na.

[95] o a typical preparation, of a compound of Formula IV, a compound of Formula VI is
reacted under suitable reaction conditions in a suitable solvent. When A% = phthalimide, sudtable
conditions include treatment of compound of Formula VI with hydrazine in a suitable solvent.
Suitable solvents for use in tﬁe above process included, but were not Iimited to, ethers such as
tetrahydrofuran (THF), glyme, and the like; dimethylformamide (DMF); dimethyl sulfoxide (DMSO);

acetonitrile; halogenated solvents such as chloroform or methylene chloride; alcoholic solvents such
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as methanol and ethanol. If desired, mixtures of these solvents may be used, however the preferred
solvent was ethanol. The above process was carried out at temperatures between about 0°C and about
BO°C. Preferably, the reaction was carried out at about 22°C. The above process to produce
compoumds of the present invention was preferably carried out at about atmospheric pressure although
higher or lower pressures were used if desired. Substantially equimolar amounts of reactants were
preferably used althongh higher or lower amounts were used if desired. In the fransformation of
compound of Formula VI to IV, if A2 =N, then one skilied in the art would recognize that typical
azide reduction conditions could be employed, indluding but not limited io PPh; and water or
hydrogenation in the presence of a metal catalyst such ag palladium.

[36] The compounds of Formula VI of Scheme 4 were prepared as shown below in
Scheme 5:

Scheme 5

cl Q Q'
N N
Vi vi
where Q' is as defined previously for compound of Forrmila I and A? = phthalimido or N;.

[97]  Ina typical preparation of a compound of Formula VI (when A” = phthalimido), a
compound of Formula VIE was reacted with a phthalimide under typical Mitsunobu conditions in a
suitable solvent in the presence of suitable reactants. Suitable solvents for use in the above process
included, but were not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like;
dimethylformamide (DMF); dimethyl sulfoxide (DMSO); acetonitrile (CHaCN); chlorinated solvents
such as methylene chloride (CH,;Cl,} or chloroform (CHCL,). If desired, mixiures of these solvents
were used, however, the preferred solvént was THF. Suitable reactants for use in the above process

“included, but were not limited to, triphenylphosphine and the like, and an azodicarboxylate (DIAD,
DEAD, DBAD). The preferred reactants were triphenylphosphine or resin-bound friphenylphosphine
(PS-PPh;), and DIAD. The above process may be carried out at temperatures between about ~78°C
and about 100°C. Preferably, the reaction was carried out at about 22°C. The above process to
produce compounds of the present invention was preferably carried out at about atmospheric pressure
although higher or lower pressures were used if desired. Substantially equimolar amounts of reactants
were preferably used although higher or lower amounts were used if desired. Generally, one
equivalent or a slight excess, 1.1 equivalents, of triphenylphosphine, DIAD and phthalimide was used
per equivalent of compound of Formula VII. Additionally, compound of Formula VII can be reacted
with Ts;0, Ms,;0, TH;0, TsCl, MsCl, or SOCL in which the hydroxy group is converted to a leaving
group such as its respective tosylate, mesylate, triflate, or halogen such as chlore and subsequently

reacted with an amine equivalent such as NH(Boc),, phthalimide, potassium phthalimide, or sodium
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azide. Comnrversion of the amine equivalents by known methods sach as by treating under acidic
conditions {(NH(Boc),), with hydrazine (phithalimide} as shown in Scheme 4, or with
triphenylphosphine/water (azide) will afford the desired amine as shown in Scheme 4,

[98] The compounds of Formula VII of Scheme 5 were prepared from aldehydes Q'-CHO
and a 2-chloropyrazine VIII as shown below in Scheme 6:

Scheme &
cl coo
Q'-CHO
N7 N% OH
| ————— |
>N L‘\‘/”
VIH Vit

where Q' is as defined previously for compound of Formula L.

[99] Ina typical preparation, of a compound of Formula VII, a compound of Fornmula VIII
was reacted under suitable reaction conditions in a suitable solvent with a compound of Fermula Q'-
CHO. Suitable conditions included it were not limited to treating compounds of Formula VIII with
a base such as lithivm tetramethylpiperidide (Li-TMP) followed by treating with compounds of
Formula Q'—CHO. Lithium tetramethylpiperidide may be prepared by reacting tetramethylpiperidine
with n-butyllithium at —78°C and warming up to 0°C. Suitable solvents for use in the above process
inciuded, but were not limited to, cthers such as tetrahydrofuran (YHF), glyme, and the like. Polar
solvents such as hexamethylphosphoramide (HMPA), 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (DMPU), and the like may be added if necessary. If desired, mixtures of these solvents
were used, however, the preferred solvent was THF. The above ﬁroccss may be carried out at
temperatures between about —-80°C and about 20°C. Preferably, the reaction ‘was carried out at ~78°C
to 0°C. The above process to produce compounds of the present invention was preferably carried out
at about atmospheric pressure although higher or lower pressures were used if desired. Substantially
equimolar amounts of reactants were preferably used although higher or lower amounis were used if
desired. )

[160] The compounds of Formula I of this invention and the intermediates used in the
synthesis of the compounds of this invention were also prepared according to the following methods.
Method AA was used when preparing compounds of Formula I-AA from compound of Formula I-
AAA as shown below in Scheme 7:

Method AA:
Scheme 7
NH, A" NH, ¢
N e e Q’-B(OR)Q N ol o
R3 R:
HAAA AA
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where Q' and R® are as defined previously for compound of Formula I, A' = halogen such as CL, Br,
or I and B{OR), = suitable boronic acid/ester.

[101] In a typical preparation of compounds of Formula I-A A, compound of Formula I-
AAA was reacted with a suitable boronic acid/ester (Q-B(OR),) in a suitable solvent via typical
Suzuki coupling procedures. Suitable solvents for use in the above process included, but were not
limnited to, ethers such as tetrahydrofuran (THF), glyﬁte, dioxane, dimethoxyethane, and the like;
dimethylformamide (DMF); dimethyl sulfoxide (DMSO); acetonitrile; alcohols such as methanol,
cthanol, isopropanol, trifluorocthanol, and the like; and chlorinated solvents such as methylene
chloride ({CH,Cl,) or chleroform (CHCl,). If desired, mixtures of these solvents were used, however,
the preferred solvent was dimethoxyethane/water. The above process was carried out at temperatures
between about -78°C and about 120°C. Preferably, the reaction was carried out between 60°C and
about 100°C. The above process to produce compounds of the present invention was preferably
carried out at about atmospheric pressure although higher or lower pressures were used if desirad.
Substantially equimolar amounts of reactants were preferably used although higher or lower amounts
were used if destred.

[102] One skilled in the art will appreciate that alternative methods may be applicable for
preparing compounds of Formula I-AA from I-AAA. For example, compound of Formula J-AAA
could be reacted with a suitable organotin reagent Q'—SnBus or the like in a suitable solvent via
typical Stille coupling procedures.

[103] Tbhe compounds of Formula I-AAA of Scheme 7 were prepared as shown below in
Scheme 8.

Scheme 8

iAA“ NHz A“
NH. =
NP a N/l\|¢<
N N

3 R?

R
-z I-AAA

where R? is as defined previously for compound of Formula I and A = halo gen such as Cl, Br,or L
[104] In a typical preparation of compounds of Formula I-AAA, compound of Formula I-Z
was reacted with ammonia in a suitable solvent. Suitable solvents for use in the above process
included, but were not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like;
dimethylformamide (DMF); dimethy] sulfoxide {DMSO3; acetonitrile; alcohols such as methanol,
ethanol, isepropanol, triftuoroethanol, and the like; and chiorinated solvents such as methylene
chloride (CH;Cl,) or chloroformm (CHC);). If desired, mixtures of these solvents were used, however,
the preferred solvents were isopropanol and a mixture of THF and isopropanol. The above process
was carried out at temperatures between about -78°C and about 120°C. Preferably, the reaction was
carried out betwgcn 80°C and about 120°C. The above process to produce componnds of the present
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invention was preferably carried in a sealed reaction vessel such as but not limited to a thick walled
glass reaction vessel or a stainless steel Parr bomb. An excess amount of the reactant, ammonia, was
preferably used.
{105] The compounds of Formula II-Z of Scheme § were prepared as shown below in
Scheme 9.
Scheme 9

¢l O Cl . | A"
N {,k,/\N )J\Ra N%%»\N NZ =
| H / ? N
N K“/N\< K\/ \/<
R® 7 R®
m-z -z -z
where R? is as defined previously for compound of Formula I and A = halogen such as Cl, Br, or L.
[106] In a typical preparation of a compound of Formula I-Z, intermediate II-Z was
converted to compound of Formula II-Z°. Intermediate of Formula III-Z was treated with POCl; in a
suitable solvent at a suitable reaction temperature. Suitable solvents for use in the above process
included, but were not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like;
acetonitrile; and chlorinated solvents such as methylene chloride (CH,Cly) or chioroform (CHCL). If
desired, mixtures of these solvents were used. The preferred solvents included methylene chloride
and acefonifrile. The above process was carried out at temperatures between about —78°C and about
12¢°C. Preferably, the reaction was carried out between 20°C and about 95°C. The above process to
produce compounds of the present invention was preferably casried out at about atmospheric pressure
although higher or lower pressures were used if desired. Substantially equimolar amounts of reactants
were preferably used although higher or lower amounts were used if desired. In the conversion of
compound of Formula II-Z to II-Z’, suitable halogenating agent were used, but were not limited to,
Bry, L, Cl;, N-chlorosuccinimide, N-bromosuccinimide, or N-iodosuccinimide. The preferred
halogenating agent was N-iodosuccinimide. Suitable solvents for use in the above process included,
but were not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like;
dimethylformamide (DMF); dimethyl sulfoxide (DMSQ); acetonitrile; alcohols such as methanol,
ethanol, isopropanol, trifluoroethanol, and the Hke; and chlorinated solvents such as methylene
chlaride (CH;Cly) or chloroform (CHCI;). If desired, mixtures of these solvents were used, however,
the preferred solvent was DMF. The above process was carried out at temperatures between about -
78°C and about 120°C. Preferably, the reaction was carried ont between 40°C and about 75°C. The
above process to produce compounds of the present invention was preferably carried out at about
atmaospheric pressure although higher or lower pressures were used if desired. Substantially
equimolar amounts of reactants were preferably used although higher or lower amounts were used if

desired.
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[107] The compounds of Formula 1I-Z of Scheme 9 were prepared as shown below in
Scheme 18:
Scheme 10

vz . n-2

where R’ is as defined previously for compound of Formula I and A' = OH, alkoxy, or a leaving
group such as ¢hloro or imidazole.

[108] In a typical preparation, of a compound of Formula III-Z, a compound of Formula IV~
Z and compound of Formula V were reacted under snitable amide coupling conditions. Suitable '
conditions inchude but are not limited to treating compounds of Formula IV-Z and V (when A! = OH)
with coupling reagents such as DCC or EDC in conjunction with DMAP, HOBt, HOAt and the like.
Suitable solvents for use in the above process included, but were not limited to, ethers such as
tetrahydrofuran (THF), glyme, and the like; dimethylformamide (DMF); dimethyl sulfoxide (DMSO);
acetonitrile; halogenated solvents such as chloroform or methylene clﬂoride. If desired, mixtures of
these sclvents were used, however the preferred solvent was methylene chloride. The above process
was carried out at temperdmres between about 0°C and about 80°C. Preferably, the reaction was
carried out at about 22°C. The above process o produce compounds of the present invention was
preferably carried out at about atmospheric pressure although higher or lower pressures were used if
desired. Substantially equimolar amounts of reactants were preferably nsed although higher or lower
amoumnts were used if desired. Additionally, if compound of Formula IV-Z was a salt or bis-salt, a
suitable base was required and mcluded, but was not limited to, diisopropylethylamine or
tricthylamine. Alternatively, compounds of Formula IV-Z and V (where A! =F, Cl, Br, I} were
reacted with basés such as triethylamine or ettyldiisopropylamine and the like in c_'m'ljmlcﬁon with
DMAP and the like. Suitable solvents for use in this process included, but were not limited to, ethers
such as tetrahydrofuran (THF), glyme, and the like; dimethylformamide (DMF; dimethy! sulfoxide
{DMBSQ); acetonitrile; halogenated solvents such as chloroform or methylene chloride. If desired,
mixtures of these solvents were used, however the preferred solvent was methylene chloride. The
above process was carried out at temperatures between about ~20°C and about 40°C. Preferably, the
reaction was carried out between 0°C and 25°C. The above process to praduce compounds of the
present invention was preferably carried out at about atmospheric pressure although higher or lower
pressures were used if desired. Substantially equimolar amounts of compounds of Formula IV-Z and
V (where A' =F, Cl, Br, I) and base and substochiometric amounts of DMAP were preferabiy used
although higher or lower amounts were used if desired. Additionally, other suitable reaction

conditions for the conversion of an amine (compound of Fornmla IV-Z) to an amide {compound of
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Formuia ITII-Z) can be found in Larock, R. C. Comprehensive Organic Transformations, 2nd ed.;
Wiley and Sons: New Yark, 1999, pp 1941-19495.

[109] The compounds of Formula IV-Z of Scheme 10 were prepared as shown below
Scheme 11:

Scheme 11

;
@\A‘ él‘/\ﬁflz

viZ vz

where A? is phthalimido or N;.

[110] In a typical preparation, of a compound of Formula IV-Z, a compound of F ormmulz
VI-Z is reacted under suitable reaction conditions in a suitable solvent. ‘When A” = phthalimido,
suitable conditions include treatment of compound of Formula VI-Z with hydrazine in a suitable
solvent. Suitable solvents for use in the above process included, but were not limited to, ethers such
as tetrahydrofuran (THE), glyme, and the like; dimethylformamide (DMF); dimethyl sulfoxide
(DMSO); acetonitrile; halogenated solvents such as chloroform or methylenc chloride; alcoholic
solvents such as methanol and ethanol. If desired, mixiures of these solvents may be used, however
the preferred solvent was ethanol. The above process was carried out at temperatures between about
0°C and about 80°C. Preferably, the reaction was carried out at about 22°C. The above process to
produce compounds of the present invention was preferably carried out at about atmospheric pressure
although higher or lower pressures were used if desired. Substantially equimolar amounts of reactants
were preferably used although higher or lower amounts were used if desired.

[111] The compounds of Formula VI-Z of Scheme 11 were prepared as shown below in
Scheme 12:

Scheme 12

Vil-Z vi-Z
where A’ = phthalimido or Ns.

[112] In a typical preparation of a compound of Formula VI-Z (when A” = phthalimido), a
compound of Formnla VII-Z was reacted with a phthaltimide under typical Mitsunobu conditions in a
suitable solvent in the presence of suitable reactants. Suitable solvents for use in the above process
included, but were not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like;
dimethylformamide (DMF); dimethyl sulfoxide (DMSO); acetonitrile (CH,CN); chlorinated solvents
such as methylene chtoride (CH,Cl,) or chloroform (CHCL). If desired, mixtures of these solvents
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[114] Ina typical preparation, of a éompound of Formula VII-Z, a compound of Formula
VI was reacted under suitable reaction conditions in a suitable solvent. Suitable reaction conditions
included, but were not limited to, freating compounds of Formula VIH with a base such as lithium
tetramethylpiperidide (Li-TMP) followed by treatment with a reagent containing a carbonyl
equivalent followed by treatment with a suitable reducing agent. Lithium tetramethylpiperidide may
be prepared by reacting tetramethylpiperidine with n-butyllithium at —78°C and warming up to 0°C.
Suitable salvents for use in the above process included, but were not limited to, ethers such as
tetrahydrofuran (THF), glyme, and the like. Polar solvents such as hexamethylphosphoramide
(HMPA), 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (OMPU), and the like may be added if
necessary. If desired, mixtures of these solvents were used, however, the preferred solvent was THF.
Suitable carbonyl equivalent reagents include, but ave not limited to, formamides such as DMF or
suitable chloroformate such as methyl or ethyl chloroformate. After addition of the suitable carbonyl
equivalent reagent, the reaction if charged with 2 polar protic solvent such as, but not limited to,
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methanol or ethanol followed by treatment with a suitable reducing agent such as sodium
borohydride. The above process may be carried out at femperatures between about —80°C and about
20°C. Preferably, the reaction was carried out at—78°C to 0°C. The above process to produce
compounds of the prese;t invention was preferably carried out at about atmospheric pressure although
higher or lower pressures were used if desired. Substantially equimolar amounts of reactants were
preferably used although higher or lower amounts were used if desired.

[115] The compounds of Formula X-Z (Q'-CHO) of Scheme 6 were prepared as shown
below in Scheme 14:

Scheme 14
Q-CH, — Q*-CHO
IX-Z X-Z
where Q1 is as defined previously for compound of Formula 1.

[116] In a typical preparation, of a compound of Formula X-Z (Q'-CHO), a compound of
Formula IX-Z (Q'-CH,) was reacted with a suitable oxidizing agent under suitable reaction
conditions. Suitable oxidizing agents included, but were not limited to, selenium dioxide. Suitable
reaction conditions for use in the above process included, but were not limited to, heating & mixiure of
selenium dioxide and compounds of Formula IX-Z (Q'-CHs) neat or in 2 suitable solvent such as, but
not limited to, chlorobenzene or sulpholane. The above process may be carried out at temperatures
between about 120°C and about 180°C. Preferably, the reaction was carried out at 150°C to 165°C.
The above process to produce compounds of the present invention was preferably carried out at about
atmospheric pressure although higher or lower pressures were used if desired. Preferably, 1-1.5eq.
selenium dioxide were used although higher or lower amounts were used if desired. Alternatively, a
cornpound of Formula IX-Z (Q'-CH;) was reacted first with a halogenating agent and a radical
initiator under suitable reaction conditions in a suitable solvent to give a compound of Formula Q'—
CH,—Hal (wherein Hal = C! or Br) that was then further reacted with DMSO and a base under suitable
reaction conditions to give a compound of Fermula X-7Z (Q'--CHO). Suitable halogenating agents
included, but were not limited to, bromine, N-bromosnccinimide, and chlorine. Preferably, N-
bromosnccinimide was used. Suitable radical initiators included, but were not limited to, 2,2°-
azobisisobutyronitriie (AIBN) and UV light. Preferably, ATBN was used. Preferably, carbon
tetrachloride was used as solvent for the halogenation step, although other halogenated solvents may
be added. The halogenation may be carried out at temperatures between about 60°C and about 100°C.
Preferably, the reaction was carried out at about 80°C. Suitable bases included, but were not limited
to, sodium hydrogencarbonate, sodium dihydrogenphosphate, disodivm hydrogenphosphate, and
collidine. Preferably, sodium hydrogencarbonate was used. DMSO was preferably used as solvent
although other solvents may be added. The second step may be carried out at temperatures between
about 40°C and about 140°C. Preferably, the reaction was carried out at about 90°C. Additionally,
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other suitable reaction conditions for the conversion of Q'--CH; to Q'-CHO can be found in Larock,
R. C. Comprehensive Organic Transformations, 2nd ed.; Wiley and Sons: New York, 1999, pp 1205
1207 and 12221224,
[117] The compounds of Formula XIV-Z (Q'-B(OR).) of Scheme 7 were prepared as
shown below in Scheme 15:
Scheme 15
Ql-AM — QLB(OR),
XNi-Z Xiv-Z
where Q' is as defined previously for compound of Formula L, A = OT¥ or halogen such as Cl, Br,
or I and B{OR), = suitable boromic acid/ester.

[118] Ina typical preparation, of a compound of Formula XIV-Z (Q'-B(OR),), a
compound of Formula XIII-Z (Q'— A™") was reacted with a suitable metal catalyst and a suitable
boronating agent under suitable reaction conditions. Suitable metal catalyst agents included, but were
not lirited to, PA(OAG), in the presence of 1,3-bis(2,6-diisopropylphenyl)imidazolium chloride.
Suitable boronating agents included, but were not limited to, bis(pinacolato)diboron. Suitable
reaction conditions for use in the above process included, but were not limited to, heating a mixture of
PA(OAc);, 1,3-bis(2,6-diisopropylphenylimidazolium chloride, KOAc, and bis(pinacol)borane in a
suitable solvent such as, but not limited-to, THF. The above process may be carried out at
temperatures between about 20°C and about 100°C, Preferably, the reaction was carried out at 60°C to
80°C. The above process to produce compounds of the present invention was preferably carried out at
about atmospheric pressure although higher or lower pressures were used if desired. Preferably, 2
3eq. KOAc, 1-1.5eq. bis(pinacol)borane, 0.03—1eq. PAd(OAc),, and 0.09-3eq. 1,3-bis(2,6-
diisopropylphenyl)imidazolium chloride were used although higher or lower amounts were used ift
desired. Additionally, other suitable reaction conditions for the conversion of Q*-A™" to Q'—B(OR).
can be found in the literature which involve a variety of Q'-A"! or aryl/heteroarylhalides and a
variety of conditions (Biooganic & Medicinal Chemistry Letters, 2003, 12(22), 4001; Biocoganic &
Medicinal Chemistry Letters, 2003, 13(18), 3059; Chemical Communications (Cambridge, UK),
2003, 23, 2924; Synthesis, 2002, 17, 2503; Angewandie Chemie, International Ed., 2002, 41(16),
3056; Journal of the American Chemical Society, 2002, 124¢3), 390; Organic Letters, 2002, 4(4), 541;
Tetrahedron, 2001, 57(49), 9813; Journal of Organic Chemistry, 2000, 65(1), 164; Journal of Organic
Chemistry, 1997, 62(19), 6458; Journal of Organometallic Chemistry, 1983, 259(3), 269). In some
cases, compounds of Formula XII-Z (Q'-A'"") and XIV-Z (Q'-B(ORY),) are commercially available
or synthesized according to literature procedures, In cases where neither are available, compounds of

Formula XII-Z (Q'-A'"") and XIV-Z (Q'- B{OR),) were synthesized via procedures described in the
experimental section herein.
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[119] Both R®and Q' in the compounds deseribed herein in some instances contain
functional groups that can be further manipulated. It would be appreciated by those skilled in the art
that such manipulation of functional groups can be accomplished with key intermediates or with late
stage compounds. Such fumctional group transformations are exernplified in the following Schemes
16-26 as well as in the experimental section but are in no way meant to limit the scope of such
transformations. Additionally, the chemisiry shown in Schemes 16-26 can also be applied to
compounds of -AA A TI-Z, and [I-2°.

[120] The compounds of Fornula I-A (compounds of Formula I-AA where R* = Z—
CONR?*R*2) were prepared as shown below in Scheme 17:

Scheme 16
1 Q' NH, o
N = N“ 5y
N a
{23 {2)
‘.\— s \‘-«- Ram
3 /
OA '\
A O LA O L=

where Q', R and R*® are as defined previously for compound of Formula I and A= hydrogen or
alkyl such as methyi or ethyl.

[121] In a typical preparation of compound of Formula I-A, when A® = alkyl and R*Zand
R** were both equal to H, reaction of cornpound of Formula II-A (compounds of Formula I where R*
= Z—CO,A”) with ammonia in a suitable solvent, afforded compound of Formula I-A. Suitable
solvents for use in the above process included, but were not limited to, ethers such as tetrahydrofuran
(THF), glyme, and the like; dimethylformamide (DMF); dimethyl sulfoxide (DMSO); acetonitrile;
alcohols such as methanol, ethanol, isopropanol, trifluoroethanol, and the like; and chlorinated
solvents such as methylene chloride (CH2Cl,) or chloroform (CHCL;). If desired, mixtures of these
solvenis were used, however, the preferred solvents were isopropanol and a mixture of
isopropanol/THF. The above process was carried out at temperatures between about -78°C and about
120°C. Preferably, the reaction was carried out between 80°C and about 120°C. The above process to
produce compounds of the present invention was preferably carried out at about abmospheric pressure
although higher or lower pressures were used if desired. Substantially equimolar amounts of reactants
were preferably used although higher or lower amounts were used if desired. Additionally, in a
typical preparation of compound of Formula I-A, compound of Formula II-A (when A® = H) was
reacted with HNR*R*? followed by ammonia in a suitable solvent. When A® = H, typical coupling
procedures as described in Scheme 3 (conversion of CO.H to COCI via treatment with SOC), or
oxalyl chloride followed by reaction with HR*?R* or treatment of CO,H and HRR*? with EDC or
DCC in conjunction with DMAP, HOBT, or HOAt and the like)} were employed to afford the
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or a pharmaceutically acceptable salt thereof.

[34] In all of the above circunstances forbidden or

unst abl e val ences, N-S, N-hal ogen bonds are excl uded.
wp3bd7oéesused herein, unless stated ot herw sacrhskéogloissct

as wel|l as other groups having the prefix "al k" such

as, for exanple, alkoxy, alkanyl, alkenyl, allcynyl,

and the like, neans carbon chains which nay be |inear

or -branched or conbinati ons thereof. Exanples of

al kyl groups include nmethyl, ethyl, propyl,

i:ransfom&aﬁgﬁ) Bf)apéé}ng%ﬁétaﬂd to %hdﬁﬂ%&ﬁ At = hlklszlyJuch #%Q:EE;IWI or é’ﬂ@l,y&e.ahnent
ang, 3 n
of the es‘leT RN nl:’réffﬁ‘ie%é’gf%m S R aév(lg ) s u?e%g’tg

treatmcnumm_tmmatleaffccdadbompmdbefﬁw& L-A. [36] As used
el ﬂﬁ; mgﬁéahm mea 19X mp%umﬁ oPﬁ&ﬂnuiaQ—Hl@ﬁﬁera R =7
g.0-4c or .4

ar bo
CO) A HE SIS ESTENIE LY BRSPS i 2 eaisd S
below in@ckisthe IAVI Ng no car bon i s hydrogen when the al kyl is
a termnal group. An alkg# l-ng no carbon is a
di rect bond mhen the al kyl Ts a bri dgi ng (connecting)

group. [37] ThéiHs erats cycloal | '

"car boc r|ng , A, or "cy6y y&;fdean 3-10
nmenber Nor—pe+y yc hhronafrc '%IIy
ar omat | tol on ar omat T r| g carbocy ontalnlng
no het eroat opsy and i ncl ude*tgno-, bi -, aﬁd tricyclic
saturated cdrBog¢ycles, as Vwﬂl‘ as fused akg ridged
syst ens. Such—f{used ring systens can i ncl ude\one ring
that is partialpyagy fully u o at ed, suc
benzene rlhg @0’ form fused Ping systens™slich as

where Q?%n 2 f I‘ I n r %‘é%f)gﬁ% %tﬁ&dﬂn@l (&I thi aﬂdr}p léﬂ%’i" suﬁzﬁﬁpmcthy] or ethyl.

ms as_splrofused ring systens
BRahplestypital @Vé%‘ﬁ?’lﬂﬂwﬁfﬁﬂméé’if Boreylalia ¢qmpgund of Fogrgwa -4
was rea&&dcuvial ahdrdih a SURIR1AS Ve |Sapatdpsolvents ke gt thelapove process

nwhﬂﬂﬁﬁa entémkﬁﬁécke E%LES%E%?gggﬁﬁygﬁgﬁaphthalene and

dimethylfivenaniidec(DMF); dmﬂwl[ QYPXiTHONER), aewtdgeﬂv Pl Syclde gethanol,
cthanol gdtgf&)% £ irifh bk RHhE m’ﬁrtﬂemﬂ&eand&m{brmﬁéh doBreikt OUFR as methylene
: b

chlorid (FlP)[% aﬁl&&)@éﬁn&? géﬁgsmz E’ﬁﬁf ? t%l sfelsgl N ea'f used, however,
the prefélﬂfﬁ] soﬂ?hﬁ wagisopripany). ’Ihcsbmlplrmkﬁomn cmewm%m@ﬁ%bﬁmen

about - 8&1 136°%] PEIEQESLS, tBE .%a&iaﬁ RW:L caRdsll SUERIBIAR 1100°C and about
e tern1 hetary |1 known to cheni
120°C. heattoef?

Hziopeﬁ%}om%con&o é)}'eésg)t I]fgf{eléti,os m Prefe.raﬁ)l carried out
at abouma&s@hmc@gasmamﬁtgrmgm onbmmreewe# waerss yigesired. In most cases,

the reac:%gr%s whre Eﬂﬁ[l}g &hlts € nSﬁﬁéta%Alﬁr'%q%ﬁQ? Brnéie oF Wabidhts %& preferably

eac ot her. Ies %j sych heterop
wsed syl Sk 1oy REROH W3 BSoC g PRy (PR e ges o amnonia was
used anll Eﬁcd@kﬂ&xy\lvas nhddRl yid order3o xasmo ty.it ,addﬂinmlzuf Iay:hnoma 1o the ester moiety
did not I{chc’cfo:rtr Q ! az rgcuibl erxlctjeif Oka&mur%ﬁf’lqﬁ Qﬁfﬂ{cmlprep Eé}%c@&ﬂéﬂd’of Formuia

azi ny pyr.l m. di ny

L-A”, coppannil n@foma% A P FooR PR U yPHca }spengfisption pondifipns syighes NaOH
in THEREDAIMOEL! §R@6Ie Wbiidhtd fos ot it afeheoweq:kacess fiichifed; st we4rs not limited to,

e s s P P, B g IR Bl R e ) Bimety

sulfoxide MR ; acklentile adrahols guch@é mﬁdt}@nolmwla@gp@-oethand and

the nkebﬁ{&zcﬁfoﬁﬁﬁéh so%é ki@hia8 ﬁletﬂyﬁ'ﬁél Hihl&ﬁﬂel(ﬂﬁzmg gt Edoratoll @CHCL). If
and t he 3‘£ % gervm se.stated. ¢
tﬁ@‘%ﬂ"}ﬁwﬂ%@l‘@% 5 g PP 6“"" ik
H{szameem @ahe bbays progerd wak eardedeytet tehperatnmes WW&PM +78°C and about
120°C. ém-gfe;laﬁ}. d@; }eg.ﬁdn s ERFieS N bblvebit ai SO GO, AME SbRPrédess to
more at chosen i ndependently fromN, 0, and S (and
the N and S oxi des), provited such derivatives
exhi bit appropriate and stable val encies. The terns
i nclude 4-8-nmenbered saturated rings containing one
or two hetero atons chosen from oxygen, sulfur, and
ni trogen. Exanples of heterocyclic rings include




[54] A tablet containing the conposition of this

di scl osure nmay be prepared by conpression or nol ding,

optionally with one or nore accessory ingredients or
wadpavents. Conpressed tablets may be prepar edThip2006/044461

conpressing, in a suitable machine, the active

ingredient in a free-flow ng formsuch as powder or

granul es, optionally m xed with a binder, |ubricant,

inert diluent, surface active or dispersing agent

Mol ded tablets nmay be nmade by nolding in a suitable

produce RO of fhe pFiseth Hventh “&Bﬁrcmed'aﬁﬂad GQIaP Mdaunosphenc pressure
noi stened with an i ner

atbough Jibrigy ATy PERMIATES PSS > G R BB S g Epactans
were prefetublyactd alﬁnoﬁghg}nﬁdi‘ eriowermthousis Wersasdddf desirede apsul e
[ﬁ’%ﬁf 6faR X.F&&Hé G hfﬁ PloRipOMds Qfmamv@wt— HY.CH,0H)

e B Ggpaapde O SRR EAOGTTOR 1 e CHHQlD RERPRPEE PO b in

Scheme 81MaNs may contain from about 0.5ng to about 5g of
active agent, conpoundedgyi.ifi{@n appropriate and
conveni ent anmount of carrier naterial, which may vary
from@boug'5 to about pefcent of thet al@’
conpesSkAAQn. Unit dosg m will geng Ncon't ain

bet emﬁ&m abtoot | mi.t oy ut 2g or t ve
n,

i ngredi e typically 25ng, \50ng, 100ng, e
300ny, 4Q0gy, 500i ng, 600 8p0rrg, or 1000ngZ
[ 56] Phar¢‘£g uti cal con‘posuu ns of the presen.t.
di scl osure %Lt abl e for parent g}l| adm ni strati SRy
be pregared’as 3ol utions pe suspensi ons of tHee actlve
conpounds in water. A suitable surfactant can

where Q is@b defingd pryvigusiy for me%ﬁ%‘f%mula Tand A’ = hydrogen or iyt such a5

meﬂ,ylolamg,pxypr opyl cel | ul ose Di sper sions can al so be

B S W PRI S
treated voitre sodabilenskerdrerhee smh@e éﬁnmtl RamiemhyRadaia P sgiBlRspvEYs such as
THF o dﬂ'o?& mrmula 1-B. Sili@¥lk sbibaidBead i tﬁahbove process included,

05|t| ons of d ure bl e for
but W"fﬁ ng’é‘lt%‘i" eShRTEsurh 8 tﬁ'%’é‘yérf’g‘\;ﬂ @Eﬁ ?‘l bns or
d1meﬂ1y1fmsrpﬁﬁaa OMF); Eoethflonifords (AMSOK m@lﬁa aéwéole syvh pempthanol,
ethanol, tl.‘!?) %@ﬁﬁuﬁ&eﬁfab&l%ﬁ%ﬂﬁ&%ﬂd@fﬂoﬁﬂ&e@sﬂv@ﬁpchﬂ BEQBylene

ration of such S;IEFHGI ectaple s jons or o

Chlondedf:%‘fféllt)éﬁr ghigrotarig (GHCLY ired, uxipreR g topss o X?“ e T6rm
preforredbistenD @aSTIEF.i Tl&: st procsts W cerfrieé ot aV‘@inyeraﬂm@s tetwenn about -78°C
and abOl%al§¥°(.'ge oft a@P ioh s PRALIRSE S&%&ﬁi"c GRIRASH SO nﬁ'le above

under the conditions qf man%f actu
process g Riodice perprounds g e pEEt SRR Y SRR e e S8t 7 ahpv
atmospliRf @ prdssird AMBoRa Mghef 01aéwer Greagidsoreroisediif desired. @nbststrmliy
equimolgroc N aCt St I %geférﬁmg bsed-gﬁﬁougglfu étlor ﬁ)?v@rrzﬁﬁmﬁts were used if

s erS| on nedl um con exang e,
desired. \»ﬁﬂbmuﬂétﬂﬁ@tﬁ’ém ofp‘mgmmd pEFgmulagl- 9&%4@5}”3"‘6\‘
ammon&lyHEIndMosk (uinfiohid iDBRbptepaY ie B cealddyiiala) 12mgﬂfcm|deompound of
Fomul%'n%s, and suitable m xtures thereof [ 58]
Y maceuti cal conpositions of the present discl osure
£126] b&hk pompdupdsniTeimabTlC fcompounds effiformyle Iavhers Fys Z—CHAY,

H-D cJu% JEPLEmAN waEE RS olz—crad (!ng(Rm)mi‘ ns, (cdnﬁiduﬂﬁ, of Formula I-

dustin r. the Furt 0sjstions can
Al wheggRy n%ﬁ%ﬂ??‘g&“ °unésu°|s}g£’il’?1utl ransggr rﬁrial I'gew ces.
CH, A (RN, Orwvand it panadisas weopridelqyy iyfigherok 193t i | i zi ng a
conpound represented by Folpidedo! Of this disclosure,
or a pharmaceutically acceptable salt thereof, via
conventional processing nmethods. As an exanple, a
creamor ointnent is prepared by adm xi ng hydrophilic
material and water, togetHér wth about 5wt % to about
| Om % of the corrpound to produce a cream or ointnent
havi ng a desired consi stency. [ 59]
Phar maceuti cal conpositions of this disclosure can be
ina formsuitable for rectal adm nistration wherein



Bi ochem cal Assay for Inhibition of raTOR Activity:
[66] The ability of conpounds to inhibit the nifOR
Itinase activity was determned in an in vitro
. cipitation (1 T) kinase assay using

nggﬂg@g%‘gnt 4E-BP1 as a substrate. The assayljc'lwgmﬂﬁl044461
2007/ 061737PCT/ US2006/ 044461 determnes the ability

~of conpounds to inhibit phosphorylation of 4E-BPl a
wel | -1 mown physi ol ogi cal substrate of InTOR The
i mmunocapture mIOR conplex from HeLa cells is

i ncubated with vari uchoncentrations of'conpounds
and Hi s-tag 4E—13Pi€%gkk|nase assay buffer prior to

addi ti on of ATP tg ar reaction at RT. The
reaction i s siopp f<§r 38\h$ng apd the
phosffhor®l at’'ed Hi s-tag- 4E-BP1 is capturjed on a

Ni | ate plate oy&rhight at

pho reoni ne content \of 4E—BPI en measured
using phbspho- 4E-BP1 (&37145) primary -4body and
corresp@ndwng anti rabbit 1gG HRP comb

secoqggry" nti body. The secondary ant| d;ﬁhas a
reporter Eyme (eg. horseradish pergxi dase* BRI
coval ent| yw att ached, such that bin ¥ng of primary
anti body to orylated 4 BPRL'can be determ ned
quantitativ Egimﬂrch IS equgkF he anount secondary
ant i body bodg%, Fhe- a Af secondary
ant i body can tern1ned by i ncubation with an
appropriate HRP QbStrate The s ka reagents used

‘are as follows: CGe lysis buf f er- [67] 40
nin I MPES, pH 745 af ai ni ng 120 hNa@P)r2gM EDTA,

o). um pyr 0pho 10 ni bi
where OF R 9 & BERGEH fﬁwewv@w"ﬁﬁm BEPRNH LTS A 5 A evine
group suPR6H UT8, OMR QT @r Aild sith AVeHEMAREomGCEnjside: &= fion}; and A” =N, Oors.

B b B 8ol NN I
compoufi} Qﬁfi?rrnuleﬂc% FeeEPIROdas RO FARTRBTPRA TR Qg 0T, OV,
(BL@dGRith SACRbOTs, G181 dr TAKDR affokdbeoripai)d dfFp@nula I-C. Reaction

OTH, by
ant | h a1
e e
Subsequeht r@acBor of romipaimef Foomuia - Queydengredenst pd ammonolysis
ond:ﬁoﬁ:@%l‘or@é& SERBS FoRia 1.5, A@ﬁﬁmany,mgn:@auﬂfbwod@@mls whs

M MhC12 r th
converte i TR R/é&g‘a’“f’ye@ﬁgf‘%%"% SRRy @ 3phhlt 18" kg P Bhion of
compoufid KEF dPiddls I-B) to(cGmp@ind o Emth%WWﬁ@Mby following the

prewou.%ly Qdscida Wb Raifdes %ééoﬁ%m&rﬂoﬂmfnﬁ&ind 52 BordulEs Bi t6 compound of

Fonnulab:gn g as%%gge%@to% obt a| oFas ‘i‘f aﬁ Qm%fofgm%ﬁua I-D
(in the &&nuérMbn AMTOHI6 B3R’ 1?)&’?Daﬁa§gﬂm¢re,rcomn f at)]@’luh I&{Bé:an be

duecﬂy(c:}éx%[-t%gtg_ﬁgﬂg%gg:f F oD D‘Mﬂﬁt&e@@ﬁ%co@lpb&{d' I'Fofdufid BB with various

ntai ni ng_5% ski ho- 4E 1
alkylan(lg-gpz_ng)m Fﬁlﬁf?a th% Mtsunobu i%ﬁa earn?oufl (E)iﬁr‘?) o*lla II-D
(conmonﬁmwhma BRherfe B % CHE) Z- AF(R? ?)@‘%,@@emucgmg (&) iemg 0, and R
Teﬁ?nology, catal og # 9459) in antibody dilution
Donkey anti rabbit 1gG Eatr conjuqate Vg% Z
10781/ OBt FePPEmissERyognla k) ppmpounds of Fqryigla - ghess g = 2—

CHz_ﬂ*‘ﬂIL@" QRmBburAB bif FérmhiItAA ¢rDRP-@orCHEaNEL), £1@3-C* (compounds

v R OB SR S e

reagents (Pierce, catal ogfcl3mg2®) Assay Protocol

[76] HeLa cell |ysate was prepared in bulk by
honogeni zi ng 259 of cell pellet in 6thalL of cel

| ysis buffer and then, centrifuged at 12, 000r pm f or
30m n. The cl ear supernatast was transferred to fresh
tube, aliquoted, quickly frozen and stored at -80C
until use. [77] Protein G coated 96-well plate
is washed once with |ysis buffer and sopt, of diluted
nfOR anti body is added to each well, and incubated at




WD 2007/ 061737PCT/ US2006/ 044461 ON at 4C. The anount
of phospho-4E-BPl in each well is further neasured by
i ncubating the wells with anti-rabbit phospho-4E-BP1

anti bodi es and a correspondi ng goat
Wé}fh;/-ﬂég bi t I gG conj ugated to HRP. Anpunt of]]CFWI‘—SFOOMM4461

present in each well is neasured by a
chem | unt hescence net hod, which corresponds to anount
of phospho-4E-BPl in each well. 1C50 values were

determ ned using a 6-point dose response curve.
Bi ochemni cal Assay for Iphibition of |G- &R Activity:

[80] IGF- i bition hown in & tyfosine kinase
assay USH ified S|, on p[dtel @nt ai ni ng

t he Bgytobgaﬂ ¥c ki nase n of hu F- 1R
expressed in cells. Thispassay is carpied out in a
final vol une bfz 90 pL contalnlhg 1- 100nN%§depend|ng
on the specifie-activity) inm3n | mmul on 6- wel |

pl ate (Ther g La tens)|@we- aﬁed Wt | pOREREHR=D f

substrate pol y u-tyr (4:1 ratio) Ki e
where Q'( BUnmwdR ¢ maas q@%nf;d oreviauly;fiy sereees Fartie] & dt}\l Fifflhatimide
orN,, M 2, 1@6glycerol 20011/ vl Na3vOo4, and 2mM DTl ).
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th 0 2% T h t el
compoww\gof E qI— gl'nsxés ﬁsécntb c? m@cﬁlen?e ona({b% ?&fnﬁ of Formula I

ROUSE honoc
C**. Reapltor2F commlmg af EQtnwlatW huith.cout BFHl‘@W%@l"@%P‘Gf&i’é“é’ ”PFW’“%

various a&@%&klﬁ&ﬂ%@m@r radR g/ ah:ﬁﬂatxgﬂ &dﬁﬂﬁﬂnd Rarfhe aphdheagents such as

ered sal.I ne (PBS n|n o bovi n
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chloride[(QHICI:Five cHidcARRECHET:)-t ﬁ ﬁ%s%\%@mﬂfeé AT ResTSR PRy gt bowever
the prefén%ﬁ §$1Vé?1@ Radinidrbforfio Bluadlengses for use in thd BdYe firpcebninglisdeldut were

ryl ati on,of 4E-BP1 RS gﬁmﬁmn
’10“‘““%%@&3%"%‘8’(‘%%53? ch.ag diizoprqpyle ocﬂem c&? Assa& for d
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Deed d ! e prooe: carri
Formulg Ir-fé’ : ’ﬁ%e]s;af aégna v?ag ﬁfcrcrxogr?ﬁsheg V'?‘ﬁ]e I O;H'l?c I;sr@gs ied
out at teAgiiantsa hemen attob&?'ﬂ‘@@d\amw é%0°6e Prefazably, #mwhzmm carried out
b 0 fof e pBR%&t invention w
betweel:&(fé%licl %gou‘é ﬂP(lJ Eﬂ%%évq@%e%ﬁ)ﬁ)m%fuﬁé &gﬂlﬁgrlld;t If 8 Resa ;é wcrctused ;s
preferably ¢apriqdayyt %P‘elégﬁﬁéi"b‘?ﬁ“&’ffﬁﬁ“ aithong Qﬁa‘ ‘tS?

desired. I S\Jﬁblstbhttalllsa eqﬂfnolaﬁ&n&ﬁzﬂs ofmeactants Bieraivefaiebla |usaﬂ§§h§ngh Bigher or lower

ng%g Iﬁ{ | GF- 1R Activity MAth | C50 val ues | ess
amounty ESPERI MENTAL The fol|

an Wi
1308 b comeop FeTE KR SRR FBR -0 Woete 1o = (CH—
1 S s Heth 9M§coa;aﬁrﬁﬂgeme@eﬁ ampmsbmtedfto fhirgl I-E (compounds

B

atom cdnpéckeditp RY) whilsmespeeediad showabglogde §ebempe Zlo rret hyl , Et
for ethyl, iPr or il"'ir fgéhenfe@dropyl, n-Bu for
n- but yl , t-Bu for tert-butyl, Ac for acetyl, Ph for
phenyl, 40-Ph or (4Cl)Ph for 4-chlorophenyl, 4Me-Ph
or (4Me)Ph for 4-nethyl phewyl, (p-CH30)Ph for
p- met hoxyphenyl , (p-NQ2)Ph for p-nitrophenyl, 4Br-Ph
or (4Br)Ph for 4-bronophenyl, 2-CF 3-Ph or (2CF3)Ph
for 2-trifluoronethyl phearyl, DVAP for
4- (di met hyl am no) pyri di ne, DCC for

e — o~ e a am



Schemre 3 R Q1L LN VN Ivill where Q and R3 are as

defined previously for conpound of Fornula land Al =

OH, al koxy, or a leaving group such as a hal ogen or

ey . [93] In a typical pi eparq;ct[ﬁ' 1
Wg%dgﬁ%fgéﬁd of Formula Ill, a conpound of Fornu amlm@fmw161

and conpound of Fornula V were reacted under suitable

am de coupling conditions. Suitable conditions

include but are not |limted to treating conpounds of

Formula 1V and V (when A' -= OH) with coupling
reagelnts such as DCC ormEDC,i n conj uncti gp, Wt h DVAP,
HOBt | 110At and the |ike. itabl e sol veﬂﬁiﬁgr use
in I

ve process iNAC but_wer &Y'not” mi t ed
to, U§§9

S such as m%cfmswcw 56‘(31?_461
t et r ahydppfaran (THF), gly and the like; ey
di rnet hyl farfigni de (DVF); di netfyyl sul foxi de (DMG® ;
acetomigt ril e; bal ogenat ed®sol ventig such as"Thl or of &'m
or nethylene cforide. If desired, nixtures of t hese

where Q'Sili REpSas\efiredpsethusiydnevmpoint of Beratuisrly @4 1§ ST@HY g CO:A% n

_ 3] Scaﬁé} ori de and DMF. The above process

=05, anx\waﬁs giaig'fr’ F%g%gut a%’ t enper at ur gs bet yxﬁgn abo f%g andy oo
1553 utin 8 GEicalrarastien of comround EICFTH TSR % i

treated with s@dBl reaktnts cEpsblabDicav@igaesS™t & H+dtandshadmselidsompound
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' fLhn b . W] Pggle 0 n
of Formugzi I—lébgﬂ%r SRRl g:rﬁhgr\l/e%{]sf c gig%ﬁ oPE: mﬁfa%pmhx R EPG6leqitilto CO.Bn)

eric pressure although higher or HCI and
under prévinnely dprodbsimurongiysis corditipns follgwed We‘a%amﬁa‘bg}ﬁé REnegtfagpd HCL an
a sujtabl@%éf.ﬁ lmlrlﬁ{;‘, ﬁﬁ?ﬁd—b"&%}p@l{lﬂdﬂ&‘ﬁﬁﬁiﬁ ISD.V\Eﬁlﬁpcfiﬁ&i)ﬁFg@'bifu;a 103 @k be
. ou Lgher  or.. r .
A
ar(hetar)¥laonkhemnd agylationsto aford iBrides) yreageguanifingss cabpriHteshhipgafamates,
sulphonai Gl A5 vikdusty ubsRhd¥eniRsgc hdanbielid FopT BpYdt astivesioand NH to NR.
the 1ike in conjgnctl th DMB(E gl tuhaelllvhgreR3= S_OH), Ii-
1437} aBrecowBrpds P F"F@PJ%{E (PP og?o eI Red ’
H (compbitids WEF@mumill where Réd -0 (RY HE@ Dud.JdHcompounds of Formula I-AA
ietr dr of B YR 100 B 8’ LiZkeASR¥ ) R™),,) were
where R G et hyr or%?ﬁdag{gxm%f; di met hyl sul f oxi de (DVSO0);
preparedgs by below g SchePotEnat ed sol vents such as chlorof orm
or methylene chloride. |fSchasi22ed, m xtures of these

sol vent s _wer g used, ho Vel t he prefqgrred sol vent was
net hyl erﬁ\%@ori de. Trﬁgk(ove pro s carried out
at te% /pes—bet-%éf; ut—20¢.a \fbout 40C.
Pref er abky, 4 he react Wéiocarri ed ow_between 0C
and 25C. The~akhove procesg produce ¢agmpounds of
the present {ihiyenti on was\fref erably cég?ed out at
about at nogphewi ¢ pressurg au hough highe?t or | ower
pressures W(;I‘r?e used if desired. Subst ﬁpti ally

a

=

met

equi nol ar unts of €onpounds of Fornula IV and V
, C, Br,)) and base and
i c dmounts of DMAP wehi pr'ef erably used

&

(where A

subst ochi
al t hough er or |ower anmounts W@}sﬁied i f
desired. i1 onally, other sui taQ;N ction

conditions fagr_ the conversion of a compgaund of
Formula IV tng'} conpound of Formula DI {cani be found
in Larock, R™& Conprehensive Organic "‘-“\‘
Transformati ons as@gngk=gg. ; Wley and Sqps: MREWIVOkK,
1999, pp 18%1- 19409. [94] The conpounds of
Forrmula 1V of Schenme 3 were prepared as shown bel ow
jiNgBC henm»d. i SipBuddlf Fornta Kef & 0@f1; and A’ =

where c?)?%vi’ %ﬁcg?y af%%%%ﬁ%o%ﬁaéﬂg%\é%%nul al and A2 =

N,Oorfat hal i m do or N3. [95] In a typical
preparation, of a conmpound of Fornmula IV, a conpound
of Formula VI is reacted under suitable reaction
conditions in a suitable solvent. Wen A2 =
pl at hal i m do, suitable conditions include treatnent
of compound of Fornmula VI with hydrazine in a
sui tabl e solvent. Suitable solvents for use in the



Schenme 6 ciClQ 01-CHO NOH NN VITIVII where Q is as

defi ned previously for conpound of Forrmula L

[99] In a typical preparation, of a conpound of :
wéasemobiazMl |, a conpound of Formula VIII was pcFaskedosddet

under suitable reaction conditions in a suitable

solvent with a conpound of Forrmula Q CHO. Suitable

conditions included but were not Iimted to treating

conpounds of Fornmula VILE with a base such as |ithium

t et r amet hyI pi peridide (Li-TMP) followed by treating

¥5‘ ﬁ N 16 BRMhaftiol Of dttpdurd of@bﬁuld.ll-lt $HAING, the following
e

Lyt R
suitable salﬂéhtyﬂbmswgdlwp bbhPdTide Buintthigiod toﬁﬁv.’eqqp@l)m@rof GemlgIl-G.
Compound (ﬁ Fa NGy iae] \9&%@{3 Ealﬁog, sl? 'd&scﬂ@eﬁl%nﬁk%oiy‘slgb&ﬁﬂmh@w afford

h t
compounpk BormpbiLh ACBIPBHDS BRSS! REIET ‘?“Bﬁ’s il 815 8 fious
amines ukddt MdlfAve arkindtidhi demditiyrs- -(RAEH Moot NeBEH O writh @_ﬂrﬁk (R

hened DY AT 205 (NG e 1 1 e AR Foft )

sary ired, 'm tures of,,thesg sol vents1 described
afford comporenda aBRTme R etererd Ot T P B SHIA g iguely deser |

for comp&gﬁ APeMRIL %E&ﬁudﬁ&]}éﬂ&&m @ Edripind wE Fatnuladifecertnmads of

e Is o QC.y Pr efer gl , o
oo RS P S pRG0 C hgh e roos
describedpfuo cesmubdoffconele B verﬁmpe‘awb’ dsporippbanyponolis "P‘H’s}‘e‘}‘?ﬁ pioyded
compoun‘é@ﬁfﬁ&%ﬁﬁ&-@ | Brthdtroke @o@&maof&bﬁuﬂa BTG 16 ed -G from I-F
can be syingh%%%giiraggg it g%ﬁg ] h e 4 (s)crnbeg chéthE TPt {8 u@%’f&m‘éﬁcﬁg of II-B

equi nol'ar anount's
toH-DaﬁceaBtt@nCsremmyeMeferably used al t hough hi gher or

_}%ge Hl%x;m%?ﬁnl&ﬁﬁ‘i-d’f’ (SRt of Formula I-AA WhEOR® =

cQ Formula | of this_jnvention and the

CHz*N(R?FMg)gW&F@?P%%HS ﬁhﬁW{lHQO’g%?‘fP@gﬁe?of t he conpounds

of this invention were alselesgr23pared according to the
foll owi ng net hods. Met gpd was usegwhen preparing

conpound$§' of @ For nul a | AA rom conpol nd_jof Formul a

| - AAA bel owNn me_7:_ hdhAA,__NH A"
R3 | AA ISC 70123(5&) N}\e\/

2007/ 061 /37P&I/ US2006/ 0444 iwmhere Q and—R3 are as
defined pr e\(l pusly for coripéuhd of For m;ll%t i,

hal ogen such d, Br, or T and B(OR) 2 SU tabl e
boroni ¢ acid/ eSter. # In a typi caH
prepar at i omJof conpounds "t Fornula | - AR, conpound of
Formula |- AAA was reacted with a suitable boronic

aci d/ ester (Ql-/,&ﬁi\%za in a suitakje g,@I vent via

typi cal Suzuki upl i ng pr ocedure i tabl e sol vents
for use Ln th&"ab@Evey process— nc but were not
limted to, et £uch astetrah b‘@_@an (TBF),

gl yne, di oxane, din oxyet hane, and l'ike;

di met hyl f or mani de {DBVB); di net hyl sulf\’@{:\;(DI\/BO)

acetonitrile; al cohdT§ such as net hano et hanol
i sopropanol , trifluoroetéanol, and the, | (RSZHE™)
chlorinated sol vetit's such as net hyl efe chlori de

where @' q{ﬁclngci RO arshd e ipdaairéniqueliGasdompbiindahE Fomedh, I auil 4t erseitable
of these used, however, the preferred

leaving gEup %‘ﬁ%goée%ﬁﬁoxyefhane/ wat er. The above Process . aa
M]canauw@ampmtoveﬁmme?%%k@n Eepmgpundygicdormula

where I@@z%@# 395)31&19 E@ia,lwynlg ﬁahﬁ'oﬁlﬁ.ﬁﬁﬁslbcﬂﬂnhﬁs Coapsindgiof
out et wee a a t Rr3 e a et 0
Formi ] {GErB e SFRC T YRS or GRHE) PRy RED g AL

hydrobnifaiealy|syehta divorge. Gdrorahicyslebid- llamm@r%w)c cﬁa?ceglea%e and the
al t hough hi gher or | ower pressures were used if
desired. Substantially equnol ar anounts of reactants
were preferably used although higher or |ower anmounts
were used if desired. [102] One skilled in
the art will appreciate that alternative nethods may
be applicable for preparing conmpounds of Fornula |AA



invention was preferably carried in a seal ed reaction
vessel such as but not limtéd to a thick walled
gl ass reaction vessel or a stainless steel Parr bonb.

W@gos)églegfsyanount of the reactant, anmmoni a, %?[USMOGIMMGI

prefera used. (105) The conpounds 0
Formula I1-Z of Schenme 8 were prepared as shown bel ow
in Schenme 9. where R3 is as defined previously for

conmpound of Forrmula I and An = hal ogen such as d,
Br, or L [106] "In a typical preparati on of a conpound
of Formul ai nternedi ate ||l a-Z was convert

tike, in a sytAhowERbRCRS T fanwr@rwmeet Bith e‘oﬁum}r?ea‘”r‘?olrmgza%t such as
hydrogen béBRuE S vakit Equ@@ﬁik&u‘mﬂz @ Nl ahDao sifdrd embpoatdsapf Formula 11-B.

Further re%g'rlggl %Fb]rlxt%ﬁéneué 6)5 o arﬁ) %r ?v; dﬁg} c{egct?lt &d :ﬁﬁjnt\ﬁ%ﬂ:sﬁ cf)&ﬁuons

pr ocess | were not
afforded doinrbiralel of Pormele A& s Brdro RSO PLANPRPBHEPEHpER was then

converted®h ¥ SRrabR van @roub, ke suaﬁ 18 FORE, dr ©TF, 3R Geactinowiit Bk @,0Ms,0, or
uc

solvents s de
T50, SR S IR CHEDSS ofForti 1 b oL a8 O piopfinds of Fommula
I-H with EN(R? emﬁm Rj‘§eu|d Rithee ps Eﬁ@pﬁ!@dﬂesfeibe'éfw gorpppepdyps Hormula 1

afforded dOBh 0¥l B SRILOL. £ O BRF RSOl 1-AA Wite: Rhoge CH—
a1 cess was carried out at tenperatures between about
NR )(R%C and about 120C. Preferably, the reaction was
[138] I iTad canjouhdtofiFemmlOicy Godpaisduef F9EEa FAA s = Z—
OH(CHz(a@gcleﬁg:%oﬁ'r?l R IHFEmARTROA RS ¥, —tﬁ@)p&ﬁ&qmmhﬁmﬁﬂu ¢fFdrmmla

2)!carrled out at %g %&‘ erlc
I-AAWhWBSSl%—eN% #h oLgHe Aieped asoP PY Bt §IB? wer e used
i f desired. Substantial |Schemai2dol ar anmounts of
reactants wereg,pr e(;er abl'y ed al t houghgihi gher or
| ower anount wSed [ f es;l_red I R gAconversi on
of conpound Lt ablje | mgenat i ng
agent q;\[/Ji'/ere u vverelﬁre't"' 4 mi t ed 2, 12,
02, N-chlorosuccinpfm.de, N-bro
N-i odosucci ni m def dhe ' pref erre?d ’hal ogenau__ agent
was N-i odosucci ni m\O%'Ew tab] es I vents"_wpr Sg*i n
t he above proc &5 ner 8 ed, bu”f were not |1 rmeted to,
et hers such tetrahydroftran (TBF), gtyne, and t he

l'i ke; clijgethyl formamge (OVF); di mai;.zhy » sul fdxi de
(DVBO) ; acetPnitrile; laf cghol s such/ t hanal ,
et hanoIN’ opangl Nt T yuoroet = an e |ike;

and chl‘eyz ed sol viae¥~duch as 'S‘/ ne chl ori de
(CH2C12) or .oroform ( +3). |If des ed m xt ures
of these soltver}'ts wer e usﬁe\q Jhowever, ‘preferred
sol vent was DME'_OOHTHhe above pyocess vvas ca,rl ed out at
t enper at ur'®s bet ween abbfit -~78C and ' G’q{ 120C

Preferably, the regction was carried out betwe ‘a'i‘}gclg
BAT airbere QIO aThE LB SISO B T SRR FTY

Abst hﬁ‘a Piyieal %I‘ephxﬁﬁc&fﬂﬂ cOfpivas of FerneiaiBl (yongmundsed Fomrula I-A.A

e O A gl A hpiopi

(compmem}smfﬁ)drmnlaamm@ﬁ Bi= Ze-d@?arﬁ S) yemeugst b Faria - a@%ﬁm“

i1 vferd ML F—GAD Witk Sealdted ﬁrﬂ:hl S adtablfa dihydroxylating
under (RSB 7/3661737P 005/, 04940k o sots g T 0 afors
agent S"E]it‘ﬂ‘]smr‘ﬁé%‘ﬁ‘b 8??6?5'3’?98 a 3% o"fs chéie 6 “we

compoufid emrradlaa:sKictmmum?e IOQWmnllfSé M@n!e RiE: Z—s@ﬁgﬁﬁ%@) 352 2 mixture of
cis and ttxang ‘xsoms 1 %ﬂ)ﬂ%@%g Bpfo%uiaﬁl—ﬁs(cdiﬁﬂduﬁ@@f Phedlaquehite RO Z—

ornul a |

OB(CHYIR) piFg e tgﬁatse yie G atible SHIPEIEER pith AL RpE linied f, Nat,
convertin QMehilol quth ¥ péiomd meetg pdfoadinpepmppimdofdormda Hg;%(g:’mp ounds of
33 cﬂm? Srrfia FrQ! @thgbuhdé of FaRehla I where R® =
Fomm%]gﬁpuiugrﬁ% o% céornu %%re reaf:tt ed ‘under suitable
am de coupling conditions.4sSuitable conditions
i nclude but are not limted to treating conpounds of
Formula 1V-Z and V (when Al = OH) with coupling
reagents such as DCC or EDC in conjunction wth DVAP,
HOBt, HOAt and the |ike. Suitable solvents for use in



[112] In a typical preparation of a conpound of

Formula VI-Z (when A2= phthalim do), a conpound of

Formula VU-Z was reacted with a phthalim de under
woym7mal73M t sunobu conditions in a suitabl e sgmenéociomds

the presence of suitable reactants. Suitable solvents

for use in the above process included, but were not

limted to, ethers such as tetrahydrofuran (THF),

glyme, and the like; dinethylformm de (DVW);

di rrethyl sul f oxi de (DMB0); acetonitrile (CH3CN);

Z=0) Wa.E %% 12{9 rstgé 82 AlaSorvt 6Rid Bod BinBiib &N Bvelin g h kElible amine,

gt e e TR G e BBy ddatitien.

affordmg/@&@owﬁﬂﬂ‘roﬁﬁnmm (cotpeunds of Burmati IswhereRt = fa VRl
Compoun%’lo amugz hﬁ@%&o\%g)toﬁndfs QFF 14 1 wthQ@ RaQWWS treated under

t t t
e B s e A GRS

compounlé'%‘f@;mifm d@dchﬁﬁﬁIa&MWhﬁ'eBS Z»~NR3' Rm) Moreover,

tri en i ne OI‘ ;{J‘ %kﬁ& d
compouncilgée‘mé? HQ@%B _FI ove oF oce%—%@ﬁﬂ gﬁ@ﬁ - eée ]
under thearhmertol yserrpeditians ﬂ@snlkpét%‘mo afferdreompped g {compounds o

Formula }00CHh & &F %rzalxbmcﬁzbﬁ))r@aeﬁmﬂfe MASHIER! Ooﬁ:dmmdtofﬁebrmula 7

out_ 2 ivin
como AL TeE SO R PR JMES: GBS e
agent, suah e lbut abrivaph er, NelQur wovetine the diebintgte ketogn awicsh affeigs compound

of Formilh £E&RSUb:hpouhld & FoSEh LA A QAR 0= 750 hidh Wastrdayed under the typical
equl nol ar armunt S of act a vere H_,er ap idé&?rgo ds of
fed“"“"%?‘?ﬁ%‘i@f%‘i“@ﬂ@ aiaa e E R EFR o

e “use
Formuladmm&cmemnkf‘iam)l 0 or 1.1 equivalents of

155 Nehy l&f}%&i&@' Qla"i‘h& ofaik BAEdrikie € AMBShddS RY= Z—
er .egui valent o oun For rrggaAddl tionally,
OH(CH. BURY™eF P%Fﬁ%i‘sa?hw b%"ﬁé‘hs‘ﬂ'é cted with Ts20,
Ms20, Tf20, TsC, MO, @eh&@2S in which the hydroxy
group i g, con,verted to am]e Ming group swgh &s its
respect Ve fosyl ate, % trill at hal ogen
such /%T’ngxo and sul§Seqtent | y react d Vift)n an ami ne
Cequiv uch™as "NH pht Ral T mi ™ot assi um

pht hal i m desex sodium azid nversi on of Ate anine
equi val ent § by} known net ho uch as by tregh Li

under aci di '@li'dltl ons (NH 8}*2) with Ip%a"r Zl rfé
(pht hal i nktde) a®Hshown i "™chenmd® 4, or wi ,,,\

tri phenyl phosphi ne/water (azide) will afford the .
demhr %eﬁma nflaﬁmﬂﬁﬁ‘\ﬁafe sniefindioprevidusly for compounf bf Byroipkeeh; A" =

unds o VE.4£.0f Schenme 12 were prepared
smtablefcl?"g E'ﬂgfm“@ﬁw’é‘ras gy:‘[F aéz}l%?fe G%F as_shown bel ow in Schene
1B%1] Sdhe trpickBpreparatipy pEgopppunds of Fomr.l?ﬂzﬁ Cpﬁmlalﬂ,?ﬁ é)gpula I-AA
where ROk Cﬁl_,’};fﬁﬁ”a) Whﬁoﬁom ﬁ‘c\ﬂnbelﬁd ofiFormula I-J

comroR GRS RS s oA bl

group, Ab aehias OTe.Nds, bi OE b rrebiaterith Buf %@Peorr?é’zo oy th preggoce of 8
sumable 1915 stuf:fgslt yﬂﬁmg X Bdlvant ¥hdh as WHFRr tnelh§RRe chloride to

um t etramne l,de T, 4
afford cpg PP By M RO PR S IS %@Hﬁ -
Reactio @t banytund ot Horable BM {coinpowdsl Obﬁormnbérﬁq‘eww = OH(CHA')

shapl D SIS Rch ad iR ol Methylene chloride afforded compound of
mthHIfIg{ gﬁzﬁ gdi't("h%elrl di de maa be gre a:‘fiedg,,l#323 eacting

Fomul@éﬂ(awnmungq fﬁ%ﬁ’éwﬂ%m‘éﬁ at -78C y
qmm]wama Bgpoudé 6f FOGNuISIHC (ah:lnﬁotsldii ofFiotsuld bvhars B® + 7 —OH(G™))
the ed, but were not limted to,

werepree?aﬁers S%Wlﬁge%ﬁﬁle%tc?é}%yg?ofur an (THE), glyme, and the
i ke. Polar solvents such as hexamst hyl phosphor am de
(H V1PA), e
1, 3-di nethyl-3, 4,5, 6-tetrahydro-2(1H)-pyri m di none
(DWPU), and the |ike may be added if necessary. If
desired, m xtures of these solvents were used,
however, the preferred solvent was THF. Suitable




[120] The conmpounds of Formula |-A (compounds of
Formula |- AA where R3 --- ZCONR312R322) were prepared
as shown below in Schene 17: Schene 16 where Ql, R3'2
defi ned previously for conpound of qu{ Pé;i
nggn}@z%ydrogen or al kyl such as nethyl or Pgt y J.mﬁmlum
[121] In a typical preparation of conpound of Fornul a
I -A, when A3 = alkyl and R312 and | en were both equal
to H, reaction of compound of Fornmula 11-A (conmpounds
of Formula Il where R3 = Z--0O2A3) with ammonia in a
sui t abl e sol vent, afforgseg cogpound of Formula I-A
Sui tabl e solvents for use fH tfhe above process
i ncl uded, but wer® nat |imteft 0@ ethers such as
t et rahydr of ur an eﬁt'@cﬂ gl ymey# 'Ehe l'ike;
di met hyl fl-br-n‘aﬁ'rgg_dh :—ﬂr%u Aurfoxi & (HVEO) ;
acetonitrile; al cohols such as net ,a\lnol, et hanol ,
i sopropanol, trifluoraethanol, arndzthe |ike; and
chl orinated sol vent S\Su& &S et hyl-gregchl ori de
(C2A 2) or chloroform g 11C13). | fordesired,
m xtures of these salwents were used, however, the
where QREE G EM -Ef[-.e\&%?é ol i6r dofipBEAARAROhmA] @ m xture of
, opr opano F.” The above process X\fﬁ; g‘%rrl e o&g atla11 _
- EEEn a bircekPraerioR AT e PREOTIRIE 1A PPTE%&”. orim
where R 2f_eyragly), tht Reofeansitly of caufmuahotHoedulo Tl (venpseds Sgrmula I
sal bout 120Q0C.. The. MeLiina
where R it e-og i PR RN cRDRRES Sk bl  MMgp: o
suitable sobventisuch as(HEE:4p affydrompevid o Fermuia 5N eappomndy of %8@5# I where
R3= z—gfghﬂj). 2% flmarof Pbl@:ﬁl?idﬂﬂ-@ﬁ(c&@ﬁ(ﬁmﬁ§?¢ohﬁuldﬂsima = Z—OH(G"))
ubstanti a .equi.nol ar _anmount. c
was reaciil Bpdst BEGPARIF AT PRS0 GRERT oo Bk s it Roomb at
110°C, taisftind Eémmbesd ofdtbrmld #Q (compaungs of Hermple {whag R = Z—0H(G ).
Additionh %F%@Hfﬁ&mﬁﬁw BSpAinaEer Fodnila [ where ROMZOUDE(@H)) was
or

mul'a I'l-A (when A3 = was reacted. w - .
prepared by KERSHBEEPTPORRE 1 5 §7Kg%‘ﬁﬂﬁﬁ“5 Si°2§%"’§‘ﬁﬁv¥t"g‘% Moo R 7 Zm0) with
a suitabld¥RReoplisrehient ytioh esiMeRIgEp b1 MgLipn o sadble edvat sutb ax Filbed

By Sche 610 . (R 11987 {ddElp’ Yd @rdpbfiits BERdrmula I-

ﬂhﬂ?]hcwﬁg’%%&oﬁcgﬁ%&gﬁ%% de fol | owed %\{ r pgct.i onﬂ_c::e d
RR an 1} yeppopiB b mmd e popm o PrarRett ™ e p HOon aP T 95008 >
« iebesHRRSro i bnditidas aich BOHobades bl diinaDriganic Bitters, ONPD), 4(BJRTY or

d the like) were enployed to afford the WO

Synlett, %?#%%f%wow US2006/ 044461 transformation of a . - _ o

451 o yebinpound jof Fersulin-AR i iie rompgund phFopmds L hergm 2 = CH,
X, X, afEKNY N, 81d 36} Ryknd X7-eaf Qbisks effintder @sdnground ¢fFormula I; R is Co.

Al (NR31212. 372) af.f or ded r slon
Bl Ot el
heteroaralkflohegraokyclyhpotematisyd pCenlipnly|spirqaligl, or heterospiroalkyl apy ofyhich is
opﬁonalﬁ%%ﬂﬂ%bﬁne B0 ot iddelperient(E'O sabetitiahss; arid (Poisrn Befined AAa

ere R3 = ZCO2A3) and |-A" (conpounds of Fornul a
compouyd ffapmule L £3 = 7. cOpH) were prepared as shown bel ow

in Schenme 17: Schene 17 NHZ™QINH2 01-1 ftV 11-A 01-N

O1l-ir O where Q is as def I\previ ously for
conpounds of Formula | anlg w al kyl such as net hyl
or ethyl . [123] In Y typcal preparation of

conpound of Fornmula I-A", cespound of Fornmula H A was

t W .t h, anmonk a., i ' Shl below
R T s A e S
in Scheme2® not |imted to, ethers such as tetrahydrofuran
MethollRm: 9l ynme, and the |ike; dinmethylfornmam de (DVF);
dirriethyl sulfoxide (DNBQQEem%‘iﬁt onitrile; alcohols
such as net hanol, ethanol; I'sopropanol,
tdf |l uoroet hanol, and the |like; and chlorinated
sol vents such as net hyl enesichl ori de (CH2C12) or
chloroform (CHC13). If desired, m xtures of these
sol vents were used, however, the preferred sol vent
was i sopropanol. The above process was carried out at
t enper atures between about -78C and about 120C.



W2007/ 061737PCT/ US2006/ 044461 ZZ ---<
\ G- OHL- M- (R313) (R323) . " | -B where QL, R313, and
R323 are as defined previously for conpound of

whiodbasd, A4 = suitable |eaving group such P@ﬁ‘ll@ﬁ}ﬁmu%l
Ovs, OIf, or halo such as chloro, bronp, or iodo; d =

Oor 1, and A5 = N, 0 or S [127] In a typica
preparation of conmpound of Forrmula 1-C, the hydroxy
group of conpound of Formula II-B was converted to a

suitabl e | eaving group, A4, 'such as O or Orls,

or OTf, by rgactign with SOC12 or Ts2(q, M320, or Tf20
to afford conpbu of Formula I1-C act j on of
conmpound ofy N vﬁ%qgﬁjAS( nggsgﬁs)aa
af f or ded cdap /of For myya, | | - D ent

reaction of Conpolad of Fornula 11-13 unden
previously des@ginbed anmonol ysis condi tisns af f or ded

co ound of Formula |-C Addi nal | oMo
where Q' B h 3 S B vIERRN T basepopt @%ﬁ%ﬁ%h‘*@f AP0 quctas 1,
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compounds romula |-AA
amounts\prees wsedf desitpd. . CHp- N(R313)(R323)) were prepared as
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e
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n conditjQ various.acyl atirtg
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presence of a suitable base in a suitable solvent.

Sui tabl e solvents for use in the above process

i ncluded, but were not limted to, ethers such as
tetrahydrofuran (TBF), glyae, and the |ike; and

chl orinated sol vents such as nethyl ene chloride
(CH2C12) or chloroform (CHC13). If desired, m xtures
of these solvents were used, however, the preferred
sol vent was chloroform Suitable bases for use in the




Cftn"NHz Ce I1-BI-B where Ql, R313, and R323 are as
defined previously for conpound of Forrmula | and A4 =
sui tabl e- | eaving group such as a, OIs, Ovs or OIf.

wo 3@2heisy @ typical preparation of conmpound @crh@smkbaet
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sui tabl e hydroborati ng agent such as di borane,

e SRR i O S vt

in a
A" = halogen $ebbhsClsBf, 9eht such as THF fol | owed by treat nent
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CH:X%@E&% OH&?)%ornﬁgL i%é%ﬁﬁ |

oun

und Fo
w2lkyl, eetCaoiByl-bigyolaCesolsr) 7fy F"&T ardl hpteee Sﬁ‘gﬁh‘%ﬂB‘i’y"M
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wher e RB Z 0). Conpound rmula HL (conpounds

of Formula Il where R3 =N N

2007/061737PCT/1182006/04&4 )) was then treated
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i nvol ving a suitable am ne, 1%@ 12-.322 and a

sui tabl e reduci ng agent, such as but not linted to,

NeBHi PAhR! AT whinhSHMEN) Srepaint oprpavgdscs Fomuizi-4 P as shown below
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amonol ysi s conditions, anmonia in isopropanol in a

stainless steel bonb at 1F8 C, to afford conpound of

Formula I-L (conpounds of Formula |I-AA where R3

z NR312R322) noreover, conpound of Fornula 11-K

(compounds of Formula IT where R3 = Z-011(C112011))

was treated under the ammonol ysis conditions




[ 140] where Q, R313, and R323 are as defined

previously for conmpound of Formula |I; A4 -- suitable

| eavi ng group such as Ors, OMs, or OIf. [ 141]
wobhainkispi cal preparation of compounds of Forpraftﬂ[@z.}gﬁ,thﬂ

(conpounds of Formula 1-AA where R3 =

Zr - OH( CH2NR313R323) ), the primary hydroxyl group of

compound of Forrmula I-J (conpounds of Fornmula |-AA

where R3 = Z-OH(CH2011)) was converted to a suitable

| eavi ng group, A4, such as Ors, Ovs, or OTt by

reaction with Ts20, Ms 3 Tf20 in the presence of
a suitable base such as [ |sopr opyl am ne, or pyridine
and sol vent YkchAas TIE or net hyl en¢ *ch oride to

af ford congs f For naBoR:»M (Ccq s of Formul a

| - AA where RSII: ECH(CHZ?@:Z) Readi
Formul'a |- \P( cor'?h%aunds 0 or mul adﬁ’AA
Z- 011( CH2A4) ), Apiat h 11 N(R313) (R323) i pag@ suitable
sol vent such as THY or nethylene chloride afforded
where Q' eudioune dsfinsdarenieusyl fonporEerRsot] Fagolt 1-4Gr A Fhaleesihwpizes O
Br, orIaﬁhl—B GERDRILARE2Z)dYester. [ 142] The conpounds
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typical Sugﬁgé Pliaroged’l@c%r Suidbicddthohis bt ﬁ&ed&ﬂeﬁﬁﬁ:ess mcluded but were
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about 100°C. Ve P@vﬂgmﬁesztm(’@Pf?desr‘gé‘Ptpéﬁe'ﬁ PRYEpHion was preferably
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conve SI on of co oun s
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usi ng so-caned "Li ebeskigpglsmd29! * condi tions such as

those described in Oganic Letters, (2002), 4(6), 979

or Synlett, (R002}, (3), A@Z 1145] A

compound ofN a | - AB i's®equal t und of

Formula | wher 1= CH X1, X4 arld XgN, and X3,

X6 and X7 = G Q Mss as defined for Y cor?p{)und of

Formula |I; R3 k¢ Co. cycl oC3 1OaJALzyI

am nonet hyI cycl 0C340al k icyclo k,yl
where W30t 8 008 PR ok PR BEPMAEVAC, HePedoley ey pioh e Cb B

orL. heterobicycl oCsooal kyl, spiroal kyl, or
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ne or nore_i ndependent
was reagipth with emmania in mffelle selxentSujble Aelgenfsgpr e Liiireloih (hts o1 e
inchudeE Wul¥ra nbt Tinbkcl i) efhertsaoh as tetrabydrffink6 [ TIIBY Hipaie,A5d mgﬂce
used when prepari ng conpounds of Formula |I-AB as
shown bel ow i n Schene 28: Nethod AB: Schene 28 WO
2007/ 061737PCT/ US2006/ 044461 Q 1-B(OR), xlIV-z |-ABA
where QL and R3 are as defined previously for
conmpound of Formula 1-AB, = hal ogen such as d,




Br, or I, and 3-B(OR) 2= suitable boronic acid/ester.
[147] In a typical preparation of conpounds of
Formula | -AB, conmpound of Formula |I-ABA was reacted

wilahfr o34 t abl e boronic acid/ester of Fam | '11%%5\{0 1044461
@3-B(OR)2) in a suitable solvent via typical Suzu

coupling procedures. Suitable solvents for use in the
above process included, but were not limted to,

et hers such as tetrahydrofuranglynme, and the |ike;

di r net hyl f or mam de (DI\/F) di met hyl sul f oxi de (DWVbO) ;
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(Vg Hh&ﬁ@ﬁﬁhh@s afa?bfmzﬁaimm(—abmmbmdﬁt of Forryd p K& ¢iScheme 31
) gu RS8Ry YRRy Sl
wherein IQJ" é T e gu‘b’ tan {;}E wﬂﬁﬁvn\%%naqﬁ]ﬁﬁnount gyl ) ‘:iezli .
hemblcw'éa"éatzaﬁ% w@w Pé%‘@?‘aﬁﬂ‘fy Y 8f v EWPH?‘EHE Fbsp y on

or more ih@pRIdeR T UsibSinieitd) wisatleriafed dediowe tielow in Schenje 28] One
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organoti'h rdpgent (23—SnBu3—er theilik a

sui tabl e via typical Stille Mg
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prefene& w%&% dﬁ E?p §L\%ﬂ)l@ peaetfan@ f& QAR URAL&S e pFé&EE-iﬁcﬂudﬂd Aftdweranot
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resi n-bound tci phenyl phosphi ne and DI AD. The above
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XV1- ACA where R3 is as defined previously for
conpound of Formula |I-AC, and Au = hal ogen such as
Cl, Br, or I. [158] In a typical preparation of

wb%PRkAss of Formula 1-ACA., conpound of Forg@h@etyessas1
was reacted wi.th ammonia in a suitable sol vent.

Suitabl e solvents for use in the above process

i ncluded, but were not limted to, ethers such as
tetrahydrofuran (THE), glyne, and the like; W)
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)+ dimehl sul fo allevlatin:
rlar b o hispEs i s S R ool ia AEAICR i1 lstaing
compoundschf FMMI&W@ an glldatingaggrit Be—LCﬁ ﬁ@e‘f Id?}slq,é?aéra:g group
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was mel.{l}fle% 8};1%% I%LP S’%mLQ/lQ %Lnt@fo? nar ﬁlﬂe‘lﬂo&fpr&e&@:m&l] @ut were

ound o a
not limited tohcopperdD@etielE (‘Rﬂ rerper(n) %émzCY!ﬁO%%% L R5HGES base
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carried dul 5‘(%019 hirel R3ehbEQiTaNEeg of copenID) steti] oyl ofyiytiflioiag2eq. of

borenio s Y R Ry ROD: HRP BT (e O Adperatih v
(1GHC1 A)l compornhds of BuatmuleiXLarcdgionn in ledtersigp (AnT Indi- downsend

etal,J. e%d 16%%@6653 1586 0B ]F'er el SR/ aBhnwAS et BRI Med. Chem. 1988,

reactants fo g use in the above process
31, ZGSHE?Qd%‘Gf%%r@ limted to, triphenyl phosphine

qre3d] t e Relead czé&dmammﬁmmhm in spma [stapgea ppntain
a SR the art
functiong} Fpys et Sarf e GhiEick ﬁﬂmfp@z%& Rk tptahany ahose

or—r

hosphi ne Qve
that such maipwlatiamsf D¥pstion. POBEF SO B8 BocoBRY @Pg%‘}*é‘? i o vith
late sta@t%eﬁb%?@s% Guah ﬁmﬁaeﬂe grgﬂﬂfansﬁhﬁit@naha yzzmﬁhéﬁl @aggwmg
; o me scope of
Schem%ggr—éésag asb}no enmex{%al%@c HL bl?(grﬁg & % e scop

conpoun present invention
such transforopitiedser abl y carried out at about atnospheric

pressure al though higher or |ower pressures were used
if desired. Substantially sequi nol ar anmounts of
reactants were preferably used although higher or

| oner anounts were used if desired. CGenerally, one
equi val ent of triphenyl phosphi ne, MAD, and 12. 3-0H
was used per eqU|vaIent of conpound of Fornula XVI .




01, ACA' xv where R312 and Rm are as defined
previously for conmpound of Formula |I; Au = hal ogen
such as d, Br, or 1 and A3 = hydrogen or al kyl such
or et hyl . [167] In a typic
W‘g?‘%"g@%@ﬁ on of conpound of Fornmula 1-ACA' . \?hCé‘[USZ(g)GIMMGI
al kyl and R312 and B-322 were both equal to H,
reacti on of conpound of Fornmula XV with anmonia in a
sui tabl e sol vent, afforded conmpound of Formula
1- ACA'. Suitable solvents for use in the above

[12%1(3) ﬁ%%‘zcolp'ggl ude ?B?%J%&Vf%g 00Lm, JIhé &qi'o £hbaIwhere R =

fév t he |1 ke;
7— CONIH2REDReEré pepared Blen cOhfpduhds of iFm 3 qogggp ﬁg@@)l ’aXV

38 laby ! as met hanol , et hanol,

where R soprgzpa)lr’roISﬁa‘?{n?\iféT'ﬁi%glr%hciel?“?riggd _and the like: and
chlori nated sol vents sf Yret hyI ene . chloride
(CH2d 2) orgehl grof or m (CHCL3j¥: | A"desi red, mi xtures
of these solivenf{s were used,, er, the preferred
sol vent wﬁii opanet——Thef_ab ve process was
carried o Nenper at ures b about -78C and
about 120C. Pref)erxably, t he reactr%v wWwas carried out
bet ween 80C and a@gut 100C. The akhdve progess to
produce conpoun f the pr esent |nv§m iBn was
preferably carrie 'in a glass pges éhrmetube or a
stainless steot r@actor. Prefery, anFexcess of

| bAl, NaS P o¥nd biFoRmtlY BiACBE halogen such as Ci,
where R %gr o as deg?lggjgrﬁgggﬁ)t fo

Ion ormula I - ACA" (conpounds
Br,orL a;ﬂ Aﬁerwoacqorm@ﬂrl wwéraempééymztb@o\reslz R322),

conpound a2
wéisbund offformulk FARK’, wikveAS =Byl and R

T ipical MropdSERE
and R** mmhéeq}n\ﬁa SH ;%?tf &8 d %u%%ﬁﬁﬁ@%vf 9r|i‘ri1 %gmbih a suitable

vent

solvent, ffﬁm@drcngppmd@éam% I(-é%h %\%m‘é%FR} ?é Psg i ﬂl@%gﬁpr?cess
mc1udedfr§ﬁ9&e TP R 3k 4 18RBkd o BkanXHFY, Blyok) o iludike;
OWE

dimethylfgrmprpide {1 #p,ﬁ;g%%l ¥ ng%r@%]' Eﬁé&@%&ﬁ&@&d&ﬁ B m&ﬁanol

I N conj unct g
emmol,%trhpdam&;ﬂdd@eman@r anﬂ@nahkamdphlenrq@éé?ﬁm RS {}v pe

. chloridegeﬂ )gF Qﬂ&\}@{?"ﬁ& ,&éﬁ% 9 rm&srred} nﬁims ofthée xgﬂzm veens aed, Gowever,

the prefirred Aelvenh PV apTsORTARA"EY tﬁ‘? %vf’ ﬁmﬂf' T Nﬁ% %ﬁ%y(% rerded Lo

about — 780 Wz’obm 20°C. -I0ERABly} tbe re@BTONRRS SfRdstopt betw“gg ';d
otinds carried out

100°C. &'L%\ ve pri Al {Orbf‘?jln%g %}%n?p_rﬁ:fécf %Eﬁ%ﬁ@i&iﬂg&&%ﬁh f pﬁﬁmmﬂésxﬁ

ina gia@@f%w whbser atf@ugﬁﬂs}egld'eﬂﬂ‘fff 58% R Y 8‘&‘1 ac e

Adchtlogllypin a typical prepdrdibdd] of thepcrodpOiomusla &AdA9 r(rffﬁmpgm)@gpf formuia i-

ACA w&er 0 @égag&“i: gm&%{d of'LFo%Qﬁm 36F (bonfifoud@f Bordla=XV* where

rmul a 3CV,
R= z-rcmmvmreacﬁgva

o low y ammmonia in'a st donvBle. When A=
H, q;pzc%?&léﬂfglpz&%a@ﬂ (AR 661&41%1@6 bf a0 -COSHpis selgeriwith SOCL, or

a o 2 2R3 with
oxalyl SRR ﬁ:’&og&ﬁpg5e€%?gglﬁi Mg}ze & tgc E%gr f —CO;H and HNR

as shown lbeld?o afford the
EDC of DCSah@nim3in M@M@H@QTM At a;(fl the Jjke)weze emp 0%
transfa%%}on of & carboxyhic AidPm (am&b.( R3O A whryksuResRELE] oxgilyl, treatment
of the estegg}ﬂ? é.gl}\]g.?‘?}g&r S:ﬁ'&raﬁrfc vgrsqgn —E&P Hﬂg _@b(ﬁﬁﬁﬁﬁs{hﬁ Subsle@:ent

as tosyl ate, nesyl ate,
treatmelnt ith memhﬁaﬂe@wﬂimm@ﬂm“hér‘%ﬂ%uch as chloro,

RRviiin Sciftine 34 OASastbfpg@ﬂrto esmmtkdslwith Q' in
bllr}gﬁo Thechﬂrﬁg?ygr etmﬁyc A" = hal ogen such as CI, Br
placeog§A’: An = C or NH2; An = A" or QL; and A5 =

1651 The &Mhdrmfémmcmmeda @ E vy HACA, G TAC

el atiqn QFRRMEE SO i Alco!, B-A6 W RE=0%-CHLG),
Wherekn %il?ﬁg'% %P&Egr nul aglgl “AC, 1-ACA, and XV,
and R3 Con'pound of Fornul=. .. wherein An = and An =

.is equal to Formula... vvherein R3 = Xvil d A"



XV Z-0Q2A3 XVII NEI2 A" 1-ACA Z-0Q2A3 XVII NHZ2 Q

I-AC Z--0Q2A3 XVIII C A" XV Z-CH20H XVII1 NH2 A"

1- ACA Z-CF120H XVIII NH2 1Q 1-AC Z-CF120H xrx d A"
woYooZag2l G XDC NH2 A" 1- ACA Z- CH2LG PCT/US2006/044461

and XX (compounds of Formula XV, I-ACA, or I-AC where R® = Z—CH,A’R*¥P)R*P),,) were
prepared as shown below in Scheme 35:
Scheme 35

A® AT A"

A” A A
"'\\Nl N\ I\ I N I%‘ l N
-

. f}’“s‘ .,,)'_‘\‘
v ,’ - % Z '-’ i‘ Z ]
‘\- ( \—.)-\* \_-'\'\
>‘OA OH LG
Xvii . © xvam XIX

N
L

where Q!, R??, and R*® are as defined previously for compound of Formula I; LG = suitable leaving

group such as tosylate, mesylate, trifluoromethanesulfonate, or halo such as chloro, bromo, or iodo; aa
=0 or 1; A’ = hydrogen or alkyl such as methyl or ethyl; A" = halogen such as C, Br,or I; AZ=Cl
orNH,; A= A" or Q'; and A’ =N, Oor 8.

[170] The following tzble indicates the relations between the compounds of Formmlas
XVI-XX, A2, AP, compounds of Formulas I-AC, I-ACA, and XV, and R’

Compound of ...is equal fo

- wherein A% = and A¥ = wherein R® =
Formuia... Formula...
XVl Cl A" XV Z-CO,A°
XVII NH, Al I-ACA Z-CO A3
XVH NH, Q' -AC Z-CO,A®
XV Cl Al XV Z-CH,0H
XVIO NH, A I-ACA 7Z-CH,CH
XVII NH, Q! I-AC 7Z-CH,0H
XIX Cl Al XV Z-CH,LG
XIX NH, Al I-ACA Z-CH,LG
XIX NH, Q' I-AC Z-CH,LG
XX Ci Al XV Z-CH,A’R*R™),
XX NH, Al I-ACA Z—CH. AR (RN
XX NH, Q' I-AC ) Z-CHARYRYa




XIX NH2 Q@ 1-AC Z-C12LG XX A A" XV
Z-G 1212A5R2(R4)d 3CX NH2 A" 1-ACA Z- CH2A512.2(R4)d
XX NH2 QL |-AC Z- CH2A512-2(Tl)a WD
: 737PCT/ US2006/ 044461 [171] |
W%g%l%glq}/pr eparation of conmpound of Fornmula %&?’HSZODG}MHGI
(conmpounds of Formula XV, 1-ACA, or |I-AC, where R3 -=
Z- CH2OH), conpound of Fornula 3CVII (conpounds of
Formul a XV, 1-ACA, or FAC, where Rs= z-c02A3) is
treated with a suitable reducing agent, such as
[ithium alum num hydri de o Ll S.0RVHY IR Formula XV,
U%ifdﬁ‘i‘%l@""“ﬂ?’ﬁ’%@é‘g &Pg %vent such ag;

I-ACA, or PRChyhera B’ € BH-oCHAE]). @mﬁdmfgo%m ?}FP‘)PB‘%?S Fgmula XV,
I-ACA, or i:(Xb' %Perl-, gx A VEHGB) is R BB Al & ﬁﬁta‘ﬁ!é reineinapeot, ofch as lithium

C onpoundgs For
aluminum hysiside opdjisob rrp %‘%3 13 zg}éen% ﬁﬁﬁ:%/ 1 ;1; méiylene
chloride, Wc&ﬁpoﬁﬁmmmdulam m tapivalprapemtien efsppeand Al fomyla

XX (comp%%lgl%/ a ; Q%C?{,Q)P P Ad—@mré weh ZaSCﬂASQImI(R%Ja)aﬂﬁ hydroxy

KA [Eact o0 D 806120 0 el
group of ctaRNd mnulerx"ﬁﬂz’vmﬁﬁw&?‘?‘b‘f’& I PTG
tosylate, e GyTD), QvHE—ﬁ'ﬁxteQ feadtizd kn&thWClﬁm‘A’@N MO, or GO topEerd cq_r&posmd of
Formula Xﬁ(? i 1 r(Rraga;%{' (ﬁ‘q RO WidreGf® F0r ophiaG)XR¥action of

Cco of F
compound) dJ Eorniile Kﬁéwﬁbﬁé\ {ES 5]%0 l)*nﬁff g"‘g‘t&ﬂw c%% mgl“&mom’
compound HEFRFhd1Y XA Ee&ﬁire&gz dbﬁmpem tocbootpowdraf Bl 0g Py treating

! oo o Mils@48n reacti
compoundaqf@q ‘ﬁgmgﬁ gn %urs *under at%g%%/élla#dw su nofg‘ ’ eg?;tazeonwhere
condmonm mfbddicomsounds aff Fopmule ZShiseruprIgdyet e FRegpa i< fJA,

Z—{%ﬁ,%@@g?zﬁﬂ?% JEU5E- XMa <LOAGAL REr= d1AT or wiidr BonR@ne-skilled in

the art wilkghoose the R3 2 3 %tége g}::l;lr%% he g&g‘ ownCim SARme 38 to Gt A”

b 3 e n
_mmA@%sﬂhﬁnmhsmm;Mt@cw%é dﬁﬁ ﬁ{gAt ' 25 fesgribed
Scheme% Schene 35 to convert An = O to = NH2 as
es

?phb d Sch 31 dt .
(1728 Ansligeaiiemugrn donamends ol 6 AT ficbm f Saiihe 36.

An al ternative prepar atSchemo3o corrpounds of Formul a
I-AC is shown in Schene 36.. Schene 360R2 XXl VI -AC
where Q@ and@ e are as vgl{?_ined prevab%for
conpound @“%Ofﬁ‘tﬂ’a"l and A, —=fal oge ch as C,
Br, or I. [173] The corrpoun%ls of Fornula I may be
prepared fgam al dehydesx®h- CHO (see SEMdne 14 for

their preparation) by addjtion of gethullithiumor a
met hyl Grignard re nt ,2f ol | owed By i dation of the

resulting al cohol to ket oneNOT= la XXI. O her
conmpounds are co Lol y avai Iﬂab,lz can be
prepared by net hods weld known toNso ne skilled in
the art, see: Larock, R C. Conprehensive O ganic

Transformations, rd é"?}“’ W1 ey and®Sons: l\ﬁ‘]\sv Yor Kk, a

19 e ed%@a&gas RorQompeEiaQi Wehinutd E; Biok - daljen such as
where Quangigk %%%l cal hal ogeﬁatl on conditions with typical
Br,orLlhal ogenati ng agents including, but not limited t,

B3] BSconmpibdkiof FomueXSHony broprersreddingt Paghy gy QarCH
Scheme%% 7/ 6 1 o P%}Wﬁ{o{? A4Sy Rt or ﬂhethﬂﬁr@bﬂ&%@ébg followed

gi ves the co und E
by ox1déﬁwe |0f the eqﬁlﬁlpﬁ)ﬁlcwoi 1 thekshne o n‘g? 'FB'?%‘FE%‘I %‘LN{?%F v es
comme&ﬁﬁ MEIRGK 6l RABS pﬂfzarEDliy’mbthoCK)ﬂ‘ﬂﬂll knpim to SEPEONEE %‘} indey

v ; Vi 88GE Ne® York, 1999
Larock,\ﬁr FhEJ 5%‘{{“]5 %)}5? amlfnder ;J?zQ[J}H ,@de?&XW@)bn

asi c condjt ons Fi nal.l
1197£%. rRzacidnef corhpasnfpd Feasln KX ERRde PRISGEAPEENTES o %Eﬁ gﬂ;;:pwal”
Qs Wk hétQRStcd to/ BS,, NBS, myoidpdunpisbrofi

halogm%%gé%%ﬁldl ti gns for this cyclization include, but

are not limted to, heatirmg with formam de; heating

with formam de and ammoni a; sequential treatnent with

atriallcyl orthofortnate, amonia, and a base;

sequential treatnment with formam di ne and anmoni a.

[174] 1t would be appreciated by those skilled in the



and Sons, 1989. [175] Conmpound of Formul a

I-AQis equal to conmpound of Formula | wherein X, =

CH, X2, X3 and X5 N, X4, X6, and X? C and .1=H or Ma
woblr k1737 [176] Method AQ was used m%@TfUSZﬂOﬁ/MMGi

preparing conpounds of Formula I-AQ as shown below in

Scheme 37: Method AQ where B and | e are as darned

previously for compound of Forrmula I, A" = hal ogen
such as d, Br, or I; 13(0R)2= suitable boronic
acid/ester and J=I1 or NH2. [177] In a typical

i ¢ BF et A0, TRARIEALH O with
=Bn), Or%&%ag&&? gﬁ]’ _C@lggir eact ec%tm&?fﬁ a E}&E)I e borrgeréltg
ammines of Bome OB R’ gt e Bppsennes of Lot ot 4B e 4P
ammocyaﬁo)spx&&aé of Paztiki Xxgw By rdagzqnm&eubjmmm@un:;abﬁsw CQE(W@W( s

e int RIS aived
Finally, m?ﬂ?f‘t P { ﬁor%\{l?a ers suctkﬁez!ﬂl‘l tioa ¢t gl e

compoundsiof FormylairhC. " Gondiions o ieesobrRen 5 PRI {‘%ﬁ)(hm“g
with formEhiXE Y ineSH M%ﬂﬁdg(aaw@%onap@qﬂmmmhmmmmm

“"ﬂ“’f"““;%ga;’?’g%ﬁa???%?%lfﬁ %%%ﬁg%l&t ri ? uor oﬁé[tl h%aqﬁ)gﬁnm mgﬁd

[174E lthwonlst beanpkeaitbdby thosealilladinshunirsthain spogSTTRICR, P syhstitsent

that is 1de§1§cap<§r' 1&mE e t_@tlro aqn{ldﬁbﬁﬁcl Qfoilp (vﬁdﬁl:&)beeﬂ fnodiﬁ&iﬁmede of the
tures o ese SOl ven
sbove progrepmet FIHS BIPERE RALCHPYRISATL AP g&gﬁ?@h o Bired

product aNBvoiamAsied g reattione nﬂg@rratlmlbgngbqr\nééﬁ PEAssRs desprbed within

this mve:n%m‘tij m%? ? Wégléégﬁgm 56T 8 hAR do ng:feﬂ@g ﬂ_irzﬁ%@hﬂ @foupd Examples ethuitable

80C and about 0
prossctinano o DeER LTS IS 23 BEENE. TR R Y oo
referenceD FBIGREMR GrogR il Oagini BynthesestDBUNY. GtermrpH 8 6 MpWessiphe Wiley
gllggpough hi gher or |ower pressures were used if
and Sons .

red. Substantially equirnolar a CH-
(V63 GampomiarEopmils EALH SELB OB PRO LRGP X1 - OB
X X mhgééﬁfN@EDHQ%ﬁdx&eauaM{wNﬁgsu red. [178] One
killed Tnthe art will gciate that alternative
met hods may be appli cabl % preparing conpounds of
Formula 1-AQ fromIt-Q Eor Ranpl e, conpound of
For mul acoul d be reacted” Wtha suitable organotin
reagent Q -SnBu3 or the [ ke | n a suitable sol vent
via typical Stine caupl I-AQ ds JH&Hm below
T BRSSP PR PR OO R omya LAQ,
in Schenr®par ed as shown bel ow in Schenme 38_ Schene 38 NH3
Method I&JI\UN R3R3 111-011-Q where le is as defined
previously for corrpound cgif F§r7rml a | and A" = hal ogen

such as C, Br, or or N}13. [ 180]

In a typi calNI—gr epsa‘r at| on E C@npounds
For mul aconpg nd For miPgBPH Q wa
phosphor udND oXy ride (_Eéﬂgé—a-nd tr| azdl e, ,Nand
pyridi ne I by amoni a (NH3) .abl e
sol vent .4"suiY abl ersol vents for use |n the ab®Ve

process incl u,d.gd but were not limted t-a@ ethers

uch as tetrah drof THF I a _t as .
where szﬂﬁw ?stﬁeﬁﬂ?ﬂyra%w? 71'0 21‘1 &FX%I?%% deﬁ%ﬁl\/sgﬁh L B
orf; B(@E)gt:@mtdblaﬂommcedc(d@és@t mdsTarB}DréEiznet hanol , et hanol,
pﬁﬁgr fp2 Erg a1 Spg{ﬂaialh&‘?ﬁtcl:% g4k of ﬁﬂﬂufa'l&(b ic&ﬁpouﬁﬂl df Formula II-Q
d vents suc

rina net hyl en .
was rea i BiE1 Diuitghle BROB SFIGICHET QHEIARY i §1ersr811 St v Fypical Suzld
cou Im@ﬁm&é&lﬁfe@ S@ta¥RRbISenefoeude the ahpepuEess mch.@ecb b@&vgqr? @Qj lmnted to,

ol ve 0 MetEpiforaside
s BBt A LB L) ﬁlﬁ'@eﬂs@?%%ﬁ”‘g%ﬁ 20C an"if‘“‘”’
d1methyé pd foixids QOMSP) ercetpritsils alophls Figh gt o 5&‘?:‘5’} P{RFPEN
bet ween O0C and about 25C. The above process to
produce conpounds of the pitesent invention was
preferably carried out at about atnospheric pressure
al t hough hi gher or |lower pressures were used if
desired. Substantially equinolar anpbunts of reactants
were preferably used al though higher or |ower anounts

d with



[182] In a typical preparation of a conpound of

Formula BI-Q internediate V-Q was converted to

compound of Forrmula IV-Q Internediate of Fornula V-Q
w&‘%wﬁ{ﬁﬁ ed wi th phosphorus oxychl oride (POgEd)ushddeBudsst

Sul ta]l e solvent at a suitable reaction tenperature.

Suitabl e solvents for use in the above process

i ncl uded, but were not limted to, ethers such as

tetrahydrofuran (THE), glyne, and the liKke,

chlori nated sol vents such as nethyl ene chloride

tiﬂuoro%cgg ?Créé?'le %e),( i c%o%%%oﬂ%’s%1 as ARehyRAEERGHde (CHEL,) bf

ures o ese_sol vents re used
chloroformp(CGH@sr dtilesiidyvmprrurgsnt hescebr P"iefcé’.s’ea?ﬁ%w%"% \ﬁllgpﬁe }%gegs?%]vmt
was glymeN@forC BHE hﬁifez gtébﬁcsgiwai eirgielroat atng:m@trwéw vegh alrut -7"!3%‘_@11;3 about
o ut a5 kS LGP CIBONERSTHE 3bdvi Beboess o
120°C. Prﬁ%‘?b@e BRREE 3%3({:1%%3%%5%&0 The above process t.g e
produce c@n@uitdseof dermpesentdeveniont s PRl parTigh RhRY aBppt iRpsphenic press

although ﬂ%h%{]&r IQ'Q&X};‘%%& veéi{c Qddl ifdksiab O Bibskhtiayeheimokr p.ng,g@mfeeactants
al t o%gh hi glge,r or O\A/egmdprt%%vselrjr‘%g% 2osed if
were prefoghly pesd 2AIoREL PRk PP BT RS T A _1-%\/\@5 pr epar ed
[1b9] I OAEHilRg b the ert nitlappresiagt thitaitermitive ppthgdynybegpplicable for
. suit e F13 'mgﬂ ab 2 Nor eithilal Rb@pdial efFsatla NHQ could be
preparos ?@%%%%ghﬁ%d u ?gﬁﬁguffl% ers ook, %ﬁm L elglﬂyf” BLeft via tfhbical Stile
reacted withya suifablR PERRRRBCEAEAT R FEE NP HisE &SP RP g o
coupﬁng%&dmcgi nimde . The pref erred?zﬁl ogenzéi ng agent
| 00OSUCEI - Ti- Ods sHSEn below in
[‘t@ﬁ‘é i%%‘\’/oempﬁ"rngceogg i nc %?eﬂgtsgﬁtltﬁe mréggg%tﬁ limted to,
Scheme 38t her s such as tetrahydrofuran (THF), glynme, and the
l'i ke; dinmethylformam desckdnfddg di met hyl sul f oxi de
(DVb0) ; acetopitrike; alcohols such as, ngthanol,
et hanol , i sopj opanol , triL uoroetban/ , and the like;
and chl ori saf ed=Ey| vent s_suth ,as méthyl®ng chl ori de
(CH2C12) or hlwr.@ orm (CHC13). |f T‘r{d, m xt ures
of these <ol vBntswere used, however, t heRpr ef err ed
sol vent was DM@ The above process wa#®arried out at
at.e Lanee W Forbifia Band 2AbondlogkRr @éch as Cl, Br, or |
Whlef’gr%Pdg?g{) f/r ﬁ%@ rea(;:htpia%{r%l was carried out between 40C
and J=H gidHabout 75C. The above process to produce cog)ounds

[@d0]t hig apfRGepkpdrnise ot tamponad qf E’efr;ﬂfaﬁi@ m@ Rogpula TI-Q
a oMt i Hﬂ'ﬁnﬂ \} s Wﬂ iné€ fifibwed by ammonia
was fea"‘i%m“%at? P%?S gé‘ﬁgr)e e FOTH f, géeé’ ired Substanbial L ot
(NHs) in e quikabvis sevenmSuiable soivents RE RSP NS aBPY BREF ST abl v use
Timited tﬁ'eﬁﬁ%géh RitgGhaydrofrah gmr), glyme g ﬂvvéﬂ@;':dilstetl}flflfqnn:zd?@mw‘);

i o] , ith chihol Feaam, ,
d‘mthy]e{’ﬂ%m%l@é{%@é?c@m\? ﬁ%&ﬁ%ﬂggﬁg@%s pect(iﬂxel )é C%@p\f‘\%ﬁ[& o
ifluoroetistnol, Eivbthe Bl ouheSorinte SHFRMSACH - rps e B1PTYS G
e i xR

i ; 0 about
was isoprqrangln g @ eﬁm‘é‘%ﬁﬁ%suﬁﬁ%foﬁ i V-S or %g Q where
50°C. PRkl thei redvtibmwas deericgliont ebveee O and abataih- ohe BPRYBRTOSS
produce I%:ngpm.?ld;— J)\'/f%@ﬁrew invention was prefbrhBi|carfiad ot @tgbouratigospheric pressure

orhul a V-

although hgheg %Welz?ﬂgsfsggﬁ\g%’r% %f &&a. @’ugﬁ%% M\ﬁﬁo@rﬁﬁ SWeactants
were pro26l@biy Q& ABHRGH higbaa &iva4 dmeunts wire pesdifedepitedas def i ned
gllrﬁixi e lcé{:n}Io ACRFRMALTOG oF SENBl B8 Werdreparddtds shown below in
X

y, or a leaving group such as Moro or imdazole;

Schemez¥c| Jr- H or NH2. [185] In a typical
preparation, of a conpoisebensd 3%ormula V-Q a conpound
of Formula VI-Q and conpound of Fornula V were
react ed under suitable am de coupling conditions.
Suitabl e conditions include but are not limted to
treati ng conpounds of Formala VI-Q and V (when A
=011) with coupling reagents such as DCC or EDC in
conjunction with DVAP, HOBt, HOAt and the |ike, or
reagents |i ke EEDQ Suitable solvents for use in the
above process included, but were not limted to,



[192] In a typical preparation of a conpound of
Formula VTI1-Q a conmpound of Fornula DC Q was
reacted with thiosem carbazide and a suitable base in
wd200%hi3p] € solvent. Suitable boses include, ppyfsyRkSsda61
not limted to triethylamne, ethyldiisopropylam ne
and the like. Suitable solvents for use in the above
process included, but were not |limted to, ethers
such as tenahydrofiran (THE), glynme, and the I|ike;
~di met hyl f ormami de (DM F); di et hyl acet am de (DWVA);

di methyl sul f godde (DMVb0) o acetonitrile §CL1IZEN);

al cohol such las, net hanonL(ret/Qanol i so ol,
trifl t AnoF, Mtﬁ% n chlori'fat e | vent s
such FNEt hyl ene chl o TCIQZClZ) oo~ &l OF §f.or m

(chS) I'f desired, mxtures ®f these solverfts were

used, howe@er, the preferr‘é’d‘ sol vent was &Fhanol: The
where B’ lgggoaeﬁnar &e&mywob@oﬁwdfmednmr, Adlt= bedeppe push ay Gl Br or I and
= I—IorN.qae ween about it and about 100C. Preferably, the

eaction was carried out between about 40C a é:
[1&he lakaoymcappremwnpﬁa pTRRAES OB R A B’Fe"?‘ﬁ‘ Bre

converted bd B4 B3 nuld BLQ! &b&r}heaaferdfedmﬂﬂava waslsated with phosphoms
atrm o UG al t l BB vents 10r usc
g e MR

in the abo@Ctbdaed inelndedpun tvere@pt th;ﬁtgerq,@pléasﬁ?t@péq:glg{vag CFRE), glyme,
and the 11kaéck5<gu%ggd E%I%Ersua{ as nSlend @H@ﬂﬂé(omﬁ) di s aroiifrm (CHCly), and

oun ornula 1 oni
mtommlacg@pmeﬁgmﬁgqus iof @F?S’tsﬂfﬁmﬁr”&?é’a%%r es Se%g% %ﬁ%&%%dacet trile.

ars |.
The aboveiaro&fss wid cayried outGaempeBowes bReyekh ALoTE -&'ﬁ‘? apd ﬂ'a“b e %’ﬁ&mbly

89 Yhe Ab3Epraatss 13 thduce\Bmpounds
the rencic i g G VR AP ahd e 9509 h:fp ; L Lot e o
of the prefpat impentien way BEERPlyCABIER Uit PP MRRFE ar t t N

lower pr em v.%i'édé@ct i 0d¥Ged. anetihsiidtd foe Bornurlll-@ ¥as ded%( |reagHng
mtermedlﬁtg §f % aqug'} ?w?tg %tsbﬁ!au%aio%e@aﬁng Réchi. GR@iblatigpnathy sdents

I'n_on v [ 0CEess I
included, lbat/ eert potlimtef &b Bpr bt @etlf '@H"’i"ﬁw‘cf’mg" EVP deprot ¢ g%%dle\é%nr N

wdosuccﬁ)&!argé i'glg%éf&%ddﬁﬁgéﬁﬂnﬁgéﬂms Naivdosavaiiivhidgn Geitablegglvents for use

Al ter JBitan 1
i the by GERSES S HEL P BB UG EPLS %}*’g&?‘ﬁé\‘,’%ﬁﬁgﬁﬁ“ﬁa b e
and the 1mmuaqummnd EMF); dimyeiod s (PG PraepT oAl =
methanol?m (gﬁﬁ% %%&f‘odegﬂh&lahid&h@lim aﬁtmgmquzgmrgamz as
o < I nsed,
meﬂxyleqeﬁh[o]?ge @(g{zpb},\?rﬁ ofolerm @nce mw & shREiSwere

rotective Grouos in
however3hg ﬁﬁfeﬁrs&dﬁdnew@mTThWbo@ poRess yagcapiedeut gt tsures between

about -781‘8 and V\!ou‘te ¥209(E‘ dﬁ%&‘él égg&cnon was carriefl d@bhtwiolat 4050 apd/gbout 75°C.
was

30 used when rin o] 1 felablly r&&ln@d t at about
Theaborrelpf@ea%mefﬂév&? °B’é‘PE}W CRETe 44" %ﬁ)gg,ﬁ o‘%‘t’ AW g&%: we
atmoSphéAc preNI% a}tﬁnugh higher or ;Emo%ﬂﬁrei@@ m@g&ﬁ%? &a:mﬂfhwbge it

as | Al 9 b1t oW t8a used1
e‘l“““"l"érr?'é“")iﬁts 2 gse‘g&‘gﬁ ch as)yuCI Br, or [ 195]
desired.| n a typi cal preparation of conpounds of Fornul a crted
Hissf Conppadnect Fakmélay FlHenE I whese FRUECEY pagprciively converte
nmon| BRQUAREe 3=Fb abioﬁsaﬁeﬁwﬁdsreﬁ Buiowm to
oo the (3RO S oAV Y BELARONARIC 1 P

ocess |ncluded bu
those skl the attoh typieHaKescdtTe kgt ¢ FEFPEY B34 Formula IV-Q or

m-Q ik FENT, aﬁ% zte;l?-@uﬂylnkﬂte i h eqilblesobumlsuchs THBT 44
et hanol, iso

t Rdd hsf&oivh kéow in
A4 Rk o %%% g«é §§k§29ﬁ5¢gﬁé chlori de
Schemd 40:2C12) or chIorofornr(CFIClS) I f desired, mixtures
of these sol vents were usfigmeBOWever, the preferred
sol vent was i sopropanol. The above process was
carried out at tenperatures between about 0C and
about 50C. Preferably, the2reaction was carried out
at between O0C and about 22C. The above process to
produce conpounds of the present invention was
preferably carried out at about atnospheric pressure
al t hough hi gher or |ower pressures were used if




[199] In a typical preparation of a conpound -of

Formula V-W conpound VI-Wwas reacted with conpound

V under suitabl e am de coupling conditions. Suitable
‘ngﬂgh&ggps include but are not limted to tRBRSAS006/044461

described for the conversion of conpound )OE to

conpound Xl I as shown in Schene 10. Conpounds of -

Formul a VI-Wwere prepared from conmpounds of Fornul aA
typi cal procedure for the conversion of conpounds of
-Formula VII-Wto conpounds of Formula VI-Winvol ves

subj ecting a conmpound ofgFormula VII-W where X12=
azido, to reducing condilligns s h as, ;Egt not
limted to, tic hydﬂ%gena itable
sol vent atNa U|t§B¥e r erature Sui t abl e
sol vent s ﬁ%ﬁ-ﬂ%e in the abovg/%k ss included, but

wer e not I|n1g@g to, ethers such asmbetrahydrofuran
(THF), glyme, "and the |ike Icohqll s ventslégg
where R! s fAefinhdproiousist fenersmpopiotFpsmy CAAS™E B

such as ch?&rbw'mﬁ&ﬁ&@ftaﬁdlaﬁlmﬂﬂﬁcet ate and t he | [ ke I f
ired, m xtures of.these s ula VI-
[léﬁjbf In 3 tupjcal BTepERTL 9Ed & HndFA VYRS, € obféimd bPformuta VI

acetate and net han oé ctab]
Q and coriftend biFoemye Umsmasdmweblwfn%tm? 1o &Pt uitable

condltmnpﬁtal\ﬁ@@ght 2R Ak imited o %Hﬁn,@ b&hﬁouﬁm ool @lﬂa lohd/V (Wh@l A'=0H)

reacti on was C e
wis oot ST st BB TR SOM S Bl e
or reagentsik€ BEDQN Sumleppbffass Sdyluye iodirerabeys meress4nelufisd, yat were not limited
to, cthers 3h 08 RAGH) d&ﬁﬂ}!u?ﬁﬁﬂﬂgegl L.Ray e nkd; gﬁﬁmmnﬁamm (DMF); dimethyl

pressures were esire c.
sl MOV PERE HROPREEE EPETEL U L AR Speppony oade. I
desired, r}ékuws Q}@ﬂﬂaﬁ sbieerac Were wesl, hywetvershe mﬁqxredﬁbivsnwwﬁ}w&ﬂ% phloride.
The abovta Hxéocess was came}ﬁ/ p& Ltl?eraﬁelreﬁﬁrg Bet@den hbduRbICCl BRSS BITCH Beféribly, the

nce of water In a SU|tabIe solvent:ldso &e present
reaction wes qaabﬂ e'ﬁmé%t@tli 25Ct Ehrpabons RIPEFss QFrqaNts RmEginca /f 20 Pt
mvent:oryéﬁs prétechflf czﬁbé'&\/(ﬁlt B b6 @ 1Smbsphdris qb&dsm@]amﬁ]gmr lower pressures
ers_.su Ithough
were usegdy ilfg?gwg. gﬁ: El Ve ml(lmofa? Fﬁéﬁﬁ:ﬁe&ﬁém Qb Yasterbthy bhdehl althoug

I C solvents such ag av
. higher onfetéanoiyts etk asd if devaed: Hultpakiely. epppuadsof fiyrads XHA AR

(where 2CHE & B, W%Yéacﬂﬁ Qi basca Bebhiak me‘rhlyiﬁeune@/&hyldusopmpylarmne and
the tike 1?1 %gé%pclg%[{ mp&ﬁ%ﬁ;@%&@%n %%taj’b{e 8 tg ﬁ)g use'ﬂl ﬁﬁéﬁr@&sﬂﬁcluded,

erred sol vents were
but were Hobliated ta,cfhetsendkt asit¢tahydrpiiras é’? thgdi&kecarri ed

ime %1&\% t(ﬁ?ﬁ? rafthdth@ %ulbcﬁ&dﬁ@ﬁ/[ﬁb Péd:btonﬁﬁ:ﬁ@ pafiding belogenated solvents
:uch t:sryg@rqg'@;f grze;g%rlyg%la CH}BBB %E@Ct él’ nunxt\t/%§ oftRdsk E(ﬁ'gen&%erc used, however

he above process to bout
the prefddfe doleant eayIIENUBe dfove peogs aeeeRridd YRR fampsTajiaes between about—

20°C angr N I@? 1‘\1( ﬁaﬁp g r%&oxﬁ&a@!aﬂiéh oAMLIRERNET and P5ES The ebove

| ower. oressures
Process @ggq;c}ug@compounds o W é‘]’ gntippyvas W%{y Carl d:?i%u{r % alé%ut ¢ g

atmosplRfd ﬁessuiehnhcd@mmm Lcorer prmiugks m@reemdeé ti@aecb upptantially
equimol ragtcl: eg%él 'of g’o dé% £ FOmUPTEOSK VI (@fert R HB‘G‘CQBT Tpdid base and

888 rotectlve oups
subs%clsymeme g]gg,mts ofDI\%P BEE, elg u# a&ouﬂg%?r or loygh amounts were
&Y Ao Sothek §8ithble ré¥dtion conditions for the conversion of an amine

used'

2007 61737 us20 Aﬁﬁli TP &und in Larock, R. C.
{compopnsi Hﬂ’a’i 3}9%1 %ﬁ‘fng&e{}? %? e 4 vialxe1 r u;gparlggll_lg 19,
Comprahsnssh OngrnbocTrangft qrma@@ﬂﬁe%ec%ﬂ”ﬂ%é FFEOS 'Ne

35367 © 1D BShuhufs RUSHY1E V- Qc(mspwmooﬁhempmwm prepaxed as shown
'S as deflned for a conpound of Fornula VII-Wand An
below in Sghyams 416 opp,  chl oro, tosyl ate, mesylate or ot her
| eavi ng group. [Sthahefh a typical preparation
of a conpound of Formula VII-Wwhere Xn = azide,
conmpoundwas reacted with a3 azide salt, such as
[ithiumor sodiumazide in suitable solvent at a
suitabl e reaction tenperature. Suitable solvents for
use in the above process included, but were not
limted to, alcoholic solvents such as ethanol




[ 210] 8-Chloro-3-cycl obutylimdazo[ 1, 5-a] P3razille

(1058ng, 5.1mmol) and NIS (1146ngy, 5.1mmol) in anh

DMF (10n) were stirred at 60C under Ar for 6h. The
woesslhéosy was diluted with DcM (-400m), wasedasidod0saser

brine), dried (Na2304) and concentrated under reduced

pressure. Purification of the crude material by flash

chromat ography on silica gel (50g cartridge, 10:1 -

8:1- 7:1 -6:1 hexanes: Et0Ac) afforded the title

conmpound as a pale yellow solid; 1H NMR (400 I\/Hz,

CDC13) 37. 5]o(d 1=4.8 11z, 111), .26 (d, J = 4.8

Hz, 111) 5 tetd, J= 1.2, '§H2HZ W
2007/ 0617§L 44461 1)) 2.162-2.42 (m 4H),
2.32-1.98 (%M (ES+): reXn334.0 (100) [Mal;

HPLC. tR = 3.38 mn enLynt, polar 5mn).

3- Cycl obut y1- 1-\jncmloi rri dazo[ 1, 5- alpyY&i n- 8- am ne NH2

Ch78 1 ot SR PR ERTT §0° TSR R S YA L e
VILQ is fedainyder BuiShirotaetiomoonditioa0n aisyitaglssolenty Paitably ogpdifipns inolude
treannent'}lk b J%Foﬁfﬁl@ V?LQ%tkﬁﬂﬁzxﬁ@&lrﬁé&tlﬁﬁﬁﬂ:M&tﬁdsﬂtab}kkﬁ&nt

e reaction m Wwas ne

Suitable S F BERJE 81 B G I Y G QO DB R TR
tetahydr&i%ﬁﬂ (LDF)glghnd, ka@ﬂae 5ierlimethyl foemamide (M dintethpbmiifoxide (DMSO);
* acetoni C}&pﬁg} %Elglbg 6%%51%1‘&&%@ %&?%M&W@hﬂdﬁm such

and concen rat %qur re%gece erred
as methaw e@dsq;haeolt o dspigash HECHRRoA e TEeB TSN Y NS TR PT
solvents W&k eftimol dkMthy(1<R@Mdzde. CDERBYyveprabeds3val darrigd ont 4t t@mpdratures
between %"d’tﬁ ?‘# aot} ab(njf 80‘3(8 %@@b’fy the]r@ctxorﬁwzﬁz%a&ig& 018:%@-@30:13227(3 The above

process mmﬁucezomaumdsgtf the presERtiTvenRE VEPF H{cﬁ%ﬂ gt Q"O%ﬁ!‘efo)
atmosphc;ric | aitﬂ&%_éﬁshxg}%j ot lawg@ré‘ﬂslﬁ‘es(@etﬂey iDdesifed S%SEI:EI)V
clo I odoi
cauimols g P s ST B o A abf hedy of Mhit Spbitpdudbisea c
desired. O. 02rm|) in acetonitrile (23nL) was added dropw sc
[? p(E&{xﬁé da ok 958, T ROGHEre J2NB0 AEP LY pralﬁﬁed according to the
ret ar ni_neQ. OZ[{PAS) %tl 1%9 To this m xture was
proceduraﬂcéf-éﬂ'lbed inJ.Het. Chem. 4},

[189jy CTlefverpdunds pmmmmada&e[os Sdhenfedl avezy] prenagesi an shawabglow in
Sch(_Jmmn_pne (77nmg, 0.224nunol) and the resulting mxture
ef | uxed overni ght. The cool e m xture was-then
quenched wi th excess Nl—ﬁcqeﬁ‘e OH (pl118) stirred at rt

for 30mm then ©ltered and the igplated Bolid
washed i heflltratevva ted in
vacua and r 3y ch;—em&t—egra hy \O a gel
eIutllém‘tqﬁ |n DCM t 0 af%d‘fdt e

7-eycl ohe'iyl 5-iodol m dazo[ 5, 141[ 1, 2, 4] triazi n-4-amn
e. NVR (400wvivklz - DVSO- d6) 51.14 - 1.ata(in, 10H),

biskD usries PR 8 sprehtes? PRy, i dormnta

VII-Q &aERbﬁtethhZRaﬁey]I@xchal in i( @mtabiayoixent pviitabrle s@mtsﬁyr use in the above
process rnfﬁ'% A&?lxtfte Xe¥e ncé hhf@{on&ﬂ% Qslcﬁ 'ag-fefrlhydmﬁ:ran (THF), glyme, and the like;

rrazil n- one
dimethyMoOTRGe

pégf%_sp) acetonitrile (Fgﬁ]l) ﬁlsol-gls such as
methandl Cﬁth&nbp{%olﬁﬁpanol triftucroethanol, and the like; chlorinated solvents such as methylene

ch’lunde( (f%%ﬁ%) or 6 ofor (%%5{#1&; 11(%, bf t'h@s%'s@lvé{tégvl'er)a uéd Showever,

was ad
the prefitrgdadivent @b pﬂ’lm d‘@w(a}agwoc# @g@eﬁéqnf;d awa.t Fﬁ’@emmes between

about rtf 288 SouPTboft XirbfeRbE the kedtid waRerrikdbut 204bout/AROLE@ r THelzbeve process

to pmd‘ecftgf?‘ﬁé‘fhugﬁs ?ﬁﬁ%e%%fa%aﬁv e?ﬁl”%%g"r%‘g ﬂ%ﬁ&gor gani ¢ extﬁéua;g%cg ¢

were washed with water (4x 40nmL), treated with sodi um
t hi osul fate and brine, dri%dd over Na2804and
concentrated in vacuo to afford 7-

cycl obexyl -5-i odoi m dazo[ 5, 1-f][1, 2,41triazin-4(3H)-0
ne. NWVR (400 MHz - DMBO-d6) 8 1.34 - 1.37 (In, 311),
132 - 1. 56 (m 211) 1.76- 1.88 (m 5H), 3.06-3.08

-'r



100% Et OAc) to obtain the title conpound as a

slightly yellowtinted white solid; 1H NVMR (CDC13,

400 MHz) 8 1.14-1.30 (in, 2*0, 1.61-1.75 (e, 1H),
, J=13.2, 132, 13.2, 3.2 Hz, 2H),

W%Fﬁ“f”“ﬁﬁ?’,j 2.19 (s, br, -OH), 2.94 (It. 1= 1#%8%%%6@“1
Hz, 111), 3.56 (d, 1= 6.0 Hz, 2H), 7.31 (d, J=52 Hz,
111), 7.64 (dcl, J= 5.2, 1213; 111), 7.79 (d, J= 0.8
Hz, 1H); MS (ES+): adz 266.21/268.17 (100/89) [Mr].
HPLC. iR -= 2.38 mn (OpenLynx, polar 5mn). M

e WAyl O 50 i Skl b o
reactants mew.p@%ﬁmga BB o o PR P e Rddisiooaty o
compoun@ af g@iﬁ)ﬂla!W—Q&hﬁbéprEﬁhrﬂ?@ﬂbﬁtﬁhp@étﬁﬂﬁoﬂgﬂ Qf[l; ﬂé@%() with a

. cal.nox 1.C_ est . 5 1 B Srited
e SRR IS8 0 R i A0 e
hydrogenauehxide Hyfzk BhleraResonybpzpis acid (mGRRAY B T LS. Fpjgble solvents for
use in thS@oVERbBECIERATBLE dretttdEEmitado|cadrsaides T, glymdGnCihe like;

an e si due was..a . '
ovr ol A B 0 B e o
CHC}; Iffdesitedrmistates ofifhssewpkybrseiwore tUPﬁde{Wl the preferred) sqfyept WasPMA.
The aboﬁgﬂ‘c{%gss WYL ?Afﬁf]&dufmttemyér;ﬂléﬂs bdiRedn @B ORCS@IL1 0D Préfbrably, the

| OaIIOI’]O t he | wat er S -
rention wag TR EPOUT 1% i PR AP PIOBES Iy R e e presne
inventiorstrispiefelablp cardé ovit at abbutifinesphkriciprasaredthoqghdighier grdpwer pressures

wete used @iﬁsﬂ@@s S%éﬂ@ly%ﬁi&o%&%&m%ﬁr&%ﬁﬁ Rire@kdiaanly uded although
] yiel'd the carboxyl i c,r€£| d. trans- Mt hyl
higher ordoV e 2ERPRIF BFHUERZDIET 8 a] pyr azi n- 3-yI ) cycl ohexanecarb
@y atie compounds of Foiriile ViBisedehéme 42 were prepared as shown below in
Schemeﬂi'_ ({[ (3-chl oropyrazi n-2-yQOret hyl ] am nol car bony1) -
cycl ohexanecar boxyl at e é@g 00}9, 93. 02mml ) was
di ssol ved i n anhydrous AP trile (930nL) and

anhydr ous (99 and heated at 58C undef nitrogen
for 3h ~I ilon m xture was ated in
vacua, then, th s res+—e|-ue——wa//§\t en DCM

then, basified 0 with 2MEmgni &7 n
i sopropanol . The m xture was concentrated in vacua,
re-di ssol ved A .DCM and t hen | oaded %

B4y basi dhhied plebirkh Felcomphimd of Betewpatiu,ta onepound of Formula

puri fied a silic I s :
xS B s R LB RR s b
include, borjpoemnd ligstedtodeidemipoviiadispronylagire ety ke Apjgble solvents
for use iVA%)ab&ve brB3es ildied bt Wdre Aot Hidited o, Eherd such. a2 tetiahyd2dfjman (THF),

1.85 (ddd, . f= 13. 32, 2 , . cide
styme, e 1P g foragoy O3y Rt D) s ytroni
(DMSOP bpetor@ritt CEE EN)J alc@ivlsisucidagmetpanol gthanol, i@p%ar(n@,@g@memaml, and
the like;]](_::illzoﬁlnia&téi %lvl%gts %LJC% %l mgﬁlyl?ge é‘rlﬁ%xidg m;flz_b' 331:71'ﬂ671'dfonﬂ GHC). ¥ desired,
mistrenf SRR 6% WP o T B TS T By proses
may be sardedin fitmpcOaad horween abolt srand abavy 100PG.aRrsferblyn e reaction was

. .4 3-chl qr inkts 2 kA hRahs ki & "
carried %“3%%‘%8%“5’?5%;‘9?%{“2@% 121#0%’?? 1A7(A§E7P 1?’9 guogggfma 50 fesant

inventiqnep preferablyroarripd o 3t 2B GERGPReGF Prossure a
were uséd { IREBOBaLRANY tquinckoimoaiset erbiony Wire pafirebly used although
- B k4% B, 301 0 Gk Fthufik QU bARbared
h’ghero\(ﬁé%weﬁf‘g‘c’:ue“ ‘ﬂeﬁ%]ésrqggtlaﬁ?%gen at rm‘there an% St i rredf_%r i
accordigig lifeppturg procedpirs Koatsen.iLats In$ et gl (e Seolfed«t oyl “r8a
d Bid-ORanic CRorkib-Ot197Y I B25,-1884,209-0¥8. hy| am ne
“ bi g- hydrochl oride salt (161)0g, 73.91nnnol) and DI PEA
(31.52g, 244.00rnnol, 42.5n) was added. After
stirring at 60C for 20h, the reaction was
concentrated in vacuo. Thesscrude reaction m xture was
purified by a silica gel glass colum chronmat ography
(eluted with 3:2 DCM Et 0Ac) to obtain the pure
desired product as a slightly yell ow sh cream white
powder; '11 NVR (CDC13, 400 Mz) 8 1.43-1.65 (m -

i g?xér4041" %I'wer gressm'cs



anhydrous CH2O 2 (13ntL) was added to.the acid
nii-ture and the reaction was allowed to stir at 60C,
under N2, overnight. The reaction m Xxture was

Ated in vacua and the resulting resipgyf;

WA L H one. aaahed with Nal 1008 (o) CaRs 36881044461

brine (1x), dried over Na2SO4, filtered, and
concentrated in vacua, giving crude title compound,
as a brown oil. The crude material was purified by
chromat ogr aphy on silica gel [Jones Fl asbmaster,

ROTY 7RWomadE bpyirelGled ) tHbse RRINVA inhEHAAR &Wne%ﬂ.{au%%/% substituent

2,709 af f or di the title co d a
st i ok o TR D oS BBONRD T - yoPati inone of e
above pr()pqqses,z:g_ﬂ_! }mvego OBiegzolgotéqiion Sdibved Hy Jeprqieition Graffbrdithe Qasied
product av&d uﬂdeZiQedAsacﬁll‘ee{cﬁbnsz }\)lt)sma@veﬁﬁ atkother of Yol o)g’essokg d§scr°i€ed within

this mv:g% TRy gﬁTloP:ﬁ l§1]ordaﬁf5|_aén %tcgmpet?gé'l?lcﬁ?rﬁ{ gepsn @g;mples of suitable
protectinggraaps iwtinethods for their addition and removal may be found in the following
reference’ RO Brchpd m@gmnd%a{e;@ ﬁgpﬂr%a B 6 MEX Bl Awitey
NH arr pressure reac
ands““‘%l%’%’chloro 1-i odo-i ni | daro[ 1, 5- a] pyrazi n-3-y1) -

(194l olduthahAW b aldiged Whdd bidpating conpsurills 55 PdriHaR M) &R shown

bdmwu@kgyhgﬂrnnla in isopropyl alcohol (40m). The m xture
was cooled to -20C and saturated with ammonia. The

Method A8t j on was heated at 110C for 63h at which point it
was cool ed and concent rednegkei4? vacua. The crude
product was purified using HPFC Jones 25¢g silica ge

col um el uti®ng wath 5-8% Me011l: CH2C 2t0AyieId t he
title co QQQ%I\NS(E&): miz 330.8 )y [M],
331. 89 (Ta%wk NN HPLC—h—=_0248 m ( enMynx polar
5min); ° 1INMRY 13, 400 MHz) 8 2. 76 (rn, 2

1) 3.06 - 3.22 Rh 2 3.32 - 3.50 (m 1 | IR* 4,51
-4.69 (n, 1 MW6 15 (br. s., 2 H 7.241Qd, J=5.05 Hz,
where QlardR® &re39 abfhed pefiousty &2 cbifpouhd Gt F L and A"
B IQ -(8-Chl oro-1- Fodglumydazo[ '5- aby?ngtzﬂlan 3 yDcyhTI%errkf“{cgaSCl
“ %5 nhol  OH WO 2007/ 061737PCT/ 052006/ 044461 [ 224]
(39118 - glaaymivabprépiratiba-of norofamodslof Foauy N-AY, icomouyd pf Koyahle II-W

M R e A e
includedy byt wers gt Ligited e, efhgresudigit ‘if?@m@%b sbvecand igdig alcohols
such as rilsthzDolrethanoly@spogadat] tsihendeshanglasdanatiel dxﬂl’d-hl&ﬂﬁated solvents such as’

methyler%l?:ﬁl%ﬁ &H\X/a 5} &rchﬁrdigm?{cﬂ l?)u ﬁ%&mﬁ' L &he ﬂ} Is:]e solven%ere used,

eact | oncentrate n-vacua.” The cru
howeverd#%%feve@sqlmw%momn%?h@dﬂom PrRcegpvas carripd eufcnt tyEmeretures
between kBYE0°CUAS ablut aﬂcopﬁferaﬂﬂ it Rodiibh AhEoariddlobibdr %&“&mbnc a0d about
22°C. Tl?e a%&? n}:%_éﬁ%%etﬂ Br ué@%%yngom-rp gf L gr%g‘eagr od E%Wﬁmggre%ah Icﬁhg'led out at
about aﬁmsphms @%s@r%oughéngheomile@%p@w warousgd @ ddsited e Sttistahtially
equimol QFBRHNGE réiB tafies heBd reféRib] b&kh HRed EF¥odermo
dzsired_ 349.81 (100) [M11], o o (30‘)%[ k%] HPLC: {l%éfmused’f
2.49 mn (QOpenLynx, polar 5mn); 'H NNR (CDC13, 400
m@ﬁ)'Ewgpwmmndimﬁkmpwpﬂzﬁvmfﬂﬂ©&e44aeﬁﬁm@ﬁﬁﬂﬁsﬁbwﬁb&&whz
Scheme3®. 32 (in, 1 11) 4.08 - 4 75 (in, 1 H 530 (s, 1 H
7.31 (d,.15.05 Hz, | 11 .57 (d, J=4.80 Hz, 1 H
1-{4-P-(8-Am no-1| -i odoi 28?1 5-a] pyrarth- 3- ybcyclo
but yl ] pi perazi n-1-y1} et hanone NH, [ 225]
1-{443- (8- Chl oro- 1-i odoi m dazo[ 1,
5-a] pyrazi n-3-yl)cycl obutyl | pi perazi n-1- yl}ethanone
(13.2g, 0.029npl) was dissolved in isopropyl alcoho
(100mL) into a Parr pressure reactor. The vessel was
cooled to -78C and saturated with ammoni a gas and
seal ed. The reaction was [mated for 19h at 110C, at
whi ch point the reaction was cool ed and the sol vent
concentrated in vacua. The crude product was purified
via silica gel chromatography eluting with 5-10% MeOH
(7TMNil,): CH2Cl2 to yield the title conpounds as an




The reaction was concentrated, dissolved in CH2C12,
and then washed with saturated NaHCC3 sol uti on and
bri ne. The product was dried over sodium sulfate,
wbhbiresesh and concentrated in vacuo. The pr eduniszmesid461
flushed through a quick silica gel plug (wetted with
100% CHC13, elated with 8% (7N NH3) MeOH in CHCL3),
to afford the title conpound; 111 NMR (CDC13, 400
MHz) 5°7.63 (1 H d), 7.30 (1 H d), 3.42 (1H m,
2.94 (111, m, 2.65 (411, in), 2.44(8 H m, 2.32
(31%,,5); MSp(ES+): m x™4gl. 85/433. 87 (10Q)145) ofML11;
FIPLQ tit =Ji1.82 nln ( CpenLynx, polar 5
3- (8<1 orﬂrnaaz - 3-y1) - ;zggﬁéﬁﬁyclob
ut ahgl _n HO [2 59] \/ﬂq k \gﬂ
3-(8- @hlor0|n1dazo[1 5- a]pyraz n- 3- yflcyclobu one
- (1.95 gw 880 nmmol) in anhydgous THF (77. 7quwl) at
-78 C under an atnosphere of nitrogep was treated
where R’ islagidfnediptemionstB fog coymmoand; of Tswmple Laed Ay Frhalpsesiugngs Cl Br.or 1.
[§) H Ofd%ﬂcﬁlpﬁﬂﬁmﬁ& & arE'e o&ﬁ%fﬁ‘&lniﬂd Iﬂ]ﬂWS&dﬂﬁ:ﬁ)ﬁﬂiV@V was

3lir at =78
converted G PG A0 I00 CORPIIC o NFEARRY S 1 o5 i phopphores
oxychloridd (PO omiht ksolatetl €W ilsnsgtir salf’ 8[%% 843-027la 2 sejtahls rs?h"% ata
suitable n%ghq%ﬁ_ E}M &&Mbﬁ sHRentd R QecBit ke b bRGhridedsindiided ®uf Werknot

he conbi ned extract
i o s B A B ES Hl o
methylen€ EGRRI(CHLEE) o Bhivefue (CIllﬁ!la) endighstogintile &H&‘)pmﬂﬁﬂeédmms

of these sglxﬁa hy %%%%t%g ﬁ%g/ﬂééfegrg@ Lolstnl WwhbacBBhit8é. Ut HelBow prdtesh whs carried

C I\/EOHln(ll OAc/ to afford . '
out at tergersurescbesresr akopt - 731G aud Aoy Cwﬁ—’rz“’ % g%b‘?ﬁsfa%lﬁ" out
between 40BC ard About 95°F4The a%o‘ﬁbréd‘&s tﬂ phiduceleortipounds of3Be fricsent ifivention was

preferabl}y:garg?flqou? %%'b%t atmTo%’l pﬁéﬂk%%ﬂscﬂgh%k%]{e{jm 0w 'SDQEQSIH% rwete used if

desired. QeiBpakind§ off Ho}mula TII-W were prepared by reacting compound of Formula IV-W with a

suitable éxog&a%, et |Suit£lfi@bdlﬂgdﬁa&ﬁb lflge:nfhﬂélmeﬂ,ailt werd nytljmitd e Bh, L,
C cl.ob

Clp, N-ch 4&:05}3?%({(:}?1%@3 or 3%2 1§g%shxc%mmic3 Iheh%rteﬁrrfd haéolggnatmg

agent WaﬂNaﬁﬂ]isuc(cﬂn@iJe.gSm@blg golmendy for wggdn fip |bc(v2 propesy mc}@cqa t were not

limited tmgl)s Qﬂ%ﬁﬁhﬂiﬁg (’I‘I@F)%lé 30d GheMike;, ditdetéylDrmarhifle GIMIF)

|rred at 60 for xtu
dimethyl st (PMSRE: PR Pttt st 5 B inat bl hmropanct
triflucroditnbl AAChE ﬁﬂ@aﬂd@ﬂoﬂhﬁp@ scéﬂn‘gtsp@ws\wghymS prderidgi(EHCl2) or

biy bfarboPhedOsdehtsanek 5owMas @ Sreforred solvent
cttoroford D RN Bl ttnedlpochis St 1528 US2006/.0 46“&'15 o,
was DMt Bicabpye Rrogass waR oprried gt %Feag’ﬁi“E“"?ﬁ’? egn ere ‘cond
preferahm the eealdfidnlwA eskiadring bbthate40°Ciahd MWWMQWW% produce
compounc AP LTS resenl-m%engoﬂ%s g&f&ﬁlméa%t ztt'aﬁ‘(g:t Q}hosphenc pressure although

romat ograpny over I ca gel lutin

with 1.
higher oflp@EorproeanEeC pepdaf desired- uk f&ﬁ%ﬁﬁ were
preferahlvlﬂ%edmgﬁ m@wﬂ@ﬂb&erﬁﬁm(xﬁs wBreld%d iPdégRed. 2.59 (m 4

T’éeococram 5 oi‘ lr%rgxéla:i—w %%h(aﬂe 45 Eavglg 3 ;rrt;:{i"lé 2 %véng%eg%w in

Schemedﬁ-d 365.91 [ MDE11l.
3- (8- Am no- 1-i odoi m dazgfuense-4sl pyrazi n-3-y1l)-1-nmet hyl

cycl obut anol Ho [231] A solution of 2M
ammoni a in isopropanol (80 nL) and THE (5 inL) was
added to 3-

(8-chl oro-1-iodoi m dazo[ 1, 5-a] pyrazi n-3-y1) -

| - met hyl cycl obutanol (2.77 g, 7.62 mmol) in a Parr
pressure reactor. The m xtiure was cooled to at -78 C
t hen anmoni a gas was bubbled into the solution for
4-6 mn. The reactor was seal ed then heated at 110 C
for 15 h. The sol vent was-%hen renoved in vacua and
the residue purified by chromatography over silica

gel eIuting with 7% MeOH in DCMto afford desired
product. 'H NVR (400 MHz, DVBO d6) &ppxn 1.44 (s, 3
11), 2. 32 -2.51 (m 4 FD 3.33- 3.52(m 1H), 6.61



WD 2007/ 061737PCT/ US2006/ 044461 was heated at refl ux
for 7 hr then the EtOH was renoved in vacua and the
sol ution was cooled to OC and acidified with (300.0
wbdo7pézsonc. HG to pH = 1. The mxture was @¢ifiRsfosMss61
w th dlethyl ether (4 x 1L) and the conbi ned organic
phases were dried over sodiumsulfate, filtered and
concentrated in vacuo to yield desired product 111
NVR (400 MHz, CDC13) Sppm 2.64-3.44 (in, 5H)
4.60-4.98 (n, 211) and 10.64 (br. s., 1H). Ethyl
3- et hyl enecycl obut aneear boxyl at [236]
l o tharie (7.5 m~$3.0 nol), s ,adde itaao a
n13?§re of 3- nethyléﬁec cIobuﬁanéEarbo I| adLo
(194%1§:‘aﬁ 0 nnol)mﬁ%q’%cgﬁun1ca rhondfe (56.0 gk
17¢b0 etol) In anh¥dnous N, N-di met h oNrnan1de
(500“00 L) under an %tnosphere of nitrogen. The

reaci{y.gn was stirred fpww 16hr then parti wiwned
Jetween diethyl ether (1L)

d i LY. Th .
where R ggjgrelgtired pagratusiyefer eorppindid Eggﬁ“t‘a?# e ﬂ%ar’) Ry frgigrotected
amino anEQ@—rdH aﬂd&dybfwleaﬁﬁ@gromhuok gahloto phimslagolevashed wit h

gg 1%%-% g ﬁ@&ﬂémuﬁykrfﬁt @Umgo{nl.&erwas
con Nerared 1 n n vac

yield desire 8 tude b
reacted %@rommémwta@oewy C@Pbmﬁ% iggns (Sui f1‘§)°n i inclade but

are not hgutz&tb:ihc%z AésBRibdalEd) the donlbrsibh)of champoha 87, to 2dnigoundiBIL as shown in

seweme 10235t PERGPIOA Y TSt £ sompppds L Ecrmiap I A
mcalmammmq@v@rsm of corngjopgdg|of 011%11%% oenppmda ab¥rgula VI
W mvoh(e% el mpotinPdr FHRmREk &"IldW;%where X'z = azido, to reducing conditions

yl enec cIobut necar hox 5 70
sucs s, kP e o PG DRI REREART M A 0e gt £ g Yeon
termperatatel uitldbld solvahts foratse BOIR sbove prodess ipeTadsly ot waregpt limited to, ethers
such as %%.93%!.-.9( WU, 2 M&ehéabaimlm,mh@ R Glelhad hanot and

the like, emrpggg aS(@ylgeetgth &%@igd tt%,ﬁh}é%? ﬁ{g yhﬁﬁﬁ% u%jc&?_ﬁ éﬁglcse solvents

were use(dl Sﬁe Peeferra@sol eaieodert ethylheetaw atdunahanold Thi abave arocess yas carried
out at tegxg 1ol :Ll getfvd ! Dot l7£°(laa§1d Lfouf P %fe&ﬂﬁ* ik ¥dablicR %Samed out

I'n vacua, the residue diss Ived in At
botweendftE 2:1d@bous 851G | Ty aBBYURFeET SNRFSPsg RPR RS e mottion was

prefetabwadm oﬁﬂﬂ al)ou\t\/aﬁ:ﬁfspﬁdﬁa pﬁﬁhdre Blthéugh hiBher ot dover preskures were used if
desired. 1%1?12 iuwe % E: ?eguc%\éﬁ fo 8%51!&{@5 %‘r"i? cfrﬂﬁ:ﬁ'VI—W could be

concen vac to afford crude
acmevecphmunent ok ashagnd rﬁﬁomle‘dﬁb‘y vt gyirapHybgRipes in the

presenccsoi{ v&a@é ug@émtﬁi)lH k106t W 4 Ritktil rébfoiticthperhtve BusiatilOsojveets dor use in

the abovca ?rqgless c&’t;{dggg%& gerf%% ém%g t('!vHEEIE %Ja? %e (mn%nv\%ﬁ{é (ﬁgmme

and the REQTGHET SFRET WS GOBGwal e hanptand jhe lﬂ@zestefszﬁ“éoﬁ&ﬂg’h“m‘e
methyl aﬁd #he éx(cé' ]ﬂuIFbAcEﬁ)mtrae,%@d hykidite. ﬁ'deﬁrcﬁ RAkndres)of @agk Blvents

were us e frejferred 501va wergzl)HF I\@acgetommle) The zﬁ: Ve p:%gesg&gs @33 out at

temperafir€itietiveen SbofuB-738T lyd abned §97Co Beaferplityvithersestipn Wasgapied gptbetween
40°C anﬁl_%[: %95&]3[ The abovk %ss to oduce compounds of the present invention was

or opyr azi n- 2- 11- Ienec cIobuta
wefemmbmmm a&ggt(aswsr 319%% ?}%’81‘%1‘% Waa Sifescyee msed i
desired(1. 0 L) was treated wwth DVF (1.0 ni) and POCC13 (100
Thoo 1 00811 208 Lhs. eg;até&wmmle%@b&fe%n%ma@ceffm by the

er a gent stream of he reaction
procedurésdmovwn tethere shilled in the yrhand s disglosed in: Bequegifye Groups in Ofganic
SyntheJeEC@”ﬁ’t Gladheshd 11 OM, 20k @mdviléyant 8ona\i989. cold 2.0 M
NH3 in 1-2A. This m xture was concentrated i n vacua,
wat er added to dissolve the salts, and then extracted
with CH2Cl12 (4x 60mL). The organic | ayers where
conbi ned and washed with 8. NaHCO3 (I x 70nmL) dried
over sodiumsulfate, filtered and concentrated in
vacua. The crude material was purified by
chromat ography over silica gel eluting with 2:1
hexane EtOAc to yleld deS|red product I HNIVR (400




0 [ 242]

3-(8-Chl oroirnidazo[ 1, 5-a] pyrazi m 3- yQeycl obut anone

(47.7 g, 215 mmol) was dissolved in DMF (200 ni)

wanegioeas? at nosphere of nitrogen and cool ed (PETAS2M@6/044461

NBr onosucci ni m de (403 g, 226 mmol ) was dissolved in

DVF (140 nL) and slow y added to the reaction

m xture. After 5 mn, water (400 nL) was added and

the resulting solid isolated by filtrati on and washed

with solid wwth water to ‘%lve the title conpound. |Fl

AR (TrsemprendsefFonrply VIgW of $ehempd6 yire pregared as shown below in
Scheme 87:58- 3. 67 (in, 211), 4.08-4.16 (m 111), 7.45 (d, 1H,

J= 5.2 Hz) and830(d FE% =4.8 Hz).

3-(1-Brono- 8- eMroi m daza aj pyr azi n-3-y1)-1- nmet hy

| cycl dbgtanol HO ™o [2431

3-0-Bro chl oroi m 52 a) pyr azi n- - cl,obut an
one (% 988 g, 0,17 WOl | |n Aanhydr Qus F| 556 g, 620
m.) u Nni trogen atx, NCWastreate NhaSOM
sol ution of nethyl rmg!ﬁe& um chl onde in THY (130

rrilL, OX38 nol) over 3WMWN. The m xture&I¥s stirred

where qug as (ﬁaﬁn& Jr&rxmé@ fgila) gnci&%@rn‘hh@l qul; hd i Q&i i@r found of
m xt ur e uenched vv| th 4% NHAC1

Fom'“law WE'PBAG w&é%&a%%r chigro. fosylafEm ReSTiee ShY & leavipe R pH
[0 ddjp igti@biprtparatioowif & hmﬁﬁﬁ«ﬁ:@@ﬂl“mﬂa VAW wiyese X = azide,

compouﬁcd rxﬁt“%g agpgg w&ﬁg}? Eﬁ&éjsaﬂ,rsgapésqﬂﬂmﬂ F s%inﬁﬁ &de in suitabie solvent

concentra n.vacuo
at a suitablsrepeting taERertge uilhip EtOWemﬁquﬁFr@ ﬂwﬁeww&ﬁseaﬂw?d but were
not limit¥Pee Bcolblid solvehe sﬂhQAemmn baaAs \dedlihe ke esthrs Bych\wa Sthyl acetate,

methyl agegzg? ax{% tﬁe ]P{gte/{) epcm accto%eﬁ]@?& %% mgnx?é%ﬁd of, eae solvents
were useldy The mﬂemd @lveain dvem* 4cef@n¢ wdmoﬂq abpvweemea@% out at

temperatthed bdiian abut 1783C ah& abo%ﬂ-ib))"c 2@5&%@ the ré&til&:,wa'& cBdied out between
40°C ancg%ﬁltd%# i’,ﬂ}mcﬁéoveﬂidess o pgmdﬁcep‘ﬁjnp%un&s gi? ta%prfsdent I%Yﬂmon \lras

preferably c2rritd gyt at about atmosphenc pressure althuugh hlgher or lower pressures were used if

desired. iltérﬁatﬁ@?yngﬁelre RHQHHB lﬁdé/c;f)Fogmt{TﬁVhYW
cl obat anol 2007/0 1737PCT/ L82006/ 4461

were reaftziw]th RBlyPLAiTHS SR TUET IR THESHE S OOP & ThpTasy”

nucleopliilkcheatiré of the ml:regmns either x@fair@d br where it can be enhanced by the action of a

reagent ‘{%ﬁut an%{%&% Hbdj%%&t v'{?l-urarrlcbl n‘!hgt sgﬁ%/ anol é%dc’ bt
ave not i i, Ry sl

é?%ﬂkﬂ?weféom deghafise s 9&@?32 and

rMoOC.for 15hr then concentrated to -130nml, cooled to room

e |\ect
ALV S ROl Sl L componns
of Formgl XEV. 511 A IiDicel RTPeRrey PROTPAMAdS PEE QIS W ites Rt halogonating
reagentsiBiéHHd 6t nol JikitddVR N1oB0406 18 Hde 4N Brdidghccindmide, N-thlotbinicdinimide,

d, 1 13
mchlorocs’g@ﬁxfl c aa%l%’)l\l’ ng %1{3?:%»- }Jﬁt%ﬁ d%ﬁ(?ﬂn,jn r)u:ne ?Tf‘ifdmc, pni:fc.rably
in the prgse@jpeif emw@mﬁ@eﬂmomcwz‘df & djbeppoyl Qerem o ﬁ@bmsowaplamle or
light in dut€o1dNERent at a smtable[r&ﬂ:ﬁlm fgﬁlpé\:aﬁlﬁl \HultfWle @lvents for use in the above

proces 5 Bis NEROHE e P IELT R R 8 BT G i

dwhloro@ﬁ%‘ﬂe;’;)z o(cﬂ-tﬁﬁﬁfdmluﬁ'ze%m like, &Btdrs stdhras eethat forrhaté, arethyl acetate

and the ﬂl?a”%ﬂm Ex%t{ﬂgnit‘%%&}éﬁaﬁ_ Cyg{iﬁr e 5&? e o%%ﬁ(\éeé M rcforred
solventslwnrmzhswpse@ql}lmdc@ndme,ﬂa@ﬂwm@w Te #3prrocess was catried out at

temperaf%r&%%&l Qb%ﬂ?@ﬁ%tﬁ laBbLE 1B0AC] ﬂfeﬁﬁal(l}lﬂm-&a ﬁ&dw&idaﬁ"{eﬂ dut between
or reaction m
0 ang Shonf oY TS TroRRPRECS I PRBY BRI COke ST o iien e

then allowed to reach rt and stirred for an

addi tional 2h. The reacti 8 mixture was filtered
through a flitted Buchner funnel and washed with DCM
The filtrate was concentrated in vacuo and purified
by chromat ography on silica gel [eluting with 30%

Et OAc in DCM resultlng |n t he t|tIe conpound as an




[249] A slurry of

2- (5-0x0--4,5-di hydro-[1, 2,4]triazin-6-ylnmethyl)isoin

dol e-1, 3-dione (4g, 15.6mmol) in DCM EtOH (1:1)

wo 2ti7d7 was charged with anhydrous hydrazi peT/US2006/044461

(1.23m., 39.0mmol) and stirred at it for 18h. The

reaction m xture was concentrated in vacua and the

off-white solid was triturated with warm CHC13 and

filtered through a fitted funnel. The solid was then

triturated with hot boiling nethanol (MeOH) and )
preferably éarnfieirodattaboud siglosphetit preegird althosh bisbensir lavwey prepsuggg were used if
desireq, Of f-white solid. The material was triturated a second

time as before and dried overni%p | t

; t.resylting.in th
1204 | AlemaibsimermRouRds fiFeEmds Vi WHFCR g S egate were -
prepared FrOmicBRpABAS of FoftBaliiXt Woistshdvat i Schamerdsf In@aypicn prepifatiivfa

el a biftonyBhg rea
oo B0,y i K o L g g
such as mefassoifmsbeh@ridp of ztolwRe fonyl chloride in the presence of a base such as, but
not limiteal't& ﬁnf%@g&ﬁéhﬁ%ﬂam% hpaL é.ﬂ:a%e gdurah't @A Ziskitableytuoabhiginpérstoien Guitable
ole-1, 5- one . _ . a
solvents G g 5 SRE e 300, B e g oF Rt e B o
dichloromefhane; ifyiicdoistthricand SwedikeréhersEngyl HE3 digtredicy andfhetien PME
and acetoﬁl{hgﬁ%kf)dtem&t xﬁiﬁﬁ&%ﬁ:@tﬁ@fs& Jbl%@ %ﬁa usan emta Miefedd s::laimﬁ +adre THF
_..an eate O rerliux 1or e react| on
and dichipromeipary g 4R PERTGH " SHEFT °“E§‘a“’%?e"’@6’?§%e“§‘]h Hadrt
about 1208Ct Prefierktoy, i nedctivewes caBti@uTbiEween 40°C a0 d ggnvt §5°Gn d'he pRove
Hoﬁac%t ACQRERELAL B krkiBn WAGHFRRS bhribdGat babblie
rtlhe conpound as an off-white soli g; [ 1.1 NIVR.
atmosphqrioppasEe alhgpstyhigher guloysr pressurss ygre usgd Fflosirege . (1) 414
8.66 (s, 111); MS (ES+): SeHfeme287. 22 (100) Dar].

2: (5- 0xo- 3-t hi gxo- 2, 3, 4, 5-t ety ahydro4l, 2, 4] t&jazi n- 6-
yl et hyl )i ndan- Ij 3-di one WO ? ‘
%g%zreel?swcm 687044461 N//J\(\m[ 251] A%\lpfr\ﬁ"
e 393! hyarof o ndb "t

3- (M, 3-di oxo- 1, }di hydr oi soi ndo'1- 2-y1l) - 2-oxo- Br opi oni

c aewd ethyl esxew (20g, 76.6nmmBW) in anhydr o¥W¥Wet 011
éégﬁg Wau%dscol}%g%ﬂa W—W&Q%}:@%‘?ﬁ ot &?r(p'og&ls CPF&Guth XI-W. In a
.6NTD eat ed

I'n one portion_an 80 2h. .
typical prperatiernef(aicompeHnd of Feriis X hefr @gﬁﬂwﬁ%’m 8 XI-W was reacted with
a reduciil dlchS0@T Rk bt isnkisdito)@odidhk BAphydRige, Tithivm Bewbgide poliium
almmnu%g%?h{l]c?eaig g ?m%glﬁ é&%ﬁ'rt f 5 Ghafib ?egct%h'térﬁp%gt@é. dulitaf10 5oléhts for use in

rona e reaction mxture was c rt}gentdrtgtﬁ% d
the abovi: peagtinpiacleded, BYbYEYE nRBEMIE] 1Py FgEssychy I dfffylether and the hike, an

ucomlsﬁhﬁﬂ%/cﬁ%ﬁqnéﬂhdnw E]sﬁﬂt_oﬁzﬂﬁl wisheskewiftdasiietl CrbizturEhod lﬁggﬂ sobyents
ri vern t L0 out &
s g e i, At ASAD HE Ao
ternpera(uBBBwE6) ab4007 KEAnd gbept 320°Cs Preferaply, thy rgstion was caftjed out between
40°C ané’ @out Msc( El% :ﬁ)bvé@'ogégtog}né&@@}mﬁﬂﬁd]s of the present inveniion was
24(3-Met hy1-5-0x0-4, 5-di hydro: 1 4=t niazin-6- ed §
prsterasf G oL TS B0 P BRI BN Pt Bk Lo i
desired.[ 252] A sol ution of ethyl
' o | S bl L Iéﬁﬁ'é AGRAT cdmipdlidd vPKGRIRDE-W. In 2
ggil e.%{ﬁb%.gsc#e%%ﬁ%gggﬁ% 1), glﬁ%@?ﬂ ° 16. AEl cted with
typical prpRsFarion abefoaRPERLY SIvE NS T % P uéﬁfﬁ%’wm .
an oxidiBHR krdagtrid siibh lay, Brones Lifr 9o, 85cnBuy dibdidasegngrpese dipxidg, Bpsgm
perman%a%{a]xfag’? Otr}]]%pfcnl ‘glcagé.?xlit_g}lﬂe LQvdok 2@ ehitstid BdcB6h &Rberdfire. Suitable solvents

) e reaction mxture was.filtered
for use intheobgye actipe inglpdeds By erF Bedmieh i ehiorigatsg 5Q] veryis/sycly s
dichlorofhe@iladly, 10f gitih@otthideand arpikundiasacaticowbidted sdfolagle. If ddsid, mixtures
(400 MHz, DVMBO-d6) S null 2.28 (s, 311), 4.73 (s, 2H
and 7.74 - 8.12 (in, 411); Ms (ES+): mlz 271.08 [ MEN.
6- (Ami nonet hyl ) - 3-met hy1- 1792 4-tri azi n-5(411) - one
[ 253] A sol ution of
2-[ (3-met hyl-5-o0x0-4,5-di hydro-1, 2, 4-tri azi n- 6- Aret hy
I1-1H isoindole-1,3(2H) -dione (2.00 g, 7.40 mmol) in
DCM (10.0 nL) and Et011 (10.0 nL) was charged with

process



[255] To a solution of
C- (3-chl oropyrazi n- 2- yOret hyl am ne hydrochl ori de salt
(0.100 g, 0.533 nmol) in DCM (1.35 nr.) was added

wdbdodneiizeet hyl am nopropyl) - 1 V' et hyl ear bodi i mpg@rus2006/044461
hydrochl oride (0.16 g, 0.83 mmol),
N, N- di i sopropyl ethylam ne (0.14 m, 0 83 mol), 1-
hydr oxybenzotri azole (0.075 g, 0.56 mml) and
trans- 4-
t abenzyl oxy) car bonyl j ai ni no} met hyl ) cycl ohexanecar boxy
of these sbiventa et vedll. The ghovOprHesswes Jarrichvait atdemperabiresfegtveen about -78°C

and aboufc' Hor’é eﬂ‘eﬂ(‘a'\érr_%(%&%ﬂyn chﬁ@é‘ o&'bleﬁtegtmd% Hﬂi M gsvaShethbove

and bri ne, the gﬂ 5%
process tmém cgmpounfizofdhn RF%GF:‘F* RS AL aaam W PLAPY o
atmosphelrid l;bﬁesir,lﬁ@&lﬁbﬁgxmgﬁr shewerptagrephadueyd édegieli ca gel

?4?3 P Cﬂg’d éa‘ﬂd“ aﬁ% %ét%% (S&ER-OI?L&%%%IO%&; BEWOLan be made

by routesj_ﬂxs@l))sqﬂ @@e@ﬂqrat@fg_i))r expmpls. 2§ ul{eﬁn dg{gﬁ})metf C@gmguag@ France,
(1973), (?m 22hby, 1.99-2.03 (in, 211), 2.20 (in, 111),

B ot orBobn 4ol e oo ey St Sy
functiona? gdp i8S Gonigsionsiab # mearfs 1§ pocpspme [fEnctiangfities gt gy pef be|
introduced grc&%(? &a rdshik bf m&mﬂﬁhﬂl@ che%‘ustngs Sxddiplesbl ych fiddotiraSezpip

14 [ ME1+
manipulaippy a@ﬁ%@kle(ﬁ%‘;‘zﬂlﬂ ol ﬁ?‘é‘%‘ﬁ%ﬁ%ﬂ%jh PSSO AIE AT, GRinot
limited tog.ylhdsére&sbxyﬁeld @oSdhames 16-27, 34 and 35 that[r@ggq toFompounds p%ﬁgqn@lﬁ 1-AA,
b W Latgns- 4-{[ (3-chl oropyrazi n- 2-

LB LP q %E ﬁféagggggyl}cyclohex )et hyl | car bamat e (0. 100

g, 0. 220 rnmol ) i KBXpeximenta %bﬂﬁi Urghd DVF (0.068 ni)
3-Chlorg5-JeibbiFSmasas(, §&]9Wa)im5’0013 (o 082 ni, 0.88 mmol).

Aftéer stirring at rt for .an hour, the m xture was

cooled to OC and solid Na was added. After a

firther 10mn at 0C and{2Qfm at it, the nmixture was

re-cooled to OC and wate OnL) was added. The

reaction mixture was extract/ed with EtOAc (3 x 20nal)

and the extracts washed with water (2 x 30 nlL) and

pobn e Thi3 Qompound ek frbeireddisingraediresiagdGgds rttiat described for trans-

methyl ff—@n c%?orsn a&a%g[]: SW% -&%ﬁ{fhgﬁﬁiw&r& Ghe Bhid ftﬂﬁe&&s‘b} Pans-methyl

_ 19 (m
4-( {{(3-MQ??Y@W%-YMYIQ%?F“@f?@“ﬂ)“@%df"%’ﬁwfwxyéfﬂs
cyclobu@n&ﬁrb%xﬁﬁ: aélldﬁh pladelor A-<(efbidxycaibondtigloheBantSarfdxyliJacid. 6. 4
Hz, 211), 4.84 (br, 111), 5.09 (s, 210, 7.31-7.40
(in, 611), 7.61 (d, J = 4.8 Hz, 111), 7.79 (s, 111).
S-Chioth-(yE@)ltyl-ﬂrﬁQdOSQ@ﬂml Bighprasan zy |
'l trans-4-(8-chl oro-14odaam dazo[ 1, 5- a] pyr azi n- 3-ypey
el ohexyl | met hyl | ear ban [257] To a

sol ution of benzyl N
{[trans-4-(8-ch|oroinid§?6F1f5-a]pyrazin-3-

yl ) cycl ohexAmet hyncar bamat e 49 g, 0.00374 nol) in
DMF (0.6 nL) was added NIS (1.°0g, WO

%9@?/ (6736 BCT ISR PRBIARAAN S I 304 51088k, 5. Tiamol) and NIS

d
(146mgy 5. Frma) i 408 DA SORE) Bt it BioaRynp P g W ekon was
diluted iith DG (~400inh) weSQa (IO, bhes). died €J2:80rndppeouraigd goder reduced
pressure. Oﬂﬁﬁﬂg&o%to?gwlcﬁldx RHatdfial WY AGH ugsmm,%ﬁwy%nmwgél $Vzbndilge, 10:1

romat ogr a hed over |I|ca el uti
~ 8:1- Tlex il diexapes e = 9206 eGP b i Ry oo
MHz, CIEDRANSE (a\B- @E&hﬁ 1H)”ﬁ7265&,5f=€)11 qﬂﬁmj,ﬁ]?s (Bemznd) J = 1.2 Hz, 8.4 Hz,
litrans-4-(8-am ne-1-iodoi m dazo[ 1, 5-a] pyrazi n-3-yBey
el obexyl | t net hyl | ear banaat e NH2I [258] A
solution of benzyl
[ Prans-4-(8-cliloro-1-iodoilni dazo[ 1, 5- a] pyr azi n- 3-
ypcycl ohexyl | met hyl | earbarnate (1.70 g, 0.00324 nol)
in WA (30 nmL) was cooled to -78 C, treated with a
stream of ammoni a gas over 3 mn and then heated at
110 Cin a Parr vessel overnight. The reaction




o,

criNe , CH3 H3C [263] To a suspension of
sodi um hydride (934 ng, 0.0358 nol) in DMF (57 nl)
was added dropw se under N2, a solution of
wbbbdweiet of 2, 3- b] pyri dbae (3.00 g, 0.0254 nuigdr/isaedelviect
(20 m.). The m xture was stirred at r.t. for 45 mn.
then cooled to, OC and treated dropwi se with [ 2-
(trimethylsilyflethoxy]rnethyl chloride (6.32 ni,
0.0357 nol). The mxture was stirred at rt for 12h.
then poured into water (10 nL), stirred for 30 mn.
1H), 2.620h @ UER el 32ch .99 (oh) 28, 208 (BS+x: 7/DA34.0 IV MIB BFTHI£%i2= = 3.38 min
erII"extrac LS. were washed with brine (20n), dried over
(Openly g BRP TPt at e, and concentrated in vacuo to give the

crude product which was chromat ographed over silica

3-Cyc1ub§1%h-1f}hwnhﬁ%z¥911§dﬂalbﬁ>ﬁﬂ%-amﬂml 9 Et20: hexane to
afford 6 g desired prod

N-(2-Trinethylsilyl-1-et) 8x met hyl ) - 2- (tri butyl st anny
1)-111-pyrrolo[2,3-bip ri rne WO

20071061737PCT/ US2006/ 0 H3C / 0-1N N nBc Frac
[264] To a solution of

1-(2-trimethylsilyl ethoxynmethyl)-1H pyrrol o[ 2, 3-b] pyr
[k NeA PO ol coritaififi? © ER6rormeyklobity Tl -iddoinGdarbl)L. Satlpyradre
(759mg, § At ?Sde e ﬁl%'())t'nLMYgl s&weﬁll'vlnﬂ{ RuSYF P EHADPClid silidd and heated

n1xture was cooled to -ZOCed
at 115°C &r@8hr mwwmmem%nmcwaﬁ under st d PR SUig Sartton

between HEUL o0l S mm BIONSOrIPnd irdctedGvig DCM (5@AL)1 Combinborganic

ﬁachonsgg%?fir \ggﬁhl % ? 5%%%2'&%0%6*)3'%0 mcr:] I cu m u%gérgo #E%%E%Em to provide

the title @itipbaet 6 advtiedokily & }mwm %@@6 ahtdedmde i Ak d-01 (4.7
_ v h e 180-- , -1.90
Sz%gﬂ)oﬁa%?gbf%ﬁﬁ ?%@%ﬁ‘&é.ﬁ.ggfﬁg?am@w TN
(m, MBS ek e (SOUMIBRIT G 617 78 i (PR RS >
11 NMR (400 MHz DMVBO-d6) 0.01 (s, 911), O. 10 (s,
92 1.27 (n, 611), 1.37
7"’?"‘“‘-? "%ﬁ’““’é‘ﬁ")‘gél{ﬁ%g’”’*g%fjﬁﬁ 611), (3 48 - )3 52
(n, 211) 5.71 (s, 211),76.74 (s, 111), 7.16 - 7.19
(m 111). 8. 02 (dd, J -N_[f 7.6 Hz, 111) and 8.31
&N

(dd, I = 1.6, 4.4 Hz,
3-Cyclobnty1-1-[1-(2-tr|net i1yl ethoxynethyl)-1/3-
pyrrol 012, 3- bl pyri din-2-yl | dazo[l 5-

8- 26
Tos subpine ek hyPLPRS (o1 Qe %Qﬁ?’ifwﬁut Srsry
phosphddyl Ehiofiyie (0cindl, 2,0@7mbi) p}d’trlgthyiem(ng 1 .02gnoPEt O 'F() is mixture was
added 735 &Xx@éﬁﬁ%&é&:&a&@ﬁq Glhdin AR Tintts B2AnRA) B Ghe

mﬂm&?’?‘(‘“ﬁfﬁ FeEr TR ésfﬁfé% B RO S RS e T L
PrOH (ﬁ{ 8P stired laj ri ifdr 36mbAteh ﬁ(taectm)d tiwaisoled sadid vepsherd afith @@IgoThe
filtrate w'ﬁ coﬁceﬁnﬁe néEJ ean i ela% cﬁ%&la%abﬂy biler sifidal dePIRBle with 2%

e and conce in vacu01
MCOR TieCHide i oy lshP HRPoBEer G b ST & NMR €400
MHz — EMsmas)gﬂ 1l ubi g, 108),5. mexs IﬁithAH) 67 5Bt ), 134 @an) 8.42 (bs,

e SRS P 90
S 2.64 (rn, 411), 3.37 (t, 211), 3.81 - 3.86 (n,

clobb s BaGihibs[s, 24 )2 a16iRh-4Ccm)34d) , 6.67 (s, 1H),
ey ’&le-éd&%'aé%ﬂs 3’}@64] 7. 93% YT 6, 50 HZH?

111) and 8.41 (dd, | = 1.6, 4.8 Hz, 111). M5 (ES+):
mz: 435.21 [ ME14-]. 4-BronD-2-nitro-N-phenyIaniline
WD 2007/ 061737PCT/ US2006/ 044461- [266] A

m xture of 1-brono-4-fluoro-3-nitrobenzene (2270 ny,
10.01 mmol ), aniline (3 mM) and DMF (20 nl) was
heated at 100 C under an atnosphere of Nitrogen for 7
h. The m xture was then concentrated in vacua, and
the residue triturated with heptane (30 m) to give

t he-desired product. 1H NWMR (400 MHz, CDCl13) 5 = 7.11
(d, 1 H J =9.2 Hz), 725 - 7.29 (in, 3 11), 7.40 -



4- Br ono- N1- et hyl benzeue- 1, 2-di alfline Br
[271] A suspension of 4- brorm N- et hyl - 2-nitroani |l i ne
(5328 ng, 22.04 mmol) in EtOH (100 n) was treated
wokbesnsl22H20 (25.61 g, 110.2 nmol) and t hect/us2006/044461
resulting m xture heated at 70 C under an atnosphere
of Nitrogen for 5 It. The reaction m xture was then
cooled to rt and treated with ice-water (50 m)
foll owed by aqueous NaOH (4N) until pH > 8. This
basic m xture was then extracted with Et0OAc (3 x 150
nmD and the conbi ned extrgcts)washed with brine (3 x
100 m ), dried over My9as concentrated in vacuo
to afford the title comousd/"' 11 NVR (400 MHz,
DVBO-d5) 5 ppm 2.68 (s, 311)).4.74 (brs, 311), 6.27
(d, 1 H J= 8.4 Hz), 6.61 (d Il H J=2.0 & 8.4 Hz)
and 6.66 (d, 1 H = 2.0 Hz) .“M5(ES+): mz 201.10 and

(f% 1 %L M_E'l)mon of%r &[yhr%kﬁ%l[p ?%Ff ?E#azg'x-ﬂkmﬂ% 1ﬂng,
0.6mm

Pre accor INg to a proce anal ogous to
k@%@ é\@s pged gV Eﬁ@ﬁ@uwmde {700mg, 0.003mol) and the reaction
mixture @dedilyHt bsnmrm)hlAﬂeﬁhﬁmne ¢he nikdvd? a8 QuthdHith BMBOSAM].) and

extractcg anh Eé(}A i 2 ;&&m}é ﬁﬂ ai}rﬁl&%w V%%hedcmquw&%x %%‘&L) uea@
with sodigin thjosgifate gndbrine, ongenfyated in vicyp tg afforg 7- :
cycloheki)s-isddimBafiys (ghi1.2 4y~dnazdxr-4(311§lolkdz )‘H NyBk iE0)NEE D OMEBdO B 1.34 —

137 gD AL 136 o 00 1267 LB O F0,5 2 08 gD 787 . 1D 1178
1H); M3 (Ft)- 016/1 733 PCT1005 0B8] BELE6t -Br95 min (OpgnR.ysY: prlap A pes)-
according to a procedure anal ogous to that described

for 4-bro ne12d|amne NMVR (400
7'Cydwhnﬂ?ﬁd5§6¥vl§n%%ﬂ¥“n§8 Brs, 2 H), 3.61 (brs, 1
, 428 (s, 211), 6.51 ( 1H J= 8.4 Hz), 6.85 -
689(m 2 H) and727HN|\. (m 5 H. M(ES+): ink
277.20 and 279.20 [ ME1+1%y
1- Benzyl- 5- br ono- 2- phenyl - nzi m dazol e
[274] p- TsOll 1420 (311.7 606 mmol ) was added

i, | on o’
o sotgde Sy 2 S 0 DA A 2 ooy B DR 7-5mL) was
added mtaen@mzplﬂ -yl 3, smmerb:émméet(@egebwe (APmg2-38mmol),
cyctoheﬂmarb&gﬂc $dikﬁ(3b§z§§,| 2.3 8A6ndl) 26H W R AMRBroby by RER (1. 5hL, 8.6mmol).

e 1 erie i A E L e P e BTN APy Hion of proshory

chioridgy0\28m&., 3/8hino\yagd thedeantitnohixivesstitred anF5%E fod i The mixture was then
concentfRodVR Q5L VR LR ggegmn sitfch k11848 wHB SRAdeMIEIDCM, to afford 7-

S tur ate C d 4
cyolobeR B S ool ol SR 0Ns- 11
(m, mrr)osmamts (rh,HIRYR? .68 GO OHONES, (s DIB01.28 (5113 MS(ES+ ) 0/4: 219.24 (100)

" Q5 7.36 (in, 4 H, 7.44

(M ]@PLC?’“( 244&“’%':‘ Blygt: B Bsmﬁ'?ﬁ 2 11) and 7.99 (dd, 1

11,7 J=0.4 & 1.6 Hz). MS(ES+): ink 363.20 and
tmns—{@@Aﬂlﬁ{okﬁibﬂ])imidazu[1,5-11]pyrazm—?,-yl)cyclohexyl]methanol

5- Bronao- 1-. net hyl - 2- phegy/ - 1H benzi m dazol e Br

[ 275] Prepared accor di ny{lg(a procedur e anal ogous to

t hat descri bed for Mg
1- benzyl- 5- br ono2- phenyl- 1nZ| m dazole. '"H NMR

(400 MHz, CDC13) S ppm= 3\86)(s, 3 H, 7.26 - 7.29
(m 1 H, 7.42 (dd, 1 H, J= - & 8.4 Hz), 7.53 -7.56
(in, 3 H, 7.74-736 (in, 2 H) Bnd 7.95 (dd, 1 H, J=
12181 & tAan§ (48 chldvB(1 ESAdimidriof 1,281y E8inedvl) c@Eiohekal intthane] (26.50g,
67.66marolh selih Y homnl 88 Bbmil hd e %ild10az8 bR NMGh isopropanol
2007/ 0617%7PCT/ U52006/ 044461 [276] Piepared
according to a procedure anal ogous to that described
for 1-benzyl-5-bronm2-pher¥1- 1H benzirni dszol e. 111
NVR (400 MHz, CDCl13) 5 ppm= 1.46 (t, 3 H J=7.2
Hz), 4.27 (quartet, 2 H J= 7.2 Hz), 7.27 (in, 1 H),
7.30 (dd, 1 11, J = 0.4 & 8.8 Hz), 7.42 (dd, 1 H, J-=
1.6 & 8.8 Hz), 7.53 -7.55 (in, 3 H), 7.70 - 7.72 (in,

— o~ e . e a7 w——



0 [ 280] Prepared according to a procedure

anal ogous to that described for .1- Met hyl-2-phenyl-

5-(4, 4,5, 54etramet hy141, 3, 21di oxabor ol an- 2-y1) - 1H ben

wapeordazsd e. 111 NVR (400 MHz, CDCl13) ppm = PCIASLEE044461

1211), 5.45 (s, 211), 7.05 -7.08 (in, 1 H, 7.21 (dd,

1H J=0.8&8.0Hz), 7.26 - 731 (n, 311), 7.44 -

7.48 (m 3H), 7.66- 7.71 (n, 311) and 8.36 (in, 1 H).

MS(ES+): in/z 411.42 [ M+]

1, 2- Di phenyl1-544,4,5, 5-tetranet hyl -R 3, 21di ozabor ol an
(3001111.)—@@1 ywibydibbk B £ Omld.am geactioyymixture was cooled to -78°C. Ammonia gas was
bubbled. 3@%@9&?&&3 QMMM@% bomb was t{gﬂl&ﬂdeal@ﬁ eRPfead to 120°C

for 20h. a_[&gor mgcr%?g 4 %%&éﬁnﬁ% ogous Lo fhat deschibed vien
or 20 {19 CrpaR R Ty ,

up with SreQH/CHGE,;, Toatiet mhch)@lel [me iRt vox abwofied] bars-sitioy g9l gkt dylumn
chromat(?ﬁgﬂhqz @Jwﬁ) 1 % Md;’ ~Mi% I&e@ﬁF@HCIJJ 1S &ford the

-7

desired qr?éuc@swlgvcr&#n W()"bsé))h(dn%"f éE%) mfz F3.01 (1733515“"{*%% %ﬁ)(g‘%
[MH "21;:af{foldr-Stdin/opkalynd) H57 hin.0. 8 & 8.0 Hz), 8.38 (in, 111).

MS(ES+): raiz 397.43 [ MHH].

7-Chloro-2-(4,4,5 5-tetranethylll, 3, 21di oxabor Ol an- 2-
trans-Jf&Chlereddofoimidayoll, 5-“11’3’”?2924““#‘?#%‘&“‘&‘8&?% ni ng

Ir(Ore)2(COD)2 [Inoirguigia Synt heses (1985), 23,

126] (850 ng, 0.0013 nm "

4,41-di-tert-butyl 42, 28skpyri di nyl (686 ng, 0.00256

nDI) andk octanet hyl-2, 2' Ibézzl,S,Z-dioxaborolane

(15.2 g, 0.0600 nol) was ewgCuated and refilled with

Ar (3x), then charged with éﬁhydrous DME (400 nmi, 3

I tion,of HJ |
L
67.74mmyeidisrd mdbs;mlmﬁhﬂet(h%ﬁlg: 6&@@7#51?1&?@@11%@15 DMF (360mL) were stirred at
60°C unGiNO TR 6RI &ﬁ@&ﬁ&oﬁ\éﬁs dibitkd Wit DEM lsmﬁxm)gwym&&mﬂwmr and brine,

S S ERCT TN -
silica geDfliish thidShaioggaphyXehijed WAHOU2 FOACIROM 2 1HFI0ACRCM) 1o giain the
desired g:ggucaés aa:za?e ]]%BJ s&hdHii "HNRAR aIYai)%Q ‘tﬂlgbro&udfl)mas dod@mbishted with

0.35eq, afmwwwwrad@t B2 @Fﬁ%ﬁ@?ﬂ% 'fxaff;%“’ﬁ TP % ABBFIERCeons
MS (ES+E- ik 391194 (100)GMEL], 393.88 (50) ZIBB]21FB%RR(e0) [MET ) Bnort 0

u anal ogous to that described for
sminiorgafiiat e

(4,4,5,5-tetranet hyl141, 3, 21d|oxaborolan 2-y1l)-1Hindo
trans- [d-@-mbﬁ&niﬁami b@mﬂﬂhaxy@e&mhexyn methanol

7- Br ono- 4- net hoxy- 2- (4, 4 5-tetranet hyl- 11, 3, 21di oxa

bor ol an-2-y1) - 1H—|ndolq‘ [ 284] Prepared

according to a procedur | ogous to that described
for 7-chloro-2-

(4,4,5,5-tetranethyl -[1, 3, i oxabor ol an-2-y1)-1Hind
ol e using 7-brono-4-nethoxy- 1&hindole
7-Methyl-2-(4,4,5,5- tetranethy141 1d|oxabor Ianné
YAl 1/1"1'11{?1 pigon (1.00L) of tpgmrthPAss: -
yhoycldheRaBEHRyIa8 alooMelUR 11 IRnhdpivasitosied tobedc-dm vzasemdrgmmmLAH

(1M in %]IA{S 2555 2 tlgs I_Féx{fﬁt L8 14 1 ’A ng;mg Xé@ Qeagho%r}m%mye]\)/as]ckkrké&%th

uS|
additionial EAHJRB3AmEL) af4—7§"QSarldébfrna#l§M9 toystir gt -5 F‘Hﬁ fox kBl r Begppction was

slowly ¥dohied Bp bd Y8 dCstirred for addl{;&éﬁjonﬁ%ﬁ emﬁadetaﬁ Q%S*Dﬁ@l—lz(o aad silica gel
d?ié)cedure anal ogous. to that .descri
were a 2_

s TSt PUTAOE O SPIon g fh B EOP 48 e agroud, Fetipas
mixtureobss pugficihy &-silica gel@ldscoludoleomatography {eluted w1th 2: 3 FEtOAc/DCM to

4-Met hyl -2. 44, 4,5,5-tetranet hyl - 11, 3, 2] di oxabor ol an- 2
-y1l)-1H I ndol e [ 287] Prepared according to a
procedur e anal ogous to t hdf described for 7-chi oro-2-
(4,4,5,5-tetranmet hyl -[ 1, 3, 2] di oxabor ol an-2-y1)-1Hi nd
ol e using 4-nethyl-1H i ndol e.

4- Met hory- 1-net hyl - 2-(4, 4,5, 5-tetranmet hyl141, 3, 2] di oxa
borol an-2-y1)-11/-indol e [ 288] Prepared




[289] Prepared according to a procedure anal ogous to

that described for 7-chloro-2-

(4,4,5,5-tetranet hyl41, 3, 2] di oxaborol an-2-y1)-1H i ndo
wbeowras1vg? 7- et hyl - 1H i ndol e. PCT/US2006/044461

4, 7- Di met hoxy-2-(4,4,5,5-tetranet hyl4l, 3, 21di oxabor ol

an-2-y1l)-111-i ndol e [ 290] Prepared according .

to a procedure anal ogous to that described for

7-chl or o- 2-

Lo0%s B s o m o o i 2 i o,
400 MH2)Y & mmm%mnr aBBLImsI&4], 13) A1kl @ig berialzam.2-132) 3.4 Hzj aH),

o iy BTN O 208 R ST UM 0 o

CJ= 52121,@}.{]) arﬁg{@i,.r 5 2 12Hz, 1H), 7.79 (d, J = 0.8 Hz, 1H); MS (ESH): m/%
266.21/468:14 (Fooree) B MEPRY! 71238 2ldicpeaiak Aoth -5l MslttsH§i Gz

26621 @@Mﬂ%ﬁé@&iﬁéﬁ%ﬁg o3 vty impgply 26 min

i ndol e-4-carboxylic acid, methyl ester [ 292]

Generaf;ge i ggfg??ﬁq{yd}ﬁ%léﬁ cgrmﬁhe anal ogous to that

To a solytipnjshusryeof the cprhpatlig gpter (30 A7 oy % sEIeL (200 250 e 2ded 3. M of
sodium hydeoxids in gratH15 1 cail )end fdeatiorevisctiasl a 4090ebh4/h. Eist selvent was
removed'a .t,lgma es(sﬁe%t 2 5: Ll m%sm S Sradd i 99&9 Lmﬂ%mu (10

enzo ur an repar accor
Ly and e Yoy Bl THaPUTSEE V5 R TSR Aol and cried under

vacuum fo ﬁblld@lﬁe(hoﬁum salt. For the isolation of the free acid, water was added to this salt and the

e usi n
Washed&"’fh‘@tesf wcbbmﬂwgltey(@ifhfemmwb‘ewz%[ b] t hi ophen-2-y1
)41, 3, 2] di oxabor ol ane . [294] Pr epar ed

tms—M%ﬁ}%?%—?%glﬁgl%oo ago[?,gasjp%gmg-ggyll)%gg&%mtm%&r oxylate qescrl bed
(4,4,5,5-tetranethyl -[ 1,8, 2] di oxaborol an-2-y1)-1Hi nd
ol e using 3-nethyl - benz"o[N Whi ophene.
3-Methyl -2-(4, 4,5, 5- tetké hyl- 11, 3, 21di oxabor ol an- 2
-y1l) - benzofuran 0 5] Prepared accarding to
a procedure anal ogous to tha=1 descrl bed for

7 chI or 0- 2-
E'ﬁﬂﬁ(‘{{iwm&épy&z%lﬁwmaﬂmﬁ@ﬁm@sa@p} 1H i nd

oIe u5|n benzof ur
cyoloheyagr SRR e (25 OPse b B S Phopd i s 2 e A7R0nL) anc
anhydropd PMH9mL) addeheatBd at 55°C under fiBOgn f83bp The cactivo orighrggves 0
concentétéa 99&@9 rtﬁenaﬁlé LARIUS adeQuas Rtn BSHEIdM llerd, Blsified to pH 10 with 2M
momezw wommﬁe TRFEERYE W2t cepcotapted i HisHe Fefisslyed jn REM, spgdhen

loaded doffio TEA hgsifedaiizagell Fhe BA6E roduct was purified by a silica gel column

shvomatbigih Vikieyfhots Bop Rl BE T R e RS AP,
NMR ( 140PPAER A d 63 484y TilAF: 152-d38r HE BaitD. hin(ddddrsl®io 13-2.
132, 2.8 et 2res o0 fdaer- {04, 372 BA 2N 0 B(dd, J= 14.0, 3.2 Hz, 2H), 2.46 (it, J= 124,

3.6 He, gﬁéiﬁ??i’ (\%}% 13@5%#’2 'mg,i]ah@g%,]és%,%b(ﬁ&9|=a§5ﬁi¥ﬁ2, 1A%, =

4.8 Hz, THNGt s, 18).( MSAES)5 m/e 294k 20 KT0/38) BT oREEST 618 Dmin

(OpenLyi¥< bolR€B&aHUr an 0’ [ 298] Prepared according
to a procedure anal ogous to that described for
7-chl or o- 2-

trans-Melhyl 44 {1B-tdéropyatzinyd-yl)betBylRidine jeallmmpl) @uloRexa@echbaxyicl e
| e using 7-nethyl -benzof uran.
7- Met hoxy-2-(4, 4,5, 5-tetramet hyl141, 3, 21di oxabor ol an- 2
-yl)-117-indole Sr-Ck - 7L-7QN
D



0 [299] Prepared according to a procedure
anal ogous to that described for 7-chloro-2-
(4,4,5,5-tetranet hy141, 3, 21cl i oxaborol an-2-y1)-1Hi nd
woheao7es178y 7- met hoxy- 1Hi ndol e. 7- Et boxy- 1H inudnis2006/044461
[300] To a stirred solution of 1Hindol-7-o0l (500 ng,
3.75 mmol) in acetone (10 nL) at r.t. was added
pot assi um carbonate (3.11 g, 22.5 mmol), followed by
i odoet hane (0.45 m., 5.63 nol). The m xture was
stirred at r.t. for 16h then sol vent renoved under
reduced pressure. The %[ude prduct thus obtai ned was
purified by chronat@o a y &r 95 | i ca gel to afford
7- et hoxy- 1H i ndol e: “#H 200 MHz, MeOD) 8 ppm 1.51
(t'1695Hz 311), 422°(g, 1=6.91 Hz, 2 H), 6.42
3531—]@331@11.) {dntion®s BQméiﬂoxﬂa&oﬁg)cﬂﬂqheianbba;btﬁyl%md

(15.14g, %)} :}of%g) m#@ 81.30:0951) WadRaddunder EhitrolR dtdRbhere and

stirred at B0t fho&ly The(repctoromiznrewasaepied jor . they, (rchloropyrazin-2-

yme 2007/ 06 R PE.}ri}iaL/JLS%r (1ébo. ¢50¢ EBnmMand DIPEA (31. sng244 00mmol,
re are

a2.5m) S0 g nﬁ-%f A 6?2‘3%%? ISBHITE VPR PRAT R LR e

crude reaftidn Mixoind eropuRified by a silica gel glass colurrm chromatography (eluted with 3:2

DCM/Eté)ficﬁo%béaﬂtﬁé .ﬁé@&k&}v&é@mg’as@sﬁ &Wﬁ&%@aagﬂ,y&ﬁmwwuad

7 TH- i ndo
NMR (CPSbofOnMHD SELO G -k S dBedah & LU T o 1.
2.34 (tt, J= @1 By HEHEDIBIGE @, W9 7P @ J +ecidps, GEASS1 (5, br, -NH), 8.32-8.36 (tm,

1H), 8.46. @' 398" ﬁ{ﬁ %%é fﬂsék) 5mézﬁf&f@f@£m1fséﬂmﬁ{§mm@xa@mh min

(Opﬂﬂapheﬁﬁ¥ cording to a procedure analogous to that
descri bed for 7-chl oro-2-
[3-(8- b—ési? 9-1 It;@ 35%141 ﬁlf%q%ﬂ;tiﬂie%ﬁﬂrz y1l)-1Hi ndo
7- Trlttnoronethyl 2- (4, % tetranet hyl - 11, 3, 2]d|oxa
borolau-2-y1)-1|—|-|ndolgéf [304] To a stirred
mxture of 7-trifluor omSfmiL- 1H i ndol e- 2, 3-di one (116
ng) in THE (5.00 m.) was ed boron trifluoride
etherate (0.205 m ., 1. 62 r ) followed by sodium -
bor ohydride (71.4 88 nrnol). The resultin
SRR AT (§ - RURERERMIF E A T
(zOOmLmas)sawmemeﬂdH@gdy pda€ngn MbwtaalonBSresth iof o fob 1 nihat -20°C,

and the n’geg e SO' u Ilﬁ'FC ?Ida? E(:j 1|re];<|: %ﬂu%:‘&m%';lx ihell ég@déd% gtl\hltered

|rre
through p sm@redtgbase mdrth%-tqhé Fesifie ppdpthePer VqSPf‘é Wés&mg&@ﬂ\mﬂ several

times. THEHGRELOVE colBARAE &W@B@ﬁﬁﬁm peRide at @dngenoNbgilleontaining
o1 B0 et e Rt o e B LB G Y v stcp was

exane
repeated?Wlﬂr arbtheoparnet dfjht MPCN (ﬂi}@h@) Thd d Megd(filpptps were

concenu%qﬂﬁaer ré@ce?d(wgsélgé ga@i‘MﬁM&M% & ﬁd, 1 .C:
(polarSn(uE) (p.|5§ ﬁ;}d 1 Sfll 121)?( IX[SF(PS-@ 32;,}7(11%%#{7-!—1) IH%)BI\ ﬂ{)ﬁ%ﬂaz,glég—dﬂ 8 7.50

@d,J= ahqsz Q&I)HZ)JA (Bne 58 106 027 H, mbtor Lssim)ar) 6.95(d,T=52Hz 129H
aor onet 5 eftL

overlap%erd (‘}szi rhﬁ””"jf z.s-frﬁ% 6. %3 g# 245!) 4, 51' Et Jt % I'Wé-ﬁ{l n?’mgrl ;ﬁdn%)ab 52(1,7
=52 Hsadsa.rfs@ﬁ%gumm a-érﬁaféé%%% "ﬁﬂ%ﬂ Ltfwab £ (ftuﬁﬁ% Jd%%éﬁ?abléa 2.52-
2.25 (mfm) Z168l001@; 21). . .

(4,4,5, 5- tetranethyl [1, 3, 2] di oxaborol an-2-y1)-1Hind

ol e using 7-trifluoronethyl-1Hindole. Ethyl
[3-(8-Chb2(-1-iodolinddanBiFadrypphenyl-rrdotyirmetignedr - 0.t. F

76



[306] Ethyl chloroformate (4.4 ni, 0.046 nol) was
added to a m xture of 2- (trifluoronethoxy)aniline
(8.25 g, 0.0466 nol), sodium carbonate (15 g, 0.14
WORMT061I3%4- di oxane (70 m.) and water (70 nl)PCIUSR00G/044461
and the the reaction mxture stirred at room
tenperature overnight. The reaction m xture was then
washed with ether, acidified (pH 3) and the product
extracted into Et0Ac (3 x 40nmL). The conbi ned
extracts were washed with water (40nL) and brine
(40mL), dried over Na2 nd the solvent renoved in
vacuo to give the desife oduct in a 84%yield.
11INNER (400 Mz, CD&#3Y¢'8 133 (I, J = 5.2 Hz, 3H),
4.25 (q, | = 6.8 Hz, 211),/%6.91 (br, 111), 7.04 (in,
1H), 7.23 (m 111), 7.28 ( 1H and 8.2 (m 111). M
(ES+): Ink 250.12 [ ML1+]. Et
o) 090-6-( 1.1 { fe VAN ﬂllﬁIQFb@ﬁﬁL arileNN Kas added
[{%7]%&53‘.(‘ °"l\7ff1§‘gkre’,6?‘|§'§gtf15§f LBl =0 I 8 oAy h DME

dry [3-(8-cljlotonhidsashleS-¢ lBym=ind)yhiradobd Mer it S & éhsf?}"% m

(30mL). ﬁﬁé gisic;a&,t%a'fdng tihw-chloroim:idazo[l,S-a]pyrazin-S-yl)cyizoaltyl] methanol was

. . S(Lrirluar LAR 2088orOmixture. The

“nsed“"g‘.%ﬂ'ﬁ G’@ﬂf?ﬁlo?mﬁ’%?%gg%ﬁmdgt&?{ 70 C?&After stirrin

reaction ¥@rhedredio0°Ci(re-ol 4T 030win) pestithp gtirfed abihis terppegryize FPBPg‘- Fﬁ"

mixture W then odoida {omé},%e&a&mg@&%admaq e S0P G0mE b (B dni PO
was contil nue or _ahotn en e

160m > Fesrine w0 o8 Perber B0 07 it Mgt fertifea

(Na,SO. % aéﬂdagotggdgwummhmmmc ardlepusifipd by q;?ﬁh fmgreﬁgﬁ)swz (_0'_8 %

o 5 80 i ) o

DMF. Toromier wiee fsshs SoB NHEROT BRASTRe DR ) grse

(Na,SO, P cBfideitfated G réducedipressae tNMDED thamitle tdvepog] asaypele yellow

o ved i.n vacuo, L Me d8Sia6L OftiQ, 'HINMR (4D
i TR LN B oo i oo Lonten
MHz,CDE1) $228 (4= £ My, 1 B), 79 (&7 = 48 My, 0.22 Hyanipqr isogeen), B27y(d, T =4.

= B Hl MbncR Bemér) 8583860 (ud, 07 1), 8.72-3 52K, 3 H), 2.75-
Hz’imﬁﬁedwwsﬁ%%ib?gi e MLLY] . Ex hyl
2.55 (m, (4304 $-£2-2 368kt bxy- 6- (tri net hyl si | anyl et hynyl phenyl )
]carbantate 0 zC SIN O F [308] A m xture of
B F;E,%} Sra . ShiryiiRletnaiad copper (1)
iﬁﬁ;c@%ﬁﬁ e é@aﬁﬁ? O.OOO?%cQQI) |EH{riethylanine (44 1 nL
0.32 nmol) was heated at J40 C for 20 m n then cool ed
to rt and et hyl N N
[2-iodo-6-(trif|uorone#ﬁ0§ phenyl i car bamate (4.50 g,
0.0120 nol) was added in o portion. The m xture was
stirred at roomtenperature Yor 30 mn, then
(trimethylsilypacetylene (1.6%L, 0.011 nol) was

ﬁ%gf g gﬁg g%l%ﬁ%a 6;9 %Wﬁgggﬁ&@%wlo&ﬁlmﬁfﬁ[IQWzﬁw (4.48g,
20 dmmgiin SIS TR o TR A TR B RO LS 2 o wes
added dRPeRY): ovetBeni0(agasyictsionds Threrivbiog butth wasirplpeed il 195rHReand the
reaction W4 %ug{rériﬁg RUELNRASHH Ae Beib i@ kot amk, H,OTD008AL,) wos added

vacua e reaction was chronatog%gp,egFover silig
3

a .
followed by, agbnst $mig. MpB Pe-BE R AR e Dlefy Hhgeaction was stixred
at 1t for @8 Shd Reh kDS GEoubNCERYD Vil dite M résiBal)splidsivierSeshgbwith DCM

VH 1- 7-Trifluo t hoxys W i . . as
s QAR e BUTA SRR (Rt g Foldp sa sl it
saturated@sthathde snd extractebivifh BB x)e tThy pxtfapts were dried (N2,50,) and
concen tédf Jnldg'r AL Mot &feidrmiéﬂy*&bmwmhhyﬁ yiupiedny Hhjic a
r

amate 1 n EtOH d,the. mxture, sti 4. .

cheomatogragi g 08 Chb RS MPRED ko 2 oo g PSsi §' phftud o L

reduced pressure and the residue was partitioned

bet ween di et hyl ether and Mat er (30mL of each). The

et her phase was washed with brine and dried over

Na2SO4 yi el ding the desired conmpound in 59% vyi el d.

| HNMR (400 MHz, CDCI3): 8 6.60-6.61 (m 111),

7.07-7.09 (m 211), 7.25 (d, J =5.6 Hz, 111),




[313] Prepared according to the procedures descri bed

above for 7-phenyl-2-(4,4,5,5-

tetramet hyl -[ 1, 3, 2] di oxaborol an-2-y1)-1H i ndol e usi ng
wayel7op7epyl boronic acid in place of phenyl b@Caisgo06/044461

acid. '11 NWR (CDC13, 400 MHz): 8 035-0.82 (n, 211),

0.95-1.04 (in, 211), 2.08 (n, 1H), 6.59 (dd, | = 3.0,
2.0 Hz, 111), 6.96 (d, | = 7.1 Hz, 111), 7.06 (t, 1=
7.6 Hz, 111), 7.25 (n, 111) 7.52 (d, J = 7.8 Hz,

111) and 8. 39 (hr s, 111) m LC M (ES,. Pos. %
b s Ve FIRLCapoRg o) {26m M5 (L3 WcFaP@. The aadition gy T""?’Be"a"“‘ at0

°C. SuspeRdist dusiklyHleats 0 7Phe ek dhbihe @f Sodlihg bae The fiftal pRdbetgontained

L ( =50 .
1s-cw-oﬁ%a%éiﬁ%ﬁeg?s#aﬁ%%#&ﬁm I e o g
material wed3 3% lof the barodut Thefogyde praguct prag t Rt shepserude,
stereoseHRAG BEMe oh&t%%atﬁ%@wmwmhl oride sol ution
and extracted with ethyl acetate. The organic |ayer
was washed with brine, dried.over anhydrous sodi um
(8-Chlomi- (R artinhoke eydpontel-teidand &Salpedumed pressure to
yield a gum which was purified by colum-
chromat ogr aphy over sil |, el eluting with
Et OAci | | exane to afford N
6- brono- 7-fl uoro- 1Hi ndol e.. (400 MHz, CDCl13) 6 =
6.53-6.62 (in, 111), 7.16-7 (n, 211), 7.29 (d, | =
- 8.34 Hz, 111) and 8.36 (hr. st, 1H,; M5 (ESt+): rat&
j%ﬁ;(@% -Gy cﬁotﬁ%@&rﬂo gﬁé’&f@@lchﬁﬁiﬁb‘ahnlﬁ-&hﬁeﬂ@@%de
(52.1g,

a solutlon rorno-7-flu %;+|n

18:20mnY), was dissp ?*Fliﬁd’(‘*rs MeFNaF"l Y he laa%*af DMF

Qa OmL)&ﬁd PO(II; fiycdea gl ﬁeﬂr‘h&& T re#btidH wanipdated GOPECl s pomai wilh 2 slow N,

bubblin, atﬂ TC h:?onml‘i% g%lm r%gnl:ﬁatted(}n &cfa? rbas%l@edmnﬁr cow mlNI-Ig in
%'0aide Was a e reactjon was allo

IPA with GHy(dy- rﬂ’hed%m%@'aaﬁawﬂfmdéﬂ vqcgp angihe #H%WFI&&‘E??‘B%

minimalAaSer GHEHSRAE With bHSEk gt itk RETNTY Thyet® vﬂf&i‘eﬂiﬂﬂﬂﬁm@ﬁkﬁ washed with
extracted with DCM The DCNIgE%ract was. washe 5 odduct
sat. NaHGO (1), dijed eer sodipm siitg ey fliged ?%Fﬁ“é’ Gvacudn & erude produ

was purfiéa piaRice gkl dolden cheaiatechphy ehsiug oith 7H élegr Etfdchioouibiitthe title
uri fi.ed I (PPN
compoué\?astaol rh{ s@%iﬁhexa Ed% bﬁﬁg 399%4——%\/3% (4% H)%amg?hs {1 H,

e to
m), 4.8964 94 m,m 7133 6% B 4, ST ORD), 14&3 |(h§oq1 d=3. 0N HANFAE (14D MESH):

m/z 220%@% 9@%33/36‘) APRGE: QRMé@i n%@peﬁ@@i,&}o}a% smid). 95 (d,

111 6.42 (t, = 2.78 Hz, 11-1), 6.94
(d | = 3.03 Hz, 111), 7. 097|5 (m 111) and 720 (d,
3-Methilmec3@n:bmpechﬂ)oxyhsa(lESi-yhlotomyw%ymw
7- Fl uoro-1-nmet hyl- 644 5 tetramet hyl - R, 3, 211di oxab
orol an-2-y1) - 1H i ndoljl 316] To a m xture of
6- brono- 7-f | uor o- 1- met® indole (420 tug, 1 84

1),
‘ﬁn:zg 4 - Alciorapyrdzin - —,@C:A&ﬁsahhm& bR-HA (hig, 1.63meol)] BxtploN-(3-
dzmethyga ans ﬁéﬁyﬂ)faxg%lmlde (%D'BTH 31 g, 8 95’ az Sf iy H%q%CE Eﬁeﬁlygai'ﬁgb £§91ﬂme

(DMAF) (0. M1 hi. B e2figh divad dhisampy sty bomins SPHEM (b Wal 1 746
13.9mmdlG "(ﬂeq W%Idesgo%dlh af¥yabdue conet (Bne).(te disGORMbS % solith of 3-

mﬁ""%&’ﬁﬁ“@‘t‘ﬁ?‘*ﬁﬁ‘ﬁ@%‘ﬁ o Bh278) T ErpBdetitea) Ioiygousd gl @omb) was
added unip [N, andibe elchial whs elawed 10 B0 ovkinighhat it IRSAGHOR IUXTICRAS
concen ?gia' vgcgl Q}Yd tl?lg pé&{ﬂ\:iﬁ%m%ﬁ[l@ﬁ' ' fvgd ﬂlééﬂcg %ﬁeﬁ t’ﬁ w\mt&] (2x),
ction mx ted at 100 C overni ght
NaHCQs hbﬁ, chr (m)omnmb);@ﬁévw Nppfor filfeeafordgoppentsaies ig vacuo,
giving M tilR QomBthblUS a WRSwiHbik SHe\cAfllc inftel6IVra8 Rarifidd|by @ irdehatoBraphy on
renove inorganics. The filtrate was concentrated and
the crude product was purified by colum
chr omat ogr aphy over silicémgel eluting with
Et OAc/ hexane to afford pure 7-fluoro-I-nethyl-6-
(4,4,5,5-tetranet hyl -11, 3, 2) di oxabor ol an-27y1)-1Hi nd
ole. 1H NNR. (400 MHz, CDC13) 8 = 1.41 (s, 1211),
4.02 (d, J = 2.02 Hz, 311), 6.46 (t, J = 2.65 Hz,

— P o, Py



WD 2007/ 061737PCT/ US2006/ 044461 0 a
sol ution of 3-nethyl-2-nitrophenol (2.0 g, 13.06
mmol) in acetic acid (40 nL) was added bromine (0.70
waRzgo7ARL7FL rnnol ) and the m xture was stirre®CaUSEIDG/044461
for 5 h. The reaction was poured in to ice water and
the yellow precipitate forned was filtered and washed
Wwith water and dried in vacua to yield
4- br ono- 3- net hyl1- 2-ni trophenol. ~11NWR (400 N+E
CDClS%ES = 2.61 s 3 ,. 2.62 (s, 511 6. 92
silica geR[Janes hnlaftﬂ- 2031 dge, -eh.gn@wt]:.@to cllit)x ]&r{«u—)gil)é/g% 40% —
70%], afférding tHelthle cdfpdubddy)4 paTé wéhidw 24181, QQuafdvhalig)] the title compound could be

prepared e RV bt ol B e AL A5 535 oo a3

methylegeci@otmapkdartionylacetddne 743 5.0Pminpl, Wd sq- hdiete disgpdred ysar@mdrous THF
(12mL) 56 RRR4 B slisat 28 Br 212 3A Z&uﬁfﬁr&f el -cﬁﬁg)p%mﬂ-yl}-ﬁ% @mine bis-

e m re heat
HCI (1. <§gef P%mmF%?ﬂdthﬁﬂprwéeﬂ%y v é?%"%%@ el 0 T ?m"‘ Bea)in
anhydrofit d:Hgnﬁ(dsxan}jwishedédl th tkreabﬂ nvigisreomd enedkctch wasciowed to stir at 60°C,
under Nr % i%gt RhE R ﬁ agr crre%ga & ¥ gc?cug Elﬁfjﬂ‘lg;emﬁtng residue was.

I'cation o uct

sisotveg B oAy BRG] (rbrgene ObhHAGOF NySOu filtered, and
concentialcdNE{de0s, GG Alde e Séln;ﬂi!hﬁ@ ad a BFoWMRII4 The crude material was purified

by chromﬂf)%%()&dgleiﬁ% flogﬁ@hs;w%%e 0 Z%gg@m? cg%lichfy G QW r?%tbgc Hex

10% —> 30%)-» 46% 78 70, affordingBhSuticdopphdias apae Yelos S@Iid, 'H MMR (CDCls,
400 w? §£]s% 963(111}21?) §/§3-(3'51§+(}n, 31, 4. 3442 G LM e 112, 21, 4.79-4.84 (m, 20),

6.78 (s, 1NH). §rig-% 3 H%%F . (ﬂseﬁ}i Hz. 0 MSYER e i 3B RGN GMET;
HPLC: 5. 6867l (Opauldmt, pbiaali mmhhoxy- N, N- di met hyl net hanami ne
(0.884 nm., 6.657 nmml) in DIVIF (10.0 nlL) was added
pyrrolidine (0.555 rnL, 6.656 mmol) and the m xture
3-(8-Amine-fiedpimidarq L wlmradie3pdeydolpianphe DVF was renoved
and the residue was recrywt 2| i 7ed from DCM net hano
(L6)meMetoaHomN-/N
[(E)-2-(6-bronn-3-netho*y; i trophenyQvi nyl ] pyrrolid
ine. WO 2007/061737PCT/Ué§§§?/044461
4- Br ono- 7- net hoxy- 111-i ndol [323] To a
sol ution of '
122[3}[ E)n 2P4Opb¢saieastonBi(Broklyro-toidb-imigive [iyd-3pjrasih-BRyF r o
. I oT&lrE
c’yclobu% ‘i‘ssiglo 51 § wht ndieEyQ@ﬁd i 2 (g\goam(:rﬁm) ﬂf‘ﬁol ?ﬂ}gpmﬁb&%m @JUTL)
aw&&m@d(t@%@: md)sam( QI ¢ WEOW%W 110°C for
63hat vvmcthrpowt G bisol@iamd CorebnitatedlT} vaddy dTRZIniR ptddud:val byrifidSising

HPFC Ja nes 3?¥ sxgca V%I co l\é\'npn élutl %%Yl&%&'%rl\{r[%%lg}}ﬁFﬁ?ﬁ? Yl%léllrﬁiee dnm %ompounds;
MS (EStFNrref@QhO 8 gae [bﬁfbéat 89 92 YR T ERLE: tuers0- tomind Pped et
polar sm)mmqaﬂdgkaw@swi 7 (83 s mshrsmin g BBY - 3.50 (m,

LH) 4. Sﬁvegﬁﬁ‘i}“lo'}gﬁﬁqg #o‘il/ngi"}ﬁﬁd or& 3%91523‘8 i%}’

8 = 3.94 (s, 311), 6.52 (d,./ = 8.08 FE 6. 56

. g 8 08 Hz,
>@-cufidr-agadiion . Anisgin 71) i*%ﬂféaﬂ 5.47 (hr. s..
111); MS (ES+): mz 226 ].
2- Phenyl -5-(4,4,5, 5- tet@i/ hy141, 3, 21di oxabor ol an- 2-
y1l) -1, 3- benzot hi azol e NG [324] A stirred
sol uti on of 5-brono-2-phenyldenzot hi azol e (0.500 g,
0.00172 nol ), bis(pinacol ato) Lboron (0.508 g,
0. 00200 nol ),
1, 3-bi s(2, 6-diisopropyl phenyl )i m dazol -2-yl i dene
hydrochl oride (0.044 g, 0..10 nmmol ), Pd(QAc)2 (0.019
g, 0.086 mml) and AcoK (3°423 g, 0.00431 nol) in
anhydrous THE (9.78 nlL, 0.121 nol) was heated at 72 C
under Argon for 29 h. The m xture was filtered
through a nulti-layered pad of anhydrous sodi um
sul fate, silica gel and celite and the filtrate was




filtered, and concentrated in vacuo resulting in 1.43

g, (76 %yield) of the title conpound as an off-white

solid. 111 NWR (400 WMHz, DVMBO-d6) 5 ppm 1 43 (q, J=

wbbkoietizr 211), 1.61 (q,J= 12.55 Hz, 211), rEaszdvshlasst

(n, 4H, 2.38 (t, J=-- 11.87 Hz, 18), 2.98 (t, J =

11.75 Hz, 1H), 3.61 (s, 3 11), 6.17 (hr. s., 2 H),

7.49 (s, 111) and 10.90 (hr. s., 111); MS (ESt+): in/z

292.25 [MJE]. Methyl :

trans-4-(2-am no-5-i odo- 4- oxo- 3, 4- di hydr oi m dazo[ 5, 1-

[2p4T - 3-93-?@931—1)@%&!@@@[1)@%1?5@?@'3 -YAPcyclobutanone (5.0g, 14mmo]) was
dissolved 910;{ Pﬁﬁ&&’&z Bﬁﬁéﬁ&%@ %/ Ogﬁﬂ MCHQSI) (35.0mL). Td 8¢ Hiutdn mlxture

sol ution of net
sodium TGRS GOl 078RED o5 v P Bp e Opppgd At
4.5h at r{ viidbir divdden, Aheyidaotioh Shexanetatel dxyiced. eTHe@ruBO tixgyas dissolved in

EtOAc an Q08 8t ader 2REL %n%gﬁéﬂ%% Bidil & s(;&%ur%%&fzﬂe ﬁﬂcr&%%

I n anhydr ous .0.roL). was_stirred at Lt far
concenna@d REAING c awdvﬁgvae eweqéﬁtuﬁlas BHFE fongs o g e gel column
eluting W@ 4004 Ened HB:GIOWBB% HtBAc Ao sheld t8d\atle hRpowmdae o light yellow solid; MS

) M 0AC
(ES+y: ﬁ?kg&%@ Ogﬁéanjc @@ ns %gggdéhé%%é%?ﬁﬁgT%%&
polar_: 5r(t@c) HI‘MQZD@%{@QW@ 2 5 (my § HD PHE - 3§ EBulsHivh 2 - 3.32 (m,
1H)4. oﬁ €3 E?Ktxh,af?ﬁ?ﬂsfy\(st hHPH@ﬂ- Fxhoranhimecs itk gez B @AC
fractions dried over Na2SM4, flltered and

concentrated in vacua resulting in 229 ng, (79.9 %
1-{4-[3-{8-Ainiho-Biodbinddizo| 1,2 alpyrpduhsDasioutyllgiperainalgietboiong .

i1l NWVR (400 MHz, DNBO-S?&S,ppn11.34- 1.65 (m 411),

1.88- 2.06 (in, 414) 2.45 (in, 111), 2.91 -
3.01 (m 111), 3.61 (s,~3%), 6.17 (5, 211) and 10.82
Q. s., 111); M (ES-f-): §?< 417.82 Met hyl
trans-4-(S-iodo-4-oro-3, 4- hydr0|n1dazo[S 17,411,2,4
ltriazin-7- yl)eyeloItexane@ijoxylate 0\

[330] A solution of nethyl %
trans-4-(2-am no-5-i odo- 4- oxéEB 4- dlhydr0|n1dazo[5 1-

bl 2,415 e _
ot A B AT SRR PRl
yilethanepg (Wis, SPdmedovanidispelyaskin isepropy! 2jeohal ik mt%LPar@reﬂfW

reactor. MHe ve@RI0w a8 cbé1EEE ~P8°Clabhd Eﬂlﬁraﬁd lw‘ith -ﬂiienofne @84 dn@ BealsdSThe reaction

e G D G5 SR8 Y e vy gy
vacuo. The @HEIBEtasipiifies mmsmwow%rghy@lmg Bith £14@% MeOH (74

NH,): c*ﬁ &L & am&setﬂmé cBSp &nﬂ@iﬁnm s £94060) VI,

1,40 - 1
44189((2m 1 ,HP£ @ (Péns%lcppﬁnu&iff ér%téﬁ 90%1\4}&)5
2.09 (s, 302,283 20@ (m, 811 A.54 AR.71 )2 HB2.60.- 1.99 (nBR)H) 32783 4@4:;:1, DHEH)343-

3.54 (mj%%?%gg M(it:{;)z Z]ﬁ% F2 ds¥hz, 1807154 s MPuk BSh) 1 10K

traits- 4 (4- an1no 5-i odoi m dazo[ 5, 14][ 1, 2,4]triazin-7
1-#4-3-(BHCh Y61 Qe iAo b5 kdps-dzih 3-yl)Jitlobutyl]piperazin-1-yl} ethanone

2007/ 061737PCT/ US2006/ 04446 0\ [331] A

solution of 11-/-1,2,4-4 oIe (0.881 g, 0.0128 nol)

in pyridine (3.00 nL) was® arged with POC13 (0.396

rnL, 0.00425 nol) and stirr at rt for 15 mn. To

this nixture was drop w se ded net hyl

trans- 4- (5-i odo- 4- oxo- 3, 4- dkhydr oi m dazo[ 5, 1-j][ 1, 2, 4

]triazin-7- yOcycIohexanecarb ylate (0.570 g,

0.00142 nol) in pyridine (6.00 nm.) and stirred at ft

f{2236] arintad RBE Hfadhl@@o-4 Jodpimilhe( T,8ainyiagm-3nd iy ooranbes1.00g,
0. 0029&9615 &d%&&%%%e%ﬁﬂb%ml BoL@shdh) Wi dikkdieadd 18- C

lowed to stir at it for an additional 3 It The

reactlon was concentrated in vacuo and partitioned

bet ween Et OAc and sat. Na#®O3 and separated. The

aqueous was washed with Et0OAc (3x) and the conbi ned

organic fractions were washed with brine (I x). The

aqueous was re-extracted with CHC13 (3x) and the

organi ¢ was added to the EtOAc fractions. The




WD 2007/ 061737PCT/ US2006/ 044461 [335] To a
solution of 7-bronb-1/1-indole (3.0 g, 15.3 nmmol) in

THE (60 nlL) at-78 C was added "BuLi (1.7 M 33.8 i,

we2407rGDB)] and the mixture was al l owed to warroTus2z06@44461

The reaction was re-cooled to -78 C and a sol ution of

di methyl disulfide (2.0 nmL,, 22.9 nmmol) was added and

the reaction was allowed to warmto O C. The reaction

was quenched wi th vaturated amoni um chl ori de and
extracted wth ethyl acetate. The organic | ayer was

dichloroatimsd6d.0vald hnd $ahaionef i -ecktyimipsrazine{( 3P 903wl tnnd, 2-dichloroethane

was adde :tﬂeéxé‘l-et?t%tgﬂg ;n&g geagtgc%gﬁgtt.ﬂmraﬁ Irsg&eecae &eftamr %é%ﬁcr ;Itr@duct was
concentrigp it REGATCET ATIGVE CEeTh (25 D PR Rt ST FAFI0s

solution @GeI0AILY. The fredeness dri2d 34th sédduma bflfatechng wor@entrated in vacuo to yield a

light yenﬁ!é&%tc% (‘§?+P)m& "gs'» gﬂ@gﬁq[‘%& 8@@%@ [gg%*ﬁl\ﬁﬁé 2}3001 81 min

(OpenLyg, lai5min)) JH NMR (D ¢ 8041217 {3, 3 ) 2136 - 2,58, 6 )

2.55- zfzit}n,ii{})z,837§@9kﬁh1ﬁisi98§isi-t?m, 3B 56 -3 e my$29 (4, 1 H) 758
H) ; (ES+):ink 164.

@, 1H).7 (I\/let hyl sul fony1) - 11- /-| ndoIe [336] To a
solution of 7-(nethylthio)- 1FL|ndoIe (1.1 g, 6.7

(1~Iodo—§ffg2&4)-m&ﬂ¥wm fq’l}-c?élobu iﬁn Qﬁbg'razm-s-ylamm e}

nmal or ope zoic acid g, 13 4 nmol ) and the
reacti on was stirred at ' C for 30 nmin. The
reaction m xture was t enched with saturated

extracts was washed with r, brine, dried over
anhydrous sodi um sul fate an evaporated under reduced
pressure to yield the crude oduct This material was

_ purified by chromat.ography gv r silica gel eluting
with hexanes (0->10% to affokd pure

G BB A DL g o g o
was add¢dzo 8hIpyo-1-fodpB- r(*nyﬂwl-vlpewn-l ml};cyclr’@'stﬂ(lemdwﬂl Fylpppzine
(19. 91g,]3:b1135121r2ﬂ)a§ a (Pt borhb arld &61ckito -784d). , Arﬁmgﬂla as bubbled info tha solution

1
o s-10pify by B g el im0 APLIOR v, HAKSoE o ten
OO 1.5 EL posﬁﬁdfhyrﬂnlsh koo ey bORERRAIQEIATY ertod v0th G friod loaded
with silid¥n, d@@m&ijwiﬂosgﬁ Ittt} MBORTn EEBNS which afforded the title compound; 'H

[ y Ioh 0

i Gl IR T é%a R e
m), 3 0620&7#1016!17634 PCT) | IS2DB6L 048513 He SUMSI (B8 ozt 1259/40&81 (50/10)
pﬁr]fﬁﬁﬁ d_ at l¢ 1afspsd €S and then cooled 0 C

and ?regﬁegﬁgrg%aﬁgéx%?th . The m xture was

stirred at roomtenperature overnight then poured
(8-Chloaini-ipdio-Ge[3vaimsthglpipetdain- By ygdobutylisidamEharhysditghd

washed with a saturated gol ution of sodi um

bi carbonate. The sol veng renoved in vacua and the

crude material was take@vuig%n ethyl acetate, washed

sodi um bi car bonat e and ;gacted with DC M- The DC VI

with 1IN aq. NaOH (10nL) andkthe ethyl acetate renoved
in vacuo. The resulting cr product was used in
subsequent steps wi thout fu er purification. NLVER
(400 MHz, CHLOROFORM d) 8 p[S\ .36 - 1.70 (4 a m),
2.01 - 2 18 (4 H m, 2.24 - & 54 (2 Hon) and 3.68(3

F%zgﬁ) l%e 4 2 aﬁ?ﬁ%&r@%ﬁiﬁmﬁ) AN OX M brSe B (1 09k YL,
13.892nioh)awrs -addadyta M&-yl;lb@hbwdmemﬁé&wm@@u( %B%W@bu@% (17.00g,
0. 04892%E'a);d sddiuk iabddxybBlehy s (ﬁ e@loﬂsﬁﬁ Utl.‘h@féa&ifon Qtirfed M 1t for 3h.

hi um hydr oxi dé i n wat er he m xture was

stlrred overni ght then the THF mas renoved in vacuo

and the residual aqueous 8blution acidified to pH 4.

The resulting m xture was extracted with ether (2 x

30 m.), EtOAc (2 x 30 nL) and CHC13 (2 x 30 nL) then

t he conbi ned extracts, dried over anhydrous sodi um

sul fate and concentrated in vacuo. This material was



WD 2007/ 061737PCT/ US2006/ 044461 [ 343] Prepared
as descri bed above for EXAMPLE 1 using
2- (1- benzot hi ophen-5-y1) -
wd 20870619337t el r anet hyl - 1, 3, 2- di oxabor ol ane i n plaaszméio44461
5-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-y1) -
1Hindole. M5 (ES+): mx 321.10 [M FF].
3-Cycl obutyl-1-(5-nethyl-1Hindol-2-y1l)imdazo[ 1, 5-al
pyrazi n-8-am ne [ 344] Prepared as descri bed above for
EXAMPLE 1 usin (tert-but oxycarbonyl) - 5-
The reactigh W3 cORpEpraEs | %é“‘é""if‘o‘i“ Sl ghep fagiied wih syturated NaHCO;
solution 2nd Brird, 5‘h lbmct avaedlﬁall ov&r sEd:ﬁmdumt@ lGitrered, and eonyé@&afb&lumf:uo

t ril. o
el i O A A S PO o
(TN NHp MiOH m@i BWB? hﬂ# @mw g5 @I?CBE 60 15 7.6 (1 L
d), 7.30 @%M)’szlzl(msxhng gh-({ tremy, bieb QXHCaY, bAaYEN; @), 2.32 (3H, s); MS (ES+H):

e o S0y GO S 0L b g 11

ole. M5 (ES+): ink 318.05 [M H+1 EXAMPLE 7

eyelobuingfz0[ 1, 5- a] pyr azi n-
3-(8-CHf B b e O 1

[346] A m xture of 6-brofo-1H i ndole (2g, 10.00Mol),

4,4,41,4',5,5,/5',5" - ochal 1-2,2" -

bi-1,3,2-dioxaboro|anel§2< g, 7.87rrunol) and

pot assi um acetate (3.0g, 31.00mml) was degassed

three tines, treated wth

(1,1 bls(dlphenylphosphlnoh errocene) pal I adi um

P Bk Ritatplbrit e Ao xRS L BTBIR L & i
anhydrongTHR é’Ht’Bd’nI@tat TBCComderan ghnospﬁﬁ’ﬁeofmwggdwma@ted elowly with a 3.0
M solutmn %k fﬁEiﬁyMﬁ?neEilﬂﬁanhﬂﬂdm Std"mﬂ?tl‘ﬁé sol®%h rst?t‘;écﬁ?gr IWI 4178 °C then

Ac and the extracts was wat er _and brine
quenchqdwew rteef ssRpisratyrash e NHAC) ﬂ%@%&nﬁh&m%‘fa%‘a water) at
=78 °C dnB allé@adQo Wwarnbiid olrf] The nixaue wat hekexdacied with EgDACTBix0OWIS and the

cominb SIS S8 L 5 BB
- concentgpiqddn vasue 3be Frué%fcéndwaﬂwwyeh@eﬁmphm corbpER\Riehng with
1:1 EtORA VNI 103484 de0Hla (H)) EORADCEMEGe 5ford Basirdd pihduct "EMR (48 MHz,

cocns g1 902 S 5 g7 o o g 10,

7.71 (4,(ES).00 Hail ) 24d17.26 (5, V)., MEKES . miz R3&1 Bacg 2404l [MH*]

(CpenLynx pol ar 5n1n) [347] This materi al
used in place o

}(&C@rﬂ..&dgmngm Syl l-mefiedsysiobrianeln- 2- y1) -
1H i ndol e under the conditions described in EXAVPLE 1
to afford 3-cyclobutyl-1-(1Hindol-6-
yH m dazo[ 1, 5- a] pyr azi n- -an1nc M5 (ES+): mz 304.15
[ ML1+] . EXAMRLE 8
1- (1F/ - Benzi m dazol - 2-
pyrazi n- 8- am ne
3-Cycl obutyl-1-i odoi m dazo[ 1x57a] pyr azi n- 8- am ne
(500ny, 2tmol) and 4
tetralds(triphenylphosphine) "l adi un(0) (100ny,

T e v S e R BT SR G 26 mmoD
and NI @.,71rgl_]12.mOwiiotcre disscbivicl én DIMEL(8.€ mhelt Bonel) and0Grrahadép °C for 4
h. The ﬁﬂnﬁé %&H&%ﬁccﬁ&ﬂg@{nm&&o‘%ﬁ @2&' rgs?due %L]Ehﬁ%q{i %Aﬁ?@ t)D mL). This

bl in hi's _gas under the_surface
S°‘u‘ﬂ°nr ‘@%Sc‘if% "&% W‘E}F@ bl‘a&rltf’@?w S ?\%QH g Bt Wa%&% *é'ﬁ%fwctﬁd with

bubbl i ng t hrough of the solution with carbon nonoxi de
and sone addition of fresh catalyst after day 2, TLC
(10% MeOH DCM) i ndi cated t%e reaction to be conplete.
The reaction mxture was diluted with water,

extracted with DCM and the extracts washed with water
and brine, then dried over nagnesi um sul phate, and
concentrated in vacuo to afford an orange solid which

cl obutylimdazo [1, 5-a]




(trans-4-[8-Am xm. 1-(LEt-indol-2-yl)imdazo[1, 5-a] Wy

razi n- 3-yncycl ohoryl | net hanol [ 353] Prepared

according to the procedure described in EXAMPLE 2
wO00196178ANS - P- ( 8- PCT/US2006/044461

arni no- I -iodoi m dazo[ 1, 5- abyr azi n- 3- Dcycl ohexyl net han

ol in place of 8-am no-3-cycl obutyl-1-

i odoi m dazo[ 3, 4-a] pyrazi ne. 211 NVR (DVSO d6, 400

MHz) 8 1.12-1.23 (m ), 1.38- 1.54 (m I11); 1.58-1.78

(m 211); 1.82-1.92 (m 211); 96-2.06(m 211);
EtOAc (2 xP0+6L)1 Biermrgapiclyergwes e@m‘blnedadrsed@wmzso&ms)ﬂfm filtgrgd and
concentl“ed m]wmm? I'Ii%e bade gf."ﬂ)i wa§ pééﬁe‘ib.\'j(%hro%;ﬂ) lﬁr cﬁ@r s(! di e'ﬁJtmg with
1:1 Et%c b@“ﬂl’&s 'ﬁ%ﬁ de&#fi@f%? ct. ? NM? (é%’ Mili Cl#.%’m( S § 3D, 272 -
2.59 (m,81 VR 3147 - 30013, 1 F),5B2((d, T J4.91 Bz 33HHngd 7:6!:1«;,; =A. Sﬁi&lz(, d DHIMS

1 43 (s, 111); MS (ES+): ink 362.07

aﬁyﬂl??gg?éf%gﬁﬁé%i tR=121.97 mt" (McromssZQ

pol ar 5m n). EXANPLE 11 NH2NH HO
3-(8-AntiRo-3 4 RdoPmi¥akd] 0,5-bi vk ikih 3040)-1-drestiy)dySbbhaaafl 1, 5- Apyr azi n-

3-ylicydobutyl }met hanol [ 354] Prepared
according to the procedure descrlbed i n EXAMPLE 2
usi ng N

[3-(8-chloro-1iodoimd
| ] et hanol in place of
i odoi m ci azo[ 3, 4- a] pyr azi ne.
[ MEN. WO 2007/061737PCT/ US
H

ci s-3-[8-Am no- 11/ - hadol i ani d 5-al r .

) i ik 2 9She et 30 SaEPbA A &
(8-chlorbdl -ibdimriagyf & Guilroraiéstyl)HedethyicyEIORMBRAAE (27705 1716 mmol) in 2 Pare
pressuresreféﬁora’mé}ﬁ'x&t'ng geg D483 A 38 5C AR YR DG zad-wWes bEdlaGRe i

| ace o
solutiongforrb At 37 jrertemusraled therbrar ahlAG"S for. 154y Blys whvepgvas then
rermovediR valiiand theﬂés&dlﬁ%ﬁnﬂai Hy\bkondatogeAvieEsilich gel elutmg with 7% McOH

. - Vs~ Bilidy Ny Jia
in povlp Ui itz wih RLRBAENAL Met DUSEEA R Bt 5%? 21
(m, 4 H)?ﬁééaﬁé@ (%%chB @rﬁid“ﬂt% &Iﬁ.‘e 788 65 & drls et EY Fﬂ!f’e'@@ 05 Hz, 1
H). EXAWPLE 2 using 1-144348-
andno- | -i odoi m dazo[ 1, 5- a] pyr azi n- 3- Acycl obut yl i pi per
azin-1-yl} ethanone in place of 8-am no-3-
(3-(8-Chlprd-tidetoptidaxd[ hSeipyrsde-6hy®cycletintymone) ne. M5 (ESH):
rn/z 430.08 [ MM]. EXAWPLE 14 WO
2007/061737PCT/USZOOG/O{&M&;{

{trans-448- Am no- 1- (1i f-UneobN 5-yl )i m dazo[ 1, 5-a] pyra
zi n- 3-yl | eyel ohexyl | net hanol [357] Prepared

-a]pyra2|n 3-yOcycl obuty
ino- 3-cycl obutyl-1-

(ES+): mz 334.10

,r6/ 044461 EXAMPLE 12.

according to the procedure cribed i n EXAMPLE 1
usi ng trans-[448-

e e wﬁ%g%{?@rﬁ%&? ke I Tt

hydroxyraedigileyicbhatahcd {4108z] @91 amolnie THYR 12(ES-) rpd waitr(488R) @46 charged with
sodium %Mﬂi"dhte (%W-lgmgf at 0°C. E‘r hé e%cﬁs Gimed to rt and stirred for 5h. The reaction

mixtur s ST Y SR P 2P R P P PRt s did ovn

N2,SO4| filtded pndonesiraed iaicureto afford the {B58inpdnd pas gdlow solid; 'H NMR
(czat:l;ﬁ@fiégwﬁﬁra%é%_e‘é( ﬂg .PL%%%?H@ (581} bgdg) 5‘.5:?2&%{%, MR (ES+): m#
347.82 R 18085 MGk BFLR: i 3 PFRJR-GBREFIIY ROGRIBIY: 5- al pyr azi

n- 8- ylanine in place of 8;an1no-3-cyc|obuty1-
@i oA A FFHN 25 Moyl lativerbinliedd 402 10

7- Cyclobutyl 5- (1K-i ndol -5-y1)i m dazo

[5, 1- All, 2, 41t ri azi n- 4- ani*he [ 359] Prepared
accordlng to the procedure described in EXAMPLE 1
using 7-cycl obutyl-5-

i odoi mi dazo[ 5, 14][1, 2, 4] friazin-4-ylamne in place of
8- am no- 3-cycl obutyl- 1 i odoi m da7o[ 3, 4- a] pyr azi ne.



EXAVPLE 17

7-Cycl obuty1-5- (1H4ndol- 2-y1)i m dazo[ 5, 1- fI[l 2,41tri

azi a- 4- am ne [ 360] Prepared according to the
whhrRGRfs£ described in EXAWLE 2 using PCT/US2006/044461

7-cycl obutyl-5- :

i odoi m dazo[5,1-f][1,2,4]triazin-4-ylam ne in place

of 8-am no-3-cycl obutyl -1-i odoi m dazo[ 3, 4-

a] pyrazine. M5 (ES-1-): mz 305.07 [M1+]. EXAWVPLE 18

7-Cycl obutyl-5-(1Hindol -6-yl1)imdazo[5,1-fl[1,2,4]tr

i azi n-4-am ne [36% Prepared according to the

procedure described in, NLE 7 using

7-cycl obut y1-5- N
i odoi m dazo[ 5, 1-f][1, 2, 4] triazin-4-ylamne in place
of 8-am no- 3-cycl obutyl- 1-t~afloi m dazop, 4- al pyrazi ne.

M5 (ES+): irk 305.07 [ MH]. MPLE 19
7- Cycl obery1-5-(1E-i ndol - 2*&Exn1dazo[5 1-f1

23312, dider hﬂ&laﬂndl.-pm Modosuccininidd @63] 0.Freapdad 3-(3-
ch]orom'ﬂ%%%ré %I H%&gﬁ»l&y %%étﬁylgﬁ?&%anﬁ% Ilgg W&] Wcre dissolved in
N, N-dimitbglformagiate P Goll) h{ heaed 41 60°C Sori3<0hg Therhdaction npwa@e’v% fthen

it uting wi
. c:ncentr@to@m J&&QOQM%W%E? gﬁbgﬁ&:@ Ro s ili &ZE%QV 02;1‘?{‘6 Bluting with
5% MeOFg Céiz(,ﬂ(g y:leléfﬂght browfluifyso %w&q wasz'i-ﬂ\ra wg.b belf}eeﬁ rm

hexanes RilzForBtha title Sondfdutd; MS (HiS)): 626 37H83 ardBR) 3G MEB |; HBLG:4r = 2.30 min

13 - 7.17 On, WO
Wm‘&%tf’f?%ﬁ%%gpdl US2006/ 044461 111), 7.22 - 7.25 (m
111), 7.44 (d, | = 8.0 Hz, 111) 7.64 (d, J =8.0 Hz,

3-(8-Chibidijnidate A 15-41pyrazihB-yIP1- b8 dfezymdthFleycldlinifiod+) . Nl z:

333.16 (100) [MH]. FIPLg tR = 3.46 mn (QpenLyroc:
polar 5 mn). EXAMPLE [363] A m xture of

{trans-4-[8-ani no- 1- (1H«inad1- 2- yDi m dazo[ 1, 5- a] pyr az
i n-3- yl]cycl ohexyl i net han (400ng, 0.0d noD

pht hal i m de (211.7my, 0.001 1), and
triphenylphosphine resin (&’l4mmol /g | oadi ng; 1.03g,

[l CRR T i doh {»rg’%?ﬂgﬁogggsg@ge 1G4

alpyrazige 6p\& %@W@WWK%) § Naredhyiperpbdingapmdded %tegﬁtjmm and
potassmgr &Q&ém&w (ﬁdil%[ 0. i(ﬁﬁhml Perchedddinivis rdaididnota dllefdd,to stir at rt

for 4h. t(ga h)ﬁ %(r)no Owats %édyeltyi e %@aﬂ%&% an]h a@\%ﬁtdqo stir for

vac anh oran
30min amie,w!; mlema@ sgvtiep vasl cappentratef i WgeThﬂé‘F@F Prguativepextracted from

the aqué&tﬂé@ﬁl@ RAR. ¥ Shdr0 sl With Brisd dna itk dohBinkd fduBous wasbes
ound 311 N ( 3,400

. 8. .7.90-.7.85 (I
“were bacﬁcl §d v,'lfh ?t(),%f ﬁ]s ) ‘I‘hef,(%%) ?orﬁlgj ‘:’VGI:? dzgps ?vgl((js’ogﬁmi
sulfate, ﬁlt@pd) andedBodiirated j;&)acuo?to gﬁldﬂhqﬁtlt( qpmp@gr@s as  shcky (anﬁoff—white solid;
MS (Esl)l%/z :.754019 (ﬁéb) [1141{?1;4.56819%3%) (E%L)I': GJZH L gs x(n?h#&)gelr%yﬁﬂ
PdhfSQ%% 1 90 (n] 413) 1 80 (ddd | = 13.2, 12,4, 2,4 He,
210, 1.27 (ddd, | = 132, 12,4, 2,4 Hz, 211). I\/S

sl S 2 T o

1-{trans-4-p- Ami no- 141/ 1- i ngot - 2- yl yi m dazo[ 1, 5- a] pyr
azi n-3-yl]cycl ohexyl } met anfPHe [364] A

sol ution of benzyl

{{trans-4-(8-am no-1- (1K i ndol - 2-yDi m dazo[ 1, 5-a] pyra
zirt-3- yl)cyclohexyl]nethylIoarbanate (0.163 g, 0330

ti.rr [

BB ) ot oS0 of Eineh el Y BmBladobille floolels, 1042 mol s cthanol
(1.00 LY ongvafer (WO hewaseiddad potagiumg BOIronide B0 gsb’a?smﬁli)é‘ale Fisulfing mixture

IN NaOH (aq) and extracted with DCM (3 x 20mL). The

conbi ned extracts were was$hed with water then dried

over Na2SO4 and concentrated in vacua To afford

0. 085g of desired conmpound. M5 (ES+): niz 361.30

[Nl FI +] . EXAMPLE 22 HN H3C

N-at rans- 448 An1no 1- (1FL|ndoI 2- yI)|n1dazof| 5- a]pyr

R ——



MN'H3C - % ,
N-({4-[8-am no-1-(1Hindol-2-yl)imdazo[ 1, 5-alpyrazln
-3- yllcycl ohexyl ] net byl ) net hanesul f onam de
wb36Blos Vet hanesul fonyl chloride (4.40uL, 01) Sy Bbos/o4d461
was added to a m xture of 1-
{trans448- am no- 141H-i ndol - 2- Al m dazo[ 1, 5-a] pyrazi n-3
- Acycl ohexyl | met hanam ne (20.5rng, 0.057nol) and
P8- Dl EA (3.90nmmol i g | oadi ng; 60ng, 0.2mmol) in DCM
(1.14m.). The reaction m xture was stirred for 30m n
was heagekl af refluf for 7 hB8then ThEQH woe ren@siat # gactriand te soluds wis eopled to 0 °C

and acififRCHAL (360 ﬁ]ngBgan@Sﬂ Y& pﬁ Ull' Thégixe &Bssécugétéu‘i&iﬂﬁﬂeth 1 ether (4
prepara |ve C.to a 4ny of desi red product %S

x 1L) andethg, gom zmm§ﬂﬁ%ﬂ%F$Mﬁ%°WWW%E%H@@%WW“Mﬁm
vacuo tO4i&l de&m& %d(uftt ‘HSNl\@J(Jl()Q MFz DG & pphdl). 64-8.44Gm( sk, 4.40-%.98 (m,
ZH)anﬁlf% (Q , 7.19 (ddd, | =7.2, 1.2, 12 Hz,
750 (dad '1=7.2, 1.2, 1.2 Hz, IN), 6.75 (d,
1=0.8 Hz, 1H), 3.14 (m 1H), 2.07 (m 4H), 1.85 (m
Ethyls&le"tiayle-i'ecﬁé Hufinetdrbbxyldte26 (i N, 2H). EXAWPLE 24
Benzyl
4-18-am no- 1- (11/-indol - 2-yl )i m dazo[ 1, 5- al nrazi n- 3-3
41Pi peri di ne- 1- ear boxyl at e [367] A m xture of
benzyl ﬂ%ﬂ
4-(8-arnino-1-iodoi mda Cﬂl 5 pyrazi n-3-y1) pi peri di
ne-1- earboxylate (1. 146 9g, 0.002191nv1),
ﬁ%SE&I V%Qﬁ@@ﬁXﬂm&f&&ﬁﬁ&%ﬁﬁﬁh@Qi@ﬁ&ﬁ oftfl d

00241no - t th
methylepeavelpb Tmﬁﬁﬁfwﬁﬁaméégﬁh%ﬁgﬁ%ggﬁﬁgx¥§Tmﬁ§§“mﬂB663EJJOO
mmol) i afBAZRE Y -dineeshydfetaasiéd(SttoeEel) uiesanaindodphern of vitagee. he

reachonvué%gmtrg %ﬁg&aﬁg}e{llpg&%% d b%?ﬁﬂ?%ﬁé} giz il }H&QIIL) The aqueous
layer W%F@@ﬁ%@d‘"ﬁ"{ﬂ}eweh Bt T mi)@nd the combined orgamc phases washed with
water (20 00 &6l 634N SuG0e, fiddd Gdd aincelﬂaﬁd PIRICHRY @brte;d dekieed product

o QAL Rt B (e 15 2Bl S 1 i 20 anc

4.53-4.96 (oe@Hdver Na2SO4 and concentrated in vacuo. The
crude product was cbromat ographed over silica ge
ing with hexane EtOAc: herrane 1:1:0.05 2M
N-KMNH%’PWED%WDB“&WS%H”W&“&@'&“P@&“WM&P“‘%H NMR (400
Mz, CDCl3): 82.02-2.06N{af! 411), 3.03-3.17 (m 311),
4.29-4.33 (in, 211), sl1d (s, 231), 5.66 (hr. 2H), 6
79-6.80 (m 111), 7.11-'7.% (pf 2H), 7.20-7.25 (n,
211), 731-7.45 (n, 511), 7-%& (in, 111), 7.64 (d, |
=--"7.6 Hz, 111), 8.96 (br, % n). Ms (ES+): mz 467.12
h15-25 rbonyldm‘mdazole (CDD (8 50 81 nnnol and 3-

methqux?m&clgehlftgxfeéaﬂzm)}/yhc aclflg%gqer I (]jrffrm% 1850 ?Je& &B'XJS%“%F (100
mL) andbalhaed 4o st -avdl 200kol 4 (.1A/ seﬁnﬂdﬂdf@@)@ﬂﬂbﬂjﬁzﬁ![l-ljyﬁmmlﬁlm bis-

A . S S . ’ > D
hydm*?ﬁgﬁf 16 LIRS o) B S g afifon 3y HR 16176 mmor
anhydrog £l (50 milRavatiadeadrie thamixtums apd e reaetin WaseHoRdte ptir at rt for
24h. 'Dhaﬁﬂﬂ‘&rk wagl \aﬁi&&dra‘tédtzh V:Eh&,@fae(rgslﬁlemﬂlvéd ih DA E & thezresultmg

e
sohmon geéj 3 Eatqé wali ﬁhdl r x2 1%0 thg congouined% gf%i layers

esi T et roduc ride sa
were dl}eri |0§7f(r49@ummszlfawe’@@;ed agd @n&@Hﬁe% e tg 2ifprd egndp groguetgvhich was
purified B chedblblography Svez.siea 9'1 cluﬂﬂé-@xﬂ? 80-¢0% FlAY/ hexdnddB yletll desired

produst T5VE: ot A 5o o401 Qe £053 00 Ml A .o

(ES+): nlz 333.27 [Nﬂ1+1 EXAVPLE 26

4-[S-Am no-1-(11/-i ndol-2-yl )i ani dazo[ 1, 5- Apyr azi n- 3-
yl | pi peri di ne-1- carbaltdehyde [369] To a

sol ution of

1- (1H I ndol-2-y1)- 3- plper|d|n4 y1li m dazo[ 1, 5- a] pyr azi
n- 8-am ne hydrochl oride (30.00 ng, 0.0068 rrunol) in
DCM (0.5 nL, 0.008 nol) was added N-( 3-
dlnethylarnlnopropyl) N-ethylcarbod||n1de




341- (4- Met hoxybenzoyl ) pi peri di n-4-y11-1-(11/-i ndol -
y1l)i m daze[ 1, 5-a] pyrarl a- 8- am ne [372] pepared
according to the procedure descri bed above for
wE&XWREE326, except using 4- met hoxybenzoi ¢ agicqnisBoosndsst

place of formc acid. M5 (ES+): mz 467.27 [ML1+1 WD
2007/ 061737PCT/ US2006/ 044461 EXAMPLE 30
341- (4- Bronobenzoyl ) pi peri can-4-y1]-1-(1ff-indol - 2-yl
)i m dazo[ 1, 5-al Pyrazin-8-am ne [373] Prepared
according to the procedure descri bed above for

7=4.24 HEARRLE42H H, 8,GETH (105 ibesy, 3831 Hhd¥yb2hHe) and &eiSdl Had, 1=2.54

HZ)MSWXE‘T&%%WE&@*? M6 (ES+): ink 515.17 & 517.17

1- (1H 1 ndol- 2-y1-3-[ 1- (net hoxyacetyl) pi peridin-4-ylji
8-ChlordT3 @08Rn 18 @B Dtz b-2Rpylie] Prepared according
to the procedure described above for EXAVPLE 26,
except using 2-nethoxyacetic acid in place of formc

acid. M5 (ES+): rok 405.¢0 [ML1+]. EXAMPLE 32
3.41-(Cycl opentyl car bo eridin-4-yl11-1-(1/1-indo
I-2-ypinidazo[1;5-alpyr agi -am ne [ 375]
Prepared according to the pracedure described above
for EXAMPLE 26, except usintycycl opentanecarboxylic
acid in place of formc acid® M (ES+): nfz 429. 07

égg]?:%l E(ﬁ (g’&(A ML zhn—%-ymmvll] len yg%)}: ecarboxarmde (52.1¢g,
2152 mpely bt AN (0 1 iR M b o BT 100 L, 109
mol) and Rkinke Faddiia 8t 453¢ &r 36heR aheH a@aﬁnrsded&goﬁm Thereaction was

procedure des rlbed above 0
e cn o B S R PRSP0 B e G2 v
in IPA. Tkﬁﬁxrdxmrawascboncbﬁtrét%ih)vam ivzteriBidedo d[smlaelqw SEEMWEE“ gigracted

ool iab) LBt gl
70mL) driedpver @?Sh“&%%}’éﬁa@r ﬁ Wé“ﬁﬁ?%@dﬁ?‘é’”&e%‘i’%‘lfd’“‘ﬁ gas purt

by chrotifberip\ MR Eilidh gol @Kiap tvith 2i1rgxane: BtOAC to yield desired product. "H NMR

oo S AR SuPF g (A BEEEa ORIz 1,
J=4.99 YO 79306 1] 8,/PCVP B8P 8857 . 814 46 9. MS (ES+) m/z 220.28 and 222.30 [MH~].
3-{144- (D net hyl am no) phenacyl j Pi pm di n-4-0}-1-(18-in

dol -2-yl ) I nmidazoll, 5- alﬁ%; ag @h am ne [ 3783
C-(3-Chiprapyregiy-2aymsthyIAginedi-REdrpesdds r o descri bed above

for EXAMPLE 26, excepth
4-(dinethylanino)pheﬁgéggggH%{awpd in place of formc
acid. Ms (ES-0: nik 4 3+] Exanple 36 \cHa

?géﬂ Q- s(;ﬁﬂ&%i@ 3%&9%;%5}1@%&1@6@&@ - Y3 Yibhe 10(0%H$6.5mmol)

2- Al mi dazo

i anty QI GERF RS HE° HBERIP GO EEr (RUB a0 ot 200 sty
mnhrNﬁﬁﬂNﬁmE£2&ﬁmexﬂﬁmmﬂE§CNQnmatmhaﬁhﬂﬁpﬂawww@pm@ﬁ@bW%wdumﬂﬂw

solutio %K?é gemnﬂc O ecal i Thi&nAha atMRdESi) tor 19K TAS Anitppt that had
formed (2 3-d1hydrophthalamne-1 4-dione byproduct), was filtered off and washed several times with

ether. The clear filirate was concentrated in vacuo and the concentrate was dissolved in EitOAc and

filtered again to remove white ppt. All solvent was removed, giving a yellow oil, which was
dissolved into FtOAc and ether and charged with HC1 (g). The title compound, a pale yellow solid,
instantly precipitated. The title compound was dried in a 40 °C oven for 72h, affording the title
compound, as a dark yellow solid; ‘H NMR (400 MHz, CD;0D) 5 4.55 (2 H, s), 8.27 (IH, d, ~2.52
Hz), 8.54 (1 H, d, J=2.56 Hz); MS (ES+): m/z 143.96/145.96 (100/60) [ME"]; HPLC: tx =0.41 min
{(Openlynx, polar_/min).
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~ EXAMPLE 37 '
3-(1,- (Cyclohexylcarbonyl)plperldln 4-y11-1- (11/-|ndo
I'-2- Al m dazo[ 1, 5- al pyrazi a- 8-am ne [ 380] Prepared

‘ngﬁﬁhghyg to the procedure described above fpefrus2006/044461
EXAMPLE 26, except using cyclohexanecarboxylrc acid

in place of formc acid. M5 (ES4-): ink 443.20 [ MH].
EXAVPLE 38

341- (Cycl opr opyl ear bonyl ) pi peri di n-4-y11-1-( 1AV-1 ndol
- 2- 34Mni dazol | , 5-al pyrazi n-8-am ne [381] Prepared
according to the procedure described above for

- o)LL GRh panecarboxylrc acid

1-{1-drgelo R T S (ESH): mz 401.19 [ MH].
EXAMPLE 39 NHa O
1.4117-Indol-2-y1)-3-k;{€29%ﬁlenylearbonyl)piperidin-

4-y1iinidazo||,5-a]pyrazinmg?§abne [ 382] Prepared
according to the procedure cri bed above for

Yl 81 rBKEE CiddSd i £ HIBRUCAR &iaR DAL @ Galladaca -

hydroxysypmpide 250.0 g, 2.172 mol) and 3-oxo-cyclobutanecarboxylic acid (2[48 g, 2.17 mol).
Ethyl ao%ﬁhie((a:hlljjmlamdcmled &Maﬁe&tmhhps a@mdib m6 9C.YA Soldtidnldf 23%iDATL in

. i I-
mions G BT 730 RS0 e Aol ol 850 e
then thm@sz@n he%eceﬁHS 0Si Adtet Hhd Bleaniruegveas ififforgd pngl the,filtrate was
washed Bh@&CRitHOEIOMQ r(fﬂ £ 1 P&l vapRiddEStyneddiZvat 2o hffoddlidd ddtided product.

' v T B0 0525 n SD ARG SR T O PP e 2

(m, 1H)i n- 4-yl prni dazo [ 1, 5-al pyrazi n-8- am ne
2007/061737PCT/U82006/044461 [ 384] Prepared accor di ng
to the procedure descri bed above for EXAMPLE 26,

3-(8-Chilgroupidatpd}. Frglpyazins 3 XA AveEeYs acetic acid in pl ace
of formc acid. M5 (ES—fjﬂi/Hiz 497.11 [ MH]. EXAMPLE
42 =

N =
341-(1,343enzodioon-5-¥g9 ¥nyl ) pi peridin-4-y11-1-(
117-indol-2-yl)imdazo[ 1, 5- razba-8- am ne [ 385]
Prepared according to the p2§§Edure descri bed above
for EXAMPLE 26, except using

1, 3- benzodi oxol e- 5- carbolerc acrd in place of formc
d2410. 1ve ar@®dbotfom pangckaffsk 31.)] Ivpsorcyciohyipppparboslic acid 2,5-dioxo-

pyn‘ohcﬁn—ﬁ in'bskéﬂ@}i 08; Nﬂ?)hx%ﬂﬂ ClBlehiRé P yrhzﬂ—i%rl Lz aihe ﬁydac)l&ﬂde salt

1532 SRS L Bl Gt L 98 i SRR Al v e

added agth efis 20 ogin, Wﬁv@@ﬂlm@d@p@ﬁpg@hﬁgd the aqueous layer was removed. The
aqueoug-l'ag&t“m( backidki-azehanSac f}b@% e a) fxB@@ 'ﬁ]emo%ﬁw@ﬁr ics were

S g N B e 06 L] PARE T
fitle corhpdubA TThin kil w2s yed)spendbd idBhyTRbduDX (IDH emyaaumylu imicrand the

solutlorm:vgls op4.1t Mllldggn%‘ﬁ%gﬂreré ofgllergé%cﬂ 'n@ 1A 18s bé %ﬂosﬁfoﬁﬁ%&ﬂlond&

according to t e descrrbed above for
(159 msaAf0ne) pragiben add ARLOR BRSHR ARy PRV i sty £gr @S min.
The reactiordoRftion @hs tiaarmdam inhda zﬂéac)ueousrrrazgca;soﬁﬂo:[. MBI . Water (1

Ly wes SR Ry el s gt T oprio e yosyaged apd e

aqueoud) Wag ‘e?alz eficpcisd with QA ﬂxg;,drrpﬁé [133’8 STmW@ﬁﬁg@ﬁ’ phases were dried

over MBS0 ﬁlidgﬁdé a%décoh&&tr%&) ERhCurdie Skout 084 BBt fefhined. Heptane was
except. us

acdied a3 Sip 19 SR SRS BSAY P RS IREICT T TP Ag Sog ey The esultant

slurry veesififerelV/B fiFeS)esiradi irodd©G . "BINNIRIGH]0. MEXANRLIS 548659-3.68 (m, 2H), 3.72—

3.79 (m, 2H), 3.86-3.94 (m, 1H), 7.40 (4, 1H, J = 5.2 Hz), 7.60 (d, 1H, J = 5.2 Hz) and 7.85 (s, 1H).
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341- (1, 3-Beri zot hi azol - 6-yl carbonyl ) pi peridin-4-y11-1
-i odoi m dazo( 1, 5-a] pyrazi n-8-am ne [389] Fiepared
according to the procedure descri bed above for
w&XaWRkE326, except using benzot hi azol e- 6- camgeshdososass
acid in place of formc acid. M5 (ES+): rnk 494.01 =
[Ivfifh]. EXAMPLE 47 WD 2007/061737PCT/ US2006/ 044461
1- (1H 1 ndol- 2-y1) - 3-{14(2- et hyl cycl ohexa- 2, 5-di en- | -
Acar bonyl i pi peri di n-4-yl pm dazo[ 1, 5- abyrazi n-8-am ne
[390] Prepared according to the procedure descri bed
above for EXAMPLE 26, -except using

"y ylic acid in

> B"‘g'f‘g%téﬁ%* Figiiaadsi] %lﬁy&;‘%se’%&"m: Ji)‘ﬁ’?réz 453.08 [ MH+] .
EXANPLE 48
1-(1H I ndol-2-y1)-3-11-
rial-4-yliimdazo[1,5-a
Prepared according to the pr/ogedure descri bed above
for EXAMPLE 26, except usingy soquinoline-1
-carboxylic acid in place of ormc acid. M5 (ES+):

B $ bkl %‘“?““F@%‘?%“"‘”"mﬁ (aEsgTbrs
dissolve jry MK (aﬁwlardmepnosah%ﬁ f"y
BromosuZeRRAGE hoaCE Qﬂﬁjinﬂﬂl) s Hiﬁﬁ)h&ﬁ QCBMH @4@@3}2 :{ﬂd bmbr;a&mmo the

L
reaction (rﬂm%éﬂ@ E tuﬁ?ea §4§§ 3}13 %ddgd p Léeéléltmo% so%ld 1solated by filtration
and washegli with Slid @Eﬁﬂ)ater &(QveftBﬂthOEﬂﬂbhi}d Iﬁmmg-dﬁ 400 MHz): &
1 I agetyy d, 1H,J
21l sl e e pterag pipni o
8Hzccording to the procedure described above for
EXAMPLE 26, except usrng pyridin-3-ylacetic acid in

3-<1-B"~E9&%%EEI wplelfy S fﬁ’@”@%‘?‘iﬁ%‘&‘é‘%@é’?‘gﬁwﬁéf .

|noIin-1-yIcarbonyI)pipe
zi n-8-am ne [ 391]

4- (8- Ami no- 1-(1/ 1-indol-2-§l)i m dazo[ 1, 5- al pyrazi n- 3-
yl)-N,N-dinethyIpipertgL | carboxam de [ 394]
A mixture of e N~

1- (1H i ndol-2-y1l) - 3- pi perigin-4-ylimdazo[ 1, 5-a] pyraz
I n4-am ne hydrochl oride (3%-Qng, 0.0679mmol ),
N, N- di i sopropyl et hyl am ne #59. [ nL, 0.340mmol) and
DBy ( 3-0%FbdhoWRSIokiRALAA!, wa]ﬂsrral&d&is e Io’ﬁl)thﬁbaé zamey b, 0.17 mol)

n anhy%'%?rhg Bsba CltoppdsAraerv B rabs a7 e p gk sifionof

methyl iosgrcsitmathloritd & TP ME. 035 mNyRverS0 @nnrvHZw mERFE MRS Bised at -78
°C for 38 e m(men fe cool baﬂZ wésgrezxﬁﬁr a(na th%&ﬂ&m &mﬂ&e& aith 14 NILCl

(132g). ﬁ@f.c s ;%?e@ © thﬁ_m h%sﬁ andt &5 1was jistedfo }\_-étii 20% HCl and the
layers séhaBled3TULcofmbined bighnic Bhe@¥s Ber® SorfcamiraBdiGn va2u@o a(sbyry@ad §.5 L of
toluene &%\%{g%%g%l 1419 :ésr%-(l.l_%enc@ftﬁra(eﬁ% )aacughﬁtﬂ%ﬂyﬁtéﬁc [v.%éi'ﬁ]wed The shury
was heajed(@gredify Hejil fomaeeroqs 8 f“‘?“‘gﬂl % o dapraYife desipdRipdagh whigh was
isolated by FiliRich dhd@ricl-i% awcbamlm (DMSO-d;, HBRGH=)A 5. 37t (k) 3E),AE35-2.49

. 0y HURSEE B G i BB i L b, s a6

1HvL=NQN£diisopropylethylanrne (59.1pla, 0.340mmol) and
DVP (1.00nm) was treated with nethyl chloroformate

5.254,, 0.0679 and_.s for Ih prior
3-(% A'%“(? §e‘fﬁ°"’r§’r"§'§'ﬁ?‘g?g'\% yf’l‘ﬁé'yﬁ {H%ﬁ?'t??‘a“"f‘{\ aRaly) ation of
the title compound. 'H NVR (400 M1z, CD30D) ppm
8.32 (hr. s., 111), 7.58-7.66 (in, 211), 7.46 (d, IH,
J =8.1Hz), 7.14-7.22 (m IIl), 7.00-7.12 (n, 211),
6.73 (s, 1H), 4.26 (d, 211, 1 = 12.9 Hz), 3.71 (s,
3H), 3.33-3.37 On, 1*1), 2.9-3.17 (m 211), 1.85-
2.06 (m 411); MsS (ES+): r8/z 391.06 [ MH+]. EXAMPLE
53 WD 2007/ 061737PCT/ U52006/ 044461
3-11-(4-Ch|oro-2-nethy|benzoyl)piperrdin-4-y11-141/3-
i ndol -2-yl )i m dazo[ 1, 5-al pyrazi n- 8-am ne [ 396]
Prepared accordi ng to t he procedure descrlbed above



[397] Prepared according to the procedure descri bed

above for EXAMPLE 26, except using

1- (4- nmet hyl phenyCcycl opr opanecar boxylic acid in place
wohoRETBE acid. M5 (ES+): ratz 491. 11 EXAVPlpeTA®2606/044461

3-[1- (4-Chl oro- 3- met hoxybenzoyl ) pi peridin-4-y1]-1-(1F

[ -indol -2-yl)im dazo[ L5-al pyrazi n-8- am ne

1398] Prepared according to the procedure described

above for EXAMPLE 26, except using

4- chl or o- 34net boxybenzoi ¢ acid in place of fonnic

acid. MS (25+): rrikh¥s0®r04 [ ML141. EXAMPLE 56 WO

2007/ 061737PCT/ US2 461 or4)---crksc03

1- (54[ 4- (8- Ami no- 1- I'ndol-2-yl)imdazo[ 1, 5-a] pyra

zi n- 3-y1) pi peridin-1-yl I})ear bonyl | - 2- thi enyl ) et hanone

[399] Prepared accordi ngyi,o- the procedure described

above for EXAMPLE 26, exeept using

5-acetyl t hi ophene- 2-carboxylic acid in place of

f d. M ( 485. EXAMPLE 57
429%}1“ Hf'q %%%%wwwhﬁ { 3%%'1 122r% r@ﬂﬁgaﬁf- b‘%ﬁ’ﬁ%’/ POy 3 aRREpTIRR 9F 341~

bromo-8-ghlldroimidbaa[d [S1g1byradip g v zi-methyl8yeduiueoc] [(Z00, 086453 awod)in 2-butanol

(81ml). LR Eé‘g%} {Ralell Gt RN RCH &E&ﬁﬂ%&ﬁl ?&qsﬁﬂﬂéﬁ%oﬁ&ﬁtmed to ~130ml,

, except usin hene- 3- carboxylic acid
cooled tp Fpof) tgpmpergfpreragd HcsolgEsollEctageby ﬂ%l%mamﬂl (yas VvlRpd yrith water
(3 x 220t AMPlfe B8 40 °C under vacuum. To afford the desired product. "H NMR (DMSO-ds,

so0 g 5 5 B0 @ PP G BT PHE SRk A2 By

14(332@07/061737PCT1U82006/044461 [401] Prepared according
to the procedure descri bed above for EXAMPLE 26,
except using 4-nitrobenzoic acid in place of formc
7-CyclobptylS-iggle 95,1 ¢}{13AYriszinrd-ylapine  EXAVPLE 59  Hat
3-11- (Butylsulfonybp|perﬁm nt4-$1-1- (1Hindol-2-yl)im -
i dazo[ 1, 5-al pyrazi u-8-a N [402] A solution
of \N Nes?
1-(1FLindol-2-y1)-3-piperiaggz4-ylinidazo[l,S-a]pyraz
i n-8-am ne hydrochloride (3 3tng, 0.075mmo1l) in

1nl
R4 7 BBt R . 1o i snyious e lom) ves
added phesphArPoYBHIOTIA PRFLA QB 6. 28R} e stigedgppigor 15min. This
mixtureGvad B2 AR Icl)nargem (B [5tniird) woth 2 B onldTe -dytsbutyles vassttef t to

i 130 Wt o g A5 PG SRR G P Sl a
1.5h. ThivRaction O@xtiedvas Divibed td 65C @e@ct@f_{ with 2M3NHL in lsrpwnanoi (It Apmtil basic
then alldWBd 14 Jehdh 1t dndQirred for@S sddMiongih) Th@ reaftion ndixtQf: V(ﬁ\ﬁltarm’)}uough a

s g TR0 Sf Tty gy Ui b

chromatoprapliyldn) silita @€l [clufing Rith 30% EDAK)in I}EMB'ea(L@img Ircthg fifle ¢gppound as an
off- w}néjséhld 113 N'i%{wgébcﬂ 400 §ﬁ%) b4 93 12164 d 199 dsda.12 ﬂ./% 19), @ %245 (m,

2H), 2. 43?1.2&52 (F]Béﬂ), 4. 00-4 12 2111 1), 7 82 (s IH}, Mg (ES+)] m/z 316,08 (100) [MH*‘] HPLC:

fx = 2.59 i @TicloREedz(E pyldy 5l (i sopropyl sul fonyl) pi peri di n- 4
-yl ]imdazo[ 1, 5-al pyrazi n-8-am ne [ 403]

Prepared according to the procedure described above
7-CyeclobytyHS>inderbE-imddazelR d L2 ftragini e opane- 2- sul f onyl
chloride in place of pbutgnesul fonyl chloride. M
(ES+). mlz 439.27 [M 1+ MPLE 61 WD
2007/061737PCT/U82006/0¢44
3-(1-[(4- FIuorophenyCBquony i peridin-4-y11-1-(/3-in
dol -2-y1)i m dazo[ 1, 5- al pyrazt43- am ne [ 404]
Prepared according to the procedure described above
for EXAMPLE 59, except using 4-fluorobenzenesul f onyl
chloride in place of |butanesulfonyl chloride. M
(ES+): ink 491.15 [ VH . EXAMPLE 62
sac-0
3-11-1(2, 5- D met hoxyphenyl ) sul fonyl | pi peridin-4-y11-1
-(1Hi ndol - 2-yl )i m dazo[ 1, 5- al pyrazi n-8- am ne
[405] Prepared according to the procedure descri bed




EXAVPLE 63
1- (111-1ndol-2-y0- 3-11- [ (4- met hyl phenyGsul f onyl t hi per
idin-4-yllimdazo[ 1, 5-al pyrazi n-8-am ne

wb48bheisepared according to the procedure deggnisi@edsc1
above .-for EXAMPLE 59, except using
4- met hyl benzenesul fonyl chloride in place of
Dbut anesul fonyl chloride. M5 (ES+): mz 487.94 Ral +i
EXAMPLE 64
341-[ (3- Fl uor ophenyl ) sul fonyl | pi peri din-4-y1}-1-(18"-
[24€b| AZoltign of Tdayrbptiyb3 H-ipidezef]. hﬂ&hﬂmﬁemliﬂne (789mgr0A ] Smmmol)

and N.uﬁes,eaﬁmdea@@@ o83, mnintb@) iR BVEEE &salqsa/@vmgm at
exce usi n quorobené?Qgs%Lfon

it An "‘éﬂPﬂi’F’} ‘if‘él ?fﬁ‘llﬁ Mgz addsf %ﬁ?‘élﬁ 3aF bt oht
mixture WizSdgnrentthizd #0vke@Ranidpbdilbked®@btween DCM and H,O and separated. The

aqueousel?%&!as]qpéé ]w1ilh Igéﬂ n@szirﬁll tﬂé &mﬁa :Qg@fgaﬁlg 'fﬁctgml/ Jv)allemagéa ith 1M

razi n-
sodmm t%z@a)ih?il: bing @?Qrépﬁﬂl?‘@r Fapfmt HdRiEANERP) Biered. gpd - -
concentMEeHQL ﬂ:[c?a 3FHa spyd wak thitudated with 20 % EtOAc in DCM and fi li"cred thmugh a

mttea]%lf Irre ‘oe%‘é 6 ﬁlécgéln t?'%ltoglﬂéﬂgq% tﬁgm ]@he mxture MR, 400

MH?z) 5\ifd-1.9fclm, ¢Bhd S8t-2.43 ol 1H), 325c243 ansdﬂbuff $4-386 (i BDnREE(s, 1H);

¢ | ML P 2160 1t DTSbotddf2 0 lobhe?
MS@%%%%‘*W%& AT Dlvsgq{jﬁ 3620 phlef sing.

(n, 1H), 2.07 - 2. ' (m 111), 2.43 -2.47 (m 411),
7-Cyclabn@B3HAmflezg 91/ B4l r6364-0i 49 (bs, 211), 6.64 -

6.70 (n, 111), 7.03 - 7.40 (m 211). 7.39 - 7.49 (n,

111), 7.95 -8.00 (in, 11 .18 - 8.23 en, 111),
11.91 (bs, 111). M5 (E “FHiom: 305.17 [ ML1+] .
EXAMPLE 66 WD 20071061 BC55382006/044461 0\ CH3
Met hyl

trans-4-(8-am no-1-(1H i ndol-"2t ypi m dazo[ 1, 5- al pyr azi

trans- met orol m dazo Fazin .
yimethymids €1. %ﬁﬁeﬁé’ﬁé’&&l)dﬁfb?sa’[’%m giehleride) 0%}1&3 APiidsated to 55°C.
The reatfod paAE Behiod FQ@hthdirohGenpited dusi@and itelcagle bl waocdold 3@0°C in an

‘°"4’aﬂ‘g‘$§ %ﬁéz?g‘%ﬁhr szwﬁ%*% '](?A %QE% 111Tfli9g“’hé%&"mUl

mlxture(vtps cgpsergrat;dﬂzvacpp )u) wgs pgglhewépd h\g:twesn @Cp&and]ﬁzgand separated. The
aqueous/tayed whs Sdradied w-ﬁlH}f)Cl\ﬁ(ﬁﬁ aﬁ&]ﬂhe Bomﬂﬂe]i)qrgﬁlc%cﬁcl&fs vire dried over

sodaumfxll% qu 11864) %i%r dzgrﬁ;n €0 Q m va 1)I‘he E%L% %@mﬁed by

chroma@g@plggm[spy{pg 831, {el%mﬂgﬁ?@ 'MeOH in IQ)CM] resultmg in the title compound as an
off- wm!;ersa:nﬁ *ﬁmﬁxﬁ{ (ﬁmsa%lmb Mhi) rsdtds_i’- 9&&%' 1) bednb k3 an )Y 25246

) eyel ohexaneear baoxyl i ¢ 4
. 4535 B oV ST W L) SR g7 o Vs B s
191.27 QOGN TS, (B L ty702.06 fiHMindoissZQ, polar_Smin).
yI)|n1dazo[1 5-a] pyrazi n-3-yl) cycl ohexanecar boxyl at e
(50 ,..128mml ) was_stirred for 1811 at rt. The
Cyclobv@awrwlm acfd (ScoxpesS-flibafrocd Feliazin GHlmethsPaBids  and
the resi due washed with®@di ethyl ether (3 x 10nL) and
ethyl acetate (2 x 1Oﬁ@¥\1tﬁﬁn with ice-cold
acetoniirile (10n) tolafgord O 3g of the desired
product. 1H NMR (d6- DVEE, ): 5 12.15 (hr s,
111), 11.69 (s, 111), 8.45 (hr s, 211), 7.97 (d, ./.=
§24%8) Hzro akdilgion oF fﬁﬁmbdmetﬂﬁ-z&-gl ,zwwjma;iis)onezscﬁﬁlg( slomrds?) and

wav-aifppinn Sigutie iy b ol n sfmltols Sindi ol
(DME) (?cﬂa@ pad @&y@ouswnd@e {21} wap F{opmsz chymeqdivith cyelogangearbony]
32, 3.2 Hz, 111), 2.05 (n, 411), 1.73 (m NMD and 1.58
(tin, 211). M5 (ES+): mz 376.05 [ MEl+]. EXAMPLE 68
WO 2007/ 061737PCT/ US2006/ (24461
trans-4- (8- Am no-1- (1H i ndol-2-yl)itni dazo
[1,5-all pyrazin-3-y1l)-Npyritdin-3-
yl cycl ohexanecar boxami de [4111 A suspension of
3-am nopyridi ne (40ng, 0.43nunol) in toluene (1.3n)

4%‘][_ny A) M&%Qﬂﬁﬁ?ﬁ@c&@%%a‘%&yhc acid g&é&%dﬂﬁ h' f‘lgt'mzm{-




WD 2007/ 061737PCT/ US2006/ 044461 [412] Prepared
according to the procedure descri bed above for
EXAMPLE 68, except using 2-am nopyridine in place of

wo2@Teepyridine. M5 (ES+): in/z 452.17 [ ML14sdrs2006/044461
EXAMPLE 70

frans-4- (8- Am no- 1- (11F-i ndol4- yOnni dazo[ 1, 5- alpyr azi
n- 3-yl) - N- phenyl cycl obexane car boxam de [413]
Prepared according to the procedure described above
for EXAMPLE 68, except using aniline in place of
chloride3 046 hritla SPpmimghiyrae 0°OviBer( W@wied tawt and4Efred Br fr\ddditibhal 1.5h. The

reactionte@MRLFas é&euched with Hzo 2mL) and concentrated in vacuo and was purified by
rans- 448- Am no- 1- (111-i ndol - 2- Ai rni dazo[ 1, 5- abyr azi n

chromatograﬂyl W&ce e elndnearitn3ia AfefEl 1 m DCM (2({0 4111,@ '10% MeOH in DCM
(800mLYY, AdRsrdifly (8 uﬁ@bd?ﬂ:olmd : O NMIR (OIS bld,;,fitoa]l\m:!)fszll 04 32 RCND! 1.70-

192 (g 155 K97 SRR R0 P07 08 R TR I 10 ity 797 (ot =

5.6 Hz, (BB 87 (O LHR MDH(ES+)amel 200626 (106) DL BRLE: £ 3303, min (MicromassZQ,
pohwsgmglnnnl) were added to DVE: Water (5:1) (2nL) and the

m Xt ure degassed with Argon for 10m n.

Tetralds(triphenylphosphi ne)pal 1adi um(0) (8.0ng, .
S-AminombthI-Exgt 2 dieiszindifesmeadded and the reaction m xture

m crowavdd at 110C for Il The m xture was

concentrated in vacua, .jkwpﬂvg&ln DVSO, and purified

by mass-directed prepa‘f"gl Cto afford desired

product. | HNMVR (d6- DVBON-Y00 MHz): 0 11.50 (br s

11% 7.72(m_ 111), 1H) , 46 (dd 7.

024 Hf‘ slwlc)f 2—(§%0ﬂ§r—d1gydrﬁn-hlﬁ,é,l]%fzi\. £~ lesﬁ'qlix@omdole—l 3-dione (4g,
15.6moriB1)38 DTMIBICH1 12 kY500, YFas Chargesl withlnhydbous Bydrbzines(1 234l |

39, Omn%d):lagd gt%}ed %Hl Ngor 81% c§1 %r?%&ir% co(1 té’téE%?An I\/I%ELJ‘% a%l% e off-white
solid WW‘E@GFF‘/“’G@I”PS’? lwfdﬁwe@}m'@}} ﬁﬂﬁﬁ 1. hggolid was then

triturateld ﬁﬁmﬁmﬂlﬂﬁn@hﬂﬁdﬂﬁn& (%3] Iaﬁdiﬂitetx)'e?d ﬂ*ongdtdamh& fifin@ k@WIIAZ fnlhn off-
et e xane [ DO e
white Sﬂ%h)ﬁ% N{e.n h O fisepon % %6; Xbe'f%e g;::fi dnefl fvenlué'h]t r(l,sultlng in the

m ne

title wrmc(%#%ﬂz@tsplmh z‘éﬂlch}.vay (rk¢n gn © ﬂs: n&!ﬂeﬂmpamﬁ'etwrfwﬂw prifisation; 'H

i ; 31Q2 bk .
o T e L O i)y e

trans 4- (8- Ami no- 1- (1Hi ndol - 2-y1)i nBdazo[ 1, 5- a] pyr az
_ Ch ralebaY, 0.07mmol ) in
2 640){0 h?ﬁ%" IIDM: (ZM)@SJU onwé’g’n"%?é"?ﬁ %ﬁﬁg? reaction (as
nnnltored by LCNLS), t m xt fre was added to a
saturated aqueous sodl Hﬁwﬁ?& :
The resul ting precipi Q-8 Wers ected by filtration
and washed with cold acetonitr (3 x 10nL) to

qﬁ rch a&ﬁgom(stda;e 308 %kH-23 4-Rauero-[1 L UNNR -6 LAndhBfoindole-
1oy g g o e e s g

heated % réflx, for12h] Yhe ﬁéadt&n(mizmme:ﬂat fkered htitrpughlal@nall pa@ OK‘@UteJDﬂ
washedSrfla b Sikles ofBlarrets 08 )7( a2 Bt oot v
43 (hr s,211), 3.16 11%& 211

resultmgixrhthe Tth_()ompg RS @ ﬁff vﬁgpje sol Nm O-cfg3 5 ﬁj’f‘f (s, 2H)
7.84-7.98Gh, $¥16) 2.661(s, 193 Ms QESHZ: B8 207.2MBog) MY, ) rn/z 403. 09

[ M+ F]. EXAMPLE 73

trans- 4- (8- Am no- 1- (1H i ndol m dazo[ 1, 5- a[ pyr azi
-(5'0159- %ﬂyqx)*%sfbwto@ydpv[%ﬂh@%ﬁﬁﬁ%hﬂb@@&nﬂ%éme

[416] Prepared according to the procedure descri bed

above for EXAMPLE 72, except using cycl opropyl am ne

in place of ethylamne. M5 (ES-1-): SE 415.22 [ MEl+4].

EXAMPLE 74 WO 2007/ 061737PCT/ US2006/ 044461 Benzyl

{[ erans-4-(8-am no- 1- (1H i%dol - 2-yd m dazo[ 1, 5-a] pyra

zi n- 3-y0Ocycl ohexyl |l nethyl} earbam ate [417] A
m xture of benzyl
{Orans-4-(8-am no-1-iodoi m dazo[ 1, 5- ci pyrazi n4-

yDg_ycI ohgxyl | met hyl }cg\r bgrr_a_t e (1 Ogg: 0. O_O}SOrrle),



[419] Prepared according to the procedure descri bed

above for EXAMPLE 22, except using benzoic acid in

pl ace of acetic acid. M5 (ES+): m z 465.25 [ ML1+]
wbXi6iitkfs7 7 HAON O _ PCT/US2006/044461

N- Ut r ans- 4- (8- Am no- 1- (1H-i ndol - 2- ypi m dazol L5- aj pyra

zi n-3- yl)cycl ohexygnet hyl } eyel obut aut ecar boxanm de

[420] Prepared according to the procedure descri bed

above for EXAMPLE 22, except using

cycl obut anecarboxylic acid in place of acetic acid.

MS (ES+): mz 443.25 [ ML1+] MPLE 78 |-13C
N-{[trans-4-(8-Am uopl~ 1-2-yl)imdazo[ 1, 5-a]p
yrazi u- 3- yI)cycIohex;L\ th

dlnethoxybenzaWIde 8 ﬁ [@ 1] pared according to

pr,og edur rlbed ve f VPLE 22, .exg
ﬁ?s“hg ﬁétlﬁdf’( 8’3%“‘)’3’6?183‘11 AT UGB P! eser
(20g, 76femrdol) M&n(xﬁ‘ﬁm)s Et(m%[ L30628.) 385 $ribupbE it thidD6AiVRbEZIFO(6(98 GEG

76. Gmmléll){uL &I{ ok aﬁ@hﬁ%@dexﬂl‘cl{’%‘ GyY l‘eagtxo\é ik die Q{Ial‘ge% VRN M-

yrazin-3-y e

th
dnsoproaylﬁmwrse#zéaa@@m 76.Sompniand Biesip QOICHer Rt et for
an additidng] §0hO0Thehdhcion eftire bad calbentmated Gk vdedMdlshii®®as taeatgl with hot

EtomEﬁA@ﬂn%%f‘a(ng@eﬁ%%%ggéQ 'ghe[as'v‘_& %Qﬁ%&hﬁ%ﬁ@%ﬁg%&&n oven

(40°C) rpitine(6 the TP ETHrbIS) 608 /cffwis s isolid; "H NMR (DMSO-ds, 400 MHz) 5 4.68 (s,
259), 7.95:A 45 (bR A8y, S E¥HR2 ded ddtobyaiad.2- y! ) i m dazo[ 1, 5- al py
razi n-3- yl)cycl ohexyl ] met hAf or mam de [423]
Prepared- according to the procedure described above
2-[(3-Miethyl-ExAd /RS iR ro-d RopiazinsG-yynbtiy 1418 -isai ndple-h 3{2FAalone f
acetic acid. M5 (ES+): gz 389,10 [N|1+] EXAVPLE 81
0 (1R 2R)-N-{
[trans-448-am no- 1- (I rn..|7 yl )1 m dazo[ 1, 5-al pyr
azi n-3-yl) cycl ohexyl 'Hy. ? \-Icyclopropanecarbo
xam de [424] Prepared acctrding to the

PE52F € AUoRidR SELH A, @W& 1 RhinlAOMALiEoitdt-2 §%0ERlopropancate

O T R R N

- mmol) ipdAlifeides BfOH mg&ﬁDWﬁﬁlw 83D/ @m%&ﬂmﬁﬂ to rf and stirred for an
addltlorhlf id ﬁ r'ﬂ&%’ea%{l&l rn PO W;S iélLeEétdl:] thll%qa';l‘a g‘ﬁ%&')’ﬂ!ﬂﬂg mg‘l'm%fkl {73 %

razin-3-yl)c ohexy chl or 06- 11uorobenzo
yield) O%Fh? Hﬂ%ﬁﬂi@%ﬂéﬂs@aﬂb@ﬁéﬁﬁ NMR (400 MHzIMBLLIE P BR 2.28 (s, 3H),
4.73 (s,a:q@aam O 8,12 (ol) GER VS @584 :90/8 €78 J0B pati+-pbove for
MPLE 22, except using

3- chloro 6-f |l uor obenzo[ b] t hi ophene- 2- car boxylic aC|d
6-(Aminomethyidy-g3-medthylded4-triagb-S4EBn¢ ES+): iz 573.35 &

575. 31 [ MH]. EXAMPLE 83

N-fltrans-4-(8-Am no-1-(1Hindol-2-yl)imdazo[1,5-a]p

yrazin- 3-
yl ) eyel i t hexyl hal et hyl ri s¢qui nol i ne- 2- car boxam de
[426] Prepared accordi ng- RupProcedure descri bed

above for EXAMPLE 22 ceft usihg
i soqui nol i ne- 2- carboxyri%Nacid in place of acetic

35457 MRddom b 213 et 8400 B X AMEHE 88 v hmethy1]- 12
isoindole-1,3(2H)-dione (2.00 g, 7.40 mmol) in DCM (10.0 mL) and EtOH {10.0 inL) was charged
with hydrazine (0.58 mL, 18.5 mmol) and stirred at rt for 8§ h, then heated to 45 °C for an additional
16 h. The reaction was charged with an additional 0.5 equiv of hydrazine (0.116 mL, 3.70 mmol) and
heated to 45 °C for 4 h. The reaction mixture was aliowed to cool to 1t then filtered through a fristed
funnel and the cake was washed with 2 portions of cold 1:1 EtOH/DCM (75 mL) and the filtrate was

92



WO 2007/.061737PCM52006/ 044461
N-{[trans-4-(8-Am no-1-(1H i ndol -2-yl)i nai dazo[ 1, 5-a
pyrazi-n-3-yl)cycl ohexyl | met hyl | indol e-3- carboxam de
wh4adtssepar ed according to the procedure desarisbedniddst

above for EXAMPLE 22, except using
i ndol e- 3-car boxylic aC|d in place of acetic acid. M
(ES+) m z 505.46 [ MH]. EXAWPLE 85

1- (4- Chl or 0- 1Hi ndol- 2-y1) - 3-cycl i sbutyl i ni dazo[ 1, 5-a

] pyr azi n- 8- ani ne [428] Prepared according to
concentrated resubiing i roefke alro e elis Whith Eataken o i thewegleyinp without

further plSifdftion. 'H NMR (400 MHz, DMSO—dG) 3 ppm 2.21 (s, 3H), 3.72 (s, 2H); MS (ES+): m/z
@@%t ert-butoxycarboriyl)-4-chloro-Windol e-2-boronic

141.06 -in place of
1-(tert-butoxycarbonyl)-1H ndol e-2-borcm ¢ acid. 'E

e S il %heﬁe@ﬁﬁ‘s‘*‘m ¥4 4 oo

(in, 111), 6.42 (bs, 2Ry, 6.67 F1), 7.09 - 7.14
(m 311), 7.43 -7.47 (i "ﬁ . 83 (bs, 1H). M
(ES+): nvez 338.26 EXAMP -
2007/ 061737PCT/ U / 044461 NH2NH

03c--0

1-(Lff-Indol-2-yl)-341-(4-met hoxyphenyl)cycl opropyl |i
m, dazo[ 1, 5-a] pyra m ne . Pr ed . . o
Dt Gy B Bl ey isegr L (ot PRI SHon, n a 10%

aq soluted AR OHAS GngéyjtmI@svasgooled to 0°C and treated over 15 min with vigorous
sﬁnmg,%?l éﬂ%)éﬂ&%?&ﬂnﬁéé‘dﬂgtqp@ﬁ%&ﬁf &deqloa%éﬂsohaaop{vmlmﬁed (M

but anecar boxyli1c acid. H'N
HCl(aqt)JaE m;x@ e hﬂﬁ megxp%? gollegec(lﬁy ﬁlfmgxg W§ged2wM+E"lz rvatﬁ_rfgd hexane
then drib®in xﬁ&:ib)ovmﬁm?eﬁméld to dfffd 8023d70f the title copatind (¥ NMR1(A)Q MHz,

cociyfs 63889 b A, £32746 5, 457141 58 g el g agfm‘»%% 25 (m, 1D,
3.06 (0 5 5. GHLPH), .88y, 41D, 398 (5 2H)47. 3173605 FH). ME Sy mip 292 [MH+].
H and 9.36 (br. s., 111). MS (ES+): ink 396.15

Benzyl [(ifahsl- {[(E6ANCb iy rtzin-2Gifiaethyllcarbamoyl} cyclohexy) methyljcarbamate
1-(Lfir-1ndol -2-0):#341 (ppopyl sul fonyl) pi peridin-4-yl

i m dazol |, 5-a] PYyLAZiRA: 8- m ne [ 430] Prepared
according to thg pr ced r| bed above for
EXAMPLE 59, exc si ng pr OR.3 2-sul fonyl chloride

in place of Dbutanesulfonyl chlqgide, M5 (ES+): raiz

439. 06 [ ML1+] EXAMPLE 88 WD

2007/ 061737PCT/ US2006/ 044461 0.

1-(11/-1Indol -2-y1)-3-11- (phenyl sul fonybpi peridift-4-y

[1'i mdazo[ 1, 5-al Pyrazi n-8-am ne [433~Prepar ed

according to the procedure describgd apove for _

EXAVPLE 59, except using benzenesul 7ot chloride in

dR¥d e Tofa sobiion ﬁ@gmﬂ«P@ﬁgﬂpyxeﬁnéml)@@mymeésﬁmylmiwlz (0.100¢g,
0.533 ribdol) R DEWYEE mLFXAMR 3-d1methy1amm0propyl) -N'-ethylearbodiimide

hydrocfigesfy Faﬁﬂfmélzi% i pippuSay o RPLERLA Rath 2"

hydroxjbe8aiiridRple (00 62, &eﬁ@omdﬂhgldttmw-ﬁe procedure descri bed

({[@m%h&agcé&ﬁ¥1%@h§ﬂ%% cy@ote SRk Pﬂ:aczd({} 21 g, 0.70 mmol). The
t | - h
mﬂ%ﬁﬂ%&?@%&%ﬁ% ea lteipd i DEEXFEC (3%1*5’ St nﬁiﬂi‘g@a(i‘g and brinc,

then drfef/lolvet Nags(ﬁ)éﬁ‘ﬂ/ﬂb EBolént removed in vacuo. The residue thus isolated was

chmma&Jg@aQ,ﬁ »4(318 &ur{g]\ﬁﬂ{ﬁ% e:YJnL PLQ@&@&&O%?& d?m{eacéll

- 3 1 benyl et h exanecar boxam d
compoyds @@%53&1 B8 08 8 BPobbetd bt - Heb om 2,
1.99-2.6bGw, @ Hf), 2 20E0AVE), B .08 3. 1205066 8H), A6BI(ALT = 4.4 Hz, 2H}, 4.79 (br, 1H), 5.10 (s,
(1S) - 1- phenyl et hanam ne in place of cycl opropyl am ne.
M5 (ES+): rn/z 479.11 [1.49%1+]. EXAVPLE 91




N- 11t r ans- 4- (8- Am no- 1- (1H i ndol - 2- Ai m dazo[ 1, 5- al pyr

azi n-3-yl)cycl ebexyl 1net hyl } (3- bronophenyl ) acet am de

[434] Prepared according to the procedure descri bed
wahavRei9f EXAVPLE 22, except using  PCT/US2006/044461

3- bronophenyl acetic acid in place of acetic acid. M

(ES+): mlz 557.21 and 559.20 [ ME1+1. EXANMDPLE 92 C

N-fitrans-4-(8-Am no-1-(1F/ -indol -2-ypi m dazol |, 5-alp

yrarin-3-yl)cycl ohexygnet hyl } (2, 6-

di chl oro- 5- 11aoropyri di n-3-yl1) acet am de [ 435]
2H), 6.7B(PENC U3 nE G0 0E] SH), 8.03 (d)e=prsone dH), 8.46€4 01 DeHz altp\dS (ES+):
mfz417f1%r MPLE 22, except using

, fchloro-5-fluoropyridin-3-yl)acetic acid in

pl ace of acetic acid. M5 (ESt+): raiz 522.21 [ M#H].
Benzyl {Pad @ -G0drbiddiBheo1, 52RO SA0 A 41 brkidnXAifdt dehyfeartRaniy |

4-18-am no-1-(1/ 3-i ndol-5-yl)imdazoll, 5-al pyrazi n- 3-

yl | pi perl di ne-1- cargzz%LQB [436] Pr epar ed

according to the phoc descri bed above for

EXAMPLE 24, except 'ﬁgflndole 5-boronic acid in

pl ace of 1-(tert-butoxycghonyl)-1H i ndole-24boroni0

acid. M5 (ESt+): ink 494. Pl CE1- 9. EXAMPLE 94 -

rrans-4- (8- Am no- 1- (' 11/ =rgdol - 2-yl )i m dnzof 1, 5- al pyr
azi n-3-yl)-N-benzhni dazol - 2- yl cyel ohexaneear boxam de

[437] Prepared according:?gtthe procedure descri bed

above for EXAMPLE 68, excgpteusing

2- ani nobenzi nidazole in p acégigzgkattrinopyridine.

MS (ES+): miz 490.97 [ ML1+]. E 95 WD

2007/ 061737PCT/ | TS2006/ 044461

12561 HTp A geepensiqnof benzyh [(# ﬂﬁﬁﬁﬁfﬁ‘ﬂ‘l‘ﬁ"%"tﬁ’ﬁyl ) pi periol i
yhmethiiH Arl#hioylmﬁmebbpﬁ‘ﬂﬁ’]]p@thmﬁﬂaoa g 01220 rminol) in E{tcasa {6.9mL) and

fi

o R Ay St oyt g5y 08 s g g o
hom,thgr@:tg'm\nﬁgcqp}qglrt@g Vairg: Ve @d@&fteraﬁlrtherl m at 0°C and
20min 221t BE Ml WQ@H—d&leﬁ Iu?lmf an8 whEP{P0)) *hhdbéd. Thénehaith Rexture was

I 1.4-d at
exenns 2 1 % AR ‘(‘%x“?‘ﬁ‘e“(‘ﬁ?%%&a“&? i bom)
and themiimgdpxeniéeSQs and @onagairated in Y2QC 14 @r‘for DAPGE of mﬂﬁmwed 'H
NMR mmgm;)r ai.ecl1i1p (r\ﬁ,aﬁ-l)ol 76087 (8 S0 UB9R60 (m, ZH), 2.04-2.08 (m,

o i PS5 sl Sbp RS e T B A S o=

4.8 Hz, THR 757816, 1puMES (RE+9vinéi399.26BMBbL ai ned was t hen
subjected to sem -preparative 11PLC to afford desired

Bemlgﬁ%ﬁy%s-%%% o %%Mé g?%&mhéxé@zeg%lﬁﬁm(am
1=10. 11 Hz, 211), 42 6.74 (s, 111), 7.02 -
7.11 (m 2 13), 7F&f§§r5£;8 08, 7.07 Hz, 1 11), 7.47

0

(d, 1=9.09 Hz, N5§? 7.65 (in, 3 FD, 7.69 (d,
1=8.59 Hz, 1 11) (ty, 3=8.34, 6.82 Hz, 1 11),
7.96 (d, 3=7.33 Hz, 1 H) 08 (d, 1=8.34 Hz, 111)
and 8.39 (d, 1=8.59 Hz, T M5 (ES+): ink 474.23

[ ML1+] . EXAMPLE 96

1-(1/ 3-1ndol-2-yl)-341-(2-thi enyl sul f onyQpi peri di n- 4-
yl i m dazO[ 15- a] pyr azi n- 8™ami ne [ 439] Prepared
according to the procedur 8scri bed above for
EXAMPLE 59, execept using‘%hioa-e 2-sul f onyl
chloride in place of nbutanesul f\anyt chloride. M

([Eé-']-) :Toi ans/o uugrrz gf '&mzyLll\ﬂ' s —4—'—':(%(-%:011111%320[1 sS-alpyrazin-3-

yBheyclohexyllmethyl}carbamate (1.49 g, 0.00374 mol) in DMF (0.6 mL) was added NIS (1.0g,
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~1-(LTILI ndol - 2-y1)-341-[ (3- net hyl phenypstt| fonyl ] pi pe
ridin-4-yflimdazo[ 1, 5-a] pyrazin-8-am ne [ 440]
wOheRRkELS according to the procedure descri bggrakRewendase1
for EXAMPLE 59, except using 3-nethyl benzenesul f onyl
chloride in place of nbutanesul fonyl chloride. M
(ES-1-): rn/z 487.94 [ Ma+]. EXAMPLE 98 01-13
.1-(1/-/-1ndol -2-y1)-341-1. (1-net hyl - 11/ -i m dazol -4-y1
) sul fonyl ] pi peridin-4-yl pm dazo [1, 5-
0.0045 mplpy Fleeeantiéh mixivme was sﬁrred at 544 pyerPigbithenediluted vathdit@ge (29mL),
washed WaR “3&962%% ELABEGEhOSBrAR M df-[@ni o%b?aﬁﬁoon@e‘ﬁﬁ-@@& in vacuo.

usin net hyl - 1FL| chl or.ide in
The crugy B %ﬁﬂ%%‘@%iﬂhf gﬂeﬁ%?"eaam FEp Rl fgens —
hmmmeﬂﬂﬂm2D1@MHme7gofmmnﬂep¢¢@¢mmhe fol |l om ng exanpl es

MS(ESXAﬁ Qﬁﬁ,ﬁ_ﬁl accordi ng to procedures anal ogous to
ose escribed above, utilizing where necessary

i

NH -- .. 433. 06 1% N
2007/ 061737PCT/ US 461 Ex i
&/ /N

N\,_./

i

[258] A solution of benzyl {jtrans-4-(8-chloro-1-iodoimidazo[1,5-alpyrazin-3-
yicyclohexylJmethyl}carbamate (1.70 g, 0.00324 mol) in IPA (30 mL) was cooled to -78 °C, treated
with a stream of ammonia gas over 3 min. and then heated at 110 °C in a Parr vessel overnight. The
reaction solution was concentrated in vacuo and residue washed with water to afford 1.37g of desired
product. 'H NMR (400 MHzg, CDCL): & = 1.08-1.17 {m, 2H), 1.88 (m, 1H), 1.71-1.81 (m, 2H), 1.91-
1.94 (m, 2H), 2.00-2.04 (m, 2H), 2.90 (m, 1H), 3.13 (f, ) = 6.4 Hz, 2H), 4.86 (br, 1H), 5.11 (s, 2H),
5.76 (br, 2H), 7.00 (d, = 5.2 Hz, 1H), 7.22 (d, T = 5.2 Hz, ll-if), 7.31-7.37 (m, 5H). MS (ES+): m/z
5.7.36 [ME-].

Benzyl 4-{[(3-chloropyrazin-2-yDmethyl]carbameyl}piperidine-1-carbexylate
o o
N)\(\NH}b :
l\/['“ N °\/©
T
[25%] A solution of C-(3-Chloropyrazin-2-yhmethylamine bis-hydrochleride (2.00 g,

0.0107 mol) and N N-diisopropylethylamine (2.2 g, 0.017 mol) in DCM (27.0 mL) was treated with
and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (3.2 g, 0.017 mol), 1-
hydroxybenzotriazole (1.5 g, 0.011 mol) and 1-[(benzyloxy)carbonyl]-4-piperidine carboxylic acid
(3.8 g, 0.014 mol). The mixiure was stirred at rt overnight then diluted with DCM (30ml.), washed

with sat. NaHCO; (20mL) and brine (20mL), then dried over Na,SO, and concentrated in vacico. The
crude material thus obtained was chromatographed over silica gel eluting with EtOAc:hexane 1:1
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yielding 3.38g of the title compound. 'H NMR (400 MHz, CDClL): 8 1.68-1.78 (m, 2H), 1.91-1.94
(m, 2H), 2.44 (m, 1H), 2.85-2.92 (m, 2H), 4.24-4.26 (m, 2H), 4.70 (d, I=4.8 Hz, 2H), 5.14 (s, 2H),
6.85 (br, 1H), 7.30-7.37 (m, 5H), 8.34 (d, Y= 2.8 Hz, 1H), 8.45 (d, T = 2.8 Hz, 1H). M8 (ES8+): m/z
389.17 [MI+].

Benzyl 4-(8-chioroimidazo{l,5-a]pyrazin-3-yDpiperidine-1-carboxylate

}IQ

{2601 To a suspension of benzyl 4-{{(3-chloropyrazin-2-y)methyl]carbamoyl} piperidine-1-
carboxylate (0.100 g, 0.220 mmol) in EtOAc (0.9 mL) and DMF (0.068 mL) at 0 °C was slowly
added POCI; (0.082 mL, 0,88 munol). After stirting at ¢t for an howr the mixture was cooled to 0°C
then treated with solid NaHCO;, The mixture was stirred for 20min at tt, diluted with water and
extracted with EtOAc (3 x 20mL.). The combined extracts were washed with water {2 x 30 mL) and
brne (30 mL), then dried over Na,SQ,, and concentrated in vacuo to yield 2.07 g of desired product.
"H NMR (400 MHz, CDCL): & 1.98-2.04 (m, 4H), 3.03-3.20 (m, 3H), 4.30-4.33 (m, 2H), 5.16 (s, 2H),
7.33 (d, = 5.2 Hz, 1H)}, 7.35-7.38 (m, 5H), 7.26 (d, F=4.4 Hz, 1D, 7.79 (s, 1H). MS (ES+): m/z
371.22 [MH+].

Benzyl 4-(8-chloro-1-iodeimidazo]1,5-¢]pyrazin-3-yl)piperidine-1-carboxylate

N

O

[261] Toa sc;lution of benzyl 4-(8-chloroimidazo[l,5-ajpyrazin-3-ypiperidine-1-
carboxylate {1.31 g, 0.00354 mol) in DMF (0.6 mL) was added NIS (1.6 g, 0.0071 mol). The reaction
mixture was left to stir at 55 °C for 20 h. then the mixture was diluted with EtOAc {20mL}, washed
with water (2 x 40 mL} and brine, then dried over Na,S0,4 and concenirated in vacuo. The crude
reaction mixture was chromatographed over silica gel eluting with hexane— hexane:EtOAc 1:1
yielding 1.63g of desired product. "H NMR (400 MHz, CDCL): § 1.95-2.04 (m, 4H), 3.02-3.15 (m,
3H), 4.29-4.32 (m, 2H), 5.15 (s, 2H), 7.32 (d, J = 5.2 Hz, 1H), 7.34-7.37 (m, 5H), 7.66 (d, T= 5.2 Hz,
1H). MS (ES+): m/z 497.03 [MH+].
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Benzyl 4-(8-amino-1-iodoimidazo[1,5-#]pyrazin-3-yl)piperidine-1-carbexylate
Nty
o
LIy

Q

P
O
[262] A mixture of benzyl 4-(8-chloro-1-iodoimidazol1,5-alpyrazin-3-yl)piperidine-1-

carboxylate (0.500 g, 0.00101 mol) in IPA (20 ml.) was cooled to at -78 °C and treated with a stream
of ammonia gas over 3 minutes. The resulting solution was heated at 110 °C in a Parr vessel prior to
concentration in vacuo, suspension in DCM and filtration through a bed of Celite. The filtrate was
concentrated in vacuo to afford 0.504 g of desired product. "H NMR (400 MHz, CDCl;): § 1.88-2.02
(m, 2ED), 2.99-3.10 (m, 3, 4.24-4.41 (m, 2H), 5.15 s, 2H), 6.03 (br, 2H), 7.03 (4, J = 4.8 Hz, 1H),
7.24 (4, ¥ = 5.2 Hz, 1H), 7.31-7.40 (m, 5H). MS (ES+): m/z 479.33 [MH+].

1-(2-Trimethylsilylethoxymethyl)-1H-pyrrolof2,3-blpyridine

7 o
N N/
O—J
Hac‘.? cHy

[263] To a suspension of sodium hydride (934 mg, 0.0358 mol)' in DMF (57 mL} was added
dropwise under N3, a solution of 1H-pyrrolo[2,3-b]pyridine (3.00 g, 0.0254 mol) in DMF (20 mL).
The mixture was stirred at r.t. for 45 min. then cooled to 0°C and treated dropwise with [2-~
(trimethylsilyl)ethoxyJmethyl chloride (6.32 mL, 0.0357 mol)}. The mixture was stirred at rt for 12h,
then poured into water (10 mL), stirred for 30 min. and extracted with Ef20 (4 x 10mL). The
combined extracts were washed with brine (20mL), dried over sodium sulfate, and concentrated in
vacuo to give the crude product which was chromatographed over silica gel eluting with hexane —

1:9 Et,O: hexane to afford 6 g desired product.

N-(2-Trimethylsilyl-1-ethoxymethyl)-2-(tributylstannyl)-1H-pyrrolo|2,3-blpyridine
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{264] To a solution of 1-(2-trimethylsilylethoxymethyl)-1H-pyrrolo[2,3-b]pyridine (500
mg, 0.0020129 mol) in THF (5 mL) at -10°C was added a 2.0 M of n-Buli in ¢yclohexane (1.2 mL). -
After 10 min at ~-10 °C, the mixture was cooled 1o -20 °C and tribtyltin chloride (0.65 mL, 0.0024
moi} was added. The mixture was stirred at rt for 1 h, the poured into a 5% aqueous ammonium
chloride (Z0mL)}, extracted with EtOAc (3 x 20mL) and the combined extracts dried over anhydrous
Mg8O, and concentrated ir vacuo. The material thus obtained was chromatographed over silica gel
eluting with 1:9 EtOAc: hexane to afford 0.7g of the title compound. *H NMR (400 MHz DMSO-d6)
3 0.01 (s, 9H), 0.10 (s, 2H), 0.92 - 0.94 {m, 9H), 1.14 - 1.27 (m, 6H), 1.37 -1.46 (m, 6H), 1.60 - 1.72
(m, 6H), 3.48 - 3.52 (m, 2H), 5.71 (s, 2H), 6.74 (s, 1H), 7.16-7.19 (m, iH), 8.02 (dd, I = 1.6, 7.6 Hz,

iH) and 8.31 (dd, Y= 1.6, 4.4 Hz, 1H).

3-Cyclobutyl-1-[1-(2-trimeibylsilylethoxymethyd)-1 H-pyrrole]2,3-5] pyridin-2-ylimidazo[1,5-
djpyrazin-8-amine

7
e S
N\~
NH,
= = N \\0 cHy
k\/"\j 1{.
/\cHa
HiC

[265] A mixtare of N-(2-trimethylsilyl-1-ethoxymethyl}-2-(tributylstannyl)-1H-pyrrolo[2,3-
blpyridine (110 mg, 0.20 mmol), 3-cyclobutyl-1-iodoimidazo[1,5-alpyrazin-8-amine (50 mg, 0.1592
mmol) and bis(iriphenylphosphine)palladium(T) chloride (10 mg, 0.02 mmol) in ethano] (2 mL) was
heated at reflux for 48 h. The mixture was then cooled to rt, filtered through a pad of Celite and
concenirated in vacuo. The residue thus obtained was chromaiographed over silica gel eluting with
hex :EtOAc to afford 17 2mg of the title compound. 'H NMR (400 MHz CDCI3) 5 0.22 (s, 9H), .70
(t, 2H), 1.87 - 2.19 (1, 2H), 2.49 - 2.64 (m, 4H), 3.37 (t, 2H), 3.81 - 3.86 (m, 1H), 5.51 (bs, 2H), 6.07
(s, 2H), 6.67 (s, 1H), 7.10 - 7.16 (m, 3H), 7.93 (d4, T=1.6, 8.0 Hz, 1K) and £8.41 (dd, T = 1.6, 4.8 Hz,
1X). MS (ES+): m/z: 435.21 [MH+H].

4-Bromoe-2-nitro-N-phenylaniline
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[266] A mixture of 1-bromo-<4-fluore-3-nitrobenzene (2270 mg, 10.01 mmol), aniline (3
ml) and DMF (20 ml) was heated z;t 100 °C under an atmosphere of Nitrogen for 7 h. The mixture
was then concentrated in vacuo, and the residue iriturated with heptane (30 ml) to give the desired
product. 1H NMR (400 MHz, CDCI3) 6= 7.11{(d, 1 H, J=9.2 Hz), 7.25—-7.29 (m, 3 H), 740 -7.45
(m, 3 H), 8.35(d,1 H, I =2.4 Hz) and 9.45 (brs, 1 H).

4-Bromo-N-methyl-2-nitroaniline

NO,

N
B
[267] Prepared according to a procedure analogous to that described for 4-bromo-2-nitro-N-
phenylaniline. '"H NMR (400 MHz, CDCl3): §=3.02(d, 3 H, J= 5.2 Hz), 6.76 (d, 1 H, /= 9.6 Hz),
7.51 - 7.54 (m, 1 H), 8.02 (brs, 1 H) and 8.32 (4, 1 H, J=2.8 Hz). MS(ES+): m/z 231.05 and
233 G8[MH+].

4~Brome-N-ethyl-2-nitreaniline
: NO.,

. 2 H
o
Br

. [268] Prepared according to a procedure analogous to that described for 4-bromo-2-nitro-N-
phenylaniline. "H NMR (400 MHz, CDCI3) 8 = 1.37 (t, 3 H, T = 7.2 Hz), 3.31 — 3.37 (m, 2 1), 6.76
(d.1H,J=288Hz),7.48~7.51 {m, 1 H), 7.95 (brs, 1 H) and 8.31 (4, 1 H, J = 2.4 Hz). MS(ES+):

m/z 245.07 and 247.11 [MH+].
o
Br '

N-Benzyl-4-bremo-2-nitroaniline

[2691 Prepared according to a procedure analogous to that described for 4-bromo-2-nitro-N-
phenylaniline. "H NMR (400 MHz, CDCl:) 6=4.54(d,2 H,J=5.6 Hz), 6.72 (d, 1 H, J = 9.2 Hz),
7.30—7.40 (m, 5H), 7.44 (ddd, 1 H,J=0.4 & 2.4 & 9.2 Hz), 8.34 (4, 1 H, J=2.4 Hz) and 8.41 (brs,
1 H). MS(ES+): m/z 245.07 and 247.11{MH+].
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4-Bromo-N'-phenylbenzene-1,2-diamine

N
/CF
O
B

[270] Prepared according to a procedure analogous to that described for 4-bromo-2-nitro-N-
phenylaniline. *H NMR (400 MMz, DMSO-ds) = 3.80 (brs, 2 H), 5.07 {br, s, 1 H), 6.70—6.75(m, 2
H), 6.82 — 6.86 (m, 2 H), 6.93 (4, 1 H,J=2.4Hz), 6.97 (4, 1 H, J=8.0 Hz) and 7.17-7.24 (m, 2 ).
MS(ES+): m/z 263.17 and 265.20 MH+.

4-Bromo-N'-methylbenzene-1,2-diamine

NR

2 H
N
Br

[271] A suspension of 4-bromo-N-methyl-2-nitroaniline (3328 mg, 22.04 mmol) in EtOH
(100 mil) was ireated with SnCl,2H,0 (25.61 g, 110.2 mmot) and the resulting mixture heated at 70
°C under an atmosphere of Nitrogen for 5 h. The reaction mixiure was then cooled to 1t and treated
with ice-water (50 ml) followed by aqueous NaOH (4 N) until pH > 8. This basic mixture was then
exiracted with EtOAc (3 x 150 ml) and the combined extracts washed with brine (3 x 100 mb), dried
over MgS0, and concentrated in vacuo to afford the title compound. *H NMR. (400 MHz, DMSO-dy)
5 ppm =268 (s, 3 H), 4.74 (brs, 3H), 627 (d, 1 H, J= 8.4 Hz), 6.61 (dd, 1 H, /=20 & 2.4 Hz) and
6.66 (d, 1 H, J = 2.0 Hz). MS(ES+): m/z 201.10 and 203.12[MH+].

4-Bromo-N'-ethylbenzene-1,2-diamine
NH

2 H
Br

[272] Prepared according to a procedure analogous to that described for 4-bromo-N'-
methylbenzene-1,2-diamine. "H NMR (400 MHz, DMSO-d¢,) § ppm=1.19(t, 3 H, J=6.8 Hz), 3.01 -
(quartet, 2 H, J = 6.8 Hz), 4.46 (brs, 1 H), 4.81 (brs, 2H), 6.30 (d,  H, /=84 Hz), 6.58¢dd, 1 H.J=
2.4 & 8.4 Hz) and 6.66 (4, 1 H, J= 2.0 Hz). MS(ES+): m/z 215.07 and 217.16 [MH+].

N!-Benzyl-4-bromobenzene-1,2-diamine
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Br

[273] Prepared according to a procedure analogous to that described for 4-bromo-N'-
methylbenzene-1,2-diamine. "H NMR (400 MHz, DMSO-d;) § ppm = 3.39 (brs, 2 H), 3.61 (brs, 1
H), 428(s,2H), 6.51(d, 1 H,J=138.4 Hz), 6.85 —6.89 (m, 2 H) and 7.27 — 7.38 (i, 5 ). MS(ES+):
w/z 277.20 and 279.20 [MH+].

1-Benzyl-5-bromo-2-phenyl-1H-benzimidazole .
N

Y
B N

[274] p-TsOH-H,O (311.7 mg, 1.606 mmol) was added to a DCM (50 m) solution of N'-
benzyl-4-bromobenzene-1,2-diamine (4451 mg, 16.06 mmol) and trimethy] orthobenzoate (3096 pl,
17.66 mmol) and the resulting mixture was stirred at rt under an atmosphere of Nitrogen for 40 h. The
reaction mixture was then concentrated in vacuo to give a yellow solid which was triturated with
A0%MeOH/water (375 mL), filtered, washed with saturated NaHCO; (20 m)+H;O (80 ml) twice and
40% MeOB/H,O (2 x 50 mi), and dried to give the title compound. "H NMR (400 MHz, DMSO-d;) &
prm = 5.44 (s, 2 H), 7.05 — 7.08 (m, 3 H), 7.30 — 7.36 (m, 4 H), 7.44 — 7.50 (m, 3 H), 7.66 — 7.68 (m,
2H) and 799 (dd, 1 H, /=04 & 1.6 Hz). MS(ES+}: in/z 363.20 and 365.26[MH+].

5-Bromo-1-methyl-2-phenyl-1 H-benzimidazele
/
0
N
7 [275] Prepared according o a procedure analogous to that described for 1-benzyl-5-bromo-
2-phenyl-1F-benzimidazole. "H NMR (400 MHz, CDCl,) & ppm = 3.86 (s, 3 H), 7.26 —7.29 (m, 1
H), 742(Ad, 1 H,J=20&84Hz2),753~-756(m,3H),7.74-7.76 m, 2 H)and 795 (dd, 1 H, /=

0.4 & 1.6 Hz), MS(ES+): m/z 287.18 and 289,14 [MH+).

S-Bromo-1-ethyt-2-phenyl-1H-benzimidazole

101



LA dr, WD 2007/ 061737PCTI US2006/ 044461 Ex #
Structure M+ Ex # Structure M+ 121 4 NH2H N CW\NeO
391.23 122 N/ 4 NH 11. 490.97 123 Nt NI* N"' 10

wa2807081737 PCT/US2006/644461

N
—
B N
[276] Prepared according to a procedure analogous to that described for 1-benzyl-5-bromo-
2.phenyl-1H-benzimidazole. "H NMR (400 MHz, CDCL) § ppm = 1.46 (t, 3 H, J= 7.2 Hz), 4.27
(quartet, 2H, J=7.2Hz),7.27 (m, 1 H},7.30(dd, L H,/=04 & 88Hz), 742 (dd, 1 H,7= 1.6 & 8.8

Hz), 7.53 — 7.55 (m, 3 H), 7.70 — 7.72 (m, 2 H) and 7.96 (dd, 1 H, J= 0.4 & 1.6 Hz). MS(ES+): m/z
301.18 and 303,11 [ME-+].

5-Bromo-1,2-diphenyl-15-benzimidazole

N
Y
B N
[277] 7Prepared according to a procedure analogous to that described for 1-benzyl-5-bromeo-
2-phenyl-1H-benzimidazole. "H NMR (400 MHz, CDCL): § =7.11 (dd, 1 H, J=0.4 & 8.4 Hz), 7.27

—7.39 (m, 6 H), 7.48 — 7.56 (m, 5 H) and 8.01 (dd, 1EL, J=0.4 & 1.6 Hz). MS(ES+): m/z 349.20 and
351.22 [MEH.

1-Methyl-2-phenyl-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yD)-1 H-

benzimidazole
/
/©:N>—< )
' ,
Og N

[278] A mixture of 5-bromo-1-methyl-2-phenyl-1H-benzimidazole (616 mg, 2.14 mmol},
[1,1'-Bis(diphenylphosphine)ferrocene]dichloropalladinm(Il} complex with dichloromethane (1:1)
(52.6 mg, 0.0644 mmol), bis(pinacolate)diboron (667 mg, 2.57 mmol), 1,1
bis(diphenylphosphino){errocene (36.8 mg, 0.0644 mmol) and AcOK (638 mg, 6.44 mmol)' in1,4-
dioxane (10 ml) was purged with N, for 5 min, and was then heated at 100 °C under an atmosphere of
Nitrogen for 16 h.. The mixture was then treated with saturated NH,CI (20 ml}), extracted with EtOAc
(3 x 20 ml) and the combined extracts washed with brine (3 x 20 ml), dried over MgSO, and
concentrated in vacuo to afford crude product which was purified by chromatography over silica gel
eluting with 30% (250 ml) and 40% (250 mi) EtOAc/Heptane to give a white solid that was triturated
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with 50% EtOAc/Heptane (10 ml) to yield the title compound. "B NMR (400 MHz, CDCL) & ppm =
1.38 (s, 12 H), 3.86 (s, 3 H), 7.39 (4d, 1 H, J= 1.2 & 8.0 Hz), 7.50 — 7.55 (m, 3H), 7.76 — 7.79 (m,
3H) and 8.29 (4, 1 H, J= 0.8 Hz). MS(ES+): m/z 335.29 (100) [ME:+.

1-Ethyl—?..—phenyl—-&(4,4,5,S-tetramethyl-[l;S,Z] diexaborelan-2-yI}-1H-benzimidazole

WesYe
>§,<s

{279] Prepared according to a procedure analogous to that deseribed for 1-Methyl-2-phenyl-
5-(4.4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-benzimidazole. "H NMR (400 MKz, CDCls) &
ppm = 1.38 (s, 12 H), 1.45 (t, 3 H, /= 7.2 Hz), 4.28 (quartet, 2 H, /= 7.2 Hz), 742 (dd, 1 H,J=0.8
& 8.0 Hz), 7.51- 7.54 (m, 3H), 7.7} = 7.74 (m, 2H), 7.77 (dd, 1 H, /=08 & 8.0 Hz) and 8.31 (s, 1
H). MS(ES+): m/z 349.33 [MH+].

1-Benzyl-2-phenyl-5-(4,4,5,5-tetramethyl-{1,3,2] dioxaborolan-2-yI)-1H- benzimidazele

<5
7
O-g N
i
>§(0
[280] Prepared according to a procedure analogous to that described for 1-Methyl-2-phenyt-
5-(4.4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-yI)-1H-benzimidazole. "H NMR (400 MHz, CDCL) &

ppm = 1.36 (s, 12 H), 5.45 (s, 2 H), 7.05 — 7.08 (m, 1 H), 7.21 (dd, 1 H, J= 0.8 & 8.0 Hlz), 7.26 — 7.31
(m, 3H), 7.44 —7.48 (m, 3H), 7.66 — 7.71 (m, 3H) and 8.36 (m, 1 H). MS(ES+): m/z 411.42 [MH+].

1,2-Diphenyl-5-(4,4,5,5-tetramethyl-[1.3,2] dioxalmrolan-Z-yl)-lH—benzimidamle‘

O
7}"’
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[281] Prepared according to a procedure analogous to that described for 1-Methyl-2-phenyl-
5-(4.4,5,5 —tetmméthyl—[l,B,Z] dioxaborolan-2-y1)-1 H-benzimidazole. "H NMR (460 MHz, CDCly) §
ppm = 1.38 (s, 12 H), 7.22 (dd, 1 H, /= 0.8 & 8.0 Hz), 7.29—7.35 (m, 5 H), 7.47 —7.50 (m, 3 H),
7.55 —7.57 (m, 2 H) and 7.71 (dd, 1 H, J= 0.8 & 8.0 Hz), 8.38 (mn, 1 H). MS(ES+): m/z 397.43
[MH+].

7-Chloro-2-(4,4,5,5-tetramethyl-[1,3.2] dioxaborolan-2-yl)-1 H-indole

o)
j:)ﬂ-—(/ i )
o N

H
ct

[282] A flask containing Ir(Ome)(COD); [Inorganic Syntheses (1 985), 23, 126] (850 mg,
0.0013 mol), 4,4'-di-tert-butyl-[2,2"Ibipyridiny} (686 mg, 0.00256 mot) and 44.4'4 55,55 !
octamethyl-2,2"bi-1,3,2-dioxaborolane (15.2 g, 0.0600 mol) was evacuated and refilled with Ar (3x),
then charged with anhydrous DME (400 miL, 3 mol) and a solation of 7-chloro-1H-indole (0.086 mol)
in DME (10 mL). The resulting mixture was stirred under Ax for 16k then concentrated and
chromatographed over silica gel eluting with 10% EtOAc/Heptane to afford the desired product as a
waxy solid in a 96% yield. 'H NMR (400 MHz, CDCls) 3 ppm 1.39 (s, 12 H), 7.04 (1, =7.71 Hz, 1
H), 7.15 {(d, 7=2.27 Hz, 1 H), 7.21 - 7.30 (m, 1 H), 7.58 (d, J=8.08 Hz, 1 H) and 8.72 (br. s., 1 H).

4-Methoxy-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole

Ry 0/
G
1
0 N
H

[283] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-1H-indole using 4-methoxy-1H-indole.

7-Bromo-4-methoxy-2-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yI}-1 H-indole
o~
O
=g f,ﬁ;
(o] N
H
Br
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[284] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4.4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole using 7-bromo-4-methoxy-1#-indole.

7-Methyl-2-(4,4,5,5-tetramethyi-{1,3,21dioxaborolan-2-yl)-1H-indole

0\
/B '
O

f285] Prepared according to 2 procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1H-indole using 7-methyl-1H-indole.

TZzT X

7-Fluore-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborelan-2-yI)-1H-indole

o . L]
\B /‘
izo’ N:$
H
F
[286] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tciramethyl-[1,3,2]dioxaborolan-2-y1)-1H-indole using 7-fluoro-1H-indole.

 4-Methyl-2-(4,4,5,5-tetramethyl-[1,3,2] dioxaborelan-2-yI)-1H-indole

o,
; e 1 )
o N
H

[287] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-1 H-indole using 4-methyl-1H-indole.

4-Methoxy-1-methyl-2-(4,4,5,5-tetramethyl-[1,3,2] dioxaberolan-2-yl)-LH-indole

Essee

[288] Prepared according to a procedure analogous to that described for 7-chioro-2-
44,5 5-tetramefhyl-[1,3,2]dioxaborolan-2-yl)-1 H-indole using 4-methoxy-1-methyl-1H-indole.
[1,3,2}
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7-Ethyl-2-(4.4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yl}-1H-indole

o
?I s l )
o N

[289] Prepared according to a procedure analogous to that described for 7-chloro-2-
,4,5,5-tetramethyl-[1,3, ioxaborolan- -yI)-1H-indole using 7-ethyl-1FH-indole.
4,4,5.5 thyl-[1,3,2]dioxaborolan-2-yl)-1H-indol 7-ethyl-1H-indo}l

4,7-Dimethoxy-2-(4,4,5,5-tetramethyl-{1,3,2}dioxahorolan-2-yl)-1H-indole

O/
' o
il = 1)
o N
H ,
O

[290] Prepared according to 2 procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl}-1 H-indole using 4,7-dimethoxy-1H-indole.

2-(4,4.5,5-Tetramethyl-{1,3,2]dioxaborolan-2-yi)-1H-indol-4-yl acetate

s
X<
<y

[291] Prepared according to a procedure analogous to that described for 7-chioro-2-
(4.4,5,5-tetramethyl-[ 1,3,2]}dioxaborolan-2-yl)-1H-indole using 1H-indol-4-y1 acetate.

2-{(44.,5,5-Tetramethyl-f1,3,2]dioxaborolan-2-yl)-1 H-ind ole-4-carboxylic acid, methyl ester

|
. 0.0
o
? o~ ] |
o N
H

{2921 Prepared according to a ptrocedure analogous to that described for 7-chloro-2-
(4.4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yI)-1 H-indole using 1H-indole-4-carboxylic acid, mcthyl

ester.
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T-Methoxy-2-{4.4,5,5-tetramethyl-[1,3,2] diexaborolan-2-yl)-benzofuran

)
i[lﬂ/
o 0
_0

[293] Prepared according to a procedure analogous to that described for 7-chloro-2-
{4.4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yI)-1 H-indole using 7-methoxy-benzofuran.

4,4,5,5-Teiramethyl-2-(3-methyl-benzo[b]thiophen-2-yI)-[1,3,2}dioxaborolane

’ 0O
e a
o 5

[294] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indolc using 3-methyl-benzofb]lthiophene.

3-Methylk-2-(4,4,5,5-tetramethyl-{1,3,2]diexaborolan-2-yI)-benzofuran

O
i[ m
0O O

[295] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-f 1,3,2]dioxaborolan-2-yl)~1H-indole using 3-roethyl-benzofuran.

7-Bromo-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-LH-indele

O
I;] == 1
(0] N
H
Br

[296] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tef1*amcﬂ1yl-[1,3,2]dioxabomlan—Z-yl)—lH——indole using 7-bromo-1H-indole.

3-Methyl-2-(4,4,5,5-tetramethy}-[1,3,2]dioxaborolan-2-ybh-1H-indole
0
T;] EB—<\/ )
O N
H
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[297] Prepared according to a procedure analogous to that described for 7-chioro-2-
(4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-y1}-1 H-indole using 3-methyl-1H-indole.

7-Methyl-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaberoilan-2-yl)-benzofaran

o]
';I =~ T
O O
[298] Prepared according to a procedure analogous to that described for 7-chloro-2-

(4.,4,5,5-tetramethyl-{1,3,2)dioxaborolan-2-y1)-1H-indole using 7-methyl-benzofuran.

‘I-Methoxy-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1 B-indole

O
=SS e
O N
-
_0

[299] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4.4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1}-1 H-indole using 7-methoxy-1 H-indole.

7-Ethoxy-1H-indole

IZ

M

[300] To a stizred solutton of 1.H-indol-7-01 (500 mg, 3.75 mmol)} in acetone (10 mL) atr.t.
was added potassium carbonate (3.11 g, 22.5 mmol), followed by jodoethane (0.45 mL, 5.63 mol).
The mixture was stirred at r.t. for 16h then solvent removed under reduced pressure. The crude
product thus obtained was purified by chromatography over silica gel to afford 7-ethoxy-1H-indole:
"H NMR (400 MHz, MeOD) 8 ppm 1.51 (t, I=6.95 Hz, 3 H), 422 (g, }=6.91 Hz, 2 H), 6.42 (d, =3.03
Hz, 1H), 6.63 (4, J=7.58 Hz, 1 H), 6.92 (t, }=7.83 Hz, 1 H), 7.04 - 7.23 (m, 2 H); MS (ES+): m/z
162.20 (MH).

7-Ethoxy-2-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yl)-15-indole
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[301] Prepared according to a procedure analogous to that described for 7-chloro-2-
{4,4,5,5tetramethyl-[1,3,2]dioxaborolan-2-y1}-1 H-indole using 7-cthoxy-1H-indole.

TZ" X

7-Isopropoxy-1H-indole

Iz

O\I/
[302] Made according to the procedure described for 7-ethoxy-1H-indole using 2-
iodopropane.

T-1sopropoxy-2-(4,4,5,5-tetramethy)-[1.3,2] dioxaberolan-2-yl)-1 H-indole
\B /
4
O N
H
\]/0

[303] Prepared according to a procedure analogous to that described for 7-chloro-2-
{4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl}-1 H-indole using 7-isopropoxy-1H-indole.

T-Trifinoromethyl-2-(4.4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yI)-1H-indole

4

N

H g

F
{304] To a stirred mixiure of 7-frifluoromethyl-1H-indole-2,3-dione {116 mg) in THF (5.00
ml.) was added boron trifluoride etherate (0.205 mkL, 1.62 mmol) followed by sodium borohydride
(71.4 mg, 1.88 mmol). The resulting mixture was stirred at -20 °C for 2hrs, then water (1 mL) was
added and the mixture was stirred at 0 °C for 10min. The solution was acidified to pH = 1 with 2N
HCIl, warmed fo r.t. and stirred at r.t. for 20min prior fo extraction with EtOAgc, The extracts were
dried over magnesium sulphate, concentrated in vacuo and the residue purified by chromatography
over silica gel eluting with hexane to give 7-trifluoromethyl-1H-indole. 'H NMR (400 MHz, CDCI;) &
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ppm 6.63 - 6.68 (1 H, m), 7.20 (1 H, t, J=7.71 Hz), 7.30 - 7.35 (1 H, m), 747 (1 H, d, }=7.33Hz), 7.83
(1 H, 4, }=8.08 Hz), and 8.56 (1 H, br. 5.).

7-Triflnoromethyl-2-(4,4,5,5-tetramethyl-[1,3,2] dicxaborelan-2-yl)-1 H-indole

2:0
I <
o N
CF,

[305] Prepared according jo a procedure analogous to that described for 7-chloro-2-
{4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-yl)-1H-indole using 7-trifluoromethyl-1H-indole.

Ethyl N-[2(iriflnoromethoxy)phenyljcarbamate

Ve
0

X
N F

O\\/F
[306] Ethyl chloroformate (4.4 mi., 0.046 mol) was added to a mixiure of 2-

(trifluoromethoxy)aniline (8.25 g, 0.0466 mol), sodivm carbonate (15 g, 0.14 mol), 1,4-dioxane {70

mL) and water (70 ml) at 0 °C and the the reaction mixture stirred at room temperature overnight.

The reaction mixiure was then washed with ether, acidified (pH 3) and the product extracted into

EtOAc (3 x 40mL). The combined extracts were washed with water (40miL) and brine (40mL), dried

over Na2S04 and the solvent removed in vacuo to give the desired product in a 84% yield. 'H NMR

(400 MHz, CDCL): & 1.33 (¢, § = 5.2 Hz, 3H), 425 (9, J = 6.8 Hz, 2H), 6.91 (br, 1H), 7.04 (m, 1H),
7.23 (m, 1H), 7.28 (m, 1H) and 8.2 (m, 1H). MS (ES+): m/z 256.12 [ME+].

Eithyl [2-iode-6-(triflaoromethoxy)phenyl] carbamate

O
N/U\O/F_
|\©,0TF

[307] A 1.4 M solution of sec-butyllithium in cyclohexane (3.0 ml) was added drop-wise
to a solution of ethyl N-[2-(trifluoromethoxy)phenyljcarbamate (0.5000 g, 0.002006 mol) in THF (9
ml) at -70 °C, Afier stirring for 1 hour 2 solution of iodine (0.51g, 0.002 mol) in THF (1.0 mL} was
added drop-wise at -70 °C. Stirring was continued for another 1 hour then the mixture was quenched

110



166 4 NHip --lip 167 4 NH NH . "N 321.92 168 4 N

333.87 169 411 Nrs .-.../ 381.83 383.72 170 N lik
495.97 171 NH Nis 465.96 232 4 3
WO 2007/061737 PCT/US2006/044461

with saturated ammonium chloride solution. Water (50mL.) was added and the mixture extracted with
diethyl ether (3 x 40mL). The combined organic phases was washed with 40% sodium meta-bisulfite
solution, water and brine, then dried over Na2804 and the solvent removed in vacuo to give the
desired product in 2 73% yield. "H NMR (400 MEz, CDCls): § 1.29-1.36 (m, 3H), 4.21-4.28 (m, 2H),
6.21 (bx, 1H), 7.05 (t, J = 8.0 Hz, 1H), 7.30 {m, 1H) and 7.80 (dd, T = 6.8, 1.2 Fz, IH). MS (ES+): m/z
375.78 [MH+).

Ethyl [2«trifluoromethoxy-6-(trimethylsilanylethynylphenyl)]carbamate

o
% NJLO./—

Si
e
= of\',F
F

[308] A mixture of PA(PPh3)2CI12 (83 mg, 0.00012 mol) and copper (I} iodide (23 mg,
0.00012 mol} in iriethylaming (44 mL, 0.32 mol) was heated at 40 °C for 20 min then cooled to ri and
ethyl [2-iodo-6-(irifluoromethoxy)phenyljcarbamate (4.50 g, ¢.0120 mol) was added in one portion.
The mixture was stirred at room temperature for 30 min, then (trimethylsilyl)acetylene (1.6 mL, 0.011
mol) was added and the mixture stirred for a further 2 hours, The solvent was removed in vacuo and
the residue was partitioned between water and diethyl ether (60mi of each). The organic was washed
wtih 1N HCI and brine, then dried over Na2S04 then the solvent removed in vacuo, The reachion was
chromatographed over silica gel eluting with 20% EiOAc/hexane to afford the desired produnct in 80%
yield. MS (ES+): m/z 345.99 [MH+].

7-Trifluoromethoxy-1H-indole

Iz

OCF,

[309] Sodium ethoxide (0.65 mL, ¢.0017 mol, 2.6M) was added to a solution of ethy] [2-
trifluoromethoxy-6-(frimethylsilanylethynylphenyl)]carbamate in EtOH (5.0 mL) and the mixture
stirred at 72 °C for 14 hours, The solvent was removed under reduced pressure and the residue was
partitioned between diethyl ether and water (30mL of each). The ether phase was washed with brine
and dried over Na,SQ, vielding the desired compound in 59% yield. 'H NMR. (400 MHz, CDCl,): &
6.60-6.61 (m, 1H), 7.07-7.09 (m, 2H), 7.25 (4, /= 5.6 Bz, 1H), 7.55-7.57 {m, 1H) and 8.42 (br, 1H).
MS (BESH): ov/z 202.18 [ME+].,

7-Trifluoromethoxy-2-(4,4.5,5-tetrameihyi-[1,3,2]dioxaborolan-2-yI)-1LH-indole
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[310] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)}-1H-indole using 7-rifluoromethoxy-1H-indole.
Y

7-Phenyl-1H-indole

Tz

Ph

[311] To a suspension of 7-bromo-1H-indole (196 mg, 6.00100 mol) in 1,4-dioxane (4 mL})
and water (1 mL) was added phenylboronic acid (146 mg, 0.00120 mol), potassium carbonate (414
mg, 0,00300 mol) and [1,1-bis(diphenylphosphino)ferroceneldichtoropalladium(Tl),complex with
dichloromethane {1:1) (82 mg, 0.00010 mol). The flask was evacuated and refilled with nitrogen,
three times then the mixture was heated at 100 °C overnight. The mixture was diluted with EtOAc
(30 mL), washed with sat. aq. NaFHCO; (10 mL) and brine (10 mL), then dried over anhydrous sodium
sulfate and the solvent removed in vacuo. The crude material was purified by chromatography over
silica gel eluting with hexane/EtOAg 1o give the title compound (180 mg, 93% vield). 'H NMR
(CDCl,, 400 MHz): & 6.64 (dd, J=3.0, 2.0 Hz, 1H), 7.18-7.26 (m, 3H), 7.41 (1, J="7.5 Hz, 1H), 7.48-
7.57 (m, 2H), 7.61-7.70 (m, 3H) and 8.43 (br s, 1H) ppm. LC-MS (BS+.): 194 [MH"]. |

7-Phenyl-2-(4.4,5,5-tetramethyl-[1 ,3,2}dioxaborolan-2-yl)-1H#-indole

o,
j 1
o N
H :
Ph

[3121 Prepared according to a procedure analogous to that described for 7-chloro-2-
{4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-yl)-1H-indole using 7-phenyl-1H-indole.

7-Cyclopropyl-2-(4.4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yD)-1 H-indole
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[313] Prepared according to the procedures described above for 7-phenyl-2-(4,4,5,5-
tetramethyl-{1,3,2]dioxaborolan-2-yI}-1H-ndole using cyclopropylboronic acid in place of -
phenylboronic acid. 'H NMR (CDCL, 400 MHz): § 0.75-0.82 (m, 2H), 0.95-1.04 (m, 2H), 2.08 (m,
1H), 6.59 {(dd, =3.0, 2.0 Hz, 1H}, 6.96(d, J= 7.1 Hz, 1H), 7.06 (i, J= 7.6 Hz, 1H), 7.25 (m, 1H),
7.52(d, T=7.8 Hz, 1H) and 8.39 (br s, 1E) ppm. LC-MS (ES, Pos.): 158 [MH"].

6-Bromo-7-fluoro-1H-indole

Br

Iz

F‘

[314] To a solution of 1-bromo-2-fluare-3-nitrobenzene (2.5 g, 11.3 mmol) in THF (25 ml)
at —50 °C was added vinyl magnesium bromide (34 mL, 34 mmo!) and the mixture was stirred at <40
°C for 1 h. The reaction was quenched with saturated ammoniwm chloride sclution and extracted with
ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium sulfate and

- evaporated under reduced pressure to yield a gum, which was purified by cblunm chromatography
over silica gel cluting with EtOAc/bexane to afford pure 6-bromo-7-fluoro-1H-indole. "H NMR (400
MHz, CDCl) & = 6.53-6.62 (m, 1H), 7.16-7.25 (m, 2H), 7.29 (d, J = 8.34 Hz, 1H) and 8.36 (br. s.,
1H); MS (ES+): m/z 214,08 [MH+].

6-Brome-7-{lnore-1-methyl-1 H-indole

N
Br N\
E
{3151 To a solution of 6-bromo-7-fluoro-1H-indole (470 mg, 2.19 mmol) in THE (7 mL) at
-10 °C was added sodiwn hydride (175 mg, 4.39 mmol, 60% dispersion) and the mixture was stirred
at 0 °C for 30 min. Methy} iodide was added at 0 °C and the reaction was allowed to wanm to at 10
°C and stirred for 2h. The reaction was quenched with saturated ammonium chloride and extracted
with DCM., The DCM extract was washed with brine, dried over anhydrous sodiurn sulfate and
evaporated under reduced pressure. The crude product was purified by cohumn chromatography over
silica gel eluting with EtOAc/hexane to afford 6-bromo-7-fluoro-1-methyl-1H-indole. "H NMR (400
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MHz, CDCls) § = 3.95 (d, J = 2.00 Hz, 1H), 6.42 (t, ] =2.78 Hz, 1H), 6.94 (d, J = 3.03 Hz, 1H), 7.09—
7.15 (m, YH) and 7.20 (d, Y = 8.34 ¥z, 1H); MS (ES-H): m/z 228.04 [MH+].

7-Fluoro-1-methyl-6-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yl)-1H-indole

[316] To 2 mixture of 6-bromo-7-fluoro-1-methyl-1H-indole (420 mg, 1.84 mmol},
4 444" 55,5 5" octamethyl-2,2"%bi-1,3,2-dioxaborolane (514 mg, 2.02 mmol), potassium acetate (542
mg, 5.52 mmofl), [1,1-bis(diphenylphosphino)ferrocene]dichloropalladium(IT) complex with
dichloromethane (1:1 complex, 150 mg, 0.184 mmol) and 1,1"-bis(diphenylphosphino)ferrocene (102
mg, 0.184 mmol) was added dioxane (10 mL) and the mixture was degassed by bubbling th.rough with
nitrogen for 3 min. The reaction mixture was heated at 100 °C overnight then the dioxane was
removed under reduced pressure and the residue was dissolved in DCM and filtered to remove
inorganics. The filtraie was concenivated and the crude product was purified by column
chromatography over silica gel eluting with EtOAc/hexane to afford pure 7-fluoro-1-methyl-6-
(4,4.5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl}-1 H-indole. YH NMR (400 MHz, CDCl;) 8 = 1.41 (s,
12H), 4.02 (d, T = 2.02 Hz, 3H)}, 6.46 {t, T= 2.65 Hz, 1H), 7.03 (d, = 3.03 Hz, 1H) and 7.28-7.47 (m,
2 H); MS (ES+): m/z 276.03 [MIH+].

7-Triflaoromethyl-benzo[blthiophene

[317] To a stirred solution of 2-(irifluoromethyljbenzenethiol (5.000 g, 0.028 mol) in
acetone (50 mL) was added 2-bromo-1,1-diethoxyethane (6.08 g, 0.030 mol) and potassium carbonate
(7.757 g, 0.056 mol). The resulting mixture was then stirred at 45 °C for 2 hours prior to removal of
the solvent in vacuo and suspension of the residue in EtOAc. The inorganic salts were filtered off and
the organic phase was concentrated to give crude product, which was used in next step without further
purification. This residue was dissolved in toluene (S0mL}), and to this solution was added PPA (10g)
and the resulting mixture stirred at 95-100 °C for 2 hours. The mixture was allowed to cool to rf, was
poured into ice-water, then extracted with EtOAc¢ (3 x 50mL). The combined extracts were washed
with aqueous sodium bicarbonate followed by brine, then dried over anhydrous sodium sulfate and
evaporated under reduced pressure to yield an oil. This was purified by colvmn chromatography over
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silica gel eluting with hexane to give 7-trifluoromethyl-benzofblthiophene. "H NMR. (400 MHz,
MeOD) 6 ppm 7.49 - 7.57 (m, 2H), 7.70 (d, /=7.33 Hz, 1H), 7.74 (d, /=5.56 Hz, 1H) and 8.10 (d,
J=8.08 Hz, 1H).

7-Trifiuoronethylbenzo[bjthiophene-2-boronic acid

HO
hY
fB /
HO s

F
E

[318] To a solution of 7-triftuoromethyl-benzo[bthiophene (0.52 g, 0.0026 mol) in THF
{30 mL) at -78 °C was added 2.5 M of n-BuLi in hexane (1.4 mL). The reaction was thenslowly
warmed up to -30 °C over 30 min. and stirred at this temperature for 10min prior to recooling to -78
°C and treatement with triisopropyl borate (0;7255 g, 0.0038 mol). The reaction was then slowly
warmed up to 0 °C then was quenched with saturated ammonium chloride and the solvent removed in
vacuo. To the residue was added aqueous sodium hydroxide (10 mL, 2N solution) followed by water
(30 mL) then this mixture was extracted with DCM. The aqueous solution was acidified using dilute
sulfuric acid (2N solution), filtered and the residue dried in vacuo to yvield 7-
trifluoromethylbenzo[b]thiophen-2-boronic acid. "H NMR (400 MHz, MeOD) & ppm 7.55 (1 H, t
J=7.45 Hz), 7.75 (1 H, 4, /~7.07 Hz), 8.02 (1 H, s} and 8.17 (1 H, 4, /~7.83 Hz).

JO R
HO\B N

j \
OH
{319] A mixture of indole-6-boronic acid (0.100g, 0.615 mmol), sodium hydride (0.07g, 20

mmol) and THF (5 mL, 60 mmol) was stirred at rt for 20 min. then methyl iodide (100 uL, 20 mmol)
was added and the mixture was allowed ro stir at t for 3 hours. The reaction was quenched with sat.

N-Methylindole-6-boronic acid

NH,CI solution, washed with brine and dried over Na;SO4, then the solvent was removed in vacuo.
The crude product was purified by chromatography over silica gel eluting with 1:9 EtOAc/hexane and
1% MeOH, yielding the desired product. "H NMR (400 MHz, CDCl3) 8 ppm 3.99 (s, 3H), 6.58 (m,
1H). 7.23 (m, 1H), 7.81(m, 1H), 8.08 (m, 1H) and 8.34 {m, 1H). MS (ES+): m/z 176.15 [ME+].
4-Brome-3-methyl-2-nitrophenol
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B2015& To a solution of 3-methyl-2-nitrophenol (2.0 g, 13.06 mumofi) in acetic acid (40 mL)
was added bromine (0.70 mL, 13.71 mmol} aud the mixture was stirred at RT for 5 h. The reaction
was poured in to ice water and the yellow precipitate formed was filtered and washed with water and
dried in vacuo to yield 4-bromo-3-methyl-2-nitrophenol. "H NMR (400 MHz, CDCl;) § = 2.61 (s,
3H), 2.62 (s, 5H), 6.92 (4, ] = &.84 Hz, 1H), 7.66 (d, J = 9.09 Hz, 1K) and 9.28 {5, 1 H); MS (ES+):
/2 215.00 [M-171. |

1-Bromo-4-methoxy-2-methyl-3-nitrobenzene

mL) was added potassium carbonate 3.276 g, 23.70 mmol) and methyl iodide (1.47 mL, 23.70 mmol)
and the mixture was heated to reflux for 4 h. The reaction was cooled to rt, filtered and the filtrate
was evaporated under reduced pressure to afford the crude product. Purification of the crude product
by column chromatography over silica gel eluting with EtOAc/hexane afforded pure 1-bromo-4-
methoxy-2-methyl-3-niirobenzene as pale yellow solid. 'H NMR (400 MHz, CDCl;) 8 = 2.33 (s, 2H),
3.87 (s, 3H), 6.78 {d, J = 8.84 Hz, 1H) and 7.58 (d, J = 8.84 Hz, 1H); MS (ES+): m/z 247 .26 [MH+].

1-[{E)-2-(¢-bremo-3-methexy-2-nitrophenyl)vinyljpyrrolidine

Br
. N

[322] To a solution of 1-bromo-4-methoxy-2-methyl-3-nitrobenzene (1.400 g, 5.68 mmol)
and 1,1-dimethoxy-N,N-dimethylmethanamine (0.884 mL, 6.657 mmol) in DMF (10.0 mL) was
added pyrrolidine (0.555 mL, 6.656 mmol) and the mixture was heated to at 110 °C for 4 h. The
DMEF was removed and the residue was recrystallized from DCM:methanol (1:6) mixiure o afford 1-
[(E)-2-(6-bromo-3-methoxy-2-nitrophenyyvinyl]pyrrelidine.
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4-Brome-7-methoxy-1H-indole
Br

Iz

O

[323} To a solution of 1-[(E)-2-(6-bromo-3-methoxy-2-nitrophenyl)vinyl]pyrrolidine (1.3 g,
3.97 mmol) in THF (6 mL) and methanol (6 mL) was added Rancy Ni (= 500 mg) followed by
hydrazine (0.19 ml). (CAUTION: Exothermic reaction with vigorous gas evolution). Hydrazine
{0.19 mL) was added again, two times, after 30 min and 1 h. The reaction was stirred at 45 °C for 2 h,
filtered through a pad of celite. The filtrate was concentrated in vacuo and the residue puriﬁéd by
chromatograplyy over silica gel eluting with EtOAc/hexane to afford pure 4-bromo-7-methoxy-15-
indole. 'H NMR (400 MHz, CDCl,) & = 3.94 (s, 3H), 6.52 (d,J = 8.08 Hz, 1H), 6.56 (dd, J = 3.16,
240 Hz, 1H), 7.17 (d, J = 8.08 Hz, 1H), 7.22 (t, J = 2.78 Hz, 1H) and 8.47 (br. s., 1H); MS (ES+):
miz 226 .12 [MHH].

2-Phenyl-5-(4,4,5,5-tetramethyl-[1,3,2}dioxaborolan-Z-yI)-1,3-benzethiazole

4

[324] A stirred solution of 5-bromo-2-phenylbenzothiazole (0.500 g, 0.00172 mol),
bis{pinacolato)diboron (0.508 g, 0.00200 moi), 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene
hydrochloride (0.044 g, (.16 mmol), Pd(OAc)2 (0.019 g, 0.086 mmol) and AcOK (0.423 g, 0.00431
mol} in anhydrous 'I'I—]F (2.78 mL., 0.121 mol) was heated at 72 °C under Argon for 29 h. The mixture
was filtered through a mulii-layered pad of anhydrous sodium sulfate, silica gel and celite and the
filtrate was concentrated in vacuo and the solids friturated multiple times with hexanes to give the title
compound. 'H NMR (400 MHz, CHLOROFORM-d) & ppm = 1.39 (s, 12 H), 7.49 - 7.56 (m, 3 H),
7.83 (dd, 7=28.08, 1.01 Hz, 1 H), 7.92(d,J=7.33Hz, 1 H), 8.12 - 8.18 (m, 2 H) and 8.60 (s, 1 H);
MS (ES+): m/z 337.91 [MH~+].

4-(Methoxycarbonyl)-4-methylcyclohexanecarboxylic acid
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[325] N,N-Diisopropylamine (1.18ml., 8.35mmol) was added dropwise to a 2M solution of
"butyllithium (4,18mL., 8. 4mmol) at -78°C under nitrogen. After 15min at this temperature the
solution was raised to and beld at 0°C for 15 min prior to re-cooloing to -78°C and treatment with a
solution of 4-(methoxycarbonyl)cyclohexanecarboxylic acid (0.62g, 3.34nmoo0]) in THF (8 mL). After
30min., iodomethane (0.31. mL, 5mmol) was added dropwise and the mixture was allowed to warm to
rt over 2hr. The mixture was cooled to at 0 °C, quenched with 2 N HC1 (10 ml.) then was extracted
with EtOAc { 2 x 10 mL), washed with brine (3 x 15 mL), and dried over anhydrous magnesium
sulfate. Concentration of the combined organic extracts afforded a yeliow solid. NMR (CDCls)
consistent with crude, desired product. *

Methyl frans-4-{[(2,5-dioxopyrrolidin-1-yl)oxy]}carbonyl}cyclohexanecarboxylate

o @
OYON“« ?
o-N
—0 o

[326] A solution of N hydroxysuccinimide (6.18 g, 0.0537 mol) and frans-4-
(methoxycarbonyl)cyclohexanecarboxylic acid (10.00 g, 0.05370 mol) in THF (100,00 ml) was
charged with (N M'-dicyclohexylcarbodiimide (11.08 g, 0.0537 mol) in THF (16 mL). This reaction
was stirred at rt for an additional 16 h then stirred at 45 °C for 1 h. The reaction mixture was filtered
while still warm through a fritted funnel. The cake was washed with 3 more portions of THF and the
filtrate was concentrated in vacuo and was crystallized from i-PrOH (300 mL) and filtered through a
fritted funnel resulting in 11.8 g, (78% yield) of the title cm'npound as a white crystals. 'H NMR (400
MHz, CDCI3} 6 ppm 1.45-1.69 (m, 4H), 2.07 - 2,16 (m, 2H), 2.18- 2.28 (m, 2H), 2.29 - 2.39 (m, 1H),
2.59-2.71 (m, 1H) 2.84 (br. 5., 4H) and 3.68 (s, 3E); MS (ES+): m/z 284.09 [ME+].

Methy! trans-4-{[(3-amino-5-0x0-4,5-dihydro-1,2, 4-triazin-6-
yDmethyljcarbamoyl}cyclehexaneearboxylate
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[327] A solution of 3-amino-6-(aminomethyl)-1,2 4-triazin-5(4H)-one [J Heterocyclic
Chem., (1984), 21 (3), 697] (2.00 g, 0.0113 mol) in H,O (60.0 mL, 3.33 mol) was cooled t0 0 °C and
drop wise charged with 1.00 M of NaEHCO; in H,O (22.5 niL) and allowed to warm to rt. This
mixture was charged with methy] frans-4-{[(2,5-dioxopyrrolidin-1-
yDoxy]carbonyl} cyclohexanecarboxylate (3.8 g, 0.012 mol) in 1:1 THF/MeCN (40 mL). After 30
min a precipitate began to form in the reaction. This was allowed to stir at rt for an additional 16 h
and was filtered through a fritted fimnel and washed with H,O (2x), diethyl ether (2x), and dried in
vacuo resulting in the title compound 2.92g, (84 % yield) as an off-white solid. "H NMR (400 MHz,
DMSO-ds) 6 ppm 1.24 - 1.55 (m, 4H), 1.83 (s, 2H), 1.98 (d, /= 10.61 Hz, 2H), 2.27 (s, 2H), 3.64 (5,
3H), 4.10 (d, J= 5.81 Hz, 2H), 6.81 {br. s, iH), 7.91 (t, f= 5.56 Hz, 1H) and 11.98 (br. 5., 1H); MS
(ES+): m/z 310.05 [ME+].

Methyl trans-4-(2-amino-d-oxe-3 4-dihydroimidazo[5,1-f][1,2 4] triazin-7-
yihcyclohexanecarboxylate
O

HN =

9]
Y‘“

O
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[328] A solution of methyl trans-4-{[(3-amino-5-0x0-4,5-dihydro-1,2,4-triazin-6-
ymethylJcarbamoyl}cyclohexanecarboxylate (2.00 g, 0.00646 mo]) in 1,2-dichloroethane (130 mL)
was charged with POCl; (4.2 mL, 0.045 mol) and heated to reflux for 3 h. The reaction mixture was
concentrated irn vacuo then partitioned between EtOAc and sat. NaHCO; and separated. The agueous
was re-extracted with EtOAc (3x) and the combined organic fractions were dried over Na,S0,,
filtered, and concentrated in vaeuo resulting in 1.43 g, (76 % yield) of the title compound as an off- '
white solid. 'H NMR (400 MHz, DMSO-ds) 5 ppm 1.43 (q, J= 11.79 Hz, 2H), 1.61 (g, J= 12.55
Hz, 2H), 1.85 - 2.11 (m, 4H), 2.38 (¢, J= 11.87 Hz, 1H), 2.98 (t, /= 11.75 Hz, 1H), 3.61 (s, 3 H), 6.17
(br. 5., 2 H), 7.49 (s, 1H) and 10.90 (br. 5., 1H); MS (ES+): m/z 292.25 MH-+H.

Methyl trans-4-(2-amino-5-iodo-4-0x0-3,4-dihydroimidazo[5,1-f1[1,2,4] iriazin-7-
yDheyclohexanecarboxylate
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[329] A solution of methy! tmns—4—(2—amino—4—0xo~3,4~dﬂ1ydroimidazo[5,1:}‘][1,2,4]t1'ia%in—
7-yDeyclohexanecarboxylate {0.200 g, 0.000686 mol) and N-iodosuccinimide {0.278 g, 0.00124 mol)
in anhydrous DMF (4.0 mL) was stirred at 1t for 48 h. The reaction was concenivated in vacuo then
partifioned between H,0 and EtOAe, The aqueous material was re-extracted with EtOAc (3x) and the
combined organic fractions were washed with HoO (2x), Nas8,05 (2x) and brine (1x). The aqueous
was re-extracted with CHCl; and combined with the EtOAc fractions dried over Nay80,, filtered and
concentrated in vacuo resulting in 229 ing, (79.9 % yield) of the title compound asa light oremge
solid. "H NMR (400 MHz, DMSO-d;) & ppm 1.34 - 1.65 (m, 4H), 1.88 - 2.06 (m, 4H), 2.33 - 2.45 (m,
1H), 2.91 - 3.01 (m, 1H), 3.61 (s, 3H), 6.17 (s, 2H) and 10.82 (br. 5., 1H); MS (ES+): m/z 417.82
VI,

Methyl frars-4-(5-iodo-4-0x0-3,4-dihydroimidazo[5,1-1][1,2. 4] triazin-7-
yDcyclohexanecarboxylate

';’-_
o\

W

f3301 A solution of methyl trans-4-(2-amine-5-iodo-4-0x0-3,4-dihydroimidazo[5,1-
AL1,2,4)triazin-7-yDeyclohexanecarboxylate (0.880 g, 0.06211 mol} in anhydrous THF (74 mL) and
DMF (13.2 mlL} was charged with tert-butyl nitrite (1.2 mL, 0.010 mol) and stirred at rt for 2 h. The
reaction was concentrated in vacuo and was purified by chromatography over silica gel [eluting with
5% MeOH in CHCl;] resulting in 570 mg, (67% yield) of the title compound as a péle orange solid.
(‘"H NMR (400 MHz, DMSO-d;) & ppm 1.40 - 1.54 (m, 2H), 1.56 - 1.69 (m, ZH), 1.92 - 2.06 (m, 4H),

2.36 - 2.46 (m, 1H), 3.02 - 3.14 (m, 1H), 3.61 (s, 3H), 7.89 (d, /=328 Hz, | H) and 11.79 (br. 5.,
1H); MS (ES+): m/z 402.86 [MHEH].

Methyl trans-4-(4-amino-5-iodoimidazo[5,1-f1]1,2,4}triazin-7-y)cyclohexanecarboxylate
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3311 A solution of 1/-1,2,4-triazole (0.881 g, 0.0128 mol) in pyridine (3.00 mL) was

charged with POCI, (0.396 mL, 0.00425 mol) and stirred at rt for 15 min. To this mixture was drop
wise added methyl trarns-4-(5-iodo-4-oxo0-3,4-dihydroimidazo{5,1-f1[1,2,4}riazin-7-
yDeyclehexanecarboxylate (0.570 g, 0.00142 mol) in pyridine (6.00 mL) and stirred at 1t for an
additional 2.45 h. The reaction was quenched with excess 2 M of NH; in i-PrOH (40.00 mL) at 0 °C
and altowed to stir at rt for an additional 3 h. The reaction was concentrated in vacuo and partitioned

between EtOAc and sat. NaHCO; and separated. The agueous was washed with EtOAc (3x) and the
' combined organic fractions were washed with brine (1x). The aqueous was re-extracted with CHCl,
(3x) and the organic was added to the EI\OAc fractions. The combined organic fractions were dried
over Na,SQ,, filtered and concentrated in vacuo. The crude brown/red solid was purified by
chromatography over silica gel [eluting with 5% MeOH in CHCl,] resulting in 438 mg, (76% yield)
of the title compound as a light yellow solid. 'H NMR (400 MHz, DMSO-d;) & ppm 1.39 - 1.54 (m,
2H), 1.55 - 1.71 (m, 2H), 1.92 - 2.07 (m, 4H), 2.35 - 2.46 (m, 1H), 3.06 - 3,19 (m, 1H), 3.61 (s, 3H),
6.77 (br. 5., 1H) 7.86 (s, 1H) and 8.44 (br. s., 1H); MS (ES+): m/z 401.85 [MH-+].

1-Chlore-2-[{2,2-diethoxyethyl)thiolbenzene

[332] To a solution of 2-chlorobenzenethiol (5.0 g, 34.5 mmol) in acetone (35.mL) was
- added 2-bramo-1,1-diethoxyethane (7.15 g, 36.3 mmol) followed by potassium carbonate (9.55 g,
69.1 mmol). The mixture was heated at reflux for 3 h. then cooled to rt, filtered and the filtrate
evaporated under reduced pressure to yield the crude product. This material was purified by
chromatography over silica gel eluting with ethyl acetate in hexanes (0—2%) to afford pure I-chloro-
2-(2,2-diethoxyethylsulfanyl)benzene (7.3, 80%). 'H NMR. (400 MKz, CDCL) 8 =1.20 {t,J = 7.07
Hz, 6H), 3.15 (d, /= 5.56 Hz, 2H), 3.51-3.61 (m, 2H), 3.63-3.74 (m, 2H), 4.69 (t, /= 5.56 Hz, 1H),
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7.12 (d, J=7.58, 1.52 He, 1H), 7.20 (1d, /=7.58, 1.52 Hz, 1H), 7.36 (dd, J=7.83, 1.52 Hz, 1H),
7.39(dd, 7= 8.08, 1.52 Hz, 1H); MS (ES+): m/z 187.17 [M-74].

T-Chlorobenzof[bjthiophene

0

ClI
[333] To a solution of 1-chloro-2-(2,2-diethoxyethylsulfanyl)benzene (3.95 g, 15.14 mmol)

in toluene (40 mlL) was added polyphosphoric acid (15 g, 137.5 mmol). The mixture was heated at
reflux for 4 h. then was poured in to ice water, stirred for 30 min and extracted with toluene. The
combined toluene extracts were washed with aqueous sodium bicarbonate followed by brine, dried
over anhydrous sodium sulfate and evaporated under reduced pressure to yield the crude product,
This material was purified by chromatography over silica gel eluting with hexane to afford pure 7-
chiorobenzo[blthiophene (1.72 g, 67.5%). 'H NMR (400 MHz, CDCl;) 8 = 7.13-7.30 (m, 3H), 7.38
(d, /=5.31 Hz, 1H), 7.62 (dd, J = 7.33, 1.52 Hz, 1H); MS (BS+): m/z 169.06 M.

7-Chlorobenze[b]thiophene-2-boronic acid

\ B/OH

s oH

cl
[334] To a solution of 7-chlorobenzo[blthiophene (1.0 g, 5.92 mmol) in THF (25 mL) at—

78 °C was added "butyllithium (7.41 mL, 11.8 mmol, 1.6 M solution). The reaction was allowed to
warm 10 —30 °C then was cooled back to —78 °C and triisopropyl borate (2.23 g, 11.8 mmol)} was
added. The mixture was allowed to warm to 0 °C, saturated ammonium chloride added and the
organic phase separated off and concentrated in vacuo. To the residue was added aqueous sodivan -
hydroxide (10 mL, 2N solution) followed by water (30 mL) and the mixture was washed with DCM.
The aqueous phase was acidified with 2N sulfuric acid, and the resulting precipitate isolated by
filtration and dried under vaciamm to yield 7-chlorobenzofA]thiophene-2-boronic acid (1.21 g, 96%) as
white solid. "H NMR (400 MHz, CDCl;) § = 7.41 (t, J = 7.70 Hz, 1H]}, 7.50 (d, J/ = 7.70 Hz, 1H),
7.91(d,J =7.70 Hz, 1H), 8.03 (s, 1H), 8.63 (s, 2H); MS (ES+): m/z 211.86 [M-+].

7-(methylthio)-1Z.indole

Iz
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[335] To a solution of 7-bromo-1H-indole (3.0 g, 15.3 mmol) in THF (60 mL) at—78 °C
was added ‘Buli (1.7 M, 33.8 mL, 57.4 mmol) and the mixtare was allowed to warm to 0 °C. The
reaction was re-cooled to —78 °C and a solution of dimethyl disulfide (2.0 mL, 22.9 mmol} was added
and the reaction was allowed to warm to 0 °C. The reaction was quenched with saturated ammonium
chloride and exiracted with ethyl acetate. The organic layer was washed with brine, dried over
anhydrous sodium suifate and evaporated under reduced pressure to yield the crude product. This
material was purified by chromatography over silica gel eluting with ethyl acetate in hexanes (0—2%)
to afford pure 7-(methylthio)-1H-indole (1.4 g, 55%). 'H NMR (400 MHz, CDCl:) § = 2.50 (s, 3 H),
6.58 (dd, J = 3.03, 2.02 Hz, 1H), 7.09 (t, J = 7.58 Hz, 1H), 7.18-7.31 (m, 2H), 7.56 (d, J = 7.83 Hz,
150, 8.45 (br. 5., 1 H); MS (ES+):.m/z 164.15 [ME+].

7-(Methylsulfony)-17-indele

Iz

0o=s
7
o

[336] To a solution of 7-(methylthio)-1H-indole (1.1 g, 6.7 mmol) in DCM (25 ml) at —40
°C was added m-chloroperbenzoic acid (3.02 g, 13.4 mmol) and the reaction was stirred at —40 °C for
30 min. The reaction mixture was then quenched with saturated sodium bicarbonate and extracted
with DCM. The DCM extracts was washed with water, brine, dried over anhydrous sodium sulfate
and evaporated under reduced pressure to yield the crude product. This material was purified by
chromatography over silica gel eluting with hexanes (0—10%) to afford pure 7-(methylsulfonyD)-1H-
indole (987 mg, 75%). "H NMR (400 MEz, CDCl) 8 = 3.12 (s, 1H), 6.66 (d, J = 2.53 Hz, 1H), 7.24
(t.J=7.71 Hz, 1H}, 7.35 (d, 7 = 1.77 Hz, 1H), 7.68 (d, J = 7.07 Hz, 1H), 7.90 (d, J = 7.83 Hz, 1H),
9.68 (br. s., IH); MS (ES+): m/z 196.08 [MH+].

Methyl frans-4-cyanocyclohexanecarboxylate

Nf/}‘

[337] Chlorosulfonyl isocyanate (1.0 mL, 0.012 mol) was added 1o a solution of frans-4-
{methoxycarbonyl)cyclohexanecarboxylic acid (2.00 g, 0.0107 mol) in DCM cooled to 0 °C. The
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resulting solution was heated at reflux for 15 minutes and then cooled 0 °C and treated dropwise with
DMF, The mixture was stirred at room temperature overnight then poured onto ice water and the -
argamnic phase separated and washed with a saturated solution of sodium bicarbonate. The solvent was
removed in vacuo and the crude material was taken up in ethyl acetate, washed with IN aq. NaOH
(10mL) and the ethyl acetate removed in vacuo. The resulting crude product was used in subsequent
steps without further purification. "H NMR (400 MHz, CHLOROFORM-d) & ppm 1.36 - 1.70 (4 H,
m), 2.01 -2.18 (4 H, m), 2.24 - 2.54 (2 H, m) and 3.68 (3 H, s). )

Trans-4-cyanocyclohexanecarboxylic acid

OH

[338] To a solution of methyl trans-4-cyanocyclohexanecarboxylate (996 mg, 5.96 mmol)
in THF (37 mlL) was added a solution of 0.5 M lithium hydroxide in water (20 mL). The roixture was
stirred overnight then the THF was removed in vacuo and the residual aqueous solution acidified to
pH 4. The resulting mixture was extracted with ether (2 x 30 mL), EfOAc (2 x 30 ml)and CHCl; 2 x
30 mL) then the combined extracts, dried over anhydrous sedium sulfate and concenirated in vacuo.
This material was taken to the next step without any purification. "H NMR (400 MHz,
CHLOROFORM-d) 5 ppm 1.43 - 1.73 (4 H, m), 2.05 - 2.22 (4 H, m) and 2.36 - 2.59 (2 H, m).

2-[Trans-4-(8-chioroimidazo[1,5-a]pyrazin-3-yleyclohexyljpropan-2-ol

J
N= =
N
g/N“".-‘?

OH

[339] A solution of methyl frans-4-(8-chloroimidazo[1,5-a]pyrazin-3-
yl)cyclohexanecarboxylate (4.0 g, 0.014 mol) in toluene (300 mL) and THF (70 mL) was cooled to 0
o and treated with 2 3.0 M solution of methylmagnesium bromide in ether (14 mL) mantaining the
temperature at 0 °C. The mixture was stirred at 5t for 1.5 honrs then cooled to 0 °C and an addtional 3
eq of 3.0 M of methylmagnesium bromide in ether was added. The mixture was stirred at rt for 15
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minutes then cooled to 0 °C and quenched with 1:1 NH,CI sat. : H,O (50 mL total volume). The
organic layer was separated and the aqueous layer was exiracted with EtOAc (3 x 30 mL). The
combined organic layers were dried over sodium sulfate and concentrated in vacuo and the crude
product thus obtained, chromatographed over silica gel eluting with EtOAc to afford desired 2-[trans-
4-(8-chloroimidazo[1,5-a]pyrazin-3-yl)cyclohexyljpropan-2-ol. '"H NMR {400 MHz=,
CHLOROFORM-d) 8 ppm 1.14 - 1.39 (m, 8 H), 1.41 - 1.60 (m, 1 H), 1.77 - 198 (m, 2 H), 2.01 - 2.20
(m, 4 H), 2.78 - 3.06 (m, 1 H), 7.35 (d, J=5.05 Hz, 1 H), 7.64 (d, 7=5.05 Hz, 1 H) and 7.83 (s, 1 H).

3-Cyclobutyl-1-(1H-indol-5-yl)imidazo[1,5-a]pyrazin-8-amine

[340] A dry mixture of 8-amino-3-cyclobutyl-1 -iodoimidazo[3,4-a]pyrazine (30mg,
0.096mmol), cesium carbonate (38mg, 0.1 17minol) and 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yD-1H-indole (26mg, 0.107mmol) was purged with Argon 3 times prior to the addition of
tetrakistriphenylphosphino palladium (0) (6mg, 0.005mmol). The mixture was purged twice more and
then freated with a degassed mixture of DME:water (5:1, 2ml.). The resulting selution was degassed
twice more and then heated at 80°C overnight. The resulting reaction mixture was concentrated in
vacuo, the residue dissolved in 1:1 MeCN:MeOH (1.5mL) and purified by mass directed preparative
HPLC to afford 3-cyclobutyl-1-(1 H-indol-5-y1)imidazo[ 1,5-clpyrazin-8-amine. 'H NMR {400 MHz,
DMSO-d) & ppm 1.82 - 1.92 (1 H, m) 1.95 - 2.08 (1 H, m) 2.32 - 2.41 (4 H, m) 3.82 - 3.93 (1 H, m)
5.91 (2 H, br.s.) 6.45 (1 H, d, /=3.03 Hz) 6.90 (1 H, d, /=5.05 Hz) 7.26 (1 H, dd, J=8.34, 1.52 Hz)
7.34(1H, d, /=5.05 Hz) 7.35 - 7.39 (1 H, m) 7.45 (1 H, d, /=8.34 Iz) 7.64 - 7.68 (1H,m) 11.20 (1
H, br. s.); MS (ES+): m/z 304.15 [MH+]. HPLC: #; 6.18min (XTerra C18 5uM, 4.6 x 15mm, A:
MeCN & B:10mmol NH;0Ac in 0.05% HOAc/aq., method Polarl3).
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EXAMPLE 2

N, N\ NH

N~ N

N
2

3-Cyclobutyl-1-(1H-indol-2-yDimidazo[1,5-¢] pyrazin-8-amine

[341] Prepared as described above for EXAMPLE 1 using 1-(tert-butoxycarbonyl)-1H-
indole-2-boronic acid in place of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole. The
reaction conditions used effected significant cleavage of the N-(tert-butoxycarbamoyl) functionality.
MS (ES+): m/z 304.10 [MH+].

EXAMPLE 3
F

NHy NN

= N
&/”\g

3-Cyciobutyl-1-(S5-fluore-1H-indo}-2-yDimidazo[1,5-a]pyrazin-$-amine
[342] Prepared as described above for EXAMPLE 1 using 1-(tert-butoxycarbonyl)-5-
fluoro-1H-indole-2-boronic acid in place of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1 H-
mdole. The reaction conditions used effected significant cleavage of the N=(tert-butoxycarbamoyl)
functionality. MS (ES+): m/z 322.06 [MH+].
EXAMPLE 4

5

|

NH,

N Sy

kg
IS

1-(1-Benzothien—5—yl)—3-cyclobutylimidazoIl,S-a] pyrazin-8-amine
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[343] Prepared as described above for EXAMPLE 1 using 2-(1-benzothiophen-5-y1}-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane in place of 5-(4,4,5 ,5-tetramzjthyl-1,3,2~dioxabomlan—2-yl)~
1H-indole. MS (ES*): m/z 321.10 [MER+].

EXAMPLE 5
HyG

NHz \NH

3-Cyclobutyl-1-(5-methyl-1 H-indol-2-yDimidazo[1,5-a] pyrazin-8-amine
[344] Prepared as described above for EXAMPLE 1 using 1-(tert-butoxycarbonyl)-5-
methyl-1H-indole-2-boronic acid in place of 5-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1F-
indole. MS (ES+): m/z 318.05 [MH+]. 7
EXAMPLE 6
CHs

NH N\ -NH

NZT NN

&»ﬁ
3-Cyclobutyl-1-(6-mcthyl-1 H-indol-2-yDimidazo[1,5-z}pyrazin-8-amine !
[345] Prepared as described above for EXAMPLE 1 using 1-(fert-butoxycarbonyl)-6-
methyl-17-indole-2-boronic acid in place of 5-(4,4,5,5-tetramethyl-1,3 »2-dioxaborolan-2-y1)-1H-
indole. MS (ES+): m/z 318.05 [MH+].
EXAMPLE 7

e

NH

NH,

gﬁg

3-Cyclobutyl-1-(1H-indo}-6-yDimidazo[1,5-z]pyrazin-8-amine
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[346] A mixture of 6-bromo-1Fi-indole (2g, 10.00mmol), 4,4,4'.4",5,5,5',5-octamethyi-2,2"
bi-1,3,2~-dioxaborolane (2.00g, 7.87mmol) and potassium acetate (3.0g, 31.00mmol) was degassed
three times, treated with (1,1 ’-bis(diphcnylphosphinojferrocene) palladium dichloride (0.20g,
0.28nmnol) and degassed twice more. 1,2-dimethoxyeithane (28mlL) was added and the mixture was
heated at 75°C overnight. The cooled reaction mixture was then diluted with water, extracted with
EtOAc and the extracts washed with water and brine, then dried over magnesium sulphate, and
concentrated in vacuo to afford a brown/black semi-solid. This was triturated with ether to afford a2
brown powder, which was identified by LCMS to be desived indole-6-boronic acid, pinacol ester. 'H
NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.37 (s, 12 H), 6.54 - 6.58 (m, 1 H), 7.26 - 7.28 (m, 1
H), 7.55 (dd, /=7.83, 1.01 Hz, 1 H), 7.62 - 7.68 (m, 1 H),7.90 (s, I H), 8.19 (br. 5., 1 H); MS (Ii5+):
m/z 244.25 [MH']; HPLC: g = 3.52 min (OpenLynx, polar,_Smin).

[347] This material was used in place of 5-{(4,4,5,5-tetrtamethyl-1,3,2-dioxaborolan-2-y1)-
1H-indole under the conditions described in EXAMPLE 1 to afford 3-cyclobutyl-1-(1#-indol-6-
yl)imidazo[1,5-a]pyrazin-8-aminc. MS (ES+): m/z 304.15 [MIH+].

EXAMPLE 8

NHz N\/QN:
N)\fz:
k\»%
1-(1LH-Benzimidazol-2-yl)-3-cyclobuiylimidazo[1,5-4] pyrazin-8-amine

[348] 3-Cyclobutyl-1-iodoimidazof[1,5-¢]pyrazin-8-amine (500mg, 2mmol) and
tetrakis(triphenylphosphine)palladium(0) (100mg, 0.1mmeol) was degassed dry three times then
treated with methano! (20mL) and N, N-diisopropylethylamine (0.7mL, 4.0mmol) and the mixtre
heated at 70°C under an atmosphere of carbon monoxide, with intermittent bubbling of this gas vnder
the surface of the reaction mixture, After 3d heating with exiensive bubbling through of the solution
with carbon monoxide and some addition of fresh catalyst after day 2, TL.C (10% MeOH/DCM)
indicated the reaction to be complete. The reaction mixture was diluted with water, extracted with
DCM and the exiracts washed with water and brine, then dried over magnesium sulphate, and
concentrated in vacuo to afford an orange solid which was recrystallised from acetonitrile to afford
methy! 8-amino-3-cyclobutylimidazo[1,5-a]pyrazine-1-carboxylate. "H NMR. (400 MHz,
CHLOROFORM-d) & ppm 1.97 - 2.06 (m, 1 H), 2.10 - 2.26 (m, 1 H), 2.43 - 2.54 (m, 2 H), 2.53 - 2.68
(m, 2 H), 3.78 (dd, /=5.09, 8.08 Hz, 1 H), 4.01 (s, 3 H), 7.08 (d, /=4.80 Hz, 1 H), 7.22 (d, ./=4.80 Hz,
1 H), 7.38 (br. 5, 1 B), 7.69 {br. s., 1 H).
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[349] A suspension of 1,2-phenylenediamine {60mg, 0.6mmol) in toluene (2.0mL) was
treated with a 2M solution of trimethylalwminum in toluene (0.5mL) effecting the formation of a pink
solution. After Smin this solution was treated with solid methyl 8-amino-3-cyclobutylimidazo[1,5-
alpyrazine-1-carboxylate (30mg, 0.1mmol) and the mixture heated at 120°C for 30min then stirred at -
1t overnight. The mixture was then partiioned between 2M NaOH (10mL) & EtOAc (10mL) and
stirred for 15min. The organic layer was separated and the aqueous layer exiracied further with EtOAc
(3 % 10mL). The combined organics were washed with brine, dried and concentrated in vacuo to give -
~85% pure B-amino-N-{2-aminophenyl)-3~cyclobutylimidazo[1,5-a]pyrazine-1-carboxamide which
was used without purification.

[350] A solution of 8-amino-N-{2-aminophenyi)-3-cyclobutylimidazo{1,5-a]pyrazine-1-
carboxamide (40.0mg, 0.124mmeol) in acetic acid (1.2ml.} was microwaved at 126°C for 10min
(300W). The resulting solution was purified mass directed preparative HPL.C to afford 1-{1.H-
benzimidazol-2-y1)-3-cyclobutylimidazo[1,5-ajpyrazin-8-amine. 1H NMR (400 MHz, DMSO-d6) &
ppm1.92-205 (m, 1 H)2.07-2.21 (m, 1 H)2.53-2.59 (m, 4 H) 3.91 - 4.06 (tri, 1H}y7.08(d,
J=4.80Hz, 1 H}7.16 - 7.26 (m, 2 H) 7.38 (d, J=4.80 Hz, 1 H) 7.44 (br. 5., 1L ) 7.55 (d, }=8.08 Hz, 1
H) 7.62 (d, }=6.82 Hz, 1 H) 10.49 (br. 5., 1 H) 12.76 (s, 1 H); MS (ES+): m/z 305.15 [MH'].

EXAMPLE 9

@

N
NH,

N

1-(1,3-Benzoxazol-5-y1)-3-cyclobutylimidazo[1,5-zlpyrazin-8-amine

[351] A mixture of S-chlorobenzoxazole (0.129g, 0.84mmol), 4,4.4',4',5,5,5',5"-octamethyl-
2,2%bi-1,3,2-dioxaborolane (0.4956g, 1.95mmol), potassium acetaie (0.41g, 4.2mmol)}, 1,3-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene hydrochioride (43mg, 0.10mmol) and palladtum acetate (1img,
0.05mmol) was degassed, treated with tetrahydrofuran (10mL) and the resuiting mixfure heated at
80°C overnight. The mixture was diluted with water (100mL), acidified io pH 6 and exiracted with
EtOAc (3 x 40mlL). The extracts were washed with water, dried and concenirated in vacuo. The
residue so obtained was purified by chromatography over silica gel eluting with DCM to 10%
MeCN/DCM to afford 1,3-benzoxazole-5-borenic acid, pinacol ester. "H NMR (400 MHz,
CHLOROFORM-d) 8 ppm 1.37 - 1.39 (m, 12 H) 7.59 (d, /=8.34 Hz, 1 H) 7.86 (dd, /~=8.08, 1.01 Hz,
1 H) 8.10 (s, 1 H) 8.26 (s, 1 H); MS (ES+): m/z 246.23 {MH"],
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[352] This material was used in place of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-
1H-indele under the conditions described in example 1 to afford 1-(1,3-benzoxazol-5-y1)-3-
cyclobutylimidazo[ 1,5-a]pyrazin-8-amine MS (ES+): m/z 306.16 [IMIF+].

- EXAMPFLE 10

NH, \ NH

N/ caa

gL

o'
{rrans-4-[8-Amino-1-(LH-indol-2-yl)imidazo[1,5-a]pyrazin-3-yl] cyclohexylymethanol
[353] Prepared according to the procedure described in EXAMPLE 2 using trans-[4-(8-
- amino-1-iodoimidazo[1,5-a]pyrazin-3-yl)cyclohexyljmethanol in place of 8-amino-3-cyclobutyl-1-
iodoimidazo[3,4-alpyrazine. "H NMR (DMSO-d6, 400 MHz) & 1.12-1.23 (m, ), 1.38-1.54 {m, 1H);
1.58-1.78 (m, 2H); 1.82-1.92 (m, 2H); 1.96-2.06 (m, 2H); 3.03-3.16 (m, 1H); 3.29 (t, I = 5.6 Hz, 2H); .
4.46 (, Y= 5.3 Hz, 1H); 6.45 (brs, 2H); 6.63 (d, Y= 1.38 Hz, 1H); 7.02 (i, J=7.50 Hz, lﬁ); 706(d,T
=4.99 Hz, 1H); 7.12 (1, }=7.52, 1H), 746 (d, T=8.02 Hz, 1H), 7.58 (¢, J=7.83 Hz, 1H), 7.66 (4, T =
5.06 Hz, 1H), 11.43 (s, 1H); MS (ES+): m/z 362.07 (100) [MH+], HPLC: /R = 1.97 min
(MicromassZQ, polar_35min).
EXAMPFPLE 11

NH, \ NH

N/ —

N

HO
{cis-3-[8-Amino-1-(1H-indol-2-yl}imidazo[1,5-¢] pyrazin-3-yllcy clobutyl}methanol
[354] Prepared according to the procedure described in EXAMPLE 2 using [3-(8-chloro-1-
iodoimidazo[1,5-a]pyrazin-3-yl)eyclobutyllmethanol in place of 8-amino-3-cyclobutyl-1-
lodoimidazo[3,4-glpyrazine. MS (ES+): m/z 334.10 [MH+].
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EXAMPLE 12
NH, N\ AH

=N

NG

OH
cis-3-[8-Amino-1-(1H-indol-2-yDimidazo [1,5-a)pyrazin-3-yl]cyclobutanol
[355] Prepared according to the procedure described in EXAMPLE 2 using 3-(8-amino-1-
1odoimidazo[ 1,5-alpyrazin-3-yl)cyclobutanol in place of 8-amino-3 -cyclobﬁtyl-l-iodoimidazo{B -
alpyrazine. MS (ES+): m/z 320.03 [ME+].
EXAMPLE 13

NHe N NH

//

g

N3
.
0)\@43
3-[cis-3-(4-Acetylpiperazin-1-ycyclobutyl}-1-(1 H-indol-2-yl)imidazo [1,5-g]pyrazin-8-amine
[356] Prepared according to the procedure described in EXAMPLE 2 using 1-{4-f3-(8-
amino-1-iodoimidazo[1,5-a}pyrazin-3-yleyclobutyl Jpiperazin-1 -yl}ethanone in place of 8-amino-3-
cyclobutyl-1-iodoimidazo[3,4-ajpyrazine. MS (ES+): m/z 430,08 [MET+].

EXAMPLE 14

H
N

|

NH,

N/ e

I\\/N 7

HO
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{trans-4-{8-Amino-1-(1H-indol-5-yl)imidazo[1,5-a] pyrazin-3-yl]cyclohexylimethanol
[357] Prepared according to the procedure described in EXAMPLE 1 using trans-[4-(8-
amino-1-iodoimidazo[1,5-a]pyrazin-3-yl)cyclohexyljmethanol in i)lacc of 8-amino-3-cyclobuivl-1-
1odoimidazo[3,4-a]pyrazine. MS (ES+): m/z 362.07 [MH+].
EXAMPLE 15

. 1-(1H-Indol-2-yl)-3-[cis-3-(4-methylpiperazin-1-yl)cyclobutyljimidaze[1,5-¢] pyrazin-8-amine
[358] Prepared according to the procedure described in EXAMPLE 2 using 1-iodo-3-[3-(4-
methyl-piperazin-1-yl)cyclobutyllimidazo[1,5-z}pyrazin-8-ylamine in place of 8-amino-3-cyclobutyl-
l-iodoimidazo[3 4-alpyrazine. MS (ES+): m/z 402.10 [MII+].
EXAMPLE 16

H
N

)

NH,

N
N

k‘e«”\z/
7-Cyclobutyl-5-(1H-indol-5-yl)yimidazo[5,1-f][1,2,4] triazin-4-amine
[359] Prepared according to the procedure described in EXAMPLE 1 using 7-cyclobutyl-5-

iodoimidazo[5,1-][1,2,4]triazin-4-ylamine in place of 8-amino-3-cyclobutyl-1 -iodoimidazo]3,4-
alpyrazine. MS (ES+): m/z 305.16 [MH+],
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EXAMPLE 17

NHp N\ NH

N
N

‘%N,N\g

7-Cyclobutyl-5-(LE-indol-2-ylimidazo[5,1-f1{1,2,4]triazin-4-amine
[360] Prepared according to the procedure described in EXAMPLE 2 using 7-cyclobutyl-5-
iodoimidazo(5,1-f][1,2.4]triazin-4-ylamine in place of g-amino-3-cyclobutyl-1-iodoimidazo[3,4-
alpyrazine. MS (ES+): m/z 305.07 [ME+]. '
EXAMPLE 18

—

H
NHp

N/ el

‘\\N/N\g

7-Cyclobutyl-5-(LH-indol-6-yDimidazo[5,1-f][1,2 4}triazin-4-amine
[361] Prepared according to the procedure described in EXAMPLE 7 using 7-cyclobutyl-3-
iodoimidazo[5,1-f][1,2,4]triazin-4-ylamine i place of 8-amino-3-cyclobutyl-1-iodoimidazo[3.4-
alpyrazine. MS (ES+): m/z 305.07 [ME+].
EXAMPLE 19

N NN

N "
N &/
\N o

7-Cyclohexyl-5-(1 H-indol-2-yDimidazo[5,1-1[1,2,4]triazin-4-amine ,
[362] Prepared according to the procedure described in EXAMPLE 2 using 7-cyclohexyl-5-
iodoimidazo[5,1-f][1,2 4]triazin-4-amine in place of 8-amino-3-cyclobutyl-1-jodoimidazo(3 A )
alpyrazine. "H NMR. (400 MHz -~ DMSO-d6) § 1.40 — 1.54 (m, 4H), 1.72 — 1.82 (m, 2H), 1.87 — 1.92
~{m, 2H), 2.02 — 2.09 (w, 2H) 3.31'-3.38 (m, 1H) 6.26 (bs, 2H) 6.73 — 6.74 (m, 1H), 7.13 - 7.17 (mn,
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1H), 7.22 — 7.25 (m, 1H), 7.44 (d, T = 8.0 Hz, 1H) 7.64 (4, T =8.0 Hz, 1H), 7.91 (s, 1§), 9.18 (s, LEH).
MS (ES): m/z: 333.16 (100) [MH+]. HPLC: £ = 3.46 min (OpenLynx: polar_5 min).
EXAMPLE 20

[363] A mixture of {rrans-4-[8-amino-1-(1 H-indol-2-yl)imidazo[1,5-a]pyrazin-3-
ylleyclohexyl}methanol (400mg, 0.001mol), phthalimide (211.7mg, 0.001439mol), and
triphenylphosphine resin (2. 14mmol/g loading; 1.03g, 0.00221mol; Argonaut) in THF (22mL,
0.27mol; Aldrich) was placed under nitrogen atmosphere and charged dropwise with diisopropyl
azodicarboxylate (290.9mg, 0.001439mol). After 16h, the resin was filtered off, washed with
chloroform (5 x 20mL) and the filwate concentrated in vacuo to yield an orange oil which was
chromatographed over silica gel eluting with chloroform — 5% MeOH/chloroform to afford the title
compound. *H NMR (CDCl,, 400 MHz): § 7.90-7.85 (m, 2H), 7.77-7.70 (m, 2H), 7.64 (m, 1H), 7.43
(d4, J = 8.0, 0.8 Hz, 1H), 7.27-7.15 (m, 2H), 7.14 (m, 1H), 7.09 (d, Y= 4.8 Hz, 1H), 6.77 (br s, 1H),
3.64 (4, =64 Hz, 2H), 2.91 (m, 1H), 2.09 (m, 2H), 2.25-1.90 {m, 41}, 1.80 (ddd, 7= 13.2, 124,24
Hz, 2H), 1.27 (ddd, T = 132, 12,4, 2,4 Hz, 2H). MS (ES+): m/z 491.09 [ME+).

EXAMPLE 21

B,

NH, N\ -NH

N~ ——“.

K/” 7"

\ ! oW
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1-{frans-4-]8-Amino-1-(1H-indol-2-y)imidazo[1,5-a] pyrazin-3-yl cyclohexyl}methanamine
[364] A solution of benzyl {[trans-4-(8-amino-1-(1H-indol-2~yl)imidazo[1,5-a]pyrazin-3-

yDeyclohexyllmethyl} carbamate (0.163 g, 0.330 mraol) in conc. HC1 (5 ml) was stirred at rt
overnight. The reaction mixture was diluted with H,O (20ml), washed with E;O {30mL), then
basified with IN NaOH (aq) and extracted with DCM (3 x 20mL). The combined exiracts were
washed with water then dried over Na;S0, and concentirated in vacuo To afford 0.085g of desired
compound. MS (ES+): m/z 361.30 [MHH].

EXAMPLE 22

NH, \ NH

N/ e

I\\/N Y

\,.u\"

HN

Do

HyC

N—({trau.s—tl-[S-Amino-l-(IH-indoI-Z—yl)ilnidaz'o[l,S-a]pyrazin—S-yll cyclohexyllmethyDacetamide
[365] 'Fo a suspension of 1-{t{rans-4-|8-amino-1-(1H-indol-2-yl)imidazo[1,5-alpyrazin-3-

yicyclohexylimethanamine (100.00 mg, 0.27 mmol), N-(3-dimethylaminopropyl)-M-
ethylcarbodiimide hydrochloride {0.0798 g, 0.416 nunol), N N-diisopropviethylamine (0.097 mL, 0.55
mwmol), 1-hydroxbenzotriaxole Hydrate (0.0425 g, 0.277 mmol), and DMF (600 tL) in DCM (5 mL)
was added AcOH (24 ul). The mixture was stirred at rt for 3 h under an atmosphere of nitrogen then
diluted with DCM (20mL), washed with saturated NaHCO; (aq) (2 x 25mL}) and brine (2 x 25mL),
then dried over Na,;S0,, filtered and concentrated in vacuo. The residue was chromatographed over
silica gel eluting with DCM — 2% 2M NHj; in MeOH/DCM to afford (0.02g of the title compound.
MS (ES+): m/z 403.31 ME+]. 'H NMR (400 MHz, CDCls): § 1.12-1.31 (m, 3H), 1.79-1.86 (m, 2H),
1.94-1.97 (m, ZH), 2.02 (s, 3H), 2.04-2.09 (m, 2H), 2.91 (m, 1H), 3.20 {t, J = 6.4 Hz, 2H), 5.51 (br,
1H), 5.66 (br, 2H), 6.79 (s, 1H), 7.10-7.16 (m, ZH), 7.20-7.25 (m, 2H), 7.43 (4, ] = 8.4 Hz, 1H), 7.44
(d, 7=7.6 Hz, 1H), 9.07 (br, 1H).
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EXAMPLE 23

NH, N\ NH

Nt

L
H;;C"%g ©

N-{{4~]8-amino-1-(1 H-indol-2-yl)imidazo]1,5-alpyrazin-3-
yl}eyelohexyl}methyl)methanesnifonamide
[366] Methanesulfonyl chloride (4.40pL, 0.057 mmol was added to a mixture of 1-{trans-

4-f8-amino-1 ~(1H-indol-2-yl)imidazo[1,5-a)pyrazin-3-yljcyclohexyl} methanamine (20.5mg,
0.057ruol) and PS-DIEA (3.90mmol/g loading; 60mg. 0.2mmol) in DCM (1.14mL). The reaction
mixture was stirred for 30min at r.4. for 18h. The crude reaction mixture was then concentrated and
residue purified by mass directed preparative HPLC to afford 4mg of desired product. MS (ES+): m/z
439,10 (100) [MH+], 'H NMR (CD30D, 400 M¥Hz): § 8.24 (br s, 2H), 7.61 (m, 2H), 7.46(dd,J=28.4,
0.8 Hz, 1H), 7.19 (ddd, Y=7.2, 1.2, 1.2 Hz, 1H), 7.08 (ddd, T = 7.2, 1.2, 1.2 Hz, IH), 6.75 (4, J=0.8
Hz, 1H), 3.14 (m, 1H), 2.07 (s, 4H), 1.85 (i, 2H), 1.64 (m, 1H), 1.26 (m, 2H).

' EXAMPLE 24

A S

k\/%
(1]
P
=0
Benzyl 4-[8-amino-1-(LH-indo)-2-yDimidazo[1,5-a]pyrazin-3-yli piperidine-}-carboxylate
[367] A mixture of benzy! 4-(8-amino-1-iodoimidazo[ 1,5-a]pyrazin-3-yi)piperidine-1-
garboxylate (1.149g, 0.002191mol), 1-(tert-'butoxycarbony])-IH-indole-Z-boronic acid (0.629g,
0.00241mol), 1,2-dimethoxycthane (9.3mL), water (1.8mL) and cesium carbonate (1.43g,
0.00438mol) was degassed three times and then treated with tetrakis(tripheny!

phosphine)paliadium(0) (200mg, 0.0002mol). The mixture was once more degassed and then heated
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at 100 °C overnight. The resulting reaction mixture was diluted with EtOAc (30mL) then washed
with water (2 x 30mL) and brine, dried over N2,SO, and concentrated in vacuo. The crude product
was chromatographed over silica gel eluting with hexane — EtOActhexane 1:1:0.05 2M NH;/MeOH
to afford the desired product. *H NIMR (400 MHz, CDCly): § 2.02-2.06 (m, 4H), 3.03-3.17 (m, 3H),
4.29-4.33 {m, 2H), 5.16 (5, 2H), 5.66 (br, ZH), 6.79-6.80 (m, 1H), 7.11-7.16 (m, 2H)}, 7.20-7.25 (m,
2H), 7.31-7.45 (m, 5H), 7.44 (m, 1H), 7.64 (d, T = 7.6 Hz, 1H), 8.96 (br, 1H). MS (BS+): m/z 467.12
. [VEHL

EXAMPLE 25

PTI

‘N/ _,--N
. 7

N
H
1-{1H-Indol-2-yD)-3-piperidin-4-ylimidazo[1.5-a] pyrazm-s-amme
[368] A solution of benzyl 4-[8-amino-1-{1 H-indol-2-yl}imidazo[1, S-a]pyrazmu‘_’r-
yljpiperidine-1-carboxylate (3.61 g, 0.00774 mol) in conc. HCI (100 ml} was stirred at rt overnight.
The mixture was then diluted with water (200mlL), washed with E;O (2 x 30mL) then the aqueous
layer concentrated in vacuo yielding 2.62 g of desired product as the trihydrochloride salt. HNMR
(400 MHz, MeOD): §2.19-2.32 {m, 4H), 3.26-3.30 (m, 2H), 3.53-3.36 (m, 2H);-3.70 (m, 1H)}, 7.06 (4,
3 =5.6 Hz, 1H), 7.10-7.14 (m, 1H), 7.23-7.26 (m, 2E), 7.50-7.52 (m, 1H), 7.67 (m, 1H), 7.93 (m, 1H).
MS (ES+): m/z 333.27 [MHT].
EXAMPLE 26

NHs H

Ly
&
.
4-[8-Aming-1-(1 H-indo}-2-yD)imidazo(1,5-alpyrazin-3-yl] piperidine-1-carbaldehyde
[369] To a solution of 1-(1H-Indol-2-y1)-3-piperidin-4-ylimidazo{1,5-a}pyrazin-8-amine

hydrochleride (30.00 mg,. 0.0068 mmol) in DCM (0.5 mL, 0.008 mol) was added N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (0.0195 g, 0.102 mmmol), N,N-
diisopropylethylarine (0.047 mL), 1-hydroxbenzotriaxole hydrate (0.0104 g, 0.0679 mmol) and

formic acid (4.7 mg, 0.10 mmol). The reaction was stirred at it overnight then diluted with DCM,
washed with saturated NaFCO; (2 x 25mL) and brine (2 x 25), then dried over Na,S0, and
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concentrated in vacuo. The material thus isolated was crystallized from EtOAc to afford 10.6 mg of

desired product. "H NMR (400 MHz, CDCla): § 2.04-2.12 (m, 4H), 2.99-3.00 (m, 1H), 3.27-3.32 (m,

2H), 3.85 (m, 1H), 4.49 (m, 1H), 5.70 (br, 2H), 6.80 (s, 1H), 7.13-7.24 (m, 4H), 7.45 (d, T= 8.4 Hz,

1H), 7.65 (d, J = 8.0 Hz, 1H), 8.10 (s, 1H), 8.97 (br, 1H). MS (ES+): m/z 361.16 [MH-+].
EXAMPLE 27

Mh N

3-[1-(1H-Indol-3-ylcarbonyDpiperidin-4-ylI}-1-(1 H-indvl-2-yl)imidazo[1,5-a] pyrazin-8-amine
[370] Prepared according to the procedure described above for EXAMPLE 26, except using
indole-3-carboxylic acid in place of fonmic acid. MS (ES+): wm/z 476.18 [MH+].
Example 28

w N
2

5

Jon
O
3-(1-Acetylpiperidin-4-yl)-1-(L -indol-2-yl)imidazo[1,5-a]pyrazin-8-amine
[371} Prepared according o the procedure described above for EXAMPLE 26, exdept using
acetic acid in place of formic acid. MS (ES+): mv/z 375.17 [MH+].
| EXAMPLE 29

NH’\NH

g

+ O

EH,
3-[1-(4-Methoxybenzoyl)piperidin-4-yIj-1-(1H-indol-2-yl}imidazo|1,5-a] pyrazin-8-amine
[372] Prepared according 1o the procedure described above for EXAMPLE 26, except using
4-methoxybenzoic acid in place of formic acid. MS (ES+): m/z 467.27 [MH-+].
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EXAMPLE 30

3-{1-(4-Bromobenzoyl)piperidin-4-yl]-1-(1H-indol-2-yDimidazo[1,5-a] pyrazin-§-amine
[373] Prepared according to the procedure described above for EXAMPLE 26, except using
4-methoxybenzoic acid in place of formic acid. MS (ES+): m/z 515.17 & 517.17 [ME+H].
EXAMPLE 31

) NH

=N
N
- Vs

0)\&
e,

1-(1LH-Indol-2-y1 -3-[1-{(methoxyacetyl)piperidin-4-yllimidazo{1 ,S-ajpyrazin-8-amine
[374] Prepared according to the procedure described above for EXAMPLE 26, except
using 2-methoxyacetic acid in place of formic acid. MS (ES+): m/z 405.10 {MH+].
EXAMPLE 32

2 \ H
K/“g
3. [1»(Cyclopentylcarbnnyl)piperidin—4—y1]-1—(1H-indol—2—yl)imidazo{1,5-a]pyrazin—8—amine

[375] Prepared according fo the procedure described above for EXAMPLE 26, except
using cyclopentanecarboxylic acid in place of foxmic acid. MS (ES+): m/z 429.07 [MH+].
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EXAMPLE 33
N N\
S
K\/ﬂg
Ry CHs
\ NH
HC

3-{1-[(2,5-Dimethyl-LE-pyrrok-3-y))carbonyl}piperidin-4-yl}-1-(1H-indol-2-ylimidazo[1,5-
alpyrazin-S-amine . '
[376] Prepared according to the procedure described above for EXAMPLE 26, except
using 2,5-dimethylpyrrolecarboxylic acid in place of formic acid. MS (ES+): m/z 454.19 [MH+].
EXAMPLE 34

oy N -NH

N e

Qv

we' o

3-{1-[4-(Dimethylamino)butanoyl] piperidin-4-y1}-1-{1 H-indol-2-yl)
imidazo]l,5-alpyrazin-8-amine
[377] Prepared according to the procedure described above for EXAMPLE 26, except
using 4-(dimethylamino)butanoic acid in place of formic acid. MS (ES+): m/z 446.22 [ME-+].
EXAMPLE 35

NH, \ NH

N
k/%
)
[+3

'
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3-{1-[4—(Dimethylamino)phenacyl}piperidin-—4-yl}-1-(1H—indol—2-yl)imidaza[l,S-a] pyrazin-8-
amine
[378] Prepared according to the procedure described above for EXAMPLE 26, except
using 4-(dimethylamino)phenylacetic acid in place of formic acid. MS (ES+): m/z 480.22 [MH-+].
Example 36

NH., LY

N

L\\/%
} N
CH,
P~
oy
3—{1=-[4-(Dimethjrlamino)benzoyl]piperidin-4—yl}-—1-(1H-indnl—2—yl)inﬁdazo[1,S-a]pyrazin—s- o
amine
[379] Prepared according to the procedure described above for EXAMPLE 26, except
using 4-(dimeﬂ1ylamino)benzc;ic acid in place of formic acid. MS (ES+): m/z 480.22 [MH+].
EXAMPLE 37

PP

S

l\/” Vi

o

3—[1-(Cyclohexylcarhonyl)piperidin—&yl]—1—(1H—indol«2—yl)i:midazo[1,5—a} pyrazin-8-amine
[380] Prepared according to the procedure described above for EXAMPLE 26, except
using cyclohexanecarboxylic acid in place of formic acid. MS (ES+): m/z 443.20 [MH+].
EXAMPLE 38

3-{1—(Cyclopropylcarbonyl)piperidin—il—yl}-l-(lH—indol-Z—yl)imidazo[1,5—a]pyrazin—8-amine
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[381] Prepared according io the procedure described above for EXAMPLE 26, except
using cyclopropanecarboxylic acid in place of formic acid. MS (ES+): m/z 401.19 [MH+].
EXAMPLE 39

NH;\NH

NF TN

75
Y

1-(1H-Tndol-2-y))-3-{1-(2-thienylcarbonyDpiperidin-4-yl]imidazo[1,5-a] pyrazin-8-amine
[382] Prepared according to the procedure described above for EXAMPLE 26, cxcept
using thiophene-2-carboxylic acid in place of formic acid. MS (ES+): m/z 443.22 [MH+].
EXAMPLE 40

NHz\Nﬁ

5 e

3-{1-(1A-Tndol-3-ylacetyl)piperidin-4-ylIl-1-(1 A~indol-2-yl)imidazo[1,5-a] pyrazin-8-amine
[383] Prepared according to the procedure described above for EXAMPLE 26, except
using indole-3-acetic acid in place of formic acid. MS (ES+): m/z 490.10 [MH+].
EXAMPLE 41

W, N

2
N

e
g

2

HC
1-(LH-Indo1-2-y1)-3-{1-(3-methoxyphenoxy)acetyl] piperidin-4-yl} imidazo[1.5-a] pyrazin-8-

amine
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[384] Prepared according to the procedure described above for EXAMPLE 26, except
© using (3-methoxyphenoxy)acetic acid in place of formic acid. MS (ES+): m/z 497.11 [MH+].
EXAMPLE 42

NH, N NH

= T
I"‘\\/*\é\)
N Q,
~3
Q
3-[1-(1,3-Benzodioxol-S-yicarbonyDpiperidin-4-yi]-1-(1 #-indol-2-yDimidazoe[1,5-a] pyrazin-8-
amine
[385] Prepared according to the procedure described above for EXAMPLE 26, except

using 1,3-benzodioxole-5-carboxylic acid in place of formic acid. MS (ES+): mv/z 481.05 [MIT+].
EXAMPLE 43

1-(LEF-Indol-2-yl)-3-{1-[(1-methyl-1H-indazol-3-yl)carbonyl] piperidin-4-yl}imidaze[ 1,5
a]pyrazin-8-amine
[386] Prepared according to the procedure described above for EXAMPLE 26, except
using 1-methyl-1H-indazole-3-carboxylic acid in place of formic acid. MS (ES+): m/z 491.04 [MH+].
EXAMPLE 44
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NH, N NH ‘
N&F =
CHa

1-(1H—Indol—2—y1)—3—{14{(3-methoxyphenyl)aéetyl] piperidin-4-yl}imidazo[1,5-a]pyrazip-8-amine
[387] Prepared according to the procedure described above for EXAMPLE 26, except
using 3-methoxyphenylacetic acid in place of formic acid. MS (ES+): m/z 481.09 [MIT+].
EXAMPLE 45

4

N NN

3-[1-(1-Benzotkien.3-ylcarbonyl)piperidin-4-yl}-1-iodoimidazo{1.5-a]pyrazip-8-amine
[388] Prepared according to the procedure described above for EXAMPLE 26, except
using benzothiophene-3-carboxylic acid in place of formic acid. MS (ES+): m/z 493.01 [ME+].
EXAMPILE 46

3-[1-(1,3-Benzothiazol-6-ylcarbonyDpiperidin-4-yl]-1-iodoimidizo[1,5-¢] pyrazin-8-amine
[389] Prepared according to the procedure described above for EXAMPLE 26, except
using benzothiazole-6-carboxylic acid in place of formic acid. MS (ES+): m/z 494.01 {MH+].
EXAMPLE 47
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1-(1#-Indol-2-y[)-3-{1-{(2-methylcyclohexa-2,5-dien-1-yl)carbonyl] piperidia-4-yl}imidazo[1,5-
alpyrazin-8-amine

[350] Prepared according to the procedure described above for EXAMPLE 26, except
using 2-methylcyclohexa-2,5-diene-1-carboxylic acid in place of formic acid. MS (ES+): m/z 453.08

[ME+].
EXAMPLE 48

N\ NH

1-(1H-Indel-2-yi)-3-]1-(isoquinolin-1-ylcarbonyl)piperidin-4-yl]limidazo[1,5-a]pyrazin-8-amine
[391] Prepared according to the procedure described above for EXAMPLE 26, except
using isoquinoline-1-carboxylic acid in place of formic acid. MS (£8+): nvz 488.01 [ME+].
EXAMPLE 49

145



4 Ha _alN NH Il 294 461.94 335 N
487.44 o04;--CH L.1,..... N

WO 2007/061737 PCT/US2006/044461

1-(1H-Indol-2-y1)-3-{1-[(pyridin-4-ylthic)acetyl| piperidin-4-yl}imidazro[1,5-a] pyrazin-8-amine
[392] Prepared according to the procedure described above for EXAMPLE 26, except
using (pyridin-4-ylthio)acetic acid in place of formic acid. MS (ES+): m/z 484.04 [MI+],
EXAMPLE 50

NHp N\ NH

N e

N

\_/
1-(1H-Indol-2-y1)-3-[1-(pyridin-3-ylacetyDpiperidin-4-yllimidazo[1,5-a}pyrazin-8-amine
[393] Prepared according to the procedure described above for EXAMPLE 26, except
using pyridin-3-ylacetic acid in place of formic acid. MS (ES+): m/z 452.07 [MEH+].

EXAMPLE 51
N N\ NH
N

=N
N

—y

)—‘ ,CH_q
N

N

146



OoH Br 4 * NH2 \ NHHa 295

WO 2007061737 PCT/US2006/044461

4-(8-Amino-1 -(1H-indol-2-yDimidazo[1,5-a]pyrazin-3-yI)-N,N-dimethylpiperidine-1-

- carboxamide

[394] A mixtare of 1-(1H-indol-2-y1)-3 ~pfperidin—4-ylimidazo[1,S-tz]pyrazin—s-amine
hydrochloride (30.0mg, 0.0679mmol), N, N-diisopropylethylamine (59.1ul., 0.340mmol) and DMF
(1.00mL) was treated with N,N-dimethylcarbamoy] chloride (6.23 nl., 0.0679mmol) and stirred at rt
for 1h prior to semi-preparative HPLC to afford the isolated title compound. 'H NMR (400 MHe,
CD;0D) ppm: 8.32 (br. s., 1H), 7.59-7.66 (m, 2H), 7.46 (d, 1H, J = 8.3 Hz), 7.15-7.22 (m, 1H), 7.01-
7.10 (m, 2H), 6.74 (s, 1H), 3.82 (d, 2H, T = 12.6 Hz), 3.34-3.42 (m, 1H), 2.97-3.09 (m, 2H), 2.87 (s,
6H), 1.95-2.09 (m, 4H); MS (ES+): m/z 404.14 [ME+].

EXAMPLE 52

Nip N\ NH

. = o

l\/“ 7

7

Methyl 4-(8-amino-1-(1 H-indol-2-yl)imidazo[1,5-a] pyrazin-3-yhpiperidine-1-earboxylate

[395] A mixtwre of 1-(1H-indol-2-y])-3 -piperidin-4-ylimidazo[1,5-a]pyrazin-8-amine
hydrochloride (30.0mg, 0.0679mmol), N,N-diisopropylethylamine (59.1pL, 0.340mmol) and DMF
(1.00mlL) was treated with methyl chloroformate (5.25)L, 0.0679mmol) and stirred at rt for 1h prior
to sermi-preparative HPLC to afford the isolation of the title compound. H NMR. (400 MH=, CD,0OD)
ppr: 8.32 (br. 5., 1H), 7.58-7.66 (m, 2H), 7.46 (d, 1H, J = 8.1 Hz), 7.14-7.22 (m, 1H), 7.00-7.12 {m,
2H), 6.73 (s, 1H), 4.26 (d, 2H, J = 12.9 Hz), 3.71 (5, 3H}, 3.33-3.37 (m, 1H), 2.9-3.17 (m, 2H), 1.85-
2.06 (m, 4H); MS (ES+): m/z 391.06 [MHE-+].

’ EXAMPLE 53

NHz N NH
N/ /N
NP
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3—[1-(4-Chloro-z-methylbenzoyl)piperidin—4—yl]—1—(lH—indol—2-yl)i1nidaze[l,5¥a1pyrazin-8-amine
[396] Prepared according to the procedure described above for EXAMPLE 26, except
using 4-chloro-2-methylbenzoic acid in place of formic acid. MS (ES+): m/z 485.05 [ME+].
EXAMPLE 54 -

NHe  N\-NH

N=T =

K/N 7

CH,
1-(1H-Tndol-2-yD)-3-(1-{[1-(4-methylphenyD)cyclopropyllcarbonyl} piperidin-4-yDimidazo[1,5-
alpyrazin-8-amine

[397]1 Prepared according to the procedure described above for EXAMPLE 26, except
using 1-(4-methylphenylcyclopropanecarboxylic acid in place of formic acid. MS (E5+) m/z 491.11

[ME+].
EXAMPLE 55

N N NB

N/ _—

l\/” a

N O-ucHa

3-[1-(4-Chloro-3-methoxybenzoyl)piperidin—d-yl]—1—(1H-indnl-2-yl)imidazn[1 S-g]pyrazin-8-
amine
[398] Prepared according to the procedure described above for EXAMPLE 26, except
using 4—ch10r0—3—i1_1ethoxybenzoic acid in place of formic acid. MS (ES+): m/z 501.04 [MH+].
EXAMPLE 56
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1-(5-§[4-(8-Amino-1-(1 H-indok-2-yl)imidazo[1,5-2]pyrazin-3-ylpiperidin-1-yl]carbonyl}-2-

thienylethanone
[399] Prepared according to the procedure described above for EXAMPLE 26, except

using 5-acetylthiophene-2-carboxylic acid in place of formic acid. MS (ES+): m/z 485.04 [MH1].
EXAMPLE 57

NHa\NH

N =

NGy

ad
d —
1-(1LH-Indol-2-y1)-3-[1-(3-thienylcarbonyl)piperidin-4-yljimidazo[1,5-¢}pyrazin-8-amine

[400] Prepared according to the procedure described above for EXAMPLE 26, except
using thiophene-3-carboxylic acid in place of formic acid. MS (ES+): m/z 443.04 {MH+].

EXAMPLE 58
NHp N NH
NZ" T

1-(1LH-Indol-2-yl)-3-[1-(4-nitrobenzoyl)piperidin-4-yl}-imidazo[1,5-a]pyrazin-8-amine
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[401] Prepared according to the procedure described above for EXAMPLE 26, except
using 4-nitrobenzoic acid in place of formic acid. MS (ES+): m/z 482.07 [MH+].
EXAMPLE 59

Het
3-[i-(ButylsulfonyDpiperidin-4-yl]-1-(1LH-indol-2-yl)imidazo[1,5-alpyrazin-8-amine

[402] A solution of 1-(1H-indol-2-y1)-3-piperidin-4-ylimidazo[1,5-a]pyrazin-8-amine
hydrochioride (33.23mg, 0.075mmol) in DMF (ImL) was treated with N,M-diisopropylethylamine
(0.05mL, 0.3mmel) and a solution of "butancsulfonyl chloride (9.42mg, 0.0602mmol) in 1ml. of
DMF. The mixture was left to stir at 1t for 1h and then subjected to mass-directed preparative APLC
to afford the title compound. "H NMR (400 MHz — DMSO-d6) 5 0.91 (t, 3H), 1.40 - 1,45 (m, 2H),
1.66 — 1.69 (m, 2H), 1.86 —1.90 (m, 2H) 2.04 - 2.09 (m, 2I1) 3.02 —3.11 (m, 5H) 3.73 —3.77 (m,
2H), 6.47 (bs, 2H), 6.64 (s, 1H), 7.00 —7.05 (m, 1H) 7.09 — 7.12 (m, 2H), 7.45 (d, T = 8.4 Hz, 1§),
7.58 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 5.2 Hz, 1H). MS (ES+): m/z: 453,24 [MH-+].

EXAMPLE 60

\ -
o0=5=0

CH
H,C 2

1-(1H-Indol-2-yI)-3- [1-{isopropylsulfonyl)piperidin-4-yljimidazo[1,5-al pyrazin-8-amine
[403] Prepared according to the procedure described above for EXAMPLE 59, except
using isopropane-2-sulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z 439.27
[ME+].
EXAMPLE 61
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3—{1—[(4-Fluorophenyl)snlfony]}piperidin—4—yl}-1—(1H-indol—2—yl)imidazo[I,S—a]pyrazin-—s—amine
[404] Prepared according to the procedure described above for EXAMPLE 59, except
using 4-flucrobenzenesulfonyl chloride in place of "butanesulfonyl chloride. MS (ESH)y: m/z491.15
[ME+].
: EXAMPLE 62

3-{1—[(2,5-Dimethoxyphenyl)sulfnnyl]piperidin—4—y1}-1~(IH-indnl-z-yl)imidazu[l,s—a]pyrazin-s-
amine
[405] Prepared according to the procedure described above for EXAMPLE 59, except
using 2,5-dimethoxybenzenesulfonyl chloride in place of *butanesulfonyl chloride. MS (ESH):m/z
533.17 [MHE].
EXAMPLE 63

N
e

2

1-{1H—Indol-2—yl)—3—{1-[(4-methylphenyl)sulfonyl]piperidin—4—yl}imidazo[l,Saalpyrazin-S—amine
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[406] Prepared according to the procedure described above for EXAMPLE 59, except
uging 4-methylbenzenesulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z 487.94
[ME+].
EXAMPLE 64

3-{1-[(3-Flnorophenyl)sulfonyl] piperidin-d-yl}-1-(1LH-indol-2-yl)imidaze[1,5-¢]pyrazin-8-amine
[407] Prepared according to the procedure described above for EXAMPLE 59, except
using 3-fluorobenzenesulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z 491.92
[MHE+]. ,
EXAMPLE 65
74
\N
\ .
N, N\ NH

N o

9o
)

3-Cyclobutyl-1-(1LA-pyrrolo|2 3-5] pyridin-2-yDimidaze[1,5-a]pyrazin-8-amine

[408] 3-Cyclobutyl-1-[1-(2-trimethylsilylethoxymethyl)-1 H-pyrrolo|2,3-blpyridin-2-
yllimidazo[1,5-alpyrazin-8-amine (35mg, 0.08mmol) was stirred with concentrated HC1 for 15min.
The mixtare was then concentrated in vacuo and purified via mass directed preparative HPLC to
afford the title compound. *H NMR (400 MHz DMSO-d6) § 1.92 ~ 2.00 (m, 1H), 2.07 — 2.14 (m,
1H), 2.43 — 2.47 (m, 4H), 3.93 — 4.01 (m, 1H), 6.35 —6.49 (bs, ZH), 6.64 — 6.70 (m, 1H), 7.03 - 7.10
{m, 2H)}, 7.39 - 7.49 {m, 1H)}, 7.95 — 8.00 (m, 1H), 8.18 — 8.23 (m, 1H), 11.91 (bs, 1H). MS (ES+):
m/z: 305.17 [MH+].

EXAMPLE 66
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Methyl frans-4-(8-amino-1-(LHE-indol-2-yl)imidazo[1,5-a]pyrazin-3-yl)cyclohexanecarboxylate

[409] Starting from frans-methyl 4-(8-chloroimidazo{1,5-alpyrazin-3-
yhcyclohexanecarboxylate, the title compound was prepared according to procedures analogous to
those described for EXAMPLE 10. "H NMR (d-DMSO, 400 MHz): 8 11.42 (brs, 1H), 7.70 (d, J =
4.0 Hz, 1H), 7.58 (d, /= 8.0 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.30—6.90 {m, 3H), 6.63 (br s, 1H),
6.44 (br 5, 1H), 3.64 (s, 3H), 3.18 (m, 1H), 2.44 (m, 1H), 2.03 (m, 4H), 1.80-1.50 (m, 4H). MS (ES+):
m/z 390.28 [MH+].

EXAMPLE 67

==

NHp N\ NH

[N

N

o/;/."“"OH
trans-4-(8-Amino-1-(1 H-indol-2-yDimidaze[1,5-ajpyrazin-3-yl)cyclohexanecarboxylic acid
[410] A mixture of 37% HCI (30 mL) and methy! trans-4-(8-amino-1-(LH-indol-2-
ylimidazo[1,5-a}pyrazin-3-yl)cyclohexanecarboxylate (500.0mg, 1.28mmol} was stirred for 18h atxt.
The reaction mixture was then concenirated iz vacuo, and the residue washed with diethyl ether (3 x
10mL) and ethy! acetate (2 x 10mL), then with ice-cold acetonitrile (10mL) to afford 0.3g of the
desired product. 'H NMR (d¢-DMSO, 400 MHz): 5 12.15 (brs, 1H), 11.69 (s, 1H), 8.45 (br s, 2H),
7.97 (d, /= 6.4 Hz, 1H), 7.63 (d, /= 8.0 Hz, 1H), 7.50 (dd, /= 8.0, 0.4 Hz, 1H), 7.19 (m, 1H), 7.13
(d, /= 6.0 Hz, 1H), 7.06 (mn, 1H), 6.83 (d, J= 1.6 Hz, 1H), 3.27 (1d, /= 11.6, 3.2, 3.2 Hz, 1), 2.33
(td, J=10.8, 3.2, 3.2 Hz, 1H), 2.05 (m, 4H), 1.73 (m, 2H) and 1.58 (mz, 2H). MS {ES+): m/z 376.05
[MEE+].
EXAMPLE 63
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trans—4-(S-Amino~1a(1H—indol—2—yl)imidazo[l,g;a]pyrazin—}yl)-N-pyridin-S-
yicyclohexaneearboxamide

[411] A suspension of 3-aminopyridine (40mg, 0.43mmol) in foluene (1.3mL) was treated
with a 2M toluene solution of trimethylaluminum (0.3mL, 0.60mmol). After 25min, the resulﬁng
solution was treated with methyl frans-4-(8-amino-1-{1H-indol-2-yl)imidazof1,5-alpyrazin-3-
yl)cyclohexanecarboxylate (30mg, 0.08mol) and the mixture stirred at rt overnight. The mixture was
then stirred with 2M NaOH (20 ml) and ethyi acetate (20mL) for 10min., then the organic phase was
separated and the aqueous extracted EtOAc (3x15ml). The combined organic extracts were washed
with water (20mL) and brine (20mlL), then drded over Na,S0O, and concentrated in vacuo to give crude
product which was subjected to mass-directed preparative HPLC to afford pure desired product. 'H
NMR (d-DMSO, 400 MHz): 5 11.45 (brs, 1H), 10.12 (s, 1H), 8.77(d, /=24 Hz, 1H), 825 (d, /=
4.8 Hz, 1H), 8.14 (5, 1H), 8.08 (dd,/=18.0, 1.6 Hz, 1H), 7.71 (4, /=52 Hz, 1H), 7.59 (d, /= 7.6 Hz,
1H), 746 (d, J= 8.4 Hz, 1H), 7.34 (m, 1H), 7.15-7.00 (m, 3H), 6.65 (s, 1H), 6.42 (br s, 2H), 3.22 (m,
1H), 2.47 (m, tH), 2.15-1.95 (m, 4H}, and 1.85-1.65 (m, 4H). MS (ES+): m/z 452.17 [MH+].

EXAMPLE 69

=

NHy X -NH

N=" ==

Qo

O//""NH

trans-4-(8-Amino-1-(1 H-indol-2-ylimidaze[1,5-a] pyrazin-3-yI)-N-pyridin-2-
ylcyciochexanecarboxamide
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[412] Prepared according to the procedure described above for EXAMPLE 68, except
using 2-aminopyridine in place of 3-aminopyridine. MS (ES+): m/z 452.17 [BE+].
EXAMPLE 70

=

N, N\ NH

= NN

Qo

s
trans-4-(8-Amino-1-(1H-indol-2-yY)imidaze[1,5-a] pyrazin-3-yI)-N-phenylcyclohexane
carboxamide

{413] Prepared according to the procedure described above for EXAMPLE 68, except
using aniline in place of 3-aminopyridine. MS (ES+): mfz 451.16 [MH+].
- EXAMPLE 71

—
N NN

N T

g/"‘/”

e
trans-4-[8-Amino-1-(1 H-indol-2-yl)imidazo|1,5-a] pyrazin-3-yljcyclohkexanecarboxamide
[414] trans-4-(8-Amino-~1-iodoimidazo[ 1,5-a]pyrazin-3-yl)cyclohexanecarboxamide
(40mg, 0.10rmmol), 1-(tert-butoxycarbonyl)-1H-indole-2-boronic acid (33mg, 0.12mmol), and sodium
carbonate (33mg, 0.3 1mmol) were added to DME:Water (5:1) (2mnl) and the mixture degassed with
Arpgon for 10min. Tetrakis(triphenylphosphine)palladium(0) (8.0mg, 0.007mmol) was then added and
the reaction mixture microwaved at 110°C for 1h, The mixture was concentrated in vacuo, taken up in
DMSO, and purified by mass-directed preparative HPLC to afford desired product. "H NMR (d,-
DMSO0, 400 MHz): O 11.50 (br s, 1H), 7.72 (m, 1H), 7.58 (m, 1H), 7.46 (dd, ./~ 7.6, 0.4 Hz, 1H),
7.25 (br s, 1H), 7.13 (m, 1H), 7.08—7.00 (m, 2H), 6.70 (br s, 1H), 6.69 (br s, 1H), 3.16 (m, 1H), 2.20
(m, TH), 2.10-1.80 (m, 4H) and 1.65 (m, 4H). MS (ES+): m/z 375.17 [MH+].
EXAMPLE 72
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frans-4-(8-Axmico-1-(1H-indol-2-yDimidazo[1,5-a] pyrazin-3-yl)-N-ethylcyclohexanecarboxamide

{415] Ethylamine hydrochloride (30 mg, 0.37mmol), 2-{1H-benzotriazol-1-y1)-1,1,3,3-
tetramethylurontum tetrafluoroborate (35mg, 0.1 1mmol), and N,N-diisopropylethylamine (30pL.,
0.53mmol) were added to a solution of #rans-4-(8-Amino-1-( 1H-indol-2-yl)imidazo[1,5-alpyrazin-3-
yDeyclohexanecarboxylic acid (25mg, 0.07mmol) in anhydrous DMF (2mL.). Upon completion of
reaction (as monitored by LCMS), the mixture was added to a saturated aqueous sodium bicarbonate
selution (10mL). The resulting precipitate was collected by filiration and washed with cold
acetonitrile (3 x 10mL) to afford 13mg of the desired product. 'H NMR (dg-DMSO, 400 MHz): 6
11.41 (br s, 1H), 7.75 (dd, /= 4.0, 4.0Hz, 1H), 7.69 (d, J = 4.0Hz, 1H), 7.58 (d, J = 8.0, 4.0Hz, 1H),
7.45(d, J= 4.0, 4.0Hz, 1H), 7.12 (dd, /= 8.0, 8.0 Hz, 1), 7.08-7.00 (m, 21}, 6.63 (m, 1H), 6.43 (br
s, 2H), 3.16 (m, 1H), 3.07 (m, 2H), 2.18 (m, 1H), 2.02 (1, 2H), 1.84 {m, 2H), 1.66 (m, 4H) and 1.02
(t, /= 4.0 Hz, 3H). MS (ES+): m/z 403.00 [MH+].

EXAMPLE 73

NHy N -NH

NF e
e

& ”};
trans-4-(8~-Amino-1-(1H-indol-2~-yl)imid aze[1,5-a) pyrazin-3-yl)-N-cyclopropylcyclo
hexanecarboxamide

[416] Prepared according to the procedure described above for EXAMPLE 72, except

using cyclopropylamine in place of ethylamine. MS (ES+): m/z 415.22 [MH+] .
EXAMPLE 74
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Benzyl { [trans—4—(8—amino—1-(IH-indol—Z-yl)imidazo[I,S-a]pyrazin-.’!-yl)cyclohexyl]
methyl}carbamate .

[417] A mixture of benzyl {[trans-4-(8-amino-1 -iodoiroidazo[1,5-a]pyrazin-3-
yl)cyclohexyl}methyl}carbamate (1.00g, 0.00180mol), 1-(rerr-butaxycarbonyl)-1H- indole-2-boronic
acid (0.517g, 0.00198mol), 1,2-dimethoxyethane (7. 7mL), water (1.4mL, 0.08 lmol) and Cesium
Carhonate (1.17g, 0.00360mol) degassed three times, treated with tetrakis
(triphenylphosphine)palladium(0) (200mg, 0.0002mol) and degassed once more. The resulting
mixture was heated at 100°C overnight before being diluied with E:OAG (40mL), washed with water
(2 X 30mL) and brine {20mL) then dried over Na,80, and concentrated in vacuo. The crude product
thus isolated was chromatographed over silica gel eluting with hexane — EtOAc: hexane: 5% 2M
NH; in MeOH 1:1:0.05 to afford the title compound. 'H NMR (400 Mz, CDCLy): § 1.13-1.22 (um,
2Hj, 1.75-1.86 (m, 2H), 1.94-1.97 (m, 2H), 2.11-2.13 {m, 2H), 2.86 (m, 1H), 3.12-3.16 (i, 2H), 4.82
(m, 1H), 5.12 (s, 2H), 5.69 (br, 2H), 6.78 (s, 1H), 7.13-7.15 (m, 2H), 7.19-7.25 (m, 2H), 7.32-7.38 (m,
5H), 742 (4, T = 8.0 Hz, 1H), 7.64 (4, T = 8.4 Hz, 1H), 9.09 (br, 1H)., MS (ES+): m/z 495 [MH~+].

' EXAMPLE 75

et

NHy, N\ _-NH

NZ" ==
K\/N 4

N-{[trans-4-(8-Amino-1-(1H-indol-2-yDimidazo[1,5-a] pyraziﬁ-s-yl)cyclnhexyl]methyl}-3-
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furamide
[418] Prepared according to the procedure described above for EXAMPLE 22, except
using 2-furoic acid in place of acetic acid. MS (ES+): m/z 455.20 [ME+. "
: EXAMPLE 76

T
NH; N WNH

N /N
K/N ¢

\ Lty

HN

.o

N-{[rrans-4-(8-Amino-1-(1H-indo}-2-yl)imidazo[1,3-a}pyrazin-3-
vl)cyclohexyl)methyl}benzamide
[419] Propared according to the procedure described above for EXAMPLE 22, except
using benzoic acid in place of acetic acid. MS (ES+): m/z 465.25 IMHE+].
EXAMPLE 77

—

NH, \ NH

N/ —

Ny

HM

I~

N-{jtrans-4-(8-Amino-1.(1 H-indol-2-y)imidazo[1,5-2)pyrazin-3-
yDeyclohexyllmethyl}cyclobutanecarboxamide
[420] Prepared according to the procedure described above for EXAMPLE 22, except
using cyclobutanecarboxylic acid in place of acetic acid. MS (ES+): m/z 443.25 [ME-+].
EXAMPLE 78
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NH, NH N N O, --oN 402 33 318 NH, HCHa /14 457.95

359 * C NitzH N 381.96 384.01 319 0-CHs N o
ritcH, 482.96 360
WO 2007/661737 ' PCT/US2006/044461

N—{[trans-4—(8~Amino-1-(lH—indol—2—yl)imidazn[1,S-a]pyrazin-3—yl)cyclohexyl]methyl}-S,S-
dimethoxybenzamide
[421] Prepared according‘to the procedure described above for EXAMPLE 22, except
using 3,5-dimethexybenzoic acid in place of acetic acid. MS (ES+): m/z 525.35 [MH+].
EXAMPLE 79

——
NH, N N
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CH,
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N-{[trans-4-(8-Amino-1-(1 H-indol-2-yl)imidazo[1,5-¢}pyrazin-3-y)cyclohexyljmethyl}-2,4-
dimethoxybenzamide
[422] Prepared according to the procedure described sbove for EXAMPLE 22, except
using 2,4-dimethoxybenzoic acid in place of acetic acid. MS (ES+); m/z 525.33 [MEE+].
EXAMPLE 80
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ohs NNHr --- N-.raw N "-- HO o 487.01 489.03 320 0
DIFlaBr 4-wcEis Obis 483.90 361 HaGS CH, NH NH N

Wgt%*"%—"ﬁ%' 03 WO 2007/ 061737PCTI US2006/ 04311%5{306%44461

ructure M+ Ex # Structure M# 321 ton z
,Nati zo Li ' '

N={ [trans#—(S-Amino-lu(1H-indnl-2-yl)imidazo[I,S—a]pyrazin-S-
yicyclohexylmethylHformamide

4 [423] Prepared according to the procedure described 2bove for EXAMPLE 22, except
using formic acid in place of acetic acid. MS (ES+): m/z 389.10 [MH+].

EXAMPLE 81
T—
NH, \_NH
NS N
Ny 4"

(1R,2R)—N—{[traus-4-(8—amino—1-.(II:I-indol-Z—yl)imidazo[1,S-a]pyrazin-B-yi)cyclohexyl]methyl}-
2-phenylcyclopropanecarboxamide
[424] Prepared according to the procedure described above for EXAMPLE 22, except
using (1R,2R)-2-phenylcyclopropanecarboxylic acid in place of acetic acid. MS (ES+): m/z 505.30
[ME+].
EXAMPLE 82
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390.02 362 .41\ NH, it " NL.,"....... N HO 428. 02
322 M :NHON 463.08 363 *Chn: Na H NN 458.32 323 F
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88. 90 324 N11, N 1'..... , N L '0f13 Ori.at
WO 2007/061737 PCT/US2006/044461
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N—{{trans—4~(8-Amino-1.-(IH-indol~2-yl)imidazo[1,S-a]pyrazin—S-yl)cyclohexyl]methyl}é-chloro-
6-fluorobenzo[bjthiophene-2-carboxamide
[425] Prepared according to the procedure described above for EXAMPLE 22, except

using 3-chloro-6-fluorobenzo[blthiophene-2-carboxylic acid in place of acetic acid. MS (ES+): m/z
573.35 & 575.31 [MH+].

EXAMPLE 83
T
N N\ -NH
N

&/N/N

\,..n\

HN

N-{ [trans-4-(8-Amino-1-(1.H-indol—2—yl_)imidazo[1,5—a}pyrazin-3—
yl)cyclohexyl}meﬁ:hyl}isoquinoline—z-carboxanﬁde |
[426] Prepared according to the procedure deseribed above for EXAMPLE 22, except
using isoquinoline-l—carboxylic_: acid in place of acetic acid. MS (ES+): m/z 516.40 MEH.
EXAMPLE 84
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480.21 365 F NH h NL.c....... N' itOH 470.37 . 325
HCl Ls LN.f g 1E13 471.11 41 . 366 nge NH, NH N. NN HO
0 521.27 52327 WO 2007/061737PCT/ US2006/ 044461 Ex #
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N-{jtrans-4-(8-Amino-1-(1H-indol-2-yl)imidazo[1,5-a] pyrazin-3-yl)cyclohexyljmethyl} indole-3-
- carboxamide

[427] Prepared according to the procedure described above for EXAMPLE 22; except
using indole-3-carboxylic acid in place of acetic acid. M8 (ES+): m/z 505.46 [MH+].

EXAMPLE 85
cl

——
NH, \ MH

NF Ny

s
S

1-(4-Chloro-1H-indol-2-yl)-3-cyclobutylimidazo[1,5-a] pyrazin-8-amine
[428] Prepared according to the procedure described above for EXAMPLE 2, except using
. 1-(tért—butoxycarbonyl)—4—chloro—IH-—inriole-Z-boronic acid in place of 1-(¢er-butoxycarbonyl)-1H-
indole-2-boronic acid. 'H NMR (400 MHz — DMSO-d6) 5 1.91 — 1.98 (m, 1H), 2,08 — 2.15 (m, 1H),
2.42 —2.46 (m, 4H), 3.97 ~ 4.00 (m, 1H), 6.42 (bs, 2E), 6.67 (5, 1H}, 7.09 — 7.14 (m, 3H), 7.43 —7.47
(m, 21 and 11.83 {bs, 1H). MS (ES+): m/z 338.26 [MH+].
EXAMPLE 86
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WO 2007/061737 : PCT/US2006/044461
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1-(1H-Tndol-2-yI)-3-[1-{4-methoxyphenyl)cyclopropyl]imidazo[1.5-alpyrazin-8-amine

[429] Prepared according to the procedure described above for EXAMPLE 2, except using
4-methoxyphenylcyclopropanecarboxylic acid in place of cyclobutanecarboxylic acid. 'H NMR (400
MHz, CHLOROFORM-d) 5 ppm 1.46.(s, 2 H), 1.58 (s, 2 H), 3.76 (s, 3 H), 6.78 (4, J=8.80 Hz, 2 H),
6.77 (s, 1 H), 6.82 (s; 1 H), 6.98 (4, 7=5.13 Hz, 1 H), 7.03 (d, 7=8.80 Hz, 2 H), 7.15(t, }57.52 Hz, 1
H), 7.23 (s, 2 H), 7.44 (d, }=8.07 Hz, 1 H), 7.65 (d, }=8.07 Hz, 1 H) and 9.36 (br. s., 1 H). MS (ES+):
m/z 396.15 [MH+]. ' '

EXAMPLE 87

1-(LA-Indol-2-yI)-3-[1-(propylsulfonyl)piperidin-4-yl]imidazo[1,5-alpyrazin-8-amine
[430] Prepared according to the procedure described above for EXAMPLE 59, except
- using propane-2-sulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z 439.06
[ME+).
EXAMPLE 88

163



C 432.02 370 CH, Or*-1314 493.22 495.18 330 11
“NJYNH LN. .41 I1CH Otia 402.06 371 NH, NH tNN6 471. 03
WD 2007/ 061737PCT/ US2006/ 044461 Ex # Structure Mt

WOE%(OO%D6SIIK¥7UCture M\+ 331 wH2* r... oOH CNN 4?%"[%%200&534%461

—=
NHz \ NE

N 5=

i\/”é/;
"

§=0

09—@

1-(1H-Indol-2-yl)-3-[1-(phenylsulfenyl)piperidin-4-yl}imidazo[1,5-z] pyrazin-8-amine
[431] Prepared according to the procedure described above for EXAMPLE 59, except
using benzenesulfonyl chloride in place of "butanesulfonyl chioride. MS (ES+): m/z 473.29 [MI+].
| EXAMPLE 89
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1-(1H-Indol—2—yl)—3—{1-[{3,3,3—triﬂunropmpy])sulfonyllpiperidin—4-yl}imidazo[1_,5-a}pyrazin—8-
amine

{432] Prepared according to the procedure described above for EXAMPLE 59, except
ﬁsing 3,3,3-trifluoropropane-1-sulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): n/z

493.19 [MH-+].

EXAMPLE 90
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sic LN 1 i 01-H510.03 332 et' OCH NtzNH-- HC1
H N 434.25 373 0 NH3 a N--...i 1 496.06 374 dfr NH
a N\ N1 ... OH501.45 375 zytt z z 493.49 376

WO 2007/061737 PCT/US2006/044461

trans-3-(8-Amino-1-(1LH-indo}-2-ylimidazo[1,5-z}pyrazin-3-yl)-N-[(15)-1 ~phenylethylj
cyclohexanecarboxamide
[433] Prepared according to the procedure described above for EXAMPLE 72, except
using (18)-1-phenylethanamine in place of cyclopropylamine. MS (ES+): m/z 479.11 [MHE+].
‘ EXAMPLE 91

=
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N-{[trans-4-(8-Amino-1-(1H-indol-2-yDimidazo [1,5-a]pyrazin-3-yl)cyclohexyllmethyl} (3-
bromophenylacetamide
[434] Prepareé according to the procedure described above for EXAMPLE 22, except
using 3-bromophenylacetic acid in place of acetic acid. MS (ES+): m/z 557.21 and 559.20 {MH+].
EXAMPLE 92

==

NHa \NH

NoZ°~ TN

M%

cl
N-{[ﬁan.s—4—(8—Amino-1~(1H—indol~2-yl}imidazo[1,5—a}pyrazin-?s-yl)cyclohexyl]methyl}(2,6-
dichloro-5-fluoropyridin-3-yl)acetamide

[435] Prepared according to the procedure described above for EXAMFPLE 22, except

using (2,6-dichloro-5-fluoropyridin-3-yDacetic acid in place of acetic acid. MS (ES+): mfz 52221
[(ME+].



* NH, * N 507.46 377 2.) YE' z 569.56 WO
2007/ 061737PCT/ US2006/ 044461 Ex # Structure M+ Ex #
Structure 11/ 1H+ 378 r-z-40 z * \rye') z 507.46 379

_arz*-40 \asp" )\a / 521.50 380 r*z 0 _z * z 583 53
WO 2007/061737 | PCT/US2006/044461

EXAMPLE 93
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Benzyl 4-[8-amino-1-(1H-indol-5-yDimidazo[1,5-2] pyrazin-3-yllpiperidine-1-carboxylate
[436] Prepared according to the procedure described above for EXAMPLE 24, except
using indole-5-boronic acid in place of 1-{zert-butoxycarbonyl)-1H-indole-2-boronic acid. MS (ES+):
™/z 494.97 [MH-+]. '

EXAMPLE 94

—~=
Ny NN

H/ e
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: HN%
trans-4-(8-Amino-1-(1 H-indol-2-yl)imidazo[1,5-4] pyrazin-3-yl)-N-benzimmidazol-2-
vicyclohexapecarboxamide
[437] Prepared according to the procedure described above for EXAMPLE 08, except
using 2-amincbenzimidazole in place of 3-aminopyridine. MS (ES+): m/z 490.97 [MH+}.
EXAMPLE 95
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1—(IH—Indol—2-yl)—3-{l{quinoﬁn—z-ylmethyl)piperidin—d-yl]imidazo[1,5~a] pyrazin-8-amine
[438] A solution of 1-(1H-Indol-2-y1)-3-piperidin4-ylimidazo[1,5-ajpyrazin-8-amine
hydrochloride (30myg, 0.09mmol), 2-formylquinoline (I 7mg, 0. Limmol) and triethylamine (0.019ml.,
0.14mnol) in 1,4-dioxane (1mL) was freated with sodium cyanoborohydride (5.7mg, 0.090mmol) and
microwaved at 300 waits, 120°C for 20min. The mixiure was concentrated in vacuo, the residue was
dissolved in methanol Ioaded onto an SCX ion exchange cartridge, and then ehuted with 1M NH,OH
"in methanol. The semi-pure material thus obtained was then subjected fo semi-preparative BPLC to
afford desired product. 'H NMR (400 MHz, MeOD) 5 ppm 2.13 - 2.33 (m, 4 H), 2.90 {t, J=10.86,
9.60 Hz, 2 H), 3.47 (d, F=10.11 Hz, 2 H), 4.29 (s, 2 H), 6.74 (5, 1 H), 7.02 - 7.11 {m, 2 H), 7.19
{t.J=8.08, 7.07 Hz, 1 H), 7.47 (d, 7=9.09 Hz, 1 H), 7.58 - 7.65 (m, 3 H), 7.69 {d, J=8.59 Hz, 1 H), 7.80
{t, 1=8.34, 6.82 Hz, 1 H), 7.96 (d, =733 Hz, ] H), 8.08 (d, =834 Hz, 1H) and 8.39 (d, }=8.59 Hz, 1
H). MS (ES+): m/z 474.23 [MH+],
EXAMPLE 95

1-(1H-Indoel-2-yI)-3- [1-(2-thienylsulfonyl)piperidin-4-yl]imidazo[1,5-a]pyrazin-8-amine
[439] Prepared according to the procedure described above for EXAMPLE 59, except
using thiophene-2-sulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z 479.16
[MIEEH].
EXAMPLE 97
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[443] The foll ow ng conpounds are expected to be
active as inhibitors of nTOR Were shown, X can be N

or CH WD 2007/ 061737PCT/ US2006/ 044461 # C.0 0 ZQ
co zz-.0 z,x \ * * EJO NH TLX"" O s \ NHL,

WO 200008 TRH2NHND N/ ' 0 PCT/US2006/044461

1-(1H:-Indol-2-y!)-3-{1—[G-methylphenyl)sulfonyl]piperidin—4—yl}imidazo[1,5—a] pyrazin-8-amine
_ {440] Prepared according to the procedure described above for EXAMPLE 59, except
using S—methylbenzencs’ulfonyl chioride in place of “butaneéulfonyl chloride. MS (ES+): m/z 487.94
[MEH].
EXAMPLE 98
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1-(1H-Indol~2—yl)—3—{1-[(1-methyl-IH-i:nidazol—4—yl)5ulfonyl] piperidin-4-y}imidazo[1,5-
alpyrazin-B-amine

[441] Prepared according to the procedure described above for EXAMPLE 59, except
using 1 -methyl-1H-imidazole-4-sulfonyl chloride in place of “butanesulfohyl chloride. M8 (ES+): mv/z
477.20 [ME+].

[442] The following examples were prepared according to procedures analogous to those

described above, utilizing where necessary known literature chemistries.

Ex # Structure MH+ Ex # Structure MH+
N, N -NH B, NoNH
N o NZ
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Claim1. A conmpound represented by Fornula (1) or a
phar maceutically acceptable salt thereof, wherein:
XlI, and X2 are each independently Nor C(ElLs; X5 is
N G(E),, or NN(1El)os; X3, X4, X6, and X7 are each
i ndependently N or C
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[443] The following compounds are expected to be active as inhibitors of mTOR. Where

shown, X can be N or CH.
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. WHATIS CLAIMED IS:
Claim 1. A compound represented by Formula I
~ NH, [Q1
—X
X€
L )T(OXs
2 \R3
@

or 2 pbarmaceutically acceptable salt thereof, wherein:

X, and X are each independently N or C~(E),;

Xs is N, C~E",;, or NHEY,;

X, X4, Xs, and Xy are cach independently N or C;
wherein at least one of X;, X, Xs, X, and X, is independently N or N—(E‘)an;

R?is Co-roalkyl, cycloCy.jpalkyl, aminomethyleyeloCs.galkyl, bicycloCs.jalkyl, aryl,
heteroaryl, aratkyl, heteroaralkyl, heterocyclyl or beterobicycloCs.iealkyl any of which is optionally
substituted by one or more independent G substitnents:

Q' is ~AR")B(W), or ~B(G")A

A and B are respectively, 5 and § membered aromatic or heteroaromatic rings, fused
together to form a 9-membered heteroaromatic system excluding 5-benzo[b]furyl and 3-indolyl; and
excluding 2-indolyl, 2-benzoxazole, 2-benzothiazole, 2-benzimidazolyl, 4-aminopyrrolopyrimidin-5-
yl, 4 -aminopyrrolopyrimidin-6-yl, and 7—deaza-7—adenosmy] derivatives when X and X; are CH, X,
Xsand X are C, and X, and X, are N; )

orQ'is —ARNACY)r, wherein each A is the same or different 5 -mcmbcred aromatic or
heteroaromatic ring, and the two are fused together to form an §-membered hetcmaromatw systern;

R'is independently, hydrogen, ~N(Co.gallkcy])(Co-salkyl), hydroxyl, halogen, oxo,
aryl(optionally substituted with 1 or more R*! groups), hetaryl(optionally substituted with 1 or more
R* groups), C,_alkyl, —CosalkylC; scycloalkyl, ~Cosalkyl-NR* 'S(0)o ;R ~Cq galkyl-NR* 'S(0)e.

NR*ZHR¥, —Cy 5alkyl-S(O), ,NR™ "R*, —Co.galkyl-NR*'COR™!,| C, zalkyl -NRVCOR™, .
salkyl- NR"”CONR”‘R‘”‘ » ~Cosalkyl-CONR*'R™, ~C¢ 5alkyl-CONR® )S(0),..R*, ~Cysalkyl-
COR™M, Cy 5alky1-S(0)oR>, -—Cn.galkyl-O-C;_salkyl -Cg.gaﬂ:y]-G—CMalkylcg_gcycloa}kyl ~Co.
aalkyI~O—Co.galkylheterocyclyl —Co.5alkyl-0-Cy galkylaryl, —Cogaltkylaryl, =Co salkylhetaryl, ~Co.
salkylheterocyclyl, «Cu.galkyi-O—Cg_salkylheiBryI ~Co.salkyl-S-Cy salkyl, —Co sallyl-8-Cp salkylCy
scycloalkyl, Lo galkyl-5-Cy palkylheterocyclyl, ~Cosalkyl-8-Cy galkylaryl, —Cyp salkyl-S-C,.
salkythetaryl, ~Cp galkyl “NR*"")-Co.galkyl, ~Cosalicyl- NR™)- -CosalkylCs seycloalkyl, —C zalkyl-
N(R**)-Co.salkylheterocyclyl, —Co.galkyl—NCR:"“}-Cn_gaIkylaryl ~Co sallyl-N®R*")-C, salkylhetaryl, —
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Cosalkyl- NR*RY | —C, galkenyl, -Cy.salkynyl, NOs, CN, CF;, OCF;, OCHF,; provided that Q' is not
N-methyl-2-indolyl, N-(phcnylsulfd:;nyl)—.’l-indolyl, or N—tert-butoxycarbonyl;

W is independently, hydrogen, —N(Co.salkyl)(Coalkyl), hydroxyl, halogen, oxo,
aryl(optionally substifuted with 1 or more R*! groups), hetaryl(optionally substituted with 1 or more
R groups), C,.salkyl, —Co salkylCs scycloalkyl, —Co salkyl-NR*'28(0)0,R ™%, —Cy.salkyl-NR>M S(0),.
NR*R*, ~Co 5alkyl-NR*" COR™, ~Co gallyl-CON(R> )S(0)o2R ™, —Co.alkyl-S(0)o ,NR* R, —
Cosalkyl-NR 2 COR*?, ~C_¢alkyl-NR*“CONR ¥R, —Co5alkyl-CONR*?R*Z, - Co5alkyl-CO,R™™?,
~Co5alkylS(0)p R, —Cp.salkyl-0O-C, galkyl, ~Cg galkyl-O-Co.salkyloyelyl, —Cogalkyl-O-Co
salkylheterocycloalkyl, —Co_galkyl—-O—CU_gaJkylm'yl —Cosalkylaryl, —Cgsalkylhetaryl, —Cq
zalkylheterocyelyl, -Oaryl, ——Cg_galkyl-O-Co_salkylhetaryL —Cpgalkyl-S-Cp galkyl, —Cy galkyl-S-Co.
galkylc}gcycloal'kyi ~Cosalkyl-5-Cp galkyiheterocycloalkyl, —Cogalkyl-8-Cy.salkylaryl, ~Cg pallkyl-S-
Coalkylhetaryl, ~Co.galkyl-N(R>?)-Cy.salkyl, —Cosalkyl N(R*'2)-Cy salkylCy goycloalkyl, ~Co.galkyl-
NR>'*)-Cy galkylheterocycloallyl, —Cogalkyl-NR*?)-Co galkylaryl, —Cq salkyl-NR*%)-Cy.
salkylhetaryl, Cn;salkyl NR*VR*, —C, salkenyl, ~Ca.galkynyl, NO,, CN, CFs, OCF, OCHF,; provided
that Q is not 4-benzyloxy-2-indolyl;

' Y is independently, hydrogen, —N(Cualkyl)((luallq(l), hydroxyl, halogen, ox0,
aryl(optionally substituted with 1 or more R*! groups), hetaryl(optionally substituted with 1 or more
R groups), Co.galkyl, ~Cg salkylCsscycloalkyl, —Co.salkyl-NR*S(0)g,R*%, —Co salkyl-NRI'S(0),
ANRFR™!, _Cy walkyl-NR*' COR®, —C, 5alkyl-CONR)S(0)02R*™, —Co yalkyl-S(0)e .NRP V'R —
Co.salkyl-NR*COR™, —Cq 4alkyl-NR* CONRZIR*!, —C4 alkyl-CONR*'R*? | Cy sallyl-CO,R!
—Co.5alkylS(0)oaR>"?, ~Co.salkyl-O-Cy.salkyl, —Co.salkyl-0-Co galkylCs seycloalkyl, —Co galkyl-0-Co.
galkylheterocycloalkyl, —Co.galkyl-O-Cy.salkylaryl, —Cqy galkylaryl, —Cygalkylhetaryl, —-C,.
salkylheterocyclyl, —Cp.galkyl-O-C.palkylhetaryl, —Co 3alkyl-S-Co.galkyl, —Cq galkyl-S-CyaalkylCs.
geycloalkyl, —Cg-schyl—S-Co.saIkylheferocycloalkyl, —Co.galkyl-S-Cogalkylaryl, ~Coealkyl-S-C,.
salkythetaryl, ~Cosalkyl-N(R*")-Co salkyl, ~Co.sallyl- NR*')-Cy salkylCs scycloaliyl, —Cosalicyl-
N@™'")-Cy salkylheterocycloalkyl, —Cosalkyl-N®R>'")-Cy salkylaryl, ~Co salkyl-NR*M)-Co.
ealkylhetaryl, —Cp.allyl NR*R®, C, galkenyl, —C; salkynyl, NO,, CN, CFs, OCF,, OCHFE,;
provided that Q' is not 2¢car'b0xy-5-banzo[b]ﬂﬂopheny1; . '

G" is halo, oxo, —CFs, “OCF, ~OR*?, -NR*?R*%2, _C(O)R*", —C(O)C; scycloaliyl,
—CO,Cs seycloalkyl, -CO,R*'?, ~C(=0)NR*’R*?, -NO,, ~CN, ~S(0)zR*?, ~SONR*R*?,
NR322(C=O)R322 NR?"ZC(z())ORa” NR? 12C(=O)NR322R332 NR3I%g (O)O_zkazz -—C(=S)OR312
-—C(—O)SRslz NR“ZC(“NRsn)NRJRRMI NR“ZC("NRHZ)ORZ'H —NR? IZC(‘"NRMZ)SRBZ
~OC(=0)OR™?, ~OC(=0)NR*2R*Z, ~OC(=0)SR*"2, —~SC(=0)OR>'?, ~SC(=0)NR*"*R*%,
—P(O)OR*20R*%, €, ypalkylidene, Cypalkyl, Caqoalkenyl, Cpgalkynyl, ~Cy yozlkoxyCyoalkyl, —Ch.
108lkoxyCa.qpalkenyl, —C.joalkoxyCyealkynyl, —Cy jealkylthioC; jealkyl, —Cy.alkylthioCy salkenyl, —
CiavalkylthioC,. palkynyl, eycloCsgalkyl, cyeloCs salkenyl, ~cycloCs salkylCipalkyl, —cyeloCs.
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salkenylC, ealkyl, - cycloCs salkylCoioalkenyl, —cycloCs.salkenylCy. ) palikenyl, —cycloCs.salkylCs.
walkynyl, —eyeloCsgalkenylC, qalleynyl, —heferocyclyvao_loalkyl, —heterocyclyl—Cs.aoalkenyl, or —
heterocyelyl-C, joalkynyl, any of which is optionally substituted with ene or more independent halo,
0x0, —CF3, —OCF;, ~-OR>", -NR**R*, —C(O)R*", -COR*?, ~-C(=O)NR*R™?, ~NO,, -CN,
—5(0)62R>", ~SONRPRYZ, NR¥ECE=OR?, _NRPC(=0)OR™®, -NR*®*C(=0)NRZR*®,
—NR*P*§(0)0.R*%, —C(=8)OR*"?, ~C(=0)SR*”, “NR**CENRZ)INR*™PRY?, ~NR*PC(=NRZYOR™®,
—NR3’5C(aNR3”)SR”3_, —QC(=0)OR*, —OC(=O)NR*PR¥Z, ~0C(=0)SR*¥, -SC(=0)OR*", |
~P(OYOR*POR, or —SC(=0O)NR*"R* substituents; ,
or G is aryl-Co.oalkyl, aryl-Cravalkenyl, aryl-Coacalkynyl, hetaryl-Co.aikyl,
hetaryl—-C, jgalkenyl, or hetaryl—C,.palkynyl, where the attachment point is from either the left or
right as written, where any of which is optionally substituted with one or more independent halo,
—CFj, —OCF;, —OR*®, -NR*"“R*®, ~C(O)R*", ~CO,R??, ~C(=O)NR*PR™, —-NO,, ~CN, ~S(O.
2R313’ —SONR*PR™, -NR*©C(=O)R*Z, --NR”SC(=O)OR323, _NRPPC(=0)NR*ZR™, -NR*’S(O)s.
R¥B, _C(=8)OR*™, ~C(=0)SR*®, -NRZC(ENR)NR™PRME, _NRUBC(=NRZHOR™,
—-NR*PC(=NR*)SR*>, ~OC(=0)JOR®", ~OC(=O)NR*R**, ~OC(=0)SR*, —SC(=0)OR*™,
—P(OYOR*OR*®, or —SC(=0)NR3"R>> gubstituents; provided that G'! is not N-CH,CO.H when R
is 4-piperidinyl;
R R R® R R, R R¥Z RI37 Raaz’, R R3S RSB RI3 and RHZ, in each
instance, is independently |
Cysalkyl optionally substituted with an aryl, heterocyclyl or hetaryl substituent, or Co.
salky! optionally substituted with 1-6 independent halo, -CON(Cy salky)(Co.salkyl), ~CO(Co
salkyl), -OCs.galkyl, -Oaryl, -Ohetaryl, ~-Oheterocyclyl, -S(O)pqaryl, -S(O)pshetaryl, -S(O)..
sheterocyelyl, -S(0).2Cosalkyl, -N(Cypalkyl }(Cosalkyl), -N(Co salkyl YCON(Co.salkyl)(Co.
salkyD), -N(Co.salkyl YCO(C,\.salkyl), -N(Co-salkyl JCO(Cagcycloalkyl), -N(Co.salkyCO(C,.
salkyl), S(O)l_zN(CMa}kyl)(cMalkyi), NRY8(0);2(Cosalkyl), “<CON(Ca seycioalkyl }Ca
seycloatkyl), -CON(Cy galkyl XCscycloalkyl), -N(Cascycloalkyl YCON(Co.galkyl)(Co.salkyl),
-N(Ca_scycloﬂkyl YCON(C. scycloalkyl)(Co.galkyl), -N(Cq.salkyl YCON(Cs.peycloalkyD(Co.
salkyl}, -N(Cosalkyl)COLACsgoycloalkyl), -N(Cs scycloalkyl)CO,(Cs.seyclioalkyl), S{O).
2N(CosalkyI{Cs.goycloalkyD), NRS(0);.2(Csscycloalkyl), Casalkenyl, Cagalkynyl, CN, CF;,
OH, or optionally substituted aryl substituents; such that each of the above aryl, heterocyclyl,
hetaryl, alkyl or cycloalky} groups may be optionally, independently substituted with —N{(C,.

. salkyIXCo.zalkyl), hydroxyl, halogen, oxo, aryl, hetaryl, Cosalkyl, ~Cogalkyleyclyl,—Co
salkyl-N(Cy salkyD)-S(0)oz—(Co-sallyl), —Co.salkyl-5(0)o—N(Co-salkyl{(Co-sallyl), —Co
salkyl-N(Co gallyl) CO(Co.galkyl), —Ca.slkyl-N(Co.salkyl)CO-N(Cy salkcyl)(Co.salkyl), ~Co.
salkyl-CO-N(Co.salkyl)(Cosalkyl), ~Cisalkyl-CO~Cosalkyl), ~Co.5alkylS(O)or{(Coralkyl), —
Co.ealkyl-O-C, galkyl, —Co zalkyl-0-Cysalkyleyelyl, —Co.palkyl-O-Cy salkylheterocyclyl, —Co.
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salkyl-O-Co galkylaryl, ~Co saliyl-O-Cy salkylhetaryl, —Cogalkyl-S-Cosalkyl, ~Co salkyl-S-C,.
salkyleyclyl, —Cyp salkyl-$-Co galkylheterocyclyl, —Cosalkyl-8-Coalkylaryl, —Cq galkyl-S-C.
salicylhetaryl, —Co salkyl-N(Co.galtky])-Co salkyl, —Co.salkyl-N(Cy salkyl)-Cy.salkyleyclyl, —Cy.
salkyl-N(Cpgalkyl)-Cy galkylheterocyclyl, —Cogalkyl-N(Cy.alkyl)-Cypalkylaryl, —Cy.salloyl—
N(Co salkyl)}-Cosalkylhetaryl, ~C; salkenyl, —C; galkynyl, NO,, CN, CFs, OCFs, OCHF,,
—Cosalkyl-C; geycloalkyl,
- =Co palkyl-O-Cy galkyl,
~Co.galkyl-N(Co.salkyl)(Co.allyl),
~Co.5alkyl-8(0)y2-Cy salkyl, or
heterocyclyl optionally substituted with 1-4 independent Cy galkyl, cyclyl, or
substituted cyclyl substituents; -
E’ in each instance is independently halo, ~CF;, -OCF;, ~OR?, -NR*'R®, ~C(=0)R™,
—CO,R™, —CONRYR™, -NO,, ~CN, =8(0)..R", ~S(0)osNR* R, ~NR3‘C{=O)R32,
~NR*CE=0)YOR®, --NRB‘C(f——O)NRszRB?, ~NRY8(0)0.sR*™, ~C(=8)OR™, —C(=O)SR*,
—NRYC(=NRZ)NR*R®, -NR*'C(=NR*)OR*, ~NR*C(=NR*)SR?, —OC(=0yOR™,
~OC(=0)NR*R*, ~OC(=0)SR™, ~SC(=0)OR*, ~SC(=0)NR¥RZ, Co0alkyl, Cypealkenyi, C,.
walkynyl, —C,.;salkoxyC;.jealkyl, ~ChiealkoxyC, jpalkenyl, ~CracalkoxyCo palkynyl, —C,.
1oalkylthioC ;_loailcyl, —CraealkylthioC,. ypalkenyl, ~C1.oalkylthioC,. salkyniyl, cycloCysalkyl, cycloCs.
salkenyl, ~eycloCy salkylC,.soalleyl, ~cycloCs salkenylCy.rqalkyl, ~cycloCs alkylC s alkemyl, ~
eycloC; salkenylCaoalkenyl, ~cyeloCs ealkylCopalkynyl, -—cyc]oC;.galkenylcz.malkynyl
heterocyclyl~Cs. jpalkyl, nheterocyclyl—Cz-walkenyl or —hetcrocyclyl—{lz walkynyl, any of which is
optionally subst:ltuted with one or more independent halo, oxo, ~CF;, —OCFE 3, ~OR™, —-NR¥R*
—C(=O)R™, ~CO,RY, ~C(=0)NR*'R*, -NO,, -CN, —S(~O)MR3’, ~SO,NR*, -NR*! C(=0)R*?,
—NR-"’C(=0)0R3‘, -NR*'C(=ONR¥RY, -NR*'S(0)p R, -C(=S)OR®', —C(=0)SR’,
—NR31C(=NR32 NR3p3 —NR31C(=NR32) 0R33 ~NRH C(“NRsz)SRsa -0 C(“‘O)OR“
—OC(=O)NR*'R%, ~OC(=0)SR™, —SC(=0)OR™, or ~SC(=O)NR*'R* substituents;
or E' in each instance is independently aryl-Cy alkyl, aryl-C,, Dalkenyl aryl--C,.
woalkyryl, heta:yl—-CD_walkyl, hetaryl-C,.calkenyl, or hetaryl-C,.jpalkynyl, where the attackanent point
is from either the left or right as written, where any of which is optionally substituted with one or
more independent halo, ~CF, ~OCF;, ~OR™, -NR*R*, ~C(O)R*, ~CO,R*, ~C(=ONRI'RF?,
~NOz, —CN, -8(0)o2R, —5(0)sNR*'R™, ~NR*C(=0)R*, ~NR*'C(=0)OR™, '
~NR*C(=0)NR¥R”, —NR¥'S(0)0R?, —C(= =S)OR™, —C(= _O)SR:-}I ~NRI'C=NRZ)NRZRY,
-NBR*'CE=NRP)ORS, NR“C(—NR”)SR” ~OC(=0)OR", ~OC(=0)NR*'R¥, ~OC(=O)SR*,
~SC(=0)OR?, or ~SC(=O)NR*'R* substituents;
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in the cases of —-NR*R™, NRIRZ _NRPUIRI?, _NRIRM! —-NR“}Rm,‘ and
“NRZR*®, the respeciive R and R, R*!! and R™, R*? and R, R* and R*, R* and BB and
R*® and R*** are optionally takém together with the nitrogen atom to which they are attached to form a
3-10 membered satursted or ugsaturated ring; wherein said ring in cach instance independently is
optionally substituted by one er more independant ~N(Co.saliyT)(CosalkyD, rydroxyl, halogen, oxo,
aryl, hetaryl, Co.salkyl, —CogalkyiCs yoycloalieyl, ~Coalkyl N(CostlkyDS(O)oCostlicyl, ~Co.
salkyl N(Cosaﬂiyl}s(ﬂ)mzN(Q@ﬂlkyl)( Co gaillcyl), —Co-sﬂﬂcﬁ"N(Cnsaﬂcyl}COz(CmaIkﬂ),
saﬂt}'l-CON((Co-salkyl))S(O)c»z(Cnalkﬂ%~Co~aﬂlky1~3(0)mzN(Co4sﬂH£YD(Co-saﬂCﬂ) —Copalkyl-N(Cy.
ey TYCO(Coalleyl), —Cip48Tky - N(Cos2 Iy HCON(CorselleyT)(Co-selloyD), —Co.sllcy-CON(Co.
saﬂCYD(Co-sﬂlkﬂ) ~Cosalkyl-00,{Co palkyl), —Co.salkylS(0)o2(Cosalkyl), —Co salkyl-O-Copalkyl, —Cq.
s2lky1-O-Co sallyloyclyl, ~Cosalkyl-O-CosallcyThetérocycloalicyl, ~Cosalifh-O-Cp alicylaryl, -Oaryl,
| ~Cosalkyl-O-Cogalkylhetaryl, Coaalkyl-S-Co.allyl, ~Co sallkytS-CosallyiCs seyeloalkyl, ~Co.galkyl-

- S-Coalkylheterocycloalicyl, —Cosalkyl-S-Coalkylaryl, ~Co salkyl-S-Co.salkylhetaryl, ~Cosalkyl-N(Co
salkyD)-Cosalkyl, —Co salkyl- N(Cuaﬂiyl)-cwﬂlk}’lcs-scydﬂaﬂfﬂ -Co.saﬂiﬁ-N(Cn-aalkﬂ}-Co- .
salley Theterooyoloalkyl, ~Cysalkyl-N(Co.sallcy-Co.sallclaryl, ~Coslisyt-N(Cousalicy-CoqalkyThetaryl,
—Cosalky I—N(Cg.galkyI)(CMal}yI), Cz—salkﬂﬂyl Cmaﬂfjmyl, NG, CN, CFs, 0CF3. or OCHF:
substifuents; wherein seid ring in each instance independently opﬁonaﬁy inchudes ong or more
- heteroatoms other fthan the nitrogen; . o o . .

© mis0, 1,2, or3;
nisQ, 1, 2, 3, or4; and 7 : :
aais 0 or i; and provided that the compomd isnot trm-4—[8- ino-1-(7-chloro-4-

hydmxy -1H- mdnl-Z—yI)mdazo{I,S»a}pyram-3-yI]cycluhesranccarbcrxyhc acid, cis-3-[8-amino-1-(7-
chloro- 1H-indol-2-yl)imidazo[1, Sﬂ]pwam-S—yI]qmlobtltanecarboxjdm acid, trans-4-{8-autng-1-{7-

3 -zsopropy])phenyl-lH indol- 2—y1]1rmdazo[l S-alpyrazm-3-yl}cyclohexanecarbexylic dcid, or frams- -

4-{8-amino-1-[7-(2, S—dwhloro}phcnyl-lﬂ—mdol 2—y1}1m:fdazo[1 5~a}pyramn—3-y1} cyclohexans

carboxylic acid,
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wherein the compound is selected from any one of thé following structures .
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Claim 2. The compound according to claim 1, consisting of any one of the following structures
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or a pharmaceutically acceptable salt thereof.

Claim 3. A composition comprising a compound according to any one of claims 1 and 2, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

Claim 4. Use of the compound according to any one of claims 1 and 2, or a pharmaceutically
acceptable salt thereof in the manufacture of a medicament for treatment of hyperprollferatlve

disorder.

Claim 5. The use according to claim 4, wherein the hyperproliferative disorder is breast cancer,
lung cancer, non-small cell lung cancer, kidney cancer, renal cell carcinoma, prostate cancer,
cancer of the blood, liver cancer, ovarian cancer, thyroid cancer, cancer of the GI tract,

lymphoma, mantle cell lymphoma, or endometrial cancer.
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