-1 - FUSED AMINO PYRIDINE AS HSP90 INHIBITORS RELA FED
APPLICATIONS This application claims the benefit of U.S. Provisional
Application No. 60/895,921, filed on March 20, 2007 and U.S. Provisional
wapkieatigrNo. 561/015,288, filed on December 20, 2007. e €Rti&056396
teachings of the above applications are incorporated herein by reference.
BACKGROUND OF THE INVENTION - 1 HSP90s are ubiquitous
chaperone proteins that are involved in proper protein folding and
stabilization of a wide range of proteins, including key proteins involved

10in signal transduction, cell cycle control and transcriptional regulation.
Researchers have reported that HSP90 chaperone proteins are

associated with FSETaAMINIGRIDINK A SHIP A8 BieIBdFORNoNe
receptors and protein kinases, including, e.g., Raf-1. EGFR, v-Src family
kinases; &okd, apel rhB12nrany of which are overexpressed or mutated

in various cancers (Buchner J. TIBS, 1999, 24, 136 141; 15Stepanova, L.

et Goned PSRBT B K SO 2 BBl ATREH 80
271, Q78392 StutlesMurtheirmficatedhatceriainicochapergnasie.g.,
ISP ZD0REIUR OR(SHilnT0. gl 9SR00/HAlI2 L (nmNORRHRSHBES.

and p50, may assist HSP90 in its function (Caplan, A. Trénds in Cell Biol.
19999 lioErERyrHIPues Besi HeWRB Prutational analysis to be
necessary for the 20survival of normal eukaryotic cells. However, HSP90

IS OVBAEHHGIISEN I Oiany EUNMBENYPESNNdicating that it may play a
significant rgle,in, the. survival of cancer cell t r cells -
more sensitve e DR a e B S i
cancBr dslisrgpieaiNzrinmeo farils ravbel eieintated] e bor risissgsgived
encopratainsthatagslenendent onbp RO ialdiogal R adeidaNR cscarchers

25because the environment of a tumor is typically hostile due to hg/foxia,
nutriéfit JEBATETOH SHOL I RO RO BaliS %y B EsprgMppe et
depetigeningpidSRGdon sustdual Maneavesciptubitioh mbidiSRBAscausdsding,
simultanepus inhibition of a number of clientoncoprateins, as well,a

oo LT o L LS IRPRIE E TS YA are

for amvarikempredroagantian fasuipenctgaindhechpeo). 7755, 1999, 24, 136 141;
120084134 9P E T3 2008105839694, 305240y Sins, Bafarilt of nagalcaen.

products that inhibit HSP90, has shown evidence of therapeutic activity in
clinic ¥t | sefataf brindishiahedAdral i sl SO THIRHBIES S Bre
currenfiyio, eboieripsal nHipeBagl 7HSBAaraidio/ B4 , immunophilins, p23, and p50,
demethoxygel yvein (17-AA 7-dimethylami laming-1.7~

o e b S B Al B 2 60
HSP90 inhiBit8Pishasdbeynthetio brmalitatiohstate lysit e bsoattotsar tnréitly,

smanyof the puiineacRifald, SRAD IRIerSRBceNoWIRERARIING in many

preclinical results; with the front runner being CNF-2024, which is
curreMiRPIDBRREE g datii Mo Rl arimtis stipdsih s et ehoeer
proteields (3R} piaycasciisperiartrioroientitieysadbianerafivis eiisahedeisrmal
such ag Parkinson's disease (PD), Alzheimer's disease (AD), amyatropic
s M S R A T s S el
20079 B(txprBs26 cickesysiC. it @larddprrdstt @002 T¢Biolding4 8 68&)iae,
has heen,shawnhahmenisrlation ofHPRsI5 wolas dewrmigaylation oh:

HSP90 or up regulation of H5P70, affords beneficial effects in several

15nelfyaEdeR e8Ik rdB OB ALY BYY BuEARY bhotens g reg dlin B for

facilitating 4 ropsedoldi ngh b frete pS Fogestaee dhaiftibeiionhibitioPaIg umber

targetitng.the %otein HSP90 e uite new in cancerc['md
i

neur8d 4as Normaye FCCCP&%I‘S d %‘cél]tgglmg(ﬁlngCité)rS

GBRErSHvEt |'§]§aasse“i%eraples. eseatch rela
rapidiyallgslopingrartd thensfole, tihennerd Joragove ba g tabtivie quinone
compounds exists. As such,



20this invention relates to fused amino pyridine compounds useful as
HSP90 inhibitors. SUMMARY OF THE INVENTION The present
invention relates to HSP90 inhibitors containing fused amino pyridine core

Webake yegdul as inhibitors of HSP90 and their use in the treg§mans@fsssos
25IT5P90 related diseases and disogders such as cancer, an autoimmunc

disease, oraneu eratlve disease. c hh>2 rese
voH BT oL Lo B0 REving wik R R e of
2008t &%19P TS ROO8IBE6ERE 3 e lgromisirr dswmess) related HSPS0

enanigmers, JiAsiRBATHISHASE Eﬂ@f%ﬁn@ﬂﬁrﬁiﬂ%&%ﬁw acceptable

salts, prodrugs and solvates thereof, wherein U is N or CH; W
hydrégeatheaksgnamizis, (Hdkde): H&l%ﬂwl%mﬂgﬁ@m@a%m}ﬂ-

Fsubgiifidiaex9nLasbetiHet7athamaG sustitLEed OX HeabbaH Ethe HSPIO
aIkyIa 0, su%gltuted or un bs 'tut d dlalkyla él ubstlt ted or

unsu‘ﬁ1 Hf’édfgé BCtéﬁf)m r?é’u%‘gtﬁ%ate Ikylilsu oﬁy]iméffﬁﬁhc
NO2p @Nﬁk@f&lﬁfé@?&@hh@h wts@nwwdmﬁydlvhqmecbargdl subittitwigdthe

heteroarl AELERs C&&ﬁ%@f&'%ﬁ%h?%@&% &swgé(@qllmmodﬁ Sypstituted
10cycloalkyl; X is absent, 0, 5, 5(0), S(0)2, N s) C , CF2, C(R8) or

C2-Co alkyReoont eiBdigréngaee: saet e hﬁlWFﬂi%h S%Mﬁb?é important
f@ﬁtmd%riﬁ W@g@@ﬁﬁh@?@(ﬁﬂE@i%@ﬁi@@@h@soﬁyssfgﬁa@@@mmhm} 5
whner en, acyl, a IC OIS all atc 15Y.

i A T Ve e G e Vi e e
su bsHILﬂed (ﬂzdziné‘abﬁmlﬂe@l( h]}@ﬂla?ﬁmmckcbbﬂltm@hor fameub2fidted 7(3), p.

diaky Hﬂ?caﬂ»%gEﬁ%wmupatm%ﬂd@%y&?@f@& xfl?cwa%wn ceguiil of
aryl, s stltuted aryl, heteroaryl, substitute heteroa%yc oalkyl, or

20helr§%%@/erda1mwwgfh9&?b°d’e’w atferidnbeenisiald instpystitlited or
unsustitidgd Rikyly sulstiutes e unsubsbiviecbake ayhreubsituteekMitating

unsubstitut S alky yI which one or r%%)re methylenes can be interrupted

or teﬁ’fﬂﬂ%{t §r%?5)5 OISR T BB Libstituted or unsubstituted
aryl, substlﬂutegsmacr@&mgﬁmﬂmtmﬂmtedlﬁé@@rmrqﬂmsubsfatwtedc@r and

“”Suxli’%}ré% dnelav y%cé{g %h'&%ﬁ futeq QL HBRYaSHR t?odk@iféﬁ%‘% ijfpere

RS is hydro en, ac atic of substitlitec aliphatic. DETAIL
DEsd:qszw»mw@Fiw’ErmthEmﬁw nevekirad et anmenyisiiigsts. As such,

BEoMpRYRdeA{dheRISSRNRIRERHRB A8 BR:-cOMPIAYSJanTasersesh by

formul I) as illustrated above, or its geometric isomers, enantiomers,
diast &ts, racemates, pharmaceutically acceptable salts, prodmgs

and solvates thereof.
SUMMARY OF THE INVENTION

The present invention relates to HSP90 inhubitors containing fused amino
pyridine core that are useful as inhibitors of HSP90 and their use in the treatment of
25  HSPY0 related discases and disorders such as cancer, an autoimmune discase, ora
ncurodegenerative disease.
Accordingly, the present invention provides a compound having the general

formula I



WO 2008/115719PCT/US2008/056396 4 In a second embodiment of the
compounds of the present invention are compounds represented by
formula (Il) as illustrated below, or its geometric isomers, enantiomers,
wWigsiesaeemprs, racemates, phaimaceutically acceptable saligpigshisasssos
and solvates thereof: wherein X2 and X5 are independently CR21 or N;
R21. R%S 0% irt]gep‘%nm%?sng 7 1|oecge~g e erterz)e OUR. &3 ciqs tirﬂgrrcr)lt ceuticall
hydrglélebn,gﬁoﬁggecn,bammo, SUbstitte amino, hydroxy, sub: ituted Y
hydresseptiatdt, sithspredadthivl salkyicssibbrsiiuteeraioyl, alkenyl, substituted
alkenyl, alkynyhsitistituted alkynyl, substituted or unsubstituted alkoxy,
10substituted or unsubstituted alkylamino, substituted or unsubstitutcd
dialkylamin®, USSR losRUBRRR Y iyt L b tbsypd alkyl
ynsubstituted alglsuifonyhsQis8HNG 21kG1Y, NBstubstisuiedubatibasyl,

sulfonyl, acyl, aryl, substituted aryl, hetergaryl tituted heteroaryl,
heterocyclic, ésl%)gémﬂt%ém 8&1(5[}8%%1] i%?bgygf g‘z%/f(t)l/ : 1%?rﬁ g l?glslﬂ?ﬂtsé}gbgf/%ﬁ%éa?ﬁyl ;
R22 and R23icanitigutedelkybhmirabfroredne earidotitoed Sithilek ey &ie.
attached to f%rmﬁ:ﬁ:}ﬁq@é&%ﬁpg@%k&@tﬁ&@m@eéa&yﬁ%&@@a | GYifuted

ring optionally substituted with"0-3 heteroatom; Ml is absent, C1-C6 alkyl,
C2- C6 alkerfyteessrtlsalRIATYE EryBH RSt Bl WRbifs baHRy oo uted
1802, N(R2), 8r:a@yM3 is absent, CO, 0, S, SO, SO2 or N(R8); M4 is

hydrogen, halogen, CN, N3, , ti draxy,.aminc )
su bstitutedggﬁ%i%%e& : g%@a@y%@%@ gg‘g?kgﬁfn ?é@@?%%%ﬁnw C2
cycloalkyl, héterdeyolicCafl dxymtbiroahythang X, oz Fhalenggan be
previously definedc.q Aptaﬁﬁn%%l@rﬂp'é; gg%f@pg SNaiE, Indepengently, GH

or N; R2I- R23 are independently selected from the group consisting of
hydrogen, halg@sc b sHpbroxgT tikstitdiky RIS uted alkyl,
1substituted prginguRstisied ik 2psunstiNEd OF uadubstitiked
alkylamino, substituted or.unsubstituted dialkylamino, substituted or
Cnacstitt A SR HO" SRR o Ot DAL ey T G 3,
NO2, CN, N3jsulfsiyicddidlkatyinisabstitiied:dind vhetestoaisd, substituted

heteroaryl, hg}g%y%g\g%%ituted heterocyclic, cycloalkyl, or substituted
cycloalkyl; R22and R23 can be taken together from the carbon to which

they are WOI2a08/14s 1 ePE L SipogN subobieeskhetsat b FFatioL or
®aturated or yasaltvatedkiused 5-8 membered cyclic ring optionally

substituted with 0-3 heteroatgm; Mi is absent, C]-Cs alkyl, C2-C6 alkenyl,
2.6 alkysyh, BT DeAGTG N e 0 SO 5 e
C=0; M3 is akgsity €0y m@bﬁ@;@@h’gmm@ﬁ)itw i hyslrogidwred alkynyl,
halogen, CNv!ﬂ%hmﬁ%f%éﬁo?@l%&%%%aﬁ%éQﬁta{'@{)ke@@f%%Hé@é‘ayl% 95,

C2-C6 alkynyl, cycloalkyl, heterocyclic, aryl or hetcroaryl; and X, Y an
are as previotksN: &HmBERs), ClR trhg BiFheiHERstEr i EE npbititeedsr
ihe present inyentionarereenpoundsdepresentasibyformulaciit) as;

illustrated beloy, or its geometric isqgmers, enantjomeys, diastereomers,
racemates, p?’r‘gﬁthtﬁf:c o1\ 86%{6%31 fE é%&,’ Téf)%%m%qéy KL atas

thereof: aliphatic or substituted aliphatic.

DETAILED DESCRIPTION OF THE INVENTION
In a first embodiment of the compounds of the present invention are
30  compounds represented by formula (I) as illustrated above, or its geometric isomers,
cnantiomers, diastereomers, racemates, pharmaceutically acceptable salts, prodrugs

and solvates thereof,



hA "12-m3-m4 (l1l) wherein X1-X5 are independently N or CR21, where
R21 is independently selected from the group consisting of hydrogen,
halogen, amino, substituted amino, hydroxy, substituted hydroxy, thiol,
webstiiutad thiol, alkyl, substituted alkyl, alkenyl, 15substituigeralkgoyhss3os
alkynyl, substituted alkynyl, substituted or unsubstituted alkoxy,

substituted or unsubstitytcd alkylami no, substituted or unsubstitut
dialkylamin%‘, wtisetitu ‘é%%rmﬁﬁ%%%?uct%igpﬁ%ﬁ!f ?gg’sc rgﬁ%ﬁ%gg%&gg are
unsubstipoted alkylsuliodyly GFEEUNOD), G Niung i sLbdtinted Badsomylic

SU 'foﬂXhlé}%}/én%%lﬁ uhstititer andshatereary! puRsiittiachheteroabic salts,
heterocyclic, substituted heterocyclic, cycloaIRyI, 200r substituted
cyclaandrasiang spf¥atst thereos alkyl, C2-C6 alkenyl, C2-C6 alkynyl, aryl or
heteroaryt; M2 is absent, 0, S, SO, SO2, N(R8), oR&=0; M3 is absent,
C=0, 0, S, SO, SO2 or N(128); MA is hydrogen;Halogen, CN, N3,

hydroxy, substituted hydroxy, amigo, substitted amitmg; CF3. C1-05 alkyl,
C2-C6 alkenyl, C2-C6 alkynyl, Ik, het clic, aryl or heteroaryl;
and X, Y and Z are as previously 25 efi%ﬁn one example, Xis S; Y is
hydrogen; Z is amino; M1-1\ ' are as defined above. In one
example, X1-X5 are independently N or ¢3R21, where R21 is

independently selected from the group coﬁgﬁtmﬁﬁ?ﬂhydrd@en, halogen,

amino, hydroxy, thigl, alkyl, substit lkyl, stiguted |
alkoxw?c%E)ggOdd'éi/%g?eféE%% sz%?skﬁb%%@sgtﬂesg_ Igljﬁa%s%t?ﬁe %h;&@%%gmd
unsubstitthedtaikyranmisons abbyidireenohalprsib sttt S URMIRY B, hydroxy,
substityted. qar_ggm@t,imragsau&ym guhstituted.sunedbstiiytadenyl,
alkylsulfonyl, CE3, NO2, CN, N3, sulfonyl, acyl, aryl su(fstitut\eg‘a%, Ik
A b AT R Ry A UM PRy oy
gy cloalkyihnesubsiiuieshbeyalbalkyind) bidabsedtyrGhs @Btalkyd, 2k@émino,
alken -C6 alkynyl, aryl or roaryl MZ.1s | 0,8 :

(e ot 8 R R LR Ry A .
hydrégenNealégen crbiizithyerdepvhmiHondrsyand e i ebiab
alkenyl,£:2:G6-avnMbyGioalion etergeyelicuwhashrieraailc andidalkyl,

Y and Z are as previously defined. In one example, X is fS; Y is hydrogen;
7 is 15 SipiHii£2a Ui X8 B 28 BEIFHER QY8 Fom (he£HERon
Bmbadine g fihacampauncsnaf therpresentinrentionfarel Seinpouingsd
represented by formuia (V) s dustited below o115 aeQmSHicisomars: c,-
enanfiomers, dhistercomers, racemates, pﬁarmaceutlca ly acceptable

salts Gardbisugs Gntlclvatdsattibpe bt WpRyIRIMRIA Rs gy £2.97 301 G4 AiE+), or

whergin X3 and, X are insdependentors O, Ral isinderendantyn, CN, N;,

selected from the group consisting of hydrogen, halogen, amino,
substiEeampvimyA oSt fed Midrs P aner SunStitteatiise-Co
Ayl upstitated alikyk al ke iz sy stiteiad alkenyloalkymaydaslibstitited and Z
alkynyl, sybstitutegf ar c§.|nésd.1bstituted alkoxy, 20substituted or unsubstituted
alkyl ifbP'Substituted o unsubstituted dialkylamino, substituted or

unsubstitutdd alkyithioplsulistnd&d or irsabatituted &l ey Bt FonyfCE,
Noz’il%%éﬂt'lgenﬁ%%mw&pﬁ%{%@&o H&‘ﬂ‘){lh@gw Ao subsliibes ahtho,
|

heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic,
cycloBnéinnriighstbites bygata ot b s usd Pt i tiissalsesy

fysedsgzGimemberedhbstituted alkylamino, substituted or unsubstituted dialkylamino,

substituted or unsubstituted alkylthio, substituted or unsubstituted alkylsulfonyl,

CF;, NO,, CN, Ng, sulfonyl, acyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyelic, substituted hetcrocyclic, cycloalkyl, or substituted

cycloalkyl; Ry; and Rp; can be taken together from the carbon to which they arc



25cyclic ring optionally substituted with 0-3 heteroatom; M1 is absent,
C1-C6 alkyl, C2- C6 alkenyl, C2-C6 alkynyl, aryl or heteroaryl; M2 is
absent, 0, S, SO, SO2, N(128), or C=0; M3 is absent, C=0, 0, S, SO, SO2
RoMRBH19YK8 is hydrogen, halogen, CN, N3, hydroxy, substigdteddayeiesessc
amino, substituted amino, CF3, CJ-G6 alkyl, C2-C6 alkenyl, C2-C6

alkynyl, cycloalkyl, heterocyclic, aryl or heteroaryl; and, X Y and 2. WO
2008%@1%%8&%%§5%5§%%@§5’g rgtr%%%bgcfegv%oragwb IleelnC@{(SJ‘.gfn 1o e
exanmpligndily Substistegarsh € Feisrertsine MR 22aNHoMEG fnoalka], Xs-Greidignyl,
defingdl.ahakginil AFGPXBBIE, R ARAEA IBISDSOUENIR GHHAN, My is

R21 is indepéndently selected from the group consisting of hydrogen,
halog@it %rivinG; Hydroky, Yrdtr Byt MulsStdresr uIRHOEThSiutea tidroxy:
Bnsubsiituien alkoxy, substitutgdiRetynsubstinlied alkylasalkg, selbsiitytiie aryl
or unsubstituted dialkylamina, substituted or unsubstituted alkylthio,
subsﬁfﬂ}eetar %‘F&?ﬁ%ﬁa%gt%lt%@%I%?fsﬁ%ﬁ%?%bﬁcﬁ%g; CN, N3, sulfonyl,

acyl, aryl, siibstitirteeidndinvater bty tosutssitsteGthe repsrmyineatenairclic,
Sum@&%?%ﬁ@é%ﬂ%@”&dﬁ%ﬁ@%ﬁ ensubstiured cyalaalioy iy dediric

10saturated or unsaturated fused 5-8 membered cyclic ri,ng1 optionally
subsHRSE VRIS MM RS RS RAETE R iRl ecsspigDle salts,
Alkenyb dB2nGh alsynyts anior heteroaryl; M2 is absent, 0, S, SO, SO2,
N(R8), or C=0; M3 is absent, C=0, 0, S, SO, SO2 or N(12.8); M4 is
hydrogen, halogen, CN, N3, hydroxy,famino, CF3, ®{56& slkyl, C2-C6
alkenyl, C2-C6 alkynyl, cycloallcyl, ocyelic, a?{\ g‘geroaryl; and
15X, Y and Z are as previously de ped. n c:qh%e»ex mplégxfs S;Yis
hydrogen; Z is amino; R21, M1- :NK5 are as defined above.

In a fifth embodiment of the compounds of the present invention are
compounds represented by formula (V) as iIINBtrm;dmgl% ah'bts
geometric isomers, enantiomers, diastereomers, racemates,
pharwhoeiti¥allsaccapkasteledlis N2 8 Badrvgswrith solvatensaderdppelected

wh er%ﬁ%@ﬁ@%@cﬁ{ﬁsm&%?gﬁ%@}{ GHoRENRRD, IsindeR&NL|RIY hydroxy,

selected from the group consisting of hydrogen, halogen, amino

s tEEH RGNy Iy, SIS Ay ary StRIOT Gttt

pikyl ssuhstitedadaliy]  rikenydnBhsulestiiitediatenytadkynylsshsusiitdtettoxy,
alkynyl, substituted or unsubstituted. alko ubstituted or unsubstifuted.
it i e R e s G
unsubstititecddalkylthibstgutsstitind thior substityétitoteehalkylisud nily GR®NYL,

NO2, lx\l ) ﬁitL ﬁ'ﬁ’tm‘l 8 fl m ,yc r e . !’
WO fogosiﬁl}!fé?é f}g éé#%%ZOOS/O%%Sgg %ﬂggtgfo‘i@f%%ﬁ%%ﬁq i

heterbiFjPaneerbeted BeipairlebriratsrsteaHbsEpersainrasy dito SHelRalyL:
nyclogdkylistiaarcYdoarmeyinggneasientl 0.cS aN(RO,-CHIRAL); 0,8 dalRyeyf,

3; Mi is absent, C1-C6 alky], C2-C6 n -C6 alkynyl, ajyl ar _
neterS3gE IS S Bleth OUSS0: SO e a0 s Kbl ¢
C=0, 0, 5 SO05G02 iGN (RE); IMdrigduy tirbgen, Gbloyehy GhkyNSbstituted

hydr e yerony. AMIDe FURSTENAEL AN, Gkt ECE, Alkhy),
c2-C a|%ﬁ%@%%%@%@éfy}{cﬁggmﬁ@?hgéﬁrgg?ﬁc,@’Srw g;yhg{ecl:(garylg;myl

R10 &ndRIGlheisrRIepbndentR) hsarerjeh 2askss, 5Bt HE IS A or
syibstituted aml oo ek XM andiZsare iah RioyionsiysdefinedMioNngd X -X;s are
example, Xis S; Y is hydrogen; Z is amino; n, R21, Mi-M4, X2,X5, Y1 and
v3 13548 above. In one example, X2 and X5 are independently
CH or N; R2d ésdreepedEntks are independently N or CRzy, where Ry; 1s

independently selected from the group consisting of hydrogen, halogen, amino,

hydroxy, thiol, alkyl, substituted alkyl, substituted or unsubstituted alkoxy,



selected from the group consisting of hydrogen, halogen, amino, hydroxy,
thiol, alkyl, substituted alkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted alkylamino, substituted or unsubstituted

Wighevlanure, substituted or 15unsubstituted alkylthio, substiittiagkesos/ose3ve
unsubstitmed alkylsulfonyl, CF3, NG2, CN, N3, sulfonyl, acyl aryI

substituted aryl, heteroar tltuted h I hete o
subs't’lfgfedl ﬁ%%rrg%V§?é%%§§§a 18? S % uteddé)lll fldlk(\:lﬂd%mo

are |na@lespe.nd@nuyn@uisnm(q@@yy@wF@iuytimgdprm@rbauwrﬁrédé!@é@ﬁfonyl

C1- | i dStute
G S Shigl S OM N st Wi

so2kstaqrs), IMar%WHré W“Hﬁ‘ﬁ&&é?ﬁ%&i%@“t‘%’fwféﬁﬁ%“é‘k3

ﬁlt Q@'@H?Mk’yﬁﬁd% alkanyt:, €2-4ADeyRikyayl dﬂxﬁf@aﬁ@;@é}fk?mtx)m%ﬂary| or
eteroar rei e yar substitu

alkyl, (é‘w)%) or'su Iﬁétlstu 3¢ gr(?l’ dﬁ?ﬁ@ﬁ%ﬁ? areeggy bﬁv%ﬁ% VK mé%b InS

one SXariPeiERS); Wishydhogen; iZlieamiis,; Ns. momammm@ﬁx@yce

Y1 apgl ¥ 32Rargas fefined @}l@g&@q cycloREPIESRNRIMECAYIRRWBE R aryl; and

accordlng {0 the invention are those selected from the Table A below or its

geometiabhrsSararapiNate g st BRSNS carivated, 1s hydrogen; Z1is

Rpharmaceulicany, epta(QLﬁés@étﬁemf@ﬂiu@&and solvates thereof: 9

-II\-IAHB\L_I_E__'? f]o rt%de#nbsggijnggﬁ{%tlchc cor_rff)aunds S5 prés 0l 0 0enHd Se
compounds represented by formula (IV) as illustrated below, or its geometric
isomers, enantiorners, diastercomers, racemates, pharmaceutically acceptable salts,

prodrugs and solvates thercof:

N X
N7 S 5
| X
vy TN
M--.
15 ! Mz_M3““M4 (IV)

wherein X, and X arc independently CH or N; Ry is independently selected from
the group consisting of hydrogen, halogen, amino, substituted amino, hydroxy,
substituted hydroxy, thiol, substituted thiol, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, substituted or unsubstituted alkoxy,

20 substituted or unsubstituted alkylamino, substituted or unsubstituted dialkylamino,
substituted or unsubstituted alkylthio, substituted or unsubstituted alkylsulfonyl,
CFa, NO,, CN, Na, substituted carbonyl, sulfonyl, acyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl,
or substituted cycloalkyl; Cy is a saturated or unsaturated fused 5-8 membered

25  cyclic ring optionally substituted with 0-3 heteroatom; M; is absent, C1-Cg alkyl, Co-
Cs alkenyl, C,-Cq alkynyl, aryl or heteroaryl; M, is absent, O, S, SO, SOz, N(Rg), or
C=0; Mz is absent, C=0, 0, S, SO, SO; or N(Rg); M4 i1s hydrogen, halogen, CN, N,
hydroxy, substituted hydroxy, amino, substituted amino, CFs, C;-Cs alkyl, C-Cs
alkenyl, Co-Cs alkynyi, cycloalkyl, heterocyclic, aryl or heteroaryl; and X, Y and Z



4 C7TNO5NH,NdNormoCHG6-... NrTh 00 ---.H 7 NI-12 bc O(MO . WO
2008/115719PCT/US2008/056396 108 . . )-- S9 NH2* -...,..N's

WO 2008/115719 PCT/US2008/056396
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15

20

25

7
are as previously defined. In one example, X is S; Y 1s hydrogen; Z 15 amino; Roy,
M ;-M; and X5, X are as defined above,

In one example, X; and X;s are independently CH or N; Ry; is independently
selected from the group consisting of hydrogen, halogen, amino, hydroxy, thiol,
alkyl, substituted alkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkylamino, substituted or unsubstituted dialkylamino, substituted or
unsubstituted alkylthio, substituted or unsubstituted alkylsulfonyl, CFs;, NO,, CN,
N3, sulfonyl, acyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic, cycloalkyl, or substituted cycloalkyl; Cy is a
saturated or unsaturated fused 5-8 membered cyclic ring optionally substituted with
0-3 heteroatom; M, is absent, C-Cs alkyl, Co-Cs alkenyl, Co-Cs alkynyl, aryl or
heteroaryl; M is absent, O, S, SO, SO, N(R3), or C=0; Mj; 1s absent, C=0, O, S,
SO, SO, or N(Rg); My is hydrogen, halogen, CN, Ns, hydroxy, amino, CFa, C;-Cs
alkyl, C»-Cs alkenyl, C,-Cq alkynyl, cycloalkyl, heterocyclic, aryl or heteroaryl; and
X, Y and Z are as previously defined. In one example, X is 8; Y is hydrogen; Z is
amino; R, M-My and X, X are as defined above.

In a fifth embodiment of the compounds of the present invention are
compounds represented by formula (V) as illustrated below, or its gecometric
isomers, enantiomers, diastereomers, racemates, pharmaceutically acceptable salts,

prodrugs and solvates thereof:

My—Ms—My V)

wherein X, and X are independently CH or N; Ry is independently selected from
the group consisting of hydrogen, halogen, amino, substituted amino, hydroxy,
substituted hydroxy, thiol, substituted thiol, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted alkylamino, substituted or unsubstituted dialkylamino,
substituted or unsubstituted alkylthio, substituted or unsubstituted alkylsulfonyl,

CF;, NO,, CN, Ns, substituted carbonyl, sulfonyl, acyl, aryl, substituted aryl,
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heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl,
or substituted cycloalkyl; Y and Y3 arc independently O, S, N(Rg), CH(R:1); nis 1,
2, or 3; M is absent, C)-Cg alkyl, C;-Cg alkenyl, C2-Cs alkynyl, aryl or heteroaryl,
M, is absent, O, S, SO, SO,, N(Ry), or C=0; Mj is absent, C=0, O, §, SO, SO, or
N(Rs); Mg is hydrogen, halogen, CN, N3, hydroxy, substituted hydroxy, amino,
substituted amino, CFi, C;-Cs alkyl, C2-Cs alkenyl, Co-Cs alkynyl, cycloalkyl,
heterocyclic, aryl or heteroaryl; Ryo and Ry are independently hydrogen, alkyl,
substituted alkyl, aryl or substituted aryl; and X, Y and Z are as previously defined.
In one example, X is S; Y is hydrogen; Z is amino; n, Ryy, Mi-My, X3, X5, Y and Y3
are as defined above.

In one example, X» and Xs are independently CH or N; Ry, is independently
selected from the group consisting of hydrogen, halogen, amino, hydroxy, thiol,
alkyl, substituted alkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkylamino, substituted or unsubstituted dialkylamino, substituted or
unsubstituted alkylthio, substituted or unsubstituted alkylsulfonyl, CFs, NO,, CN,
N, sulfonyl, acyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic, cycloalkyl, or substituted cycloalkyl; Y; and
Y are independently O, S, N(Rg), CH(Ry:); nis 1, 2, or 3; M, is absent, C;-Cs alkyl,
C,-Cs alkenyl, C,-Cs alkynyl, aryl or heteroaryl; My is absent, O, S, SO, SO3, N(Rx),
or C=0; M3 is absent, C=0, O, S, SO, SO; or N(Rs); M, is hydrogen, halogen, CN,
N3, hydroxy, amino, CF3, C;-Cy alkyl, C;-Cs alkenyl, C;-Cy alkynyl, cycloalkyl,
heterocyclic, aryl or heteroaryl; Rig and Ry are independently hydrogen, alkyl,
substituted alkyl, aryl or substituted aryl; and X, Y and Z are as previously defined.
In one example, X is S; Y is hydrogen, Z 1s amino; n, Ry, Mi-Ms, Xz, Xs, Y1 and Y3
are as defined above.

Representative compounds according to the invention are those selected from
the Table A below or its geometric isomers, enantiomers, diasterecomers, racemates,

pharmaceutically acceptable salts, prodrugs and solvates thereof:
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The invention further provides methods for the prevention or treatment of
diseases or conditions involving aberrant proliferation, differentiation or survival of
cells. In one embodiment, the invention further provides for the usc of one or more
compounds of the invention in the manufacture of a medicament for halting or
decrcasing discascs involving aberrant proliferation, differentiation, or survival of
cells. In preferred embodiments, the disease is cancer or neurodegenerative. In one
embodiment, the invention relates to a method of treating cancer in a subject in need
of treatment comprising administering to said subject a therapeutically effective

amount of a compound of the invention. In one crbodiment, the invention relates to
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a method of treating a neurodcgenerative disease in a subject in need of treating
comprising administering to said subject a therapeutically effective amount of the
compound of the invention.

The term "cancer” refers to any cancer caused by the proliferation of
malignant neoplastic cells, such as tumors, neoplasms, carcinomas, sarcomas,
lcukemias, lymphomas and the like. For example, cancers include, but are not
limited to, mesothelioma, leukemias and lymphomas such as cutancous T-cell
lymphomas (CTCL), noncutaneous peripheral T-cell lymphomas, lymphomas
associated with human T-cell lymphotrophic virus (HTLV) such as adult T-cell
lcukemia/lymphoma (ATLL), B-cell lymphoma, acute nonlymphocytic leukemias,
chronic lymphocytic leukemia, chronic myclogenous leukemia, acute myelogenous
leukemia, lymphomas, and multiple mycloma, non-Hodgkin lymphoma, acute
lymphatic leukemia (ALL), chronic lymphatic leukemia (CLL), Hodgkin’s
lymphoma, Burkitt lymphoma, adult T-cell leukemia fymphoma, acute-myeloid
leukemia (AML), chronic myeloid leukemia (CML), or hepatocellular carcinoma.
Further examples include myelodisplastic syndrome, childhood solid tumors such as
brain tumors, neuroblastoma, retinoblastoma, Wilms' tumor, bone tumors, and soft-
tissue sarcomas, common solid tumors of adults such as head and neck cancers (e.g.,
oral, laryngeal, nasopharyngeal and esophageal), genito urinary cancers (e.g.,
prostate, bladder, renal, uterine, ovarian, testicular), lung cancer (e.g., small-cell and
non small cell), breast cancer, pancreatic cancer, melanoma and other skin cancers,
stomach cancer, brain tumors, tumors related to Gorlin’s syndrome (e.g.,
medulloblastoma, meningioma, ete.), and liver cancer. Additional exemplary forms
of cancer which may be treated by the subject compounds include, but are not
limited to, cancer of skeletal or smooth muscle, stomach cancer, cancer of the small
intestine, reetum carcinoma, cancer of the salivary gland, endometrial cancer,
adrenal cancer, anal cancer, rectal cancer, parathyroid cancer, and pituitary cancer.

Additional cancers that the compounds described herein may be useful in
preventing, treating and studying are, for example, colon carcinoma, familiary
adenomatous polyposis carcinoma and hereditary non-polyposis colorectal cancer,
or melanoma. Further, cancers include, but are not limited to, labial carcinoma,
larynx carcinoma, hypopharynx carcinoma, tongue carcinoma, salivary gland
carcinoma, gastric carcinoma, adenocarcinoma, thyroid cancer (medullary and

papillary thyroid carcinoma), renal carcinoma, kidney parenchyma carcinoma,
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cervix carcinoma, utering corpus carcinoma, endometrium carcinoma, chorion
carcinoma, testis carcinoma, urinary carcinoma, melanoma, brain tumors such as
glioblastoma, astrocytoma, meningioma, medulloblastoma and peripheral
neuroectodermal tumors, gall bladder carcinoma, bronchial carcinoma, multiple
myeloma, basalioma, teratoma, retinoblastoma, choroidea melanoma, seminoma,
rhabdomyosarcoma, craniopharyngecoma, osteosarcoma, chondrosarcoma,
myosarcoma, liposarcoma, fibrosarcoma, Ewing sarcoma, and plasmocytoma. In
one aspect of the invention, the present invention provides for the use of one or more
compounds of the invention in the manufacture of a medicament for the treatment of
cancer.

In one embodiment, the present invention includes the use of one or more
compounds of the invention in the manufacture of a medicament that prevents
further aberrant proliferation, differentiation, or survival of cells. For example,
compounds of the invention may be useful in preventing tumors from increasing in
size or from reaching a metastatic state. The subject compounds may be
administered to halt the progression or advancement of cancer. In addition, the
instant invention includes use of the subject compounds to prevent a recurrence of
cancer.

This invention further embraces the treatment or prevention of cell
proliferative disorders such as hyperplasias, dysplasias and pre-cancerous lesions.
Dysplasia is the carliest form of pre-cancerous lesion recognizable in a biopsy by a
pathologist. The subject compounds may be administered for the purpose of
preventing said hyperplasias, dysplasias or pre-cancerous lesions from continuing to
expand or from becoming cancerous. Examples of pre-cancerous lesions may occur
in skin, esophageal tissue, breast and cervical intra-epithelial tissue.

"Cormbination therapy” includes the administration of the subject compounds
in further combination with other biologically active ingredients (such as, but not
limited to, a sccond and different antineoplastic agent) and non-drug therapies (such
as, but not limited to, surgery or radiation treatment). For instance, the compounds
of the invention can be used in combination with other pharmaccutically active
compounds, preferably compounds that are able to enhance the cffect of the
compounds of the invention, The compounds of the invention can be administered

simultaneously (as a single preparation or separate preparation) or sequentially to the
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other drug therapy. In general, & combination therapy envisions administration of
two or more drugs during a single cycle or course of therapy.

In one aspect of the invention, the subject compounds may be administered
in combination with one or more separate agents that modulate protein kinases
involved in various disease states. Examples of such kinases may include, but are
not limited to: serine/threonine specific kinases, receptor tyrosine specific kinases
and non-receptor tyrosine specific kinases. Serine/threonine kinases include
mitogen activated protein kinases (MAPK), meiosis specific kinase (MEK), RAF
and aurora kinase. Examples of receptor kinase families include epidermal growth
factor receptor (EGFR) (e.g. HER2/neu, HER3, HER4, ErbB, ErbB2, ErbB3,
ErbB4, Xmrk, DER, Lct23); fibroblast growth factor (FGF) receptor (e.g. FGF-
R1,GFF-R2/BEK/CEK3, FGF-R3/CEK2, FGF-R4/TKF, KGF-R); hepatocyte
growth/scatter factor receptor (HGFR) (e.g, MET, RON, SEA, SEX); insulin
receptor (¢.g. IGFI-R); Eph (c.g. CEKS, CEKS, EBK, ECK, EEK, EHK-1, EHK-2,
ELK, EPH, ERK, HEK, MDK2, MDK5, SEK); Axl (¢.g. Mer/Nyk, Rse); RET; and
platelet-derived growth factor receptor (PDGFR) (¢.g. PDGlo-R, PDGp-R, CSF1-
R/FMS, SCE-R/C-KIT, VEGF-R/FLT, NEK/FLK1, FLT3/FLK2/STK-1). Non-
receptor tyrosine kinasc familics include, but arc not limited to, BCR-ABL (e.g.
p43*™ ARG); BTK (e.g. ITK/EMT, TEC); CSK, FAK, FPS, JAK, SRC, BMX,
FER, CDK and SYK.

In another aspect of the invention, the subject compounds may be
administered in combination with onc or more seperate agents that modulate non-
kinase biological targets or processes. Such targets include histone deacetylases
(HDAC), DNA methyltransferase (DNMT), heat shock proteins (¢.g. HSP90), and
proteosomes.

In a preferred cmbodiment, subject compounds may be combined with
antineoplastic agents (e.g. small molecules, monoclonal antibodies, antisense RNA,
and fusion proteins) that inhibit one or more biological targets such as Zolinza,
Tarcecva, Iressa, Tykerb, Gleevec, Sutent, Sprycel, Nexavar, Sorafinib, CNF2024,
RG108, BMS387032, Affinitak, Avastin, Herceptin, Erbitux, AG24322, PD325901,
ZD6474, PD184322, Obatodax, ABT737 and AEE788. Such combinations may
enhance therapeutic efficacy over efficacy achieved by any of the agents alone and

may prevent or delay the appearance of resistant mutational variants.
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In certain preferred embodiments, the compounds of the invention are
administered in combination with a chemotherapeutic agent. Chemotherapeutic
agents encompass a wide range of therapeutic treatments in the field of oncology.
These agents are administered at various stages of the discase for the purposes of
shrinking tumors, destroying remaining cancer cells left over after surgery, inducing
remission, maintaining remission and/or alleviating symptoms rclating to the cancer
or its treatment. Examples of such agents include, but are not limited to, alkylating
agents such as mustard gas derivatives (Mechlorethamine, cylophosphamide,
chlorambucil, melphalan, ifosfamide), ethylenimines (thiotepa,
hexamethylmelaning), Alkylsulfonates (Busulfan), Hydrazines and Triazines
(Altretamine, Procarbazine, Dacarbazine and Temozolomide), Nitrosoureas
(Carmustine, Lomustine and Streptozocin), Ifosfamide and metal salts (Carboplatin,
Cisplatin, and Oxaliplatin); plant alkaloids such as Podophyllotoxins (Etoposide and
Tenisopide), Taxanes (Paclitaxel and Docetaxel), Vinca alkaloids (Vincristine,
Vinblastine, Vindesine and Vinorelbine), and Camptothecan analogs (Irinotecan and
Topotecan); anti-tumor antibiotics such as Chromomycins (Dactinomycin and
Plicamycin), Anthracyclines (Doxorubicin, Daunorubicin, Epirubicin, Mitoxantrone,
Valrubicin and Idarubicin), and miscellancous antibiotics such as Mitomycin,
Actinomycin and Bleomycin; anti-metabolites such as folic acid antagonists
(Methotrexate, Pemetrexed, Raltitrexed, Aminopterin), pyrimidine antagonists (5-
Fluorouracil, Floxuridine, Cytarabine, Capecitabine, and Gemcitabine), purine
antagonists (6-Mercaptopurine and 6-Thioguanine) and adenosine deaminase
inhibitors (Cladribine, Fludarabine, Mercaptopurine, Clofarabine, Thioguanine,
Nelarabine and Pentostatin); topoisomerase inhibitors such as topoisomerasc I
inhibitors (Ironotecan, topotecan) and topoisomerase 11 inhibitors (Amsacrine,
etoposide, ctoposide phosphate, teniposide); monoclonal antibodies (Alemtuzumab,
Gemtuzumab ozogamicin, Rituximab, Trastuzumab, Ibriturnomab Tioxetan,
Cetuximab, Panitumumab, Tositumomab, Bevacizumab); and miscellaneous anti-
neoplastics such as ribonucleotide reductase inhibitors (Hydroxyurea);
adrenocortical steroid inhibitor (Mitotanc), cnzymes (Asparaginase and
Pegaspargase); anti-microtubule agents (Estramustine); and retinoids (Bexarotene,
Isotretinoin, Tretinoin (ATRA).

In certain preferred embodiments, the compounds of the invention are

administercd in combination with a chemoprotective agent. Chemoprotective agents
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metastatic state. The subject compounds may be administered to halt the

progieBdibANeP e eBRTM st aAt SRR RIYaRS A B! SRS e AR ment

includes ness-0fibe. SURILELEOBTRPUNGS JQ PReMERtenTEbI ente pithagoesis of
This invention further embraces the treatment.or prevention of, cell
20pr8iErSHeE i h%a%s“ﬁ;?‘ﬁ%?sfé’;%%:“ %%?&sﬁés“?r%i“%%fs of
pre-canperdssiisionseDysplasizisbet ebuliestclowh bimre ddeesrois
lesion rec: _ '5%?%5%&@ '%ﬁ)ﬁ@é QaH@JhQJ%@Haﬁk),ebﬁpmﬁ%ﬁ%@R_Qlf'&ﬁ%lar
may be administe ed for the ur%oose of preventing said hyperplasias
dysplasiBEoBTrearaFRIBHO U4 IRTAHAUASIN SOIRSR T B eI SaRRFHP B
becoming GaRoasroMs! Sxamplas et prereanteiousIesiansamiiiodensAbios
skin, esophageal tjssue, breast and cervical intra-epithelial tissue. .

Con BRI SPA T S I R AT g A B o s,
compEpsndis Bufiuviner Sodtbsnatisrmwlitdomrarisjolatpoatiypactiseases (including,
ingreglient S, QUEARL limited i rarsandAnd.difRRRLd
anting%?prfg%sltq%ﬂ%ae?r?f) gﬁ%gn%u’g%ﬁgrapies (such ag, but not limited to,
surgetpoprdenanbhtt-ahavBrg dreihiistapiosiatie BHATIBRIRES LS thisascs,
sventipn cambs usash ReombinaioR-wibaptherphadnacruti¢ally dagyeut not
compounds, prefaijrablg,com oun g1a atr%g_ble t(t) eg@&qgs%tg%ggfe%gt of
the cOMPHLIRAS BREHRIRARLER, TH ZSRBoIRES or the ifvention can be
adminisieragisimatieneduslyi{astaisinpleprepasaporionssphrateophy and

preparation) or, se ially lasti d . aplastic ancmia,
oo TN AR gf?%%)%”g%ﬂé%%d%%ﬁgsta%ag“tﬁ%?“;%ﬁ astic anorney
combisshtion thirappesisid Y ofindinl SHRTINEE A8 AT AR dantY
asSinglenCyGlR 0L GRS ERSsthatRY il enERSROEb Pt 0 Ve Blitivedfe,

subject compounds may be administered jn combination with ane or
sepam%gw&amgﬁﬁ%m{awﬁm b EEC LR R i e eblastc
diseasestajeddenamplediafaserdf Kinases uhalcntiugstchutiaskidiot. imiteel

10 S S ARSI AR SRR IMARI A AREENIGKINGSES fibrosis,
and non-r_eceb?or t)}jrosllne specific kinases. Serine/threonine kinases
includewtiittropsteimstiviieery Hieicritas3ATAPR), meiosis specific kinase

GMEK), RAR angiaidipiakinastExampiesabreceptankinateskoniigsbitors
include epidermal growth 10 factor receptog}ﬁE?E%)ég.gﬁ..Hgl}iZ/neg, < anti-
HER32KFERS DT EN RG] 1R oweC EIBE OXRPR BIERCT 812585 Hibionias
growth flagioe (bt receptomfect o GEIRRECGI ER 24BEICHOCEKEne

FGF-R3/CEK?2, FGE-R4/TICE, KGE-R): henatacyte grapthiscatier fagtar
recont O Ty e i ey R IR eI R Rl

|GFI-RifoEjshs (ecgir@ EXSGERS; E R HE dikoREK R rets grafpn promoting



15 ELK, EN-I, ERIC, HEK, MDK2, MDK5, SEK); Axl (e.g. Mer/Nyk, Rse);
RET; and platelet-derived growth factor receptor (PDGFR) (e.g.
PDGFu-R, PDGI3-R, CSF1- R/IFMS, SCF-RJC-KIT, VEGF-R/FLT,

W& KL kL T3/FLK2/STK-1). Non-receptor tyrosine kinasgdainli®s 056396
include, but arc not limited to, BCR-#BL (e.g. p43abl, ARG); BTK (e.g.

ITICEMT, TEC . SK,.FAK, F S, JAK , .
Syrreie el s Gl R R I os R cob i),
be adivirastersc ineOMRINRISHRATHIGHR OF M8ie(su gvate Ragis 1RaP.974

moc"ﬂiﬁ%éﬁ@&ﬂ%@%i?@@%@'W%ﬁ?@ﬁ?@%@% {2haRtSiiRREe hat
histone deacctylases HDACd) DNA methyltransferase (DNMT), heat .

tylases (HDAC), .
shocKUsPaERtS dsgrisis pbylins b usptdmystines mdsfraraniayosis,
smbeghimant Lguejesheammpg unEsHY v he eapiinRd odtihantiR@o plastitial
agents (e.q. small molecules, monoclonal.antibodies, anti e RNA, and
PR A SR R S A S
Tarccva, Iréssag TyiketbthSivertion SmeidssIpryse b iNexmoandSor dfinpycntion
CNF2024., 30RGHO8, BY 53840R% Afliiiak. AVRSIR JHSHERRIm BRI,
AG24322, PD325901, ZD6474, PD 184322, Obatodax, ABT737 and. .
AEE T8O ARESHSBT i SHE A SaRREE RS AAHLRGR affeisy Y lowing

efficagygrhievied bysanyaictbecsganisalbing aadhary arByephos delayc to

the appegarance of resistant mutational variants. WO, .. :
0GP B B L Do s et ey v bone
the compoundi ofdinedrnesition s prisistatesiie.donbbmation detredissuc,
chemaiherane ulic pasit GheMaieranewic AoRAIRSRFBMBASTAWIE; (0

range of therapeutic treatments in the field of oncology. These agents are
admifirateVa HEVLHals Sttt et s R LB IS SIS EISO SRS Tufs Theumatoid
Bshrigding { e deglaoyiptheantatninoaindies aelishiefsowehatislitis, multiple
Surg%r}/ér{)g(ljsucmgstr eemISSIrg\r}l’s ”Pa'Q A[pal{g&e%emg Is?n Qerrlu qE}t?It!éf\élraiIIngt—onset
sympfoms réfgﬁng o the Earicel or 1 treatment. %(amp es of such agents
includebbias anadlites, limiitsl (raatkyntiog. agenisisuchpasinmgtirg gedn's
derivalives (MeehiQreiaming GHRPHESPARMIES rebiRfaMBYGes, aplastic

melphalan, ifosfqmﬁigﬁ, ethylenimines (thiotepa, 10hexamethylmelanine),
AlkyI&niraitaFee s Sutiramy. BRaEEHBS amp PR panb il and further
Hrocashazing:Breadazing andileibezalomidahdNdsasaudsor activation, such
(Carmustine, Lomus{ﬂne and, Str ptozocin%f‘l_fost{nidc apddrpe m[ és%l% lo. that
(CarBS B & Pt 2 P S A SR A Sl P,
Podoplﬁyﬁoﬁmﬁms(&tv&@é@ﬁd@bﬁiﬁ@dg?ﬁﬁ%m(%mﬁxehww
Docetaxathn/iaGe eﬂ@f?&iﬂﬁs{\égﬁgfﬁﬂmsiﬁé\dﬁ@ﬁmré{m?@ i@Rfiuced by
Vinorelbine), and Camptothecan analogs (Irinotecan and Topotecan);
anti-t e ERTBSICS RRCS CHFRBFBAYER L (DISEHOFcahciisylatory diseases,
Rlicagyeixy) adnibraeyzinemReueribicivasDaunRopobiginrEpitedyeinnd
Mitoxantrone,. Valmbicin and Idarubicin), and miscellaneous antibiotics
Such SRRy AR ot AT DR R R SR o
folic z‘m‘rd@nmgmn_ist'gg@QMemMrgxmcﬁmu@e@d?ﬂalmr@@dhe introduction
Amingaiedi)), PYTITVCing ARagoNisiR %%%L&?&%ﬁ%tﬁé%u@&_*e@%mduct. Thus

Cytarabine, Capecitabine, and Gemcitabine), purinc antagonists
(6-MErCABIBPRATHE v IB- THIBYRARTET SR RIS E FeamtRdaEune
jphibiters 4G acdkbiner Husasabing iMeaGrpivpRRcpefasabiigsrder in a
Thioguanine, Nelarabine and Pentostatin); topoisomeras ﬁiq)hibitors such
2s top IS S § DS EP MO S taC Y A ad et
topoigampcase: iy icfitbitorsu(hms at kimengmposiddiestoposide phosphate,
teniposide); Managanal ANREKIER (I ATIAD, REMIEMIB e invention

ozogamicin, Rituxi Trastuzumab, Ibritumomab Tioxetan, Cetuximab,
Panitirieriiatnrasiimnieririn o BRVERISERST writisaiise el ApRElRaustive list of
antineoplastics such as ribonucleotide reductase inhibitors (Hydroxyurea);
30adrenocortical steroid inhibitor (Mitotane); enzymes (Asparaginase and



Pegaspargase); anti-microtubule agents (Estramustine); and retinoids
(Bexarotene, Isotretinoin, Tretinoin (ATRA). In certain preferred
embodiments, the compounds of the invention are administered in
Wwohipation with a chemoprotective agent. Chcmoprotectivecagentes¥éos
2008/115719PCT/US2008/056396 28 act to protect the body or minimize
the side effects.of chemotherapy. Examples of such agents,inchu _
are RO P SR DT e T og Ao AR T W ptr
the ipvention; thersiebjestaompdundsldraaernititsaseeddnilcclemamatonthe

with Eﬂ%@ﬂﬁg Wﬁé% ﬁa@&%%éé GammephreehveradisteinaMbining

5(implantation of radioactive material near cancer site) or externally from

- AR SRS SO TR RGBS Y P BAER PER Y Oh,
Whegediercerapjration thamsay ddhefeqorhinsag badidiiomd dailriphtsthem
radiation treatment may be conducted at any suitable time .
pencHRATERERPI B SOt o e b A ar S QAR

agentsase, Proiation treatmentdy polag fed R iFordseantPiecirdpsidpate wy
CaSeﬁoéql%iQ&'aQ,fLﬁia'cgﬁf‘c%fd&é%?g@ai%g&wﬂﬁ&sb%m@j@%wﬁ@tmemg

temporally removed from the administration of the therapeutic agents, .
perhaﬁsngylaa%%%wm@.ﬂs (el BV apisrCRAG TR S Dot Ve
@ theainvemtignsiean beivssl in tieatingndiser deis silcheaslopingrdhormalitics
Limited to: Anti-groliferative disorders,(e.g. 15cangers): ., ..
o B R S A L N T o isease).
Polygtritaonipe ldiseasestaripingons diseprsevdtzhpinerigrgigedggonia (torsion
SeIZQOE%Z? ?&yﬁmé%ggﬁgﬁ%@mqﬁgﬂgﬁgsﬁﬁl&ﬁc’s&?&@&“gLﬁﬁcﬁ@@ﬂyskimsis,
Torsion 3§/ston|a, Spasmodic torticollis and dyskinesis, Familial tremor, .
Gillederlial TenrscendyFdes drelaDimse i BBty | NistHloBrs §Hosapessve
sUpransleacipals-Biales disersaidninagerebral-2dhemanhkge) drimanyd
lateral sclerosis, Spinal muscu trophy., Amyotrophic lateral sclerosis,
Hype RSN GREE? w|EE|I%{I aﬁ%r?’e@%%%?@esﬁ) ﬁ%geﬁ?g%%%?ggg?eﬁgel%ditary
optic (@rioprichiderexditany spaisticlperdquioigia, SPndurassiVecataxizgnemic

Shy-DIAGEL SYANOM L WBP&Q@%@Q&%&@W@%XM@@%%%&

Degenerative diseases of the Eye includ laucoma, Age-related
macusrkRsgeRt ASHIRUEBSIC PSR GEERES MOMRTHRD AP Bse s

ANJ/QrRr ARG SysteMaisardais dachigingRhvsmatoig Authiitis {RAY), muscular

Osteoarthritis, Juveni ronic arthritis, Graft versus Host di )
pcor B T BB M Iy AR &t By
inflarEmgdthey dBwkindise asd Culitferuiicel eailial sohelichequititiscophy), primary

Diab%&?ﬁaﬁﬁ&%ﬁ?%i?d%%é?é?ﬁ%ﬁsﬂé(&%ﬂﬁf?é‘?aﬁ% crt,OVﬁ W&ﬁ@ggombinipg
spondylitis, Membranous 30glomemlopathy, Discogenic pain, Systemic )
LupusEpe oo el seasas vV AN GEte R P M eI mEEh Egscular
PSOriagis, HheumaioEmmIthr fisy Reyshalogicaldiserdessdchigingbigolary
disease,‘schizophreniat nia,tde%ress{ior}.?&d dFmC%P“%ﬁFat -ioev'%s%gﬁ[l%)
DisedSE&RtHRG 108 BreVaRtiP A A FEateAD O fCRR MR retated or
reperiusionscelatedusdoontasfahcmy psandial tissueogatinagd | hsadrave of
2008{%%&?3%q?\Ec%TJ%ﬁ%&OﬁfS}?QSBQmMary degeneration of the rctina (retinitis
pigmentosa), and hereditary optic atrophy (Leber's discase). Furthermore,
30  compounds of the invention can be implicated in chromatin remodeling.
The invention encompasses pharmaceutical compositions comprising
pharmaceutically acceptable salts of the compounds of the invention as described
above. The invention aiso encompasses pharmaceutical compositions comprising

hydrates of the compounds of the invention. The term "hydrate” includes but is not



29 failure, restenosis and arteriosclerosis; Fibrotic diseases including liver
fibrosis, cystic fibrosis and angiofibroma; Infectious diseases including
Fungal infections, such as candidiasis or Candida Albicans, Bacterial

%%pjgpl%ﬂ}giral infections, such as Herpes Simplex, polioviggs rkueviEdsos
and coxsackievints, Protozoal infectipns, 5such as Malaria, Leishmania

infection, Trypangsoma brucej infection, Toxoplasmosis and coccidlosis
R I G A R

cell amemtian furtiinrenecerpibodirtent)comicdundy ofitivas noention s ary selid or
usedip BgHea.r NRaRARARIR. pvRinlogiashceldsalhRioess

critical for normal development 10and homeostasis. Alterations of ,
apopwtiepathay B eBuHal I Hath ageHRGs Sruy AR Gr R g HCle
diseqsRs. ThempesBdaof thednuantian oammedulainis vitenqptasisawill be
useful in the treatment of avarietg of human di%%% S V\g%h g bo%rﬁltilgra;s in
apotBI GRARQUA e QR PhERRETIARR B RS iad D, Yofficllar
lymppigisies, foarcinomas with p53 mutations, hormone dependent tumors

of the 15bregst, PIBSIAR APM ONAM AN RIGRANGETELSIESIRAS SHER &S

familial adenomatous polyposis), viral infections (including, but not limited

to, hepselot S hatResRIE CEysteRREAI WHaST St UfGer sAR be incorporated
RAengdrsmrRdQimRm Ube sistasesuiasi dingd b aatibiniteg tarsyisiemic
lupus, crythemaggfu(s, immbgne mediated. !oggeéul ne hrci)t(i;sﬁorglseurq(%t‘?id
arthr R RaEHLSE Y SRR A Wel ideabes MOARd Automntne
diabetespniel ittsyapevicdegéietativerdiso rdery (htiadinpdutsnahdpited a
1o, AeIReLR ReasE ARSI RMBIIa ATHRSOUSHISAIRG: reaing
amyotrophic lateral sclerosis, retinitis pigmeritosa, spinal muscular
atroptiesh i earepRI cHegERSREd LI B Rt AR ik EcsiaRB Hes,
Bolastic.anemiplissbemic njusysanaosiatedmyesridiahisfasetionsnstiakent.
and reperfusiogi 'urg/, 25.arrg¥thtmia, athe Qsl%ﬁg)nsliise,&g)ﬁré-i{gg%g%?r
alcohol inddERH REFHSERSEL e MRESIBYIE ST HfiseRsas thetiding: But not
limitesbichi chriomicidnenmarandt hplastit aapsniiafddgenefativeudiskasps o fhe
the myscleskslell syt nluding. ptAetimiad R, AeopRiasis andy
arthri%fesls, aspirin-sensitive rhinosinusitis, cystic fibrosis, multiple sclerosis,
kidneajialiststasing amereian cempariiosoheadalisi tbiom tha HmpraNgrious types
ANttYPELgeRIcHact vityn BISRRGINhinaES havecalaabeenisepheata@ddand anti-
wide variety of other utilities,finclud'n% use ats anti-inlflapma}ggg %E%pttsbe
anti-ifFeBIRSE U AR D PGSR S 8RR by Sttbimis SAgernts
for treatirg, strekieriisthemiapchukiplérsclevodisy Santiamdisvetiahd | 2ahtsal
nervqQus sysiem fela sosder e 2
ORI T D BEOB o0 J0 erie ot I Col. claim
Rosehesthe Ao G2Imee98 oSG TG HON (YBRERE0 s OVstastases,
£9/5 %%ﬁ%@!&rb’i’@ﬁ(@ i e tlehér, RghcNRgthd LOUR iB dsllagenase,
DeFranco etal., U.S. Pat. No. 6,174,875). There. %:e [%otrﬁsri_n the e doses
lterattdHREABRSSERERE SISO HE Aafeg Bt fgonsecutive

at ledst
t1imite
scleredesonm,] polyiyositis, 5systemic lupus, rheumatoid arthritis, liver
cirrhosis, keloid formation.. in iiij o HL%"%@%QE&W&BHMJA rosis
also may bzkt\r}\fel{a{%eb?g%elﬁ%ﬁ@%% ﬁ%hlﬁt?glrgs In one aspect, the invention
providéethazemisipbeonndonseni iR NE IS R TEINs e fRE Hide!s.

Ryevantion, ok BrRNUas £asPRISS: aljmBaYEeasiated JesBaNseg A, such as a

diseases, such as the prevention or treatment of. rejeitjon f.O|!OWl'51|9i. d
10traR St oM B SRS OB BRIYHICPARING PR Ate BRI Ltf orgsins”
or tissue@ b replacaall sacipartofithmdunciponiof tissdies) suchadlhdant(e.g.
KIdneY NLEQNe TIRIAN. SN, EAIIER, Y ERSEE, IHB0 RANCIE@rabinoia:
intestine, li 'b, uscle, nerve tissue, duodenum, small-bowel,
pancreationistetice by inctoelindnxe foin@rresines n bl fototFIE G PR FaFRIOT
graft-versus-host disease, autoimmune diseases, such as rheumatoid
15arthritis, systemic lupus erythematosus, thyroiditis, Hashimoto's
thyroiditis, multiple



sclerosis, myasthenia gravis, type | diabetes uveitis, juvenile-onset or
recent-onset diabetes mellitus, uveitis, Graves disease, psoriasis, atopic
dermatitis, Crohn's disease, ulcerative colitis, vasculitis, auto-antibody

Wf{j@gﬁ%gj§eases, aplastic anemia, Evan's syndrome, autiastoes/ 056396
hemolytic anemia, and the like; andsfurther 20to treat infectious diseases

causing aberrant | response and/or activation, such as traumatic or
Pt T N T . O A IpRe 8
are aauged: bytidepatitio B cndi@tinfadtions 2 Hevostapylodeceniiepilppiis drug;
Infection, ¥irah SRGEPIAINE 1 SEBRE (PR JSHIGAIRRISE IR IR ARACRAS
induced by an inflammatory response (e.g., leprosy); and to prevent or
treatiglidifRrcryiscaitess P NS RIS 45 AHBIES QBB s 05
wasciitisihoarpiic nadps s Rad oy eqaglitis nimadaitieositiecpieagmib. ; an
inventigg (ripa be used }to grevent/FU refg an méggun% Tesponse . cuch as
assoFHRY MR Gl AR PAPS fre ST Ent. sidh s the Thffoductio op
foreigmgdneslnit ditwl Ggpusioelidiancd expression ob e Baddded (e 2.
pl’OdHﬁgr%qu& '&%%?o%’ﬂ!?&i@é’l?&%&@ﬁ Inyention relatesita@imelnad Qffeine;

treating an iImmune 30response disease or disorder or an
immandrmregiaeaisEsp SAYE SR iSORERIPIP UHUBRIEH (e dBFRIEAINe At
PMRHGINE AdMINiISteRROcRait Subastpthkrapeutically effectivemethicone),
amount of a compo_und of tt?e 'n.ventilgn. | In qne aspect dtoréeﬁga;r%q\(_:tion
proviti A& tRERE IF &o RIS BY RIS BF 1R AT A IR The theatment of A"
varietyohaewriode gpinepative, dipbazgsicaxybnekizalistivedpstleagr@e, or levo-
008LIx YEROAROSGAOR FLuninh i drbsaicEs phigragterized

2 é%ﬁfé%{

by progressive demeéntia in the absénce of other prominent neurologic
signSAgRiEPaR e R idasr e RadwadEn S drl B e RIREs S e A ARSI ATER e
type;angifigkis disease (lobar atrophy); Il. Syndromes combining

progressive dementa Wi olies promineat neurelonls Abnormalies sugh

léwrﬁ%ﬁﬁ/qlﬁl%dﬁu S (€.d., Aaunungion's disease,
M ulti_iaiehﬁy'_ﬁm mi%@iﬂhyit}miﬂfrb in_éingl’(dm antiy Gﬁmdm%almqw@; subcutaneous,
ma”'fegi%ﬂ%ﬁgn?%ﬁ?fm‘[}ﬁgg%%%%%?ﬂﬁagqﬁﬁ@&ﬁ%ﬁ%e&me&m

(Steeilqu ichardson-Olszewski), diffuse Lewy body disease, and L
corticoabvatentity andaRsTIERish) BRI S drofte S ap DeBIHGHRITRHHon
Aahildren ALyaHBE Al isTramtalenordeinSRaig ciseasetanticmal patches

B e e RSB USRS B Aot or

ement such as paralysis
agitatiquiR arkinsoiv's dibéase)llstriatdrigaisdegsmeration, pr;rgmesisiveent,
S“pr%%%*o%'%%&%%}” i¥§ﬁ§d°£&rﬂ>éﬁ¥:9{? 13, JORSION SRASMLAMRIAR MRUsGHIarM

deformansy, spasmodic torticollis and other dyskinesis, familial tremor,

and Gilteroded af feietatisiirarieting Inyehiramubior pragiddsiie selected
Abataxiasyehuassaransllandegentiations: (g pHeerebeliacostigalitions are
degeneration and olivopontocerehellar atrgphé QPCA‘) ;la?d |
spinctPEBE AL PEYEhEPLTBR t?l‘—*ﬁ QFRIH ARAA RY A Qéorders):

V. Syrthiarisembeeniralsautolidmic ipridquspsystem failwhdc(Shy-Drager
syndrome :at\(éhs%;agﬁi.%ma%%%f, HsaulapeakngeR adesiinguiout

sensory changes (motoneuron disease such as 20amyotrophic lateral
sclereiervsprpnsl poustertarnstibp HyeeSyitabialtie A mustiony aeteihy

fWverdnigiHRImanhHNe il6 SRIDA!, MHSEIIAL, AOPW the like. In onc embodiment
(Wohlfartkugelberg-Welander) and other forms of familial spipal muscuﬁar

atropRAIDPHRSR) TREHEP LT SETEPARPA & LU SR A S PPl Syt VA e
Syndrarhesi caontbinmgnmtscdapwaaknesshapdeyeastingnvith semnsor/in
changgs, (B10gessive DA MUSEHIH ARG R GRIANIG AR polasin
polyneuropat |ese) such ‘as peroneal muscular atrophy
(CharegtiNtarie-Tooth), hypertrophic interstitial polyncuropathy
(Dejerine-Sottas), and miscellaneous forms of chronic progressive
neuropathy; VIII Syndromes of progressive visual loss such as pigmentary
degeneration of the retina (retinitis pigmentosa), and hereditary optic
atrophy (Leber's disease). Furthermore, 30compounds of the invention

can be implicated in chromatin remodeling.



The invention encompasses pharmaceutical compositions comprising
pharmaceutically acceptable salts of the compounds of the invention as
described above. The invention also encompasses pharmaceutical
GANRRsitions comprising hydrates of the compounds of the jayentign. (Ehe.
term "hydrate" includes but is not W@

20081115719PCT/US20081056396 32 limited to hemihydrate,
monohydrafeCFSHPARE fih Yt dte SNEIRE MRES HHCHVERON HiftheRy be used
encompiaskesnihasmadentisalseanpositionsuch mpkisngaply, sohcho i liepd, a
physical form of the compound of the invention. For ex le, the . .. .
Comp B e B oy il gt
parti¢iecEnsiyetaiiine sirieses Thayderasicionized forthangonwagaichistegeing
@f“%'é@iﬁ@g%%@éar%ﬂ@%%ﬂﬁa oy SHHPRIR DS, %@@éﬁ&ﬂ%t@%ﬂhﬁfand
solid or liquid physical form. The compounds of the invention, and

deriv A A PR G O AT OGL Y phsaisrick st adte piuife @
salts janileyelr aikithereof wantbe incolpolateg LOinie phaitaceutiaallsifier, a
composiions,sulable, fer.administation, octherith.a sharmaceyically o
acceptable carrrer or ex0|p|e)|/'1t. quch eo pasitions typica Ily comprisea
therapeuticaiipasitachveamouheorenytiof theruifipburidsayews! dngriion
Rharmageutically merepiabit.nalrielLr efaranbaithe-afactive.Amamnt

when treating cancer is an amount effective to selectively induce terminal

differentiatiG A1, {TRBIa 08t AR LRI Aha RSB HRM AR B Pe
whichgrusesrteicityntows patisois,| tuwtihgoapptacisted dhailconaaipngsoof
the invention cande tsed. . soTihinalion Wi an Immunolerapelc..
agen?. Ohe form o immundjt%g?/apy & the deneration of an active %ystemic
tumoprgpeigifitiars o esdbplorisec f Mosousiginrisys aahiddstaring a vaccine
COMPRSIHOR AL ReBHE s@&%%ﬁﬂ{fsf ré?ﬁ‘ilIEIH:%Wwyr%ﬁl%ﬁﬁ\éﬁﬁﬁné%ﬁﬁ%ﬁﬁﬁfered
have been proposed, including isolated tumor-antigen vaccines and antj-
idiotﬁ&%&iﬁwlﬁﬁéﬁi&r%ﬁm&# RS e RIHRGH RS O Shevatiisict

to bedtigaietdr etanmgrriyeiiig af Sugbese s (reviewedt Ry ol vmatheseliabnd
(199??3 -'llcv:c(;jl nOCFré%)?u%o%&l‘»ig' %QC%ISilf%slég']? Zl)s'oI 9n(l:'{i1%é %‘tfo'h'c?w%4§§ S%QC}H’[S' a
Hanna Jr. &t al. claim a method for reating a resectable carcmcﬁ‘naﬂfg '
prevetsrile ciivercachramentstison]cebonsirisisn ubwryitaty sdmpilivaghtene
symogdisie! @%H&?p@%ﬁé’%{ﬁ%1998?&%?9&%&(&?&1@@5‘19&'&% G52 @GhI agents
vaccinating the patient with at Jeast three consecutive doses of about 1

cells Such 4f RlIBE 2O At APIARCES BT BIME Hembis A r
advasiageobisiyihe, viseakin:cepjitnaithn ndthvenedimmnaretaties thela peta );
agenisR0Examples. ol suitable agenis for adiunctive therapy.clide 2.
5HT1 agonist, stich’as a triptan (e.g. sd’ma‘frl’p an or naratrip anj, an
adenosingyAbelyenistliam Etfoligand dexiig Dihandticiator adustediwith acids or

HlYCingaNQeANShy A-SAHMID LAABNSIRIACked (5 1de lamotrigine); a

substance P antagonist (e.g. an NKI antagonist); a cannabinoid; _
acetaminopHeH BT EHarRpPsH 80588 HEHSE SRRt A TS (R Stridiisia,
receptansMiEh, 20081, LatLARE T S2RRI0E 63A0 30 a@geMsspA cellulose,
DM e.q. methotrexate): gabapentin and related compounds; a
icydHOAIEIGURNT 6 T AR SARCHORG SRl st
antiepileptisadetilaimmorudasiinergiovptakesetibibrsteliventataringoe:,
fpatrix pefallopraiginase NIk PRiltlc axideR¥Ribase {NRS), Infinior,

suchas an iINOS or an nNOS 5inhibitor; an’inhibitor of the release, or =
actioﬁ?%’ﬁ?ﬁﬁbﬁ@ﬁé’%ﬂ?@ﬁd&é‘?% ﬁqqtal_g@naddltwes such as albumin or gelatm to

prevent absorption to surfaces, detergents (e.g., Tween 20, Tween 80, Pluronic F68,
bile acid salts), protease inhibitors, surfactants (e.g., sodium lauryl suifate),

permeation enhancers, solubilizing agents (e.g., glycerol, polyethylene glycerol), a



antibody therapy, such as a monoclonal antibody therapy; an antiviral
agent, such as a nucleoside inhibitor (e.g. lamivudine) or an immune
system modulator (e.g. interferon); an opioid analgesic; a local

aepRsihgligea stimulant, including caffeine; an H2-antagonigk48:82008/056396
ranitidine); a proton pump inhibitor (&g. omeprazole); an 10antacid (e.g.

aluminum or magnesium hydroxide; an antiflatulent (e.g. simethicone); a
gl ARG Nk i e e i R
pscudmeﬂ)ing&itasqudym@tammmhphﬁﬂ&er&a@@z@ﬁmxypmpyi cclhl,dose,
XV'O'H%%SJH}S’FQ)RE‘P&PQJP SARAERS; AEISYRAGSREYRR 'l%‘c"r‘it@ )i AR Apiiussive

(e.g. codeinge, hydrocodone, carrniphen, carbetapentane, or

dextreatheidd spiam)diadisretie 6P SsaaEIG BihopRsstafige &> sucrose,
koaniisianingic acidpMpRURESQhIDEnYeBpMIHIRY haadRIstaced:by
any suitable mean ,inc[udi'ng,W'thouﬁlilmitatis%],bparen r?ll, int{ra\gen us,
intraffiSet "r‘,"gﬂﬁiu%%‘a’d&"% NGO SORHYERI bARER Rhsal,
pulminharyntsdngdereaat; todicalguegimakicaota) pahdttradosoipadadodium lauryl
admipigiialians, o heJke. depiael adminiskitienia0ean liodniplys he

use of transdermal adniinistration such as transdermal patches or
iontoplibrtsts Helired retmhabslitiedr sreprabatishdirenigarapybfigf lulose,
ReMisQlideIHAIduprapRIRtINNtakiehopeletl, fnshenSaRs PR SHPReSItesYiing
cream, ointment, aerosol,gmyvd r, Ii% [ ,emulsiqp_, suslgention, %{r nd/
injectlBh S8 SCEOHERY W E8npouia ot HPEMtRP AL AR Ketd!es) andror

ingregigrnymghich is suitable for selected 25mode of administration. In one

embodime naceutical | it inistered.( a
e are i R AL B el ey
solid Wilpiriess hrepanaiod. gursrysoémralion fmabis hedrciueteas
i@blz&nﬁam@gil%@aﬁﬂ i‘énﬂ@ﬂlgﬁﬁlp@lﬁﬁﬁ@ dﬁ@ﬁi\@iﬁ@l@li@f&@?\édw&d delivery
powders, and_the like, Suitable liquid oral formulations include
ooHHE, SERGISRE: BGRPGBIS CRATBET o A hE ARSI e
emb&ﬁimemtm‘eﬂp@lpﬁesﬁiﬁdau@tmm@moid;pmﬂiztm,iadb_t_mhd»anmisumd
capsy, N ACLOIIANCH AR IRRHeNln R SOmBRS NS AL et o
presentinvention comprise in bdbiition to the active compound and the

inert Gardekibedingistas: HerepERatits capsive bagigpined commercially from Alza
P08 AORGRAIRRAPBIREINi A, Inc. ANYIRRKREXRIRIRRG D&k ding

commonly used as a carrier or diluent may be used in the foimulations of
the prBSEHRTHVERESH ‘SR ﬁ?ﬁj‘ %}%m@%@ﬂﬁi anibadien %y tigens)
cellulesialmaienald anpherylate;aniyixturpativeenfcd rederad bilpeptisd
microgrystalline cellulese, The ositi r rise o
s B L R e Rtbed i
magnesili# Steatat)8ahd in addition may comprise one or more additives
selected framabindsily aduifehed RBiRasRIAD RO Lo siRiastan dBsage unit
solubilizing agent, a plasticizer, an emulsifier, a stabilizing agent, a
viscolHP iRErESE PIg SGHHE Al S BRTSHER T S FOPiRy ROSHE BPIAHR™ a5 used
combiaatior therephykigalhedivore; thecantphsitionsrptitheprdsett subject to

inveqjtion Qmay be iq the form of cont[olled réaleasp or | rpe_diate release
red ed, cac 11 30011181?11’1%1& Pre.de erm1ﬁe udn 16}’.0 ﬁC e COI‘H[[J(B1B
formulations. or liquid forfhulations, pharmaceutically acceptable

carrisrécriglybe arpdeehofnbnddberepasissfinms it asgspensipis the required

RMUISIANSRE QIS EXHRPIeEQ5RARAANE RUSIRAIYEIIS e BIRVEMRE invention
glycol, polyeth Ien%emgl col, and injectable organic esters such as ethyl
i

oleat¥ Al DcaHidre sy ders psre PraBa ST ARTES EES Al thHstve
emulsipnmoicuspepsians;indudingselsteeand luitaied mediahExamples

of il are those of pevoleum, animal, vegetable, ot syineds i, or o
example, peanut oll, sofbepan OII, ineral oll, olive all, suntiower oll, an

fish-lmdrvaibaBolutions or suspensions can also include the following
components: a sterile diluent such as water for injection, saline solution,
fixed oils, polyethylene 20glycols, glycerine, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylenediaminetetraacetic acid (EDTA); buffers such as
acetates, citrates or phosphates, and agents for the adjustment of tonicity

crirh ae endirim ~Ahlarida Ar Aavircea The nlkld A~arn b adinictad wwith ar~ride



25bases, such as hydrochloric acid or sodium hydroxide. In addition,
the compositions may further comprise binders (e.g., acacia, cornstarch,
gelatin, carbomer, ethyl cellulose, guar gum, hydroxypropy! cellulose,
Werasvisepy! methyl cellulose, povidone), disintegrating ageitg§en6kiss396
cornstarch, potato starch, alginic acid, silicon dioxide, croscarmellose
sodium, crogpovidone, 30guar gum, sodium.starch glycolatc, Primogel),
puffers (0.0 TS R R R A S i Pk or
strendjtips edditigeth sueithassilipuimin for géitinttetimevent absorption to
surfaces, dB{eroQms{ihid¥RE e Qe RHEF LRHn OIS EOBrbIS ACi ral

salts), proteasé inhibitors, surfactants (e.g., sodium lauryl sulfate),
pernfEXfidhserHahENs, SURIIRBIMGIAGERtsoNBle Sy derardpeitistkiad the
glycarfd brahdyadi g0 i1 P e RhirANBINbMIP CaBS lictaiol (B:@consecutive
colloidal silicon dipxide), anti-oxidants (e.g,, ascorbic acid, sodium
metaga}gﬂ |Fér, %}lljlt()}?fa{ 80 )f%(/: r%%?%ﬁ?&l‘}oﬁgfvg%gaﬁ?égorg técrg[;m e)}ggg%%ropyl
ceIIumnhydmmypn@wh@gﬁyie@mﬂ@seaﬁvtsmhy ¢nutieasingaigtsmsittent,
(e.9. GArhomaL, CRIAIahHUCHN GiQXida Syl FRHNARE, AL ORI, The

sweeteners (e.g., sucrose, Saspartame, citric acid), flavoring agents (e.g.
peppEAARAIAh ARSIV B BPARGE AR A LER SOy @ythe first
ibhimerpsat-hangyl, alerlbell panieRg)ol taRtdedglastedia asidecutive
magr&esiuogn st%arate, polyethylene glycol, sodium lauryl sulfate), flow-aids
(e.g. “BBHBIES EfTcon dioxide), plasticizers (e.g., diethyl phthalate, triethyl
citrate), emiilsifierszfetign chrbamersitiatoxypropydoethuiose!dosodidim:
lauryL siliaie RV EhERaU08 (B Dar PO XRIRIS O RAIGKRIIARSing, or

coating and film forming agents (e.g., ethyl cellulose, acrylates, i
po|yﬁ?giﬁfa@%@§®r%$@fr abhGvarts. s sp Eningartisahts afleamitrd with
COMRQLRtsRIARLLPphethyith Gaimiessdpatti bl otesh thel catipoYRtve
against raqi)id eLFninagt'og fr.omtth b‘%ﬁ'é” stuc_h as 1500ntrglle%1re(l ase
foimUi&io f“?ﬁc ddi rg“ir%f)lférhlfsr%lr%l microenca esnufaatreed.[ﬂé?lvgrly sdys ems,
Biodegsadainjefobibtompetibleupbhsweh kansbbilisad, suctrias athidemd
vinyl geiales BoANMHIdeanpRYAl o Reidkrolada RbRIIRAGIPLS

and p Methods for preparation of such formulations will k
appaténttte wrsabtaRiteddiee st erliéhransilats TR B IsehsHeahety
aEMRacisilyfromAlra XAeairaraiing. and Nova Pharmaceuticals, Inc.
Liposomal syspensions, g'ncludin li ogomes _taag[etﬁd tQtinftect?d ctglls
with monocld R AL SUICS T8 TRAA AR Cah S S B Gldy g thot an
pharmaseutical Iwmxtdemmtgxd:atyi ersheThmatcdn @etapneqmlvedirag@erd_m groount
methgﬂ%ﬁ@&g%ﬁ%%%% Skilee da 6 At HHERAITRIS s dRSEHBRHR Wat

U.S. Pat No. 4,522,811. 25It is especially advantageous to formulate oral
COMFELHEBASIAEBSARN GhIFRATRIUBA S0 tBE BeiRPIAtBRA B saRhoRRSREA
of _dOﬁf’%g@xé@%@g_@f%gfﬁﬁﬁb@ﬁfuWﬁ?&i%@iﬂﬁefﬁﬁg&&ﬂiﬁ%ﬁé@atb@%&ﬁ@tﬁxd in
units suited as unitary dosages for the subject to pe treated; each unit
con G A RGN B A B AER & Mo b Bt T
prod uoecﬁm-zdgmi rdd}tdﬂgmameunift ieff@e?patnim'scpd}iami@riswiﬂﬁmhm@qwtedt 25 nM.
Sopharmaceliealear e g)yngcﬁeg%cgﬁm@ domine.dosage Mt irmash is

the invention are dictate nd directly dependent on the unique

charaearizes dfabruardioMednpisurebadiangib Partraneiriapbiigeompound
ﬁffeciﬁ%b(?ﬁﬁh{% ghr2nd Hgdimitatiansdaharentin themrt@bodiment, the

compounding such an active compound for the treatment of in ividgals.soO
WO SOBEATEPSHET AISPOICEESTE 46" S PARYE SHEARELRT A O
compoditibneneambadincludea v oardadinear hackpodispensepiogethgasma

with Igs&r&%g&%p@% fa‘?ra%‘&ﬂ‘ H'H&érﬁﬂ'qun one embodiment, the concentration of the

compound in the patient's plasma is maintained at about 2500 nM. In one



Daily administration may be repeated continuously for a period of several
days to several years. Oral treatment may continue for between one week
and the 5life of the patient. Preferably the administration may take place

VS e AQpneecutive days after which time the patient can be eyakiaiedsiass
determine if further administration igrequired. The administration can be
continuouﬂii}gr int rmittenti et..%., treatment folrl n mber. gt.gopséren%tgve

day<s TONSWEE YK FRLF BRHEH" Phe COMBSURAL of tHe present invention

may beaeimidistebect FRfaved o Ubly aptiniseé firsvaOefahofomamume Hiaigfeuld be
oral agdministraiionyenraseand.davians alk eeRseCHINE AU INRIRANSE the

The preparation of pharmaceutical compositions that contain an active
compariehlercoaRaund arstbddl HhEar! FBREX AR BFthixing,

ranulating, or tablet-forming processes. The active therapeutic ingredient
% oftlgﬁlmﬁz 15 excipients that are pharmaceutically acceptable and
compatiblehstidthe e tivedefgredient! Forossatadmisidtradiontitlsdhactivention.

agenﬁ%e%gzede 1'?{1‘?1%1}@ i& p?}dfé)'tmg&ﬁﬁ%g% yJQ&LQ&ﬁﬂ%[%ﬂéﬁt ﬁ%&?ﬁc&tion

vehicles, stabilizers, or inert diluents, and converted by _custom%rg
methsdsipBssuniebie RN TR A stRstiomins HeRcascisTdfd W34ty or 2
tabletarihard absaftgglatin capsules, aqueous, alcoholic or oily

20solutions and the like as detaijled above. The amount of the compoynd
dministerdtftc AP SRR ?ésglfﬂgﬁ“énl%ln SURLTRAT vr\%)ﬁq é%dﬁgga yoe
toxicb‘zydrmtdstb(@g_.tiﬁ’nﬂd_@@&flammamgnm?mméﬁrﬂfm@ﬁtw@n, e.g., double
compang At i Adminisined (00eRLERL Isdesh LianJne AR LIS,

causes a concentration of the compoundin the patient's plasma to equa

or exeEEHBIhedE RIS WF TEBIHHOORET PREFIBIY tyes and may be
concgyatiam of thetempednd in HHe-patiesls MAsMSs Mainiringtedirably
about 10 nM, In one mb;?dir;%egt, the cgncentration %&Qle gompour din, .
lthe p%ﬂ?éﬂf‘%?ﬁ%%ﬁ%o AP ABAN L ARG A T A e B odinent

the cahoe atratiamsohthe pofapbiyric imdtreapatichls glasmadsertipitdinbeween
at abghio M o Re.ambodingRt e canesaatet ol e aameatnd

30in the patient's plasma is maintained at about 100 nM. In one
embothfeahty grateBndetticeioh ofthandovpis g RMh e EBREE SRR Fen
mainigined & Ao S8 AYmsrope AR dimaRh ekarcenaligoretibrally
compound in the patient's pl%sma i‘SJnai%ﬁajneg a{. %uthlcc)!(_)o n .nlnrglpe%
b SRR AR AR ORI thd CBINS ST AR AP HRFEREY BASHANS
maintaiisted agrabpuin2Bae, fidd ckaople, Migalkoxyalkyls, such as polyalkylene

I S P

out _
The dptimarehvibuiad of theaderisersidailiniie rBe AR s thted
patienin the-Rjaclieteithe.nasentiguentonvilldemens QRINS described
articular compound used and the type of cancer being treated. 5
EFRSFTYONS  Listed below are definitions of various terms used to
describe thistinuentibnbsthese celimitthadpply dotheutelrasdasdiegysarbich
used Juonahout tysseelaion.andlaltie niess ahans e Al i
specific instances, either individually or as part of a larger group. 10An
"alipHatiosghstaet druatipliané Maieiing- e Aeatiimidianl il ra st include
saturgiieg 8.0 el Rendk P cantainAROEMRA QMY afUasatukatian,
e.g., double and/or triple bonds. An ali hg’gjplgrougm | be st[ai%ht_. kv
¥haineartsrah aHEEHOr e SEMBTT A B RIGFOGEH of SRR SHATT "G <Y
or mesehetctoatms; dpdndayhedbubstitutes trlknsibstivntdtzmnps wherein an

aliphatjc group, when used as a linker, r_frgl 5, [

ot E A S N P o
24 atoinsscimerelsyeidraziohp beeredenibhdoval 1@ aguhs visrary pFiodaybony!”
between about 4 and about 8 atoms. An aliphatic group, when used as a
substituent, preferably contains between about 1 and about 24 atoms,
more preferably between about | to about 10 atoms, more preferably
between about 1-8 atoms, more typically 20between about | and about 6
atoms. In addition to aliphatic hydrocarbon groups,



aliphatic groups include, for example, polyalkoxyalkyls, such as
polyalkylene glycols, polyamines, and polyimines, for example. Such
aliphatic groups may be further substituted. It is understood that aliphatic
wisRsingipde alkyl, substituted alkyl, alkenyl, substituted alk@Rithoatiosayds
substituted alkynyl groups describeds25herein. The term "substituted
carbonyl” includes compounds and I 8{?“&%"%@2{3& gontain a carbon
conrBEtRY WA d8 e BRI T AR Gxygen Stom . and Tautometic forms
therdofriiexmorplelscofim aleties thab aumairdgabstitamdrear Belypittidec
aldehydns, KeIANas: GAIRCAHIG AT IS AR SxESIRES URNBYANINSRIR Woietics

The term 30"carbonyl moiety" refers to groups such as "alkylcarbonyl|"

groupicivitefen e sRIRy PEBRGITROBSLARIGHS Hoherts 2rdseBehyrgaUnd 1
"alkenylcathanyihgroupmheseln ag alkemyligroup is covalently bound to

a carbonyl group, "allcynylcarbonyl” groups,wherein an alkyny| gr is
covalently gg‘ﬁﬁ EY 5%0%%%%rJ&ﬁ%g%lW?cgrgg%?ﬁl%%U%téggf%q@
200874 i67X0RAT# IS2008/056896:88 grdults sahateinhatsraeyklgrauy.ignd
cov %PetxlXa%qasﬁG&ﬁJE%&Qgrﬁ&ﬁppé‘r}ﬂh%%-eﬁh&%ﬁ[%ﬁ%éhﬁé@@%%§%ch s

refers to groups wherein one or more heteroatoms arc covalently honded

to th€odrbBHAnRIdIH. Aok ARSI, RFRP R MO e s Rtk A Mch as,
fior exaRieHAneipgcarhony BriRtesbatiereip. anitopggyiaiasnia bound

to 5the carbop of the carbonyl group, e.g. amide). The term."acyl”" .
roror Ry SRR KT RS e e O Ry ot o e gt
partializbeaglitate cpgrrfliiynstantated, peterbdyelmcarperhony hipeodiyylcarbonyl,
SUbsgﬁg’éﬁi‘%iﬁ%&%Mﬂf%%ﬁ EQLGXAMBIS.ANVLBSIUARS @roUnssah.a
(CI-Cb aﬁanoyl (e.g.,_fonny?,r acetyl, propionyl, butyryl; valeryl, caproyl, t-
10butgteRestgy eee), fé@@@ﬁ){&cf@é@}éaﬂb&?ﬁﬂr@ér G yerﬁ’ér\éﬁ‘ Srbegpnyl:
Byclohuiylcarkenyhayclopentycarbobyhytyaiphexyltabampheic.),

heterocyclic carbonyl (e.g., pyrrolidinylcarhonyl, pyrrolid-2-qne-5-carbonyl
pipeﬂ?&ﬁ?ﬁl‘i&&ﬂ%@ﬁﬁ%ﬁé&éﬁx Ii:’z;i%rtﬁ'g'r)jly e r%ﬁﬁb%% hff?’cc(jaor%o 13’/[f,?eeef‘(r:(.))c?gfCle’
ar_()yla@l@nddmmvi)/wwthmtefmm oy} ergupthigpbremylerecdrbomydups described
thioppeRy:3:carbonyh (HEARIRC A BRAY: AL RGAP AMiruted”, the
IH-pyn-oyl1-Z2-carbonyl, 1H-pyrroyl-3-carbonyl, )
benzefplgiFneny be2eaitssfyEdte opin sty sihstitnebivih Qb EIRYA,
i@ftﬁ@%ﬁtﬁmﬁgx{w %hﬁ,teﬁ@a&»thmrgimmﬁéh?)a@yé@mﬁmwa@ee@fgqsr@ml&:
of the groups described in the respective definitiqns, When indicated as
peingP O Y SEEHUTEE S Hog L ey b P R e o
optioapdlyaskadshittted withoylennt Inere20uissttudibe @ypismiy, omebo
three 1] tS). ly sel 1bstituents
e e e e AR e
heterddytlacapyreaecHetBroaryl portion of the acyl group may be
sybstituted pg.describedabavaisthecprefarediradaien pefarad listiafut
substituents, respectively. 25The term "alk)él" embtiaces Iinrtle%r or b 0rrlched
radic&?’f‘ﬁé\‘iﬁ{a%ﬁéoﬁbéﬁo%?m% RUFIR RO NS SF BrERL A8 Sheto
abqupltWalmd; ek omiatdmse Moreprigfet redicllyhradicats trebdoivver alibpltt
rad'Ca!%%"’.“@%éo?eefér?e%%?é‘fo‘%%&%ﬂ%%ﬁé%@%a%@%%&rt%f%‘ﬁqe?gﬁtfl%%%ﬁ

alkyl radica Ing one to about eight carbon atoms. Examples of such
radicalenclrdenesthysuabiprisapriisiidssapiopyt i itpromdidetsegy s n-butyl,
s@ec-hytyldertutvly Peluiso-amyl, hexthanddhg dkethe likd he term

"alkenyl" embraces |inear or branched radicals h vg%@t Ielaﬁt ONe  jeast
carbon-carblf FEWLIR 8N SRR TS HI58LLY é‘ﬂ%c SR AEmE oY, et one
prefecakilyn-mda abhaié twelvel cacbonaoms:iorelprefernachalkeisiably, two
radicals, 818, (0UE! Ak radIGRIE AR MAIRARAHEIRN GBI
and more pre*veraf)ly about two to W

2008t14i57!s YPOE 198 ROTBIOB6B96 B Alsstit i Mosarsyfr sibngout two to
Examples of alkenyl radicals include ethenyl, allyl, propenyl, butenyl and
4-methylbutenyl. The terms "alkenyl”, and "lower alkenyl", embrace

radicals having "cis" and "trans" orientations, or alternatively, "E" and "Z"
orientations.



5The term "alkynyl" embraces linear or branched radicals having at least
one carbon-carbon triple bond of two to about twenty carbon atoms or,
preferably, two to about twelve carbon atoms. More preferred alkynyl

Waslkeads argo lower alkynyl” radicals having two to about tenegarpomicasss
and more preferably about two to abeut eight carbon atoms. Examples of

alkynyl radicals include propargyl, 1- 10propynyl, 2-propynyl, 1-butyne,
2-buf§’ﬁ’3‘}f Slrg‘gt 9&%;‘7‘%&?5‘ Ex%ée?é)r%ﬁﬂ & %‘éﬁﬁ%@%@%&&e&éﬁuﬁﬁéd
carbooywtitytddicald melihgeindbuterabolietwahse Bhebn, atomiewehalkeps”,
"cycloafiyl.emRiases satukaies sarhacyslicadicris havinadhege terabaut:
twelve carbon atoms. More preferred cycloalkyl radicals are "lower
cyclgdiRyieteRficals having three to about eight carbon atoms.

K5Examplesiefisushargicalsinehiede tialapropybhey clolivalylh oyelopeatyt one

and cyclohexyl. . The term "cycloalkenyl" embraces partiall
s B A A T e e At e
Cycloaltenytwaticaishiattans pdrtialpyefimsataliated catisoeyediclpadicalienyl”

that cogtain we.HuB!e RenEsHRalynA QLAY Ref2RPRSeRIUeated)LRAN

be called "cycloalkyldienyl". More preferred cycloalkenyl radicals are

"lowebeytozikerhrrraars ey el sbsdicaiclsinemnisHs!-
examples9l sushpagicalsinghide yslabuienyboyeigpentenyl and

CyCthexe-n .C fer TQeCEgEI; Iialfll(ﬂolgpgcg ng b[{%gte (l‘,'lﬁg‘ al (O:Tl(? {’g 1Cg§?1avin s three
oxy-containing rag}ca?’s eac havmg aﬁ<y poruons O(%C ne to about oneto )
aboutotwentywemenbtormsns, Phptaferatijodke tembroctstimivacdasberyclic
atomg, Mate, preferred Ak rRAcRIS. A6 JaNE! Rl yreradigalschanipg

one to about ten carbon atoms and more preferably having one to about
eightradimsbrissolnecrsyalppied ' drdigal radralbridReRemh S amaiRms-
BrOPERYNULOBY 0l ieKhbiexyide cyclobh@igrnclatioxyalkybpanibrades
alkyl raiiﬁgls Paving one or more allwxy 30radicals attached to the alkyl
radic® A&, to form monoalkoxyalkyl and dialkoxyalkyl radicals. The
term "aryl", Bieneoriiydortismdtiombreanstiatbrboeyelited roubatizcby stdierls
contajnir ' hetet r i

0 S e e
or mapBEITsd darbaey s Bt ISPatEe i Aoafile DRt Ry may not
ﬂki:enma J&ﬁﬂl @Jﬂl M&)@lﬁ&i&)ﬁ%@ﬁil@%fbﬂﬂ(kﬂdﬁﬂﬁ‘aﬁﬂbﬁi @Mleybd cyclbagkdeyms
"heterogyclyl”, "heterocycle’ "heferoeyclic” or "heterocyclo” embrace
sator U AN G e T B A o
ring- Bshaples chdicalsdiviichdade algdobetoalled thetaroryichyit cyclohexenyl.

"heterocyd%&%""ﬁﬁ%yﬂ%}ﬁf;?aac%TjﬁQj{%?B&ﬂgﬂagWx VORREIHE: radicals cach

heteroatoms may be selected from nitrogen, sulfur and oxygen. Examples

of saftirdtecirstersigenafaridaRII0NRI AR tEE 6B ATEHIRY BY

hetergrenesy dic eraypcantpiningbbiadnitnge el (digxpysmdidit

imidazolidinyl, piperidino, piperazinyl, etc.); saturated 3to 6- 10

e GR RSB THOL) Y B Gl EGHEA T 18 o i s ersler

to 3 ritrage nnatenbole ¢gmosdholinyinetEarspltsrafencB tolBanembdratcthoxy,

hetergmanocyclic gr. ontainin 2 sulfur atoms and 1 to 3 nitrogen
ctﬁ?é).(g., 8%%&989, C@?&Bx‘& RONG IS

atoms , thiazolidinyl,"etc.). Examples of partially unsaturated
heterocycIyIThfdi‘é“ﬁls"4%%%?%14%%@?%?‘8H‘i%’l‘éﬁ?ﬁef?ﬂcd%h?@if&ﬁﬂ‘ﬁﬁy
and dibydiethiazole L bid eteyoeysivl radicals may nchsde.apariavalent
nitrogen, such as in tetrazolium and pyridinium radicals. The term
"heteijbaé%fé{'algpél&aéiﬂ%lfaces radicals where heterocyclyl radicals arc

fusc_ad Wi'Fh arizk mﬁyciqafkylmaﬂmaisc@iamplms mtksudx_:mﬂseddéicycﬁmaﬁc
radlc%)'/%t!ar}]glgoqq?a%?ﬁg cc)’rfl'élf ?wno %9%9&@[9@@\%9&&@&%&%1@@m3y be attached



The term "heteroaryl" embraces unsaturated heterocyclyl radicals.
Examples 20 of heteroaryl radicals include unsaturated 3 to 6 membered
heteromonocyclic group containing Ito 4 nitrogen atoms, for example,
WORb: RRsolinyl, imidazolyl, pyrazolyl, pyridyl, pyrimidyl, prazighiesiose3oe
pyridazinyl, triazolyl (e.g., 4H-1,2,4-4riazolyl, 1H-1,2,3-triazolyl,
2H-1,2,3-triazolyl, efc.) tetrazolyl (e.q. 1H-tetrazolyl, 2H-tetrazolyl, etc.), .
etc.; DRERAI AR CIRYSAY 'rhoeter‘%’%/%ﬁll %Sroﬁbcé%ﬁaflﬁyr%eﬁgf}ééb Wsthaic
25nitratiersatomss fbrextamapie)yihdoiyhyidomaodllinaddlixiayi biphenyl.
benzimida lte%'n‘(ﬂe\,{tlerjéc%wp(,)lyllreltgg)%;gllé‘l"h@t@m@iéolgll"‘heterocyclo”

tetrazolopyri azmyf (e.g., tetrazolo[1,5-b]pyridazinyl, etc.), etc.; R
unsatiibitse SHigBerhenitahe dTNBTERA GRS SN ISLRS KSR AHMINS TIng-

GXygah e md e xamRIenYanYlcusyl IRieotngaty raiaet & jeloalkenyl" and
6-membered heteromonocyclic rouﬁll_cggttainitn asulfgr aﬁqrrt}éggf% itrosen
exam PRSIy POBRSP raled 3o B embered hat&romonocyciic -5
grouputintait mgcmﬂimy@e mmdmgmmmﬂhhr@@eﬂﬂjmé? foturated 3 to
exampigMaLald JagarablXAdipeOhL iR g 1 Lol diaspdiaraill o o

1,3,4-oxadiazolyl, 1,2,5- oxadiazolyl, etc.) etc.; unsaturated condensed
hetedeyEMiroipiéaiiding PG it R Rs At Brh< N spir ettt Sy Bn
RIoMs (R RERZSX ALy BRNZRX@DazalIn£iCt); 2\0Paen atoms and 1 to 3
2008/115719PCT/U52008/0§§3 6 4J).upsatur(? etd  to Gijmre?wbered
heterSHRSTBARRE GraUPERIATRInG T )t B &Rl deoHE AT o 3 nitrogen
atomisstiosrexaroplag mtamquh.tahia@ Azoly/ls(éfig. ptbrBsdnthiadid nadsrigen atoms
L3 Aoty 2or: I RERAA o PIG BIG uhIRRINAIRA CRAENBRals
hcter cif/c yl group containing 1'to 2 sulfur atoms and 1 to 3 nifrogen
atomisgbide dipdrntbiephortylibehoprriadtizslinia ruhdiindakézeife
ferm i‘i&ee.tl;%r@/agqlh@ﬂi&lg ﬁi?‘sbﬁl?(ﬁ?t& %@&f@@%ﬁﬁﬂ@%{g@@@@:ﬁ ﬁaflﬁlalﬁ;m and
More preferred heterogycloalky) radicals gre "lower heteracyclo !
racic BT BHE S LIE CaPEoH SRS i S AERESES R M s,
The termoatkiyithidiceimbraiissdradicaisi containidky briidieals df tarapich etisuch
alkyl 10radi allfr 18,10 N¢ - QiR ',_Ient
&xseg%l%gc’i?{ a‘?c?gal @ﬂﬁ% ﬁgg%ggfgﬂ, b%h%mf FRabeddar dixa

S .
sulfur atom. Preferred al s have alkyl radicals of one to about

twenty carbBiraesmy eierprefcraphiacs et bl Rvsrosvchryghieasnigamples

Morepiglersed ythioisadicals Ravealkyls adicalsase htawahalkyihio group
radicals having one to about ten cfarbon atgems. Mg\/Tit)garef%rreid.ar.g1

alky B PSS H AR By TS YOS TP BRBBY ERgh-°""
carbmyramms.pﬁmyn@iﬁslrniﬂguwrmn@Iqudﬁﬂmyamﬁmalﬁya(e.mdﬂiyltﬁj&
SV RICRYINEs BHbYIP A3 Aotiia I BR JURE IR 1P tetrazolyl
aryla fqﬁ &mbrade ary]I-su stituted alkyl radicals’such as benzyl,

diphelyiistesrily igishe Alphr AT H B AOMSENE dISEP DI EHHEHY EoTHEBEA to 5
S3rylxo fRRaRe SR Aagicalsiariackhed droudhonnioxy et aier.29to
other radicals. The tentis "aralkoxy" or "arylalkoxy" embrace aralkyl

raclic SRR CHER TGRSOy G AP R d P SR TR e
"amineadkylojerphipeasaalkyl, radicats. substittied Withbaminberedlicals.
Preferred aminoalkyl radicals have alkyl radical ' ]
o S M A (R Y R AR RS
atomstcVipreajrafedrbth ArinohHgi fediealyaeey deRBPHhHRISEINGE Hsytiur atom,
have glkyl radicals havieg ong iraheul-tenscarhersiamsrdwesberate ey
are aminoalkyl radicals having lower alkyl radicals having one to eight ol
carbdiVHIGHTIE ERAps e il ﬁﬁaﬁ%dé?mhgﬂﬁéﬁ?;???‘c= *azotyl
aminaeibiybland.thedikes (c.g., 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-

oxadiazolyl, etc.) etc.; unsaturated condensed heterocyclyl group containing 1 to 2

oxygen atoms and | to 3 nitrogen atoms (e.g. benzoxazolyl, benzoxadiazolyl, etc.);



30The term "alkylamino" denotes amino groups which are substituted with
one or two alkyl radicals. Preferred alkylamino radicals have alkyl radicals
having about one to about twenty carbon atoms or, preferably, one to
WwhoHidvgle carbon atoms. More preferred al kylamino radigads;ad6s/os6396
“lower alkylamino" that have alkyl raglicals having one to about ten carbon
atoms. Most preferred are e%glamino radic?ls havin% ¥VO | 102 sulfur atoms
20081157150 ¢ 1 PTEIBBE B KSR AP R AN SBEANTE R G Shetd™
aboutngig b Garibopcatamss, Suitabledpwbisatityl atimidanoby ez, 1,2,4-
mon Sgl‘%)lg%ﬁltﬁq ’\[?\{ﬁm?(ﬁgimé?l ,Olr,g §%§Hﬁ%9i%)wlmml%a%%%nsed
ylami -ethylamin

N-meth 0, nino, NN-dimethylamino, N,N-diethylamino or
the likecHTrResRUsebstRited Rlerd iy aieepiddemeatteresheBrA{Se:

Bygrg_&%ﬂiagiglg? ﬁ@rﬁggh@dia?mt%w@)\aﬂﬁdnrﬂamﬁfsficil of aI splecified |
Su stltuentflncu Ing, but not |i I'[| to; halo, a , dlkenyl, alkyn .
heterocyclyl fHiSIal ﬁfﬂ%‘{"i@éﬂmﬂf igﬁrgﬁﬁtﬂ%‘fy%%? ﬂﬁf(‘)}(éﬂéf}fbgd Xlk?{}‘/ddwﬂls-
arylthimatky fatkyddistony c pikiddutdinylatiy|) lands biferngediodlkalk oxgicals

ary"’ﬁ‘ﬁé}}ﬁ“&#&’%‘%ﬁ%@i% GAReRYl AlkKRMIBASRRS Yhdicas.

|
10ary ocarbonyl, alkoxycarbonyl, aryloxycarbonyl, haloalkyl, amino,
trifluoromethiys, tesanalkuithin " RPERGTNG dE4 iRk I G4 gnched alkyl
RyYlapinQalkyhRmineskyiamin@ahysheatalicanal it ararkemaiomm.

alkoxycarbonylalkyl, aminocarbonylalkyl,.acyl, aralkoxycarbonyl
carb(g};‘i?ﬁ?g %‘Eﬁ%%@%ﬁ?@‘ﬁ%’iﬁ%@ﬁlm ,‘chhﬁagﬁfg%‘?é té’c%?'gry ,ef“}u{ H RO froms
hetekacyslicraihd aliptatioul bitiscundenstoodsthiMdtvesuitrstidudnt| imayddécals

furthel RIS L, R MR ChaIGE Aietas Armdefinedandh
referred to t roug%out can be univalent chemical moieties (e.g,, alkyl, aryl,
etc.) demiulfesteniarsid e lindbiotrsisplsispinadosteratigraradicals of one to

QFCU%{@@%}% deantadhesexakiled i laenabivEQiIe Xt iRtk Ryikthylthio,
moiety can be referred to a monovalent radical (e.g. CH3-CH2-), 200r in
otheF%/H‘é]fgﬁbé{%?WBN%ﬂthyﬁWf&? %&W‘é’n be "alkyl," in which case

those skillettia theatinalibiylinae tatd adhtifeakk totyd-aulditraled tatlaypli calicals
(e.g.,-CH2-Cf12:), which,i ivalen m. " S j
oo A b U e B G S et
being "alkostjte teatky ramions" crabiaessryidikpibattaghof thiqugyga gy gen atom
rteterpsyelicagialkyl” "alkenyl”, 25"alkynyl”, "aliphatic”, or "cycloalkyl”,

those skilled in the art will understand that the herms' al oxz ,,"a‘lgylanyi}ng",
"aryloxy", "dIRGIHTBE, SHTOXSh&le R RARO K o ERBTATE e Ml R HCas G
"alkymybugakiphatiginarciayelodlkytidiefds. to the corresponding divalent
moiety. he terms "halegen: or." 1 as: in S, o

atom selectg(lflﬁ%r% iﬂ%??ﬁ%?%ﬁ%ﬁgﬁr‘éﬁﬁgﬁq‘%ﬁéﬁﬁ%ﬂ%ﬁﬁﬁd%ﬁrﬁg}%ﬁd
hereiradibiesidtvefeabé praino phoil fadigen heaeaiétbraderd e Be RRYWWHS to about
Jhe phEasecRolHRINE JheraRYaNCAIRAISRS HRAMRAEI AosidiReswith
agents that reduce or avoid side effects associated with the co l:)lnatlo?l :
theralif 6t e poslH apegprt/ 11 GoBAOBEADE S the Brecdpgicels having
invengignoingluding: s nablimitedsorifasel agentsndolkekeuhiphés theing lower
reducg (he Ipxlf. GlTect of ANlCANCeL 9%, 8 Ik RANE-(RRURNANAINOIR 4.
cardiopVotechve‘ agents; preve?in'y’{l of reduce the mcidence of hausea and
vomitingnasstieiatedindtthzhensotiediipy, radiotherapy or operation; or

ggduce the ingidgnce,of PipfestiaeRasosiatedwith theiadminiatsatianiatit one
myelosuppressive anticancer drugs. . The term c’angiogenesis,” as

used Hnd ﬁ}lﬁ«élféq%l%lsmf’er%eemsﬁgwk}mwofa%%%weg%%?rﬁéw having about
angiogrenesisis avanttatem praaess, insthitihyeadoth etialcelidvocallyn atoms.
degrade and invade through their pwn hasement membrane, migrat -
hroub BT SHCIo AT L A e e PEn (LML raica
proxitraite the oIy tting:thon etgani 2405 tortilood vesdbidaaing redigglehaving
to newly synthesized



basement membrane (see Folkman et al., Adv. Cancer Res., Vol. 43, pp.
175-203 (1985)). Anti-angiogenic agents interfere with this process.
Examples of agents that interfere with several of these steps include

%qmpﬁﬁgwdin-l , angiostatin, endostatin, interferon alphag@fgys2008/056396
compounds such as matrix metallopsoteinase 15(MMP) inhibitors that

block the actions of enzymes that clear and create paths for newly forming
ploodPVES S T O Bl Bt R bl g A e R s,
that iitstfermovithynbeleoutestiiatistbberloduelmwedisdisd i wed Hedbeallyéasrno,
a parent, Hloed YRS IShAR LAk RIST R SUERIRSRREINOER% Alamino or
inhibitors, that prevent the growth of cells that form new blood vessels;

and protdif-based 20compounds that simultaneously interfere with

several of these:taraalsstituted® REFdRITD (lRnepinsiac e fiseddhareia rpdesgen
to programmed cell death as sign Ied(i)g }h? ngcleli l'n no rsrgglljlé/npljnc_iggglin%ut
hum&H ARG SrtBFRAIFEATE R i E o rstste T L e e
dictates liAtdd o pidsislndudiegyhgekyhitigads detrsopyobdstiof, alkylthio, oxo,
Prootpmn A ARl aAlludaTig Y Rhi6ARGP IR AIRIIRDAIRAL

ISe 0

class o ses or disorders characteriZzed by uncontrolled division

cellsamauiienslsii ofipssepdme iy siargetend; dkrerimperraey

1QrOWER, IRt RRIAEER}I [ SRURHBLEN, IRVASIgBatsoRyMptaliatamingo distant

sites by metastasjs. The term "ﬁégr%%ound" i%%?fioneﬂ&ﬁ%%i{l g&iqclude

pharfAUSTRIBEHY 3040 PiARIE& SARE SO RIES Rttt e polyniorphs,

enantighmaisydigsdteraoisdimbrsiradodratys Akek flaklike wbehpabompounds

having & AU AGELIRHRARKEILING e sARMCESBIBI Ja R ic acid
m e

appliance; usually mechanical or electrical, designed'to perform a L
particul&migeitrulfnvisabonaiens 1idirh harEpadiderarsslis aod aliphatic.
abnopmakcelereni: MEQuBRABL1EA} PG RIISRO0BI0E6396 44  The
term "hyperplasja,” as used herein, refers to,excessive cell division or
growth. lE)Pﬁé"BﬂPéé%’é STHT NS tlé’?ﬁﬁeeg |én§ggtrlfg"r?e' eF%¥8 ea%oeut%%om et
useduounanster therimrhmnityiof @eimining doron), @. o lsingtine meerdeoder
an aniDghy 10,3 NoskivpnaRUIRHAM EDE GEM B AGRSIReSE Ofserum

or gammg g Sbulin containing performed antibodies produced by another
indiviehsale.an iriamaishs pathic drshiranananation radifa Shts i)
*_ﬁd)ecttiqﬁhmm&nﬁmfl@m @nel aeankive M}iﬁ%ﬂéﬁﬂeéaﬁky%dm&h case those
immungtherapy refers to the treatme a diseas therapy or n

that P DA CLUIBET T oS Rl R L) 24, o herons gy =
immuie dR WAqoivaletibodiestémsrlkyiae g simniarglob ylimmstaiheitesich
S0l e@@@fg&&@&%ﬁs@wm Lot Retymancall grawth,

"inhib'tiop "in 5het
éwa ent moig C
may be assessed by delayed appearance of primary or secondary tumors,

slowédrdlevaloprHemthist primany betsessridarieteirmididecrbated kenyl”,
PECURANGE, P PHMARYO1, SECRRUMNKIIMAsSe Slonadandeereasestisaueritihat
of secondary effects 150f diseagpharreste,d‘%ﬂ iﬁégr,pw,th an r?grgs§jpn

of turiSrSTHRBHYEthet Sy IR exteitY co E} Inhilfition, 1§ Fetérred to
hereirhasjptgvaationlior tHathapriEytatipnyl”, “alipiefdinbtivetdetisis, tddsr to
usedtﬂgg%irgé reofe 810 }QS ig{{g\iggn of cancer cells from the original tumor
site throug e ogél angrlymph Vessels to produce cancers 20in other
tissues. MefEstéaivselsotsahecte haleSeMGH Asero gy e ahaky Polkity

#a q{%ﬁmﬂﬁrc, chlorine, bromine and iodine.
As used herein, the term “aberrant proliferation” refers to abnormal cell

growth.
The phrase "adjunctive therapy" encompasses treatment of a subject with

agents that reduce or avoid side effects associated with the combination therapy of



The term "neoplasm,” as used herein, refers to an abnormal mass of
tissue that results from excessive cell division. Neoplasms may be benign
(not cancerous), or malignant (cancerous) and may also be called a

SMRks 128 kerm "neoplasia” is 25the pathological process thet igsubisoid s
tumor formation. As used hereigs the term "pre-cancerous” refers to a

condition that is not malignant, but is likely. to, become malignant if left ..
g P AR e S
phraseliittIRAOie|affedt diSBuBeOETisSeTsiorl rdfars yandise Hldbgprs,
30digorder eharagtep JRRPR! RRTALGHE RERACRC Uit AEOHRT Rt

of thga@ééé%ﬁﬁgepgg%ggia% activity refers to eilther_; (i) HSP90 exp_ressi%én ¢
in cetisaniic NERsaRpIboiY el IARPI OGP AR A&l 99 Sisdpy i dence 0
expragsionleasioade wawanednaalkpialifesation] diffpreniiation amdéoirugs.
growth; or, (iii) decreased HSP90 expression leading to upwanted
reductions hﬁéﬁpﬂroﬂﬁ%%?gﬁflﬁifﬁesﬂe% El‘ijf%ﬁn piv o the formmition Ofblfmd
2008/2:sk5[%1 SPE T8 520086066306 4bnar /ey rovths Ovehigle aydsilitial cells
HSP0 elers 12 & e ARRITCEHON AL IRG, A8R8 GBI, A RARUEHAL through
Hspgocf %ﬁr)f ﬁ%&%ﬁi@?é@%ﬂéﬁ% HtS.P190, activity which can c_orrgfgte Wil':i?lug
a celineestifés hyernairersd ARABE 876 FETBNh BrebiaE R AR fife
1'6V€|r9Ig§la§rJ$ SRWnGIRasR I severilyal Rar:ok MaLvhf thehesized
symptoms of the 5cellular disgrder increases) The plhrase.a "radiQ
therdFSERE™ %‘éi e‘cc)Ll Tj%neeé?%lgc%ognagéenre%%s6%%%3(:1]1&5} 3:203
radiation d)). thertreapivgmioftpevplasidere witthditarractrecliramplss aSagsaly that

herein refers taythe. [ettp af.cANGer afisredeiad ghramissippictaimmay

1tericre with &
be due to iIncomplete removal of cells from the initial 10 cancer and may

occupndesRyiesEg YRb A RRNBAHKIS TR GTIRANY (PRI B Hitial
eanceinesaiklyib:iheabimrk nedesdmk tssug)mandiardtistaly asacrpsbitfor
of metastasis. . The term "treatment” refers t angh%rgog!e%%,vaﬁé{g@,
applieﬁﬁbhf%%}i}??ﬁ HRES RO WS A AT Al inciudihg'a hurian
beingnistiwkititdnmeeicatigidnitusttie diijedtotishprivirg th bridge between
mammals senciion. direelly rncitetl. JOF JelmCYRIERELINANABS.,
agen%spf%at induce the patient’'s Immune system to mount an immune

respameesighiraowd el iipafessinsy blrdmmedsoraberitisbased

ApsociatedAatgensithaastohs usedbereim taecteror teffeciigetamount of
the subject compounds,” with, 20 re%ﬂéect to the subject meth%d

) Of death :
treatment, reRSrSTY AP ARSI HHRE LB & EompBaRE WhiC ?C\?lvhdganth as
delivergehird barhofiddsi ﬁadudnsaélyégmémﬁwimgsaa_b@}d@réwiaeéhaﬂ@e hge or
the rate, of FEl ORI ANANRAle O ATarepratIn ARAPLIEe Hggcrs
survival of acell to clinica y acceptable standards. This amount may
furtheheeliesessofsvnsesaymencethddtimore of the symptoms of a neoplasia

slisorder, inglydipg butR5is Rotimitaditalchh feduationinithasossrlioafers

cancer cells; 2) reduction in tumor size; 3) inhibitign (i.e., slawing to.same
exterﬁ?ﬁ?@f@?&ﬁ‘ﬂpﬁﬂ’bﬁ%@‘jl@F@éﬁ‘é@?cojgf il i%‘ﬁ %ﬁdt gri\%ﬁ?ﬁ%gfﬁ% invade
organgh&)tinhibifiamét oy, dilewiogtolsomedixtent fiprefdrabighstoppirmgddfy
tumot metastasis, AN 9 5ATe e, o tmor growth; o

relieving of reducing to some extent one or more of the symptoms

30associatethwithnis e Bdafred Neatisvmiordeatrmacansceide

%fectc?c@ﬁﬁgﬁ@gggswj&mvﬁ%,qg‘/mm&yﬁéi?ﬂl&f)ﬂﬂ%@ﬂ?&h@@,@&@tereois&ﬁers,
used herein, the term "pharmaceutically acceptahle sglt" refers to those
salts WHEHSF KRS S5 S BR R LA AEAY St o

use in contachsiihectisgses i hwmanspahechleweualhimalhawidebat clectrical,

undu%é&%)é}%&*o perform a particular function.

As used hercin, the term “dysplasia” refers to abnormal cell growth.



WO 2008/115719PCT/US2008/056396 46 irritation, allergic response and
the like, and are commensurate with a reasonable benefit/risk ratio.
Pharmaceutically acceptable salts are well known in the art. For example,

wo Yofa9f et at describes pharmaceutically acceptable sa{ig;irstetakdime
J. Pharmaceutical Sciences, 66: 1-19 (1977). The salts can be prepared

in situ 5during the final isojatior) and rificatior% of the comgoquli,‘pg-%}e
. . 5 10 CHCESS 718100 0t
invention, ﬁgéﬁré?apeﬂg}eﬁg}drbéﬁct?ﬁ&t#gj fee base functon with a Stllltal. le
orgagicvabid or inorganic acid. Examples of pharmaceutically acceptable

nor_]tOXiC aoﬂe%m!ﬂg rﬂr‘?@ﬁﬁﬂﬂ%ﬁ%@a&%iéﬁ%&?t jimited @ﬁ%!{%&if_t@mransfer
amino group formed with inorganic acids such as hydrochloric acid,
hydreisaRmeEIa BROSEMERARIY SultRSERPEORAEAISI ML 4da°6PY
With RrEANIGACITIS Sueh Asbacetienadis analaim atightattarictadid ceittining
acid, succinic acid lactobiopic acid or malonic acid or by using other. .
ot TS 90 B PR oot R AT G ARl B
accepiabiasaitsihdudedbybaie svtvtinntedicopaoipatesralyiratbadoptive
aSCO{R%Sno%ﬁ&%wﬁdQjﬁﬂéﬁ%ﬁﬁﬁﬁmﬂé}%yt}@ﬂ%@@t@l&i%%@éﬁb A lase by

butyrate, camphorate, 15camphorsulfonate, citrate, . ‘
cyclopermparREspie thite nehla Corae cHBHRR SR LMD fanster
fermateofumarate roluceheptoaate; iglyaerephasphatgiogliiconate,
hemisulfate, heptanpate, hexanoate, hydroiodide, .

2-hydroxy-SPEERLROR G o o s S el B R
malatell prelettenmdionsaimsam ém@imﬂfmﬁéamﬁmrﬁéﬁemfé,
nlcm{[}l'{%)ers NG 9&9@%&&@'@#&@&%@&@%@@%@8, REGURLBoccurrence

persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionat
C{careRe S PR SR P e A RORTEE S HSRATATY Chects
undegpnoale, Yalkraiesalisyronththe! ike-Represamiatiyenadiialo ealkalihe
earth metal salts include sodium, lithium, potassium, calcium., magnesium,
and tHEfiRE: Wﬂ%ﬁ@ b%}i})ﬁqg%ie‘ﬁﬁ%g V %Eoc%e%t%%faes hitsnelutle, when
apprep¢iater&smmntoxic ammonium, quaternary ammonium, and amine

cations forned UG, NAIGHONS S ER AN Y ATOHICR G bPKHiale coll

sulfate, phosphate, nitrate, alkyl having from 1 to 6 carbon atoms, = _
sulfofiate Hin@aryidiwoRatEs throh fablondrand hipherisels to produce cancers

spharmagertically acceptabla.RstRrtheafers [a:e stetsswbichiydrolyzedming at a
vivo and include those that break down readily in the human 30body to
leave 8 H&¥Ent compound or a salt thereof. Suitable ester groups _
include, for %ﬂ@é‘@ﬁeﬂéﬁrﬁeﬁﬁ@m@hgﬁh&d@@i@ﬂl@@@ééﬁﬁ%@iUSSUG
a|lph§ﬁ%(% 1%%3?9%1% (%g(!g& agéi?ﬂl@ﬂ}/oﬂlm%ﬂ lsﬁ’lg(m?'ﬁ@ GXanklﬁ@ﬂ@dﬁcemus),

and alkanedioic acids, in which each alkyl or alkenyl moiety ~ .
advantagdEnsly frascssun o than e dagal ska oy @he term “neoplasia™ is
:2908(%%%E&B§JJH§?&%%Q§@&9@ frxangiastebhparticular esters
include, but are n %Iim_,ited to, formates, ac_eta;esfepr? ionant(%bgﬁ%aqtggt
acrylates arftf (‘-Jﬁ’?gl B e T Ph R e PR A CE LI CARY SECeptable
prodrvgksestsedihikein teefecsite thdsmprodiefyswfatedcompounds of

the present fieQiiPn WHER AL WHID e RGARE-BlaguRdk medical
judgment, suitable folr’ use In contact with the tissuées of humans and lower
animals witd knpfuestotSRPOrstaied iissres grdiesgemseicana frlisares o
sOMNeRsAlR Mt &-raasanakiepenefitsish riivirrod steetivadostheir
intended use, as well as the zwitt _rionic_f%%rm Y‘ZQ%E gossib.le, %f Ctgg which
compothdd BIEHEIBrELEATIRUEATISR “B76 Ué'), usedherai means'a
compauidiwhichds cpean HSTble (i) vivo: e dHEEEDBO ke mresins (edgnbip
yArolSIsh(Q AFOMARKAQ IRIARIAN. MAHONS BB 6 prodiiam #1Sroo
known i the art, for exampﬂe, as discussed in Bundgaard, (ed.), Design of
ProdrengssEleeldediRos S)airdeicdat éentad ocIMsabidrIatipnEH A FRBIGHY™
vol. 4, Academic Press (1985); Krogsgaard-Larsen,



et al., (ed). "Design and Application of Prodrugs, Textbook of Drug Design
and 15Development, Chapter 5, 113-191(1991); Bundgaard, et al.,

Journal of Drug Deliver Reviews, 8:1-38(1992); Bundgaard, J. of
woakmacertical Sciences, 77:285 et seq. (1988); Higuchi apdraisitadesisys
Prodrugs as Novel Drug Delivery Systems, American Chemical Society
(1975); and Bernard Testa.& J im Mayer, "Hydrolysis In.D |
Prod‘f’ﬁ@%%ﬁ%‘%\%l&x?@%‘rﬁ %ﬁg?’g?o%é“’ %}{%ttpye}gﬁr%% iﬁéﬁgé}rﬁgl%ggtﬁy john
WileyrendiGonsaiita 208290 or padustied biardime!'phdflidtetitidhilyhich can
acceptable carer pinanded e, NAYERRRYANY 8 SEIMBNIS o ISPERIN as

media, coatings, antibacterial and antifun%al agents, isotonic and "
absofpistedielardSEgainsreatis the METEORPANIEIIR P HRRemEST e

admigigtiatignesiehas &taile pyrogen-free water. Suitable carriers 25are
described in the most recent edition of Remington's Pharm [

Sciences, d Efﬂﬁ%}%&réﬁfgﬁ%@%@% "R atﬁcéﬁfierfg?% ?éﬁcigﬁ%ﬁ%ﬁﬁ%
hereimbicubieredesoPretberachorerhplescptasirch carriers or diluents
include, butggre notimited 10 WalkL SRING HRASESROLIIANS: dRXtATR: o

solution, and 5% human serum albumin. Liposomes and ngn-aqueous . . il
vehidesosi iy ditdsmay bbbl G¥egPieie HO9 B SOSHETomdhg e
and agents.farRhpsRacaidtitalihaciive substancesisws|igiownjnitheicinity
art. Except insofar as any conventional media or agent is ince , iglg It of
With SIS RS BRI TR AL O T Qs Hg A Rt
contemplated. Supplementary active compounds can also be incorporated

nto the composions,. WO, A0RRALS LIOBCTIN 2RO 05RA B era o

used herein, the term "pre-cancerous" refers to a condition thatis not . .
maligha ke BB iRaeIIBIEEIRTE AV HERER RefP Brritréiisg! to meﬁh%“té‘r‘?ﬁ“th
{'subjee! o gjec sehpeseiny alertatonam arindalorétecably theianitpal is a
mammal. Mgre preferably the mal is 3 human. A subject also refers.
to, for 5exa é?%dé’f‘%éf S %@gg? %Ibv%s%}l%tlé%ﬁgcﬁiﬁlgé) %%g%tqffghm%glrgdgr stem
and thentikent an imhecorypousedszghshibdnvenmtionattrslribg selbdifis gApyess
appepu%rag %@&rﬁ{gg% -éggg&ip&@j@ties to enhance selective biological

u

properties. Such modifications are known in the art and may include those,
which incredsestsiblsgidal etamaticiohive angve bivfoyhisfpmemndsy, vith
hood lymphatic SYSRMmaandral Resveys, syriemd).ud finareaseleralbject
availability, increase solubility to allow administration by injection. alter

et BORS D A 1A B SRR o T R B AL g o
can bechemar atelt frampé oe betidifieraiicure docsfueth Ediiarificidtion andiettiegg of
such as col G AbiPIEsIUre iawd ShEamalagraniuy r
recryg?zgﬁllgl‘zl—l&i%ﬁ.%gsﬁcan lgga gr)'[ecg%%ggjg%%%e%killed artisan, 15further e
methsts Bl SHRRESIZIAGIRE 06 HPSYRBIOBF e RSARRE IO Rl ylne, but
eyident{q thess o orpisantiskithimehr@terdddiionalylstizg rdtais in tumor
synthetic steps may be performed in an alternatefsegf.lnge or 59(3?5 10 el
give tHERSIPRIP LB Sunde g NaIE SREHEH TranSformAtioNs and
protemmg-zgr@ummpéhpdﬁkigi@r(prﬁéﬂﬁ@ﬁmd.demmm@mseﬂﬁMh
synthesiing s somprsndadsneied bersindfsinemedindie artand

inclucf)éf,c or example, those such as described in R. Larock,
CompeshshishyecDrgasir TaHerinstBns Ve O abIIsHe A (AOBEIPHPHY.
Greeng.s0s & Gl aWails: Rrotaariver (Houps i Qrgaric hihesig:asd.
Ed., John Wiley and Sons (1991); L. Fieser and M. Fieser, Fieser and
FieseMSRESIEML {3 SPgUIESORMELECTHh WIS and Sons (1994);
and L. Paquettes®icheEincyiciopadiatal Reagenity farcRp@riganit’ Syertesimsc
John Wilex A0 2002 (198, A SHBRRAYRALar R etERlbie ror [0y
compounds described herein contain one or more asymmetric centers
and thostgiveitistiecisnant bhverndiad teras Hunslanihnpamdue toxicity,
stereoisomeric forms that may be defined, in terms of absolute
stereochemistry, as (R)- or (S)-, or as (D)- or 0.4- for amino acids. The
present invention is meant to include all such possible 30isomers, as well
as their racemic and optically pure forms. Optical isomers may be
prepared from their respective optically active precursors by the
procedures

agnetic or



described above, or by resolving the racemic mixtures. The resolution can
be carried out in the presence of a resolving agent, by chromatography or
by repeated crystallization or by some combination of these techniques
M@hq,nsﬁrlg#gown to WO 2008/115719PCT/US2008/05639¢ 461068056396
skilled in the art. Further details regarding resolutions can be found in
Jacques, et al., Enantiomers, Racemates, and Resolutions (John Wile
SondT ST P TR R DB PR D ot
doubjenbfirids; ativer Rinsaturatios)orcothebberier srofagdidmetrign the art. For
asy@%%%e,%ﬂ?ﬂ!é@l%%é %PSFHE%&%QE*}%%W&M&!W%@ thiaLiREin dotail in
ude

compounds’inclu th E and Z geometric isomers and/or cis- and trans-
isombRhariressisiss b terentirid 1oHS e BlsoHiteritdy 1B TAdLYEY.
The gonfiguation abamscabenrtRNA SoubleRPOGdpPEAEIgy baTeN is

selected for convemenceﬁlonly %nd |Fs not inte.gld‘ed to ¢ esi&r;a;tea%\i articular
confii§BREHEN BhRsas e e H S SRt IRD S A AP CaTBER a8 UbI® bond
or cameg_rmirﬂhederﬁmmm_ed(oﬁb]atbmududequtwaﬂbmaﬁwthehemié@ddétm
may ste)i?tscllr‘?clg&n uPlr@ H&Pﬁ%ﬁﬁ%&’i&f‘&ft\é"é}’f "Th A F R)%H'Qi?med with inorganic

Pharmaceutical Compositions The pharmaceutical compositions of the
preseridirvshuohyseaplosi eritidrapebinuayreiterivphianparid grudfuric acd

ePMRRLBE-afithe RRsaRLiIMERIon founuiated ARipgesicmalit acie, eirtaric
more pharmaceutically. acceptable carriers. or excigiqngsi fosr Hs%girtlegﬁiigf
the téﬂ‘ﬂ"%ﬁﬁr?ﬁ%éﬁ?&%ﬁf%@i@%?%‘f@lﬁg?he(r’rorPaexrélﬁlé;n “Means &
non-tauitods estéailicheserni:siolielion timhdnfgtterOt!i«tmehammgtisaNhtMg%tablc
matetial or formuylation Al of anyNeG SRS SxHIRleR plmaterials

which Can Servé as pharmaceutically acceptable carriers are sugars such

as labtoseneghlosts. Jonmarsdirsdecchita e feRaY Bisha- (a),

peta(B)and gBmmaithCyslasaxiing sisshesdasucboas casisiakhfand
potato starch; cellulpse and,its deriv tiv%s sucht as 1sodrié:%rg (S:alglgt%xgp&tl@ L
cellufifg@}eéﬂl'f‘gﬂ"é@’llg‘i’é’g@t Yo iogd B OERARR Sotver b g acahth:

malt;lgelatimialesexcipieisxaucita s ccodibetiehahnostgipositdfynatixes;

oils suchas eanl.oll saltenaeed dlesefliauer alusaaameyaih 25 ofive
oil, corn oil -and soy%ean oll; glycols such as propylene glycol; esters such

as ettytisiecue formicothynphthe eaesinatn miselig sy sifals Rl oxalate,
fHagnesidmdydraxide pedhalerpinum:ny drexideragivitacithopyregesidiae

water; isotonic saline; Ringer's solution; ei\p){l alcohol, nd?phosephgte
buffeP¥BIRGoREPEL e FEE Bih & ok tokt CAhte 8uch as
sodiughlansid sufatenadd magnesiam stelsated ds el 30ascsoitting alkali or
ageng?karl%:llga{%l" n?e%‘ﬁ”s%ﬁts‘%oﬁ%ﬁg %%% S,iiﬁyﬁﬁﬁ,t?m%ilﬂﬁv&ﬁ@%%gmsium,
perfuming agents, preservatives and antioxidants can also be present in

the cemdpbsiilon, Bxetiordihemaekieijudyirsaeiabihe s inrivdtorvigp@ppropriate,
@O8M%§@EMJH§%9WQ%%9%§QOmunI haPhaimRaeaulicfirmed using
compositions of this invention may he admi)réiiterqd ?rall ,§ﬁa epterzillg(é t%)(k 1
inhal AABH SRS St M dre BT eSO bR, ?fg!ﬁﬁ RBFVIR Y Y
implanteidd eseiMois, peaierablyry ordhadministratialfornadministration by
njection. 1N DGR AL O MARRHI ALY S ERHOR MY AR Uers
any conventidnal non-toxic pharmaceutically-acceptable carriers,
adjuvahishdrydeticled: Yirsendenshsiesthine hpt beakelrsrpigrdtiorioigpaan
seliustsdyirh.pharmaseuticaly Aceertable acids: besemrrdbuiiersu include,
enhance the stability of the formulated compound or its ?eliv r .fO(mB Thfz
term FAreriEPAAROGSAErNard T ENIERACS AR RS MR R IR &L 1
intravgn@usaintiamyscrdas; dnitharsicutst] ddiatisaredialk intthsignoidal in which

nrastemal R ieSsh IR SRR AL A Blore than 6 arbomsioms
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injection or infusion techniques. Liquid dosage forms for oral
administration include pharmaceutically acceptable emulsions,
microemulsions, solutions, suspensions, syrups and elixirs. In addition to
WRE.Rfvgg9mpounds, the liquid dosage forms may containpigiissilidRRisss
15commonly used in the art such ag; for example, water or other solvents,
solubilizing agents and emulsifiers such as ethyl alcohol isopropyl .
e A S R R e
propytepierglysdhndy,3tbyhdemecg lyobhtidimettiyiesmamide, oils (in
particular, qottonseed, groundnyh. coKLARTEY, Blike,castak ANAeRamEIo
oils), glyceﬁg?ﬁgh&oﬁ%mﬁﬁyl al)cpoh%ﬁ’ pol%r/}élihy}ligg_nse ZOgI?g:qols and fatty
acid hsteryestaatioitshr, compenndt piShnBiesRt BRsHiEs HRHGe L tHES

gral CIRPISIGNS HaMAISAdREkESsFUUMARISISUGT cBSIVEHIRgIRGRMSSS of

emulsifying and suspending agents, sweetening, flavoring, and perfumi
i BB s e v et
aqudines @nnleaginots suspenssiohs; masfivedorntolatedcficctivdify tecthe
kno"Y&eau;cig‘ésdQ& %,“v'}f%‘f?'% ARG RO ARILWRIUAG AGRRLH AN HSBGRAYds of
agents. The sterile injectable preparation may also'be a sterile injectable
solutibhprssepdmeaiosr eRied&ien: it 8Sﬁ%ﬁﬁé§é%fﬁ%ﬁ’é%ﬁéfﬁﬂ9°§8€éfélé’ﬁlé$
diluegs QEspient forsxasnsias asoluionyinkidibyianed @mpsnang the
acceptable vehicles and solvents that m? be em&lox&df%rex\évnqt?g,as
RingBFEYBItSATPPE B4 PLATHHE LS Y ERSPRE s STuGSA Th
additiyeystatile Hixedois 3@ aBcamveiitiodallysditgioyed 6o a Boilldentadal.
suspendi edium. For thi e an ' i aard- 0
c B o i Latsen

sucheasl oleid a8igstre adetpiieadoprabRiedierof tjBeekiEB g gesign and
iniecigblefprpulationscanine - starilized). Brexamples by, fikativoftbioygh

a bacterial-retaining filter, or by incorporating ilizing agents in the for,
WO SOSTAS BB TSP LR Brlc ] LIS o 03 o
whichegan 58 Jissalviichod Sisietsdo) PrafergeasdiercbDoth érestenijeSystems,
Inject r?l'c‘?»inéﬁfiiil{gm H:QP%&%%SED 5y 10 A HELIQPRONG G SRRl drug.

it is often desirable to slow t a%sorptlon_of the drug from subcutaneous

or intfHisbuiatimeetiomd Frinsive) b todises pHeHEE HRiR gy iad
jmuicgwgn@gn p)fhgryﬁq@yig}gj@roﬁgpgfdmggmynaterial with poor water
solubility. The rate of absprption of the drug the dgrgenq,s. upon éts rate qf de
dissolution, Wi, }?ﬁr?mn,ﬂb?é?ﬁéﬁgﬁad]ﬂﬁ‘g‘i‘f%ﬁg&a gist ésn@ ChyStainne
form aAtennativelyqole)ayedrabsanpiiancof inparentorctiyia dnd pistéred: dngapts,
form is accomplished by dissolving or.s | rukell oil

vehidig, ?H}‘ég{]agbz]esi@té%np%éﬁ?g}#g%%b#aﬁgg‘g@gf%%Igérﬁ%mapsuIe )
matricksTofcheicelinibiouagraskiblaspbiit @posgarge water. Suitable carriers

Polylagtige-payolyerlidesPepshdingoRIR i d@atin Ob iug toupely SieeRed a
the nature of the particular polymer em%loy,ed, the r%[tg% of drgg release

can &bt sHSEE L O HE ST BrE S BraiRb S JITHE Y i RefiEe
poly(pidteesiershane pol@nhydedes i Depsoiinjedtabledenmulativrstarwater,
Loalo pienaied Dy enipeana e il JResamanal Jisioamisions

that afe Compatible with Body tissues. ompositions for rectal or
vaginaipasimicistrdtion-sqecprefesiples suppesiiseibeilymen dsmbsesfe gdfate of
Ry Miing. g comRQuRds P Hikis NG REAR Wilh S Yilahla ROR-INEtakiNGvn in the

excipients or carriers such as cocoa butter, polyethylene ) i
art. Except insofar as any conventional media or agent 15 incompatible with the
active compound, use thereof in the compositions is contemplated. Supplementary

active compounds can also be incorporated into the compositions.



20glycol or a suppository wax which are solid at ambient temperature but
liquid at body temperature and therefore melt in the rectum or vaginal

cavity and release the active compound. Solid dosage forms for oral
‘@g INiiation include capsules, tablets, pills, powders, anchgiapes /08396
such solid dosage forms, the activesgompound is mixed 25with at least

one inert, pharmaceutically acceptable exci jgntforr* ardri(-:'orn L %%%?aﬁos%io m
citrate or dieaHSE I PROsPRAR ARG Ay Filtets 61 extenders such as
starchsisylaetdse slikelyse, ighcoseatmmnitdllcinaisiiéid-acid, b) binders
such as, for example, fRTbOXYMEIMULHWfse AldaAlRS: 36BAbly tne anima

polyvinylpyrrolidinone, Sucrose, and acacia, ¢) humcctants such as
glyceselmayrungintblgratieferalinth S mamas 30 APl al, LRIERIRS refers to, for
carbenalei PR Qidaniaea starghi@gnisagithcasainaieadase dkel
sodium carbonate, e) solution retardi.ng agents such as paraffin. 0 opriate
absorption AEEPETRRIPIERI S P PR B Shiim eSRipotnasT B)
wettingagentisicuocheasyior sekaplbictetiddpoholtandgoardifications are
O o Al A ARRPIRRIRAUENARORIN ARAARYRNIR I REkDh into a

lubricants such as ta , calcium stearate, magnesmm
20088 PidlpRicR ST 665 ATE! 5 e pbATS Y SECHIR L IRTEHE SYREBIs,

gediumlauy-suifatemang, miduresdheiasf i dhecansiateansitedniabiets
and pills, the dosage forrt?f mazgrﬁ SO comIr])rise buffering agents. Solid

compHEiiBHE SIS AR AT FERATSIE6Be employed as fillers in soft 5and
hard-filled gelatimtassutbsugiong dscidxcigientsdidactasecbrmmik wrgad
as well as high-mplecu [ I s, e likBssure liquid
The SfFa R A ?%@ﬁf%%%%s, P e g

can sbrpreyieseaiwit cortiFgliEteBhARSYLRh BBIEHKFIERORRARY Sthirtisan,
gthergoatingswell knowndi-he mbacmaseuticsl dormitainghartiThitybnay

optionally contain 10opacifying agents and can also be,of a compositi n

(hat (ROSPRAIRABEREH RO LR oA P BT RS o L™
part efdhedptestinatitinat dpiinnalyquerads aydsd inagryaehe _Es@mpw@munds-

e”‘b;%fﬁ@&f%@e%g%e“0{9&5‘;&%&%{5&6&#& FhiDGIHIB RObRHISISHRRANAERction

and s. Dosage forms for topical or transdermal administration of a
compodridrostesinm kwebndenmbriddsinremeoprsdecEsd e aonigpown
AL1S, RoNder s, SlUTiRRSiSRIAYS: I i arp atebescdinerattinek,
component is admixed under sterile conditi ith a pharmaceugically
A oA A e

..................

required NDpitig PaiccloivaWation iz dinipS eye sintnerts Jpowkieky andiSons

SOl.utﬁB?%jﬁT 1e%e%qgm%é§eq,%?e?&jggd%gl@@tﬁe%_ eﬁglf (tj?@ nic Synthesis,
20invention. The ointments, pastes, creams and gels may contain, in
additibhtoMaleaeniySasrtd8th dwst khideiedatieh, - ' ggents for
ghimay and veaeiable f%ﬁiWiEy‘éﬁ@d@%@@miﬂ snétanshqtagagants, thercof.

cellulose derivatives, polyethylene glycols, silicones, bentor]ite%,l stirllicic% nters
acid, talc anthSiFRTBRIKLS St SSTHR FRBFIEBIS FaBIL RAN ShIaYS E3h
containd iadditaisdadbraadonpountisef drsinventishsescipientaesudhras that
lactose, [RIcy SIICIE acid. QlUPIBYM IARMIdR GRIIUNRIGHES.AG a (D)- or
polyaftiide powﬂer, or mixtures o these substances. Sprays can ]
additidnafiyr conairctirstEheane i peTritierdaatsa to include all such possible
shlorefliiorahydrogarbens. JsanrdgimalRaichashRvadhegddetdomers may be

advantage of providing controlled 30 delivery of a compound to thg body.
Such RISRHES FORMETE s P B5PUN SO S B SRt TR e
comp@isbebey the proparymadiving Absarpticnmenbancdiisccasv bisonlverused

to increase, the .qu§ of the compound acrass the skin Jﬁgg'}%{;‘ﬁf&nb%epgated

contrSfied %?uéiﬁ%tereﬁjrlg\%{fafr?goaarra%seogén r%%ﬁﬁg em%rane or by dispersing

the cengpelindtinapohymee peathingiogelt these techniques which are known to




WO 2008/115719PCT/US2008/056396 53 For pulmonary delivery, a
therapeutic composition of the invention is formulated and administered to
the patient in solid or liquid particulate form by direct administration e.g.,

wihalatienipgo the respiratory system. Solid or liquid particujgie; {gsasekaos
the active compound prepared for practicing the present 5invention

include artl les. of respir bI ze: that is, particle faS|zes IC ntIy
smalhﬁ'f B iithe efd Iar?m‘l(ill ﬂ%gﬁ? ?a(flrébtl%n anujﬁmto the

bronthiqang elveolimhtenkingtcbmtiteergn Resasidireddhe pengcesons,

paﬂlﬁgk’ﬂvy\% OSRUZSH, ANHRIOHES S HIRIEN I e AHl 8RS LRSS AR other
at.’No. 5,767,068 to VanDevanter et al., U.S. Pat. No. 5,508,269 to

SmithNSREF RN TBIECES e BOTG RYSHISHY: Atbrlttperdicd

incorpaeaiest hereindnasafereaeeloNdistissinndobotianany wetivery Q;f)mers
antibiotjcs is also found.in U. S ?ﬁt No. 6 4969 | 1_q_porat d herein

referBfiar is- 4pd g, ISOMETsy AART A & |veu£1%ngalﬁt 0 acomgoolﬂpdldc
the iantiodeis mhamﬁrgMMnmf@thb@mp@bmdﬂhﬂvdfhmdmarmg herein

thergpeytic, effRet QHVE!%?GH&BJ{?%&é@%@@&@h@e&qwn@%laq;aﬁm{a@k

ratio appllcable to any medical treatment. The therapeutic effect may be

objecovagrationsalasrdbdwy Soistediisp ﬁ?é‘?Rér%‘P%lﬁﬂ@‘&‘ﬁ\}é"ePé’f carbon-

sHbjeckghesRBslicRtiandepiclteals anrigfiestinAn effgative s umtof or a
the com oun described above may range from about 0.1 mg/Kg to about

500 MGG BréR BN #BHTEBSH Yo about 50 mg/Kg. Effective 20doses
will al&mgwmsmyte of administration, as well as the
possibi"tytoﬁ% i %%éﬂﬁ@a?&%ﬁ{p@&%ﬁé oh&wybbe%aﬁmﬁ@mﬁ il

that the to iIly usage of the compounds and compositions of t

presévtringatitioly WilPBE eavioey Wﬁ@’&ﬁé%ﬂfﬁ%%#ﬂ%ﬁﬂqﬁﬁf%mlmd

15530p%@étﬁ&%ﬂﬂﬁﬁ@lﬁ@iﬂggmﬂﬂbc&hﬁ:ageﬁfi@thmmatm@@ﬂ)éﬂﬂﬁeﬁme
dose level for an%/ glartlcu Fﬁ {)atle will de 25u varlet of factors.
it g tf

including the S AEFBLING PSR 4RE (i?}emé‘é\}’erct tfd%h ¥ glgr Fhe
activityeafthespeaoific wornpdidnserpibyed] 1thled§p@:1f1hlwm posingHating

empln}Q‘? 1at1 ﬁg%up?% Xﬂ%‘ﬁ@&%?%‘?g%&eaé%}néﬁ%a @eglﬁtrﬁe{tyﬁ%i% which

patient; the tim mlnlstratlon route of administration, and rate of
exCrafoRaTee REEBIReEoimbO B TARSHRIS Gy THE dUFaticH R higctose, glucose

Sepatment; dpiosyssd-naaeRinatian - 30sRieBPiAR gawsl-Wih the

specific compound employed; and like factors well known in the medical
arts. CYClsatESILAYASNE 3 HREPCHRFRLHMARO BFASIETR R SFHiRASC and 1S
administereceiow humanion ethesanioiaylinetinghe, othyl diVidest doseslioduse

be in amounts, for e le, from 0.01 .t [k [ght

usua ye]tl%?hpav?[c% egéf n%ﬁ%htg radﬁv%%a 11, Qdﬁnge 91'p1et% g}lgdlg cBLdT BlGter apd
2008Aﬁﬁ5$1@@®¢aﬁ@$@d@8i@5@896a5w wibigpitosiergleiticallenmmpiisitetae oil
ﬁ@ay GRVIAIA. SUAh AMRuEISIRLSYRNutplesutherept ﬁm@@mmga@m as

dose. Ig\é?eneral treatment regimens according to the present invention i

comprid algeir et atBh 5 A peteRt A e B SUCH Hes MEREOR BoGur e
10 mentpahnis A08R1mg &k M@memqﬂd@mfrﬂmamm@em&y Ringer's
5single, or mult e The €9 Sl qf the formHIae 91 scrlbe(\
herelhogﬁ}?nfdzrtig&ﬁdﬂ:oﬁ Et%ld Hls’f'tereg By’In ea?dhdﬁmravenofélry}?n Oaic
intraanterpatip} Gshulbdeqrmﬁﬂgch as sodlum lauryl bulfdtc and magnesium stearate, as well
30  as coloring agents, releasing agents, coating agents, sweetening, flavoring and
perfuming agents, prescrvatives and antioxidants can also be present in the

composition, according to the judgment of the formulator.



intraperitoneally, intramuscularly, or subcutaneously; or orally, buccally,
nasally, transmucosally, topically, in an ophthalmic preparation, or by
inhalation, with a 10dosage ranging from about 0.1 to about 500 mg/kg of

Redyeight alternatively dosages between 1 mg and 100G-gg(dessinss3os
every 4 to 120 hours, or according t&the requirements of the particular

drug. The methads horcln qantemelate. administralion. of A e 18ESired

amount of cc B SUHES? é%dm%)én A 1(i,((’)rr'i‘iposﬁlbon {0 achie e desired or

statestaffe phrdnpicdylyhytieh pheemeceyticpicetyn psitlsnsaesithiguccally,

Loinveptiandll e Admitisieidboon ARartb i ARG RibmERARIaY or
| . Such a

alternatively, as a continuous infusion h administration can be used

as a eHPOHfir e ackdniREapy FE AT SLTROTHIRSAB R AP MY
e Cf%ﬂé@iﬂ?%%;%hﬁ&@ﬁﬁﬁ@l&%ﬂﬁﬁ'ﬂ&ﬁ?&ﬁﬁ@ﬁﬁc@nﬁaﬁﬂ'efﬁﬁallid:b gﬁﬁﬁigs;ea@' uvants
single dosage form will vary depen on the host treated and the
parti@l M5 Ee L LR g ’ré]}l?ognﬁéj t@%ig(g aﬁ?@&%ﬁgﬁfwh%%ﬁ%n

from jsibout G4ite | bbaat 968k activebesmpobift(wivenbatter thatisielilitspéhbe

pfep?&ﬂﬁ%ﬁ%&"%‘ﬁa@ﬁﬂiQrfft‘e%ﬂ@&ytr&(?f’/.oﬁ&Mﬁ%my@se&)mﬂnd-

Lower or higher doses than those recited above may be required. Specific
dosabjeladrg SHDAHERR YR GHFHENSP Hin{ P AV S PEYERTSHATF d@B@?{EC"m
HponaNMaraty 25ehiasiers, ineluding thenaatbély, pihthesrparifid corpeniald
employed, the age, body weight, general health status, sex, diet, time of
admitiSEFatRd R 18?@‘%//?3?38 W drug combination, the severity and

course of tHeplisedsegctmdititrr orabydnptoshstiohenshierrthyreispusitidly to

the diseasen condiienorSupRiRMRA-RNd R NIGReRt Gl the AiRalitGixirs. In

physician. 30Upon improvement of a patient's condition, a maintenance
doseasiien Y i Ve SHTPRRIGH @Pgﬁﬁiﬁiﬁiféﬁ%?l TOF RS RO (RS Alents
pAmigistarsdy i nacassany: Subsequentyiiewnsoga kiratu@ncyibilizing
administration, or both, may be reduced, as.a function of the oms, to
i R R L

ndition 1s 1 e symptoms
have diegnailavjatecd;toatbehde biney | dvetoRatisnpy va\g e 1,3-butylene

2008/ }glc%lld?ﬁ%@gﬁ%ﬁg@?&m%élﬂew&y%ﬁa%gwﬁeg%{aﬂm,ewm, germ,

treatr% ntonalo a_SIS upon any recurrence Of Isease
sympbrssesimitnedcameinedy). Bheohipbidodiiiey imrababrobctylene

pharpgesytica racesptabla salbibiharend maybeheaparedtdycant
process known to he applicable to trrig prep%ragié)nv%f] crggmipsallei{t%lated s
compBliaL: 8§ieg Iéoﬁ}g%sété%léssc%rd ARG AR TRt diates infcibde.
for exampigyithosel dhsptnateg agmmauucm@oﬂmmwwmmwmms.
W003/0378%%@&%?3@%@@%3%&%9epuﬁﬁﬁa%@émajmgo{@qa%@aﬁ B BEous

obtained by.s]tan ocedures of organic chemistry. The preparation of
10su@1ﬂﬁB@aﬁtm§>milatfel?i:aﬂ%ﬂ@lﬂfé%@ﬁﬁéﬂ‘gﬁw s & RRIED ATy  table dispersing

pon-ligpiling ExamplesdAlgariNe b HRCCTRARYHIR NG IR RIS Alen may also
obtainable by analogous procedures tq those illgstrated which.are withi

the oRAAAH LK 67 AR ST HEETHERSSH L L L g BB Pl
presentipyeintiomwill bedetter fondenstgechin colanection, dvithtthel fall otving 2
reprepenialiye E’Pé“&*\%E'Pcéé%}ﬂ‘&ﬁ%nqa%&%ﬁ@‘ﬁ&r%}éﬁ&"&%%ﬂ&%mﬁh
the comppuﬁ’dﬁs of the invention may be preépared, which are intended as =
an illustraivontoBIY- and wetoniRiErtivst thlodde pribiothel rifsiiRsh Stgge, fixed oils
srhepe c%nvcntionaliy cmploycd as a solvent or suspending medium. For this purpose
any bland fixed oil can be employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid are used in the preparation of injectables.
The injectable formulations can be sterilized, for example, by filtration

through a bacterial-retaining filter, or by incorporating sterilizing agents in the form



WO 2008/115719PCT/US2008/056396 58 0303 Scheme 4 WO
20081115719PCT/US2008/056396 59 Scheme 5 Scheme 6 R25
EXAMPLES The compounds and processes of the present invention
Wg%,pgqu understood in connection with the following exafpkesesnBishs
are intended as an illustration only and not limiting of the scope of the
invention. Van S chan%es an% dlfle E to.the disclo
1C €

emb%ﬁ?ﬁ‘élﬁ%o IFBETES

can

1850 v ed or disperse m sterile water or
0Se § t%e %)art and suc

Rent

changes atadlmepifiehtionslino pdimgowithout Ilmltatlon those relating to

the chemich SiiuFty 5SS RRURRID ARE I RD BRI R ANIAGe
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absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material
with poor water solubility. The ratc of absorption of the drug then depends upon its
rate of dissolution, which, in turn, may depend upon crystal size and crystalline
form. Alternatively, delayed absorption of a parenterally administered drug form is
accomplished by dissolving or suspending the drug in an oil vehicle. Injectable
depot forms are made by forming microencapsule matrices of the drug in
biodegradable polymers such as polylactide-polyglycolide. Depending upon the
ratio of drug to polymer and the nature of the particular polymer cmployed, the ratc
of drug release can be controlled. Examples of other biodegradable polymers
include poly(orthoesters) and poly(anhydridcs). Depot injectable formulations are
also prepared by entrapping the drug in liposomes or microcmulsions that are
compatible with body tissues.

Compositions for rectal or vaginal administration are preferably
suppositories which can be prepared by mixing the compounds of this invention
with suitable non-irritating excipients or carriers such as cocoa butter, polyethylene
glycol or a suppository wax which are solid at ambient temperature but liquid at
body temperature and therefore melt in the rectum or vaginal cavity and release the
active compound.

Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound is mixed
with at least one inert, pharmaceutically acceptable excipient or carrier such as
sodium citrate or dicalcium phosphate and/or: a) fillers or extenders such as
starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, for
example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone,
sucrose, and acacia, ¢) humectants such as glycerol, d) disintcgrating agents such as
agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates,
and sodium carbonate, ¢} solution retarding agents such as paraffin, f) absorption
accelerators such as quaternary ammonium compounds, g) wetting agents such as,
for cxample, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin

and bentonite clay, and i} lubricants such as talc, calcium stearate, magnesium



WO 2008/115719PCT/US2008/056396 60 the invention may be made
without departing from the spirit of the invention and the scope of the
appended claims. EXAMPLE 1: Preparation of

-(§- enzo[d][1,31dioxo1-5-yithio)-1-(pent4-yny1)-1Hsipidesath ek
%ér?&?r%&g?:ﬁine (Compound 1) 5Step la. Pent-4-yn-1-amine (Compound

0102) To a solution of compound 0101 (6.0 g, 28.14 mmal) in a mixture
sowérﬂ%?aﬁfétﬁp@ﬁ@feﬂ?&ﬁagl%ma %’[Wéiﬁbsia .1“31;2% MM&T&%&%&P‘) - In
hydraziresenimehydeatekd ing, 284 hadnal): B reaction anixttise éfring
refluxed Ior 5 hours and was then cooled and filtered. Water (200 mL) was
addedand the pH was adjusted to 2 with 10 6N HCI. The mixture was
stirred ade§obdelyraprsitineathgienénhione ayeiinds sepkyeéas ffhes in soft
3AUEQUS, IRY SN MRS AR SERCLIGRAME S ARGV AN ARG WIER SR RQIHRS
of methylene chloride. The organjc phase was collected and evaporated
unde‘f’%ﬁ%ﬁh@?@%%”sﬁ%ﬁg @W@E%eﬂﬂéélﬁf%w&wkﬁs a brown oil
(4.4 g) whighsvasidsedgireetly 46 thé:nediagtep, vitholgs foitihemd ghifiodtiomn
LCMS: 84 15[M+11'. Step Ib. 2.4-Dichloro-3-nitropyridine -

01008 PRy BT IO e R e e o R et
mL) snehhdatbd pvemightiatlgorouipHacaibe $59 Oey Sl by apititdted at

1}m TESAW G T 0 HESI WML WA ek iBedHBHEkUihsaturated
NaH OB@%%&?Ecipitate W%.S 20filtered a{jraﬁ dried %\?RI%%Z the tjitle

comPRHRHDIBORY o0y BRI IS Grian B9E) ONRFROIESBRRL 81 7 .47

(d, J gphohatiy, ik k) Baded (6l ahar 5 HxHapltif Gtdpdeéing compositions that can be
2-Chlqr8-.3- iHO'Nf ent-4- nypp ‘rfilgli -4-arbnine (Compound 0110) To

a solﬁ??oﬁng?ucgrﬁ% uﬁgccﬁ%%g.g(g, ilév(ﬁe mmol) in DMF (177 mL) was
added comPotazd B108 (8. ey tdosdgtaninduBusigion G4 samppurrHe
$2CHRN HMRGHIRNVAS SHiFRhAL F0R, IGBIRRT %Hﬁﬁstcgefs,w&&%lutions,

mixture was evaporated to remove DMF and purified by column
chroRRstBABRYBh NS 5E! (EYOALTREOIBGRTL B4 REOBRAR 1 e
compehine it 1S phyalava sty 8 Gapiable 8¥oyict GVl Giiy2uk (A pilksptirhtives

NMR (CDC13) 6 1.89 2H), 2.06.(t, J.=2.7 Hz. 1H), 2.35 2H),. 3.45
(m, FHPRES (oo R g g e Tl
Stepdw2eGhiorseNdoipent-diaprsintsmplised 3xbeigmitibiCenspeneref tis 1)

2P aSQlistign of compound 0110 (8.6 g, 35.88 mmol) in methanol (430

mL) was added water (43 mL), iron powder (20.04 g) and concentrated .
IIC1 solutioR@ NP PO0BINSS FRIPETILEIO0EI0NELES Br itlopra an active
reactigm oty e Wassiiresh pérapimtesipe i urenid b vasutes fangoihen
heated to reflu %:d overrﬁgthj[. The / ixtHr > wa a%’H‘g,ted tTYQtH]I% with 6N,
NaOM 4 lﬁ?{é?éasaﬁ Walhed With Rethanor (50 mey PiHe fitratewas
conceihtrated ancbpitrifieidi by cofutle it ematoddashyrorsiichiqgest.
AFt0Ac/petrpleum, =, gdlhie, ORIAIGAIRS e famnoyat Alhiana ot
yellow solid (5.5 g, 73.1%). LCMS: 210 [M+1]’; IHNMR (DMSO-c16) 6 _
1.75 @Hemiqy, oxomights speh 25 dewigsq walo, Filigic aqidy aduptiim Bgjoxideg qalcium
ZHg Qilidalts dim polykiRidbiph O bt (6 ndietbed dzhbbYuisdic, Ipdyslchiz,
1H). | Step le. _ ‘

- T R R ISR s s o s e
(Compoundled@)rmAl prexturehefctmpddadd Ormtags Eptpvidirgs enimiyd
ﬁ?rb(ﬂglgﬁ?@?g é@ 91211%@&%@9&1 pﬁlﬁ?ﬁ%ﬁ%@?’&ﬁ%@ﬁ lgé 4 l%%d%solving

mmol) in ethanol (22 mL) and watér (3.3 mL) was heated to refluxe
overigHEPTREnEIREFERAIESBIEE BEORSH bR e R Be ™ 8150

mL) wasaddescldag mixiure was asitisieaitecpisvivdiniacatie agicbante
controlled by either providing a rate controlling membrane or by dispersing the

compound in a polymer matrix or gel.



15then extracted with methylene chloride (100 mLx2). The organic phase
was concentrated at reduced pressure and purified by column
chromatography on silica gel (EtOAc/petroleum at 5:1) to obtain the title
%%WBllZ as a light yellow solid (3.9 g, 89%): LCMS p2%2:EMsddzs396
DMSO-d6) 6 1.91 (m, 2H332 26 (m, 1H), 2.83 (t, J = 2.7 Hz,
2H), 4.28 (t, J = 7.5 Hz, 2H)753£L = 5.1 Hz, 1H), 208h15dJ 5.4
Hz, 1H), 131~r6r4p@m?pf)ry H(ffy’ at erapeutlc composmon of the invéntion 18

4- Anﬂ@n@tﬂa(@emdded&ﬂyﬁér&’cﬂlmtdamté;ﬁm] pylittliméi@(@Huthioke form by
(Conc]Pre(l:Jr 011 % omIXturirelha %%5] t?%%gg gn;g rﬁgérg %nglglqnﬁlld

sodium amlcrﬂan(é mmo nia was charged in
an anarne:eLe@ar@mmemgtwwemm%mmr@@m&%cmﬁmﬁéms

Qpengekafia! ﬁ“lQRJ@éjptﬂtlégsgf@%ﬁibm&vﬁﬁt@qﬁ%%ﬁfﬂu&élﬂé &@HTUi&ﬁi@'
the reaction until no gas generated. 200 mL of water was added hi and
adjustetlinepshitire s %ﬁ@Wﬁﬁ%@%&W&ﬁﬂ?ﬂf@W% H%E}@cf rhxro v

portigRssdf snethylepe chibvige oT hewoibinddrasgeaiic pfh‘aselaMaaerosohzed
R oX SoLRaB stertography

concen ated at educed res atng ourif
on sﬁ'ca 1g°é eﬂéﬂ l¢ e/rﬂetﬁ =50:1) to obtain the title

comb@uﬂd\@mfss <asr/a @réyi’@@lﬂﬂo(@@ﬁ@%@%}%m o QOB ARIRAR by
PMSfs @@r&ﬂy% (PwAtdh RARSPHoRDd RBGHS :L'Hr\:ré}@e@ (ts JiscdsBidd

2H)612$2H 675§d\] 54Hz,IH) 774%é 4H614I9691250

(s, IHPINgEsolErPRsTITBRiTHoSo A8 0888562 Sk

S- Br%&;ﬁﬁ&d@ba&ﬂa@][&t&ﬁm{olc (Compound 0107- 1) A solution of

compound 106, anh ro ril L ion s
TFA (11.4 ggy d% Sd%ﬁacrﬁﬁgp(%ﬁ“} Bl g J’i‘r‘v‘ﬁ? ‘i‘?ﬁﬁ“’
roonmmrperamfcnfzm loMheusd |Wémma@f¢éqﬁéwap@mrerffé%ﬁ%€he treated

Rressireans the.R6HHee pudfied pyraalummee rzaaatggmmeamtgel
(petroleum} to yield the title compound 0107-1 as a Whrtebiezb, ﬂ)egﬁ or
®

91%): 11-1 NRIRIMSOCHBS ERY IO YT A 6-(Lotyy2
Stepljrbhrker) or subjective (i.¢., subject gives an mdwatlon of or feels an effect). An
2- (6 mobenzo dioxol-5-ylthio ent- ]
py rd? tér%ra X %](rgr%t%iucr?g%)% Jmlx}t%rde(% com oungegi% ?é%[f(})fn
0.65 mfiad){c5Bnorhidn eagddin esfeolel) froje idxolel (@@h@pbmwm)ﬁfe@twe

5@33 &mgzw!u%m%ceg%ﬂgrer@@urw@aﬁqﬁ%@t&mg £.960 mm@r)@@mmy
mg, 0.065 mmal) and NaOt-Bu (124.0 mg, 1.29 mmolg in anh

DMFO(@W_%%“%%%F&EF?& v escndraand tRvehithag s R
atmoﬁ%@'atﬁb@mfmwd@mﬂ‘gﬁ@MEHdwﬁata@nmlandvthéel&mded

crud rified by column chro ra Q srlr =
100/ @%ﬁaﬂﬁlﬁ%’r 1ccl'El)I}nmoun@sﬂi ag; an’ grgtrlrn e soll d%i{d%&mgwg%%
m.p. §ROHBOIEEECKSY 4ﬁgcwe1qfsq\mﬂ (@M@@aa@u@m&e(mwrémepcnd
225 19 é 3 ZEH) r?e@?bftfaétorazrécm&m%mc Ridnddr gemz #ehigd )l ggvéﬁty of the

2H), 6.38 (s, 21-1), 6.71 (s 1H), 6.83 (d, J = 60Hzl , 7.35 (s, 1H),

7.72 (1@034315@0 H%“QHP@@%R‘?&P@P’E@‘?OW%B%?W © specific Compoqmon
23f6 %h{gfmnﬂﬁr%@W@@&yﬁ@ﬁ&ﬁﬂhiﬁmt&yﬁ%ﬁ){gﬂﬂﬂ’ﬂdﬂmﬁéhﬁ-thﬁl)yme
ridin-4 ine (Campou a..5-Chloro-6-ipdobenz i e
(om0 S OA BT BRI 18S (o5 S g o) e SO
acetmmpemmmpyfﬁmwa@l@) @ﬁwqwn@trecetgd@gsmmlno [jourERsngtipar
£ roq rﬁg%%mé%a Qi SPREEONGIHNAS JSPIONEE AR HGbrs well
vacuum a e cru roduct was purified by column chromatography on
S|I|ca1@j@l\*('p)étr@%@ﬁ‘ii)‘%f§ﬁébld the title compound 0107 as a white solid

(3.27 g, 90. fr‘f?{e)foltEi NMRIERN SR dEnE6uh0s (5F BlAhvERDi addldicted5o a
(s, 1H). 30Step 1 di d b ounts, for exam
2-(6- &W%B‘é?rﬂi’g[c?ﬂmjd?o&o% %Oyffh ) lieflpeoﬁ ’Sélc%yif P Qa0 AT ple,

from 0.01 to 50 mg/kg body weight or more usually from 0.1 to 25 mg/kg body



c]pyridin-4-amine (Compound 2) A mixture of compound 0113 (100 mg,
0.43 mmol), 5-Chloro-6- iodobenzo[d][1,3]dioxole (Compound 0107) (364
mg, 1.29 mmol), neocuproinc hydrate (9 mg, 0.043 mmol), Cul (8 mg,
\280‘}?58551{?;]@ and NaO-t-Bu (83 mg, 0.86 WO PCT/US2008/056396
6§/115719PCT/USZOO8/056396 £3 mmol) in anhydrous DMF (4.6 mL)
was stirred for 24 h at 110 C _Soil bath) under qitrg%en atposprl])ere[t.Tpe
solv&ffighas Tasle Jatf GRHBPTINS/REY SRR 1SR Trode bk med by
columprsbrenalogiapinydaiysikca del(@HAC T vetHeginO6/1)de Ghgdinthe
the title compound 1 as a.li ¢ I i %) ;
TR GRS DR SIS A S ey,
J = Xudrhizhont 26 ag 2000t Y0902y, & thy cempoynd(Fp{ iy cpting perday,
6.82 4l Hr ThiniSol b#es? 25 (S, 1H), 7.71 (d, 1H, J = 5.7 Hz).
EXAMPLE 3: Preparation of 2- 6-ioolob nzo_'de] . el o
[1,31dioxo ]I%‘WTWS?&%S@HE }p%u ae Scscnlb d herein can, for example, be
yny1)dhihistietazol4nfeaipyridiradeamshe {Toantzoatipl 3)t8tepBk.
5,6-Dhodobenzo[d][1,3]dioxo - or | nasally,
comB L DA O e N L or SRy gl
and N#Ss(u0%¢vl B0RHHiyn bl poerRhERiBl RTTBRIYRrADRY ARG H! 2
[bhe gplventwas sempvrHIdeigh.Y sevwEanet i Fudghpradueitively
purified by 15column chromatography on silica %ell(%)éﬁroleum) to(g[grlld)éh%he
Ll COMBELPRIED? A4 LB CLA 66 %) T PRIt (SLCoA e
6 6.0R(sirdint7 cfahspatich)aSteg 3bhe methods hercin contemplate adminisiration
2-(6-lgdobenzo[d][1, 3]clioxol-5-ylthio)-1- -4 sdHsimid
cipyr? in- -?g?rﬁ%g %Egrﬁ%)%)ffj%o gé 1,{\;h?n)f)I’;I%:ngr[;g%o% 33@%%&%%3%%% r?%e
0.86 dasitel) 0556Vt oBErigd|H thepbisRere Y CEhTeBmea &rs Pf this3
199, 1o MIRQNIMEQRHBAIRE DYHAEEL8 MY RbaBE MG Guit 416 mg,
0.086 mmol) and NaO-t-Bu (83 mg, 0.86 mm%%{.in anhg/drou% DI\/(I3|(:i g.?ar%lﬁ)onic
was SHFFBEREL A4 LOTHRIeIF AR DR IR ShHosPhars. 4
solvestavas fiemeyed danhight vadutimzemadttihéherude prciiebited with
colump chromatography on silica gel (CH2C12/MeOQH '
e R SO SO e s W ot oy e A R Ry
[M+1§epdidinNMBoiDIM S04 trsytel BB timpatipuler 2ep o adyninigeation 4 typical
2702'4 ?@aré‘h%ﬁ \Qﬂ%nt]aiz-?rdﬁ?)tb@u@@%ﬁbo%&u@@%(&t%}oﬁlﬁﬂlﬁﬂ &),
6.82 (d, 1H, J = 6.0 Hz), 7.48 (s, 1H), 7.72 (d, 1H, J ='z%Z Hz) 30t Q0% active
EXANBEES i SR DPPRTAISRNIEH S 6 Rl SBARLAI P SRSl B 2
ylthiodolrppemd-4-ynyl)-1H-imidazo[4,5-eipyridin-4-amine (Compound 3)

Step 3a'. 2-Chloro-N-(4-methoxybenzy1)-3-ni ridin- ' -
(Compoun yﬁi?r%%\ef(%éﬁ%ﬁl%%éIrg;cfﬁéggggéd]ol{gd .3[&?%5;&?%1&8])%@0
solutidwsagecomhpetinur0 1a9ieny for ReynABER P W WNIEeP8nd KO faarety
added(d-methaxyphend methansraingdQifd sonpdf MMPI A the age, body

triethylamine (0.644 mL). The solution was stirred at room tgmpgrature ford
2 h. THESHbaEerHAs DSt aetr 1 J IS FERSARTS BRI PHE Y A G AR e
was pufifisghyncelysanddieh rmmatograghicatissilieacget {Et0Acipetrolesthat

10:1) to_.obtain. the title compound 0201 as a yellow solid %0); o

LM TR IR SIS B e 3 g 4 e i or e

6.3 Hapabu@pislsitian.J = 5.7 Hz), 6.91 (d, 2H, J = 9.0 Hz), 7.25 (d, 2H, J =

204 Hz), 7-9%t§9n et idEd Bl dbhahiom  dimlichOnSteRs3f a
-Chloro-N4-(4-methoxybenzyppyridine-3,4-diamine (Compound OZ(PﬁZ{)_ ¢

To 2 AN SORBOLAR OIS O A G R EHRAAOMBE HiE

and watekd6:f minswasnagond iandgarder@:bl d [ahBisamal) andoth, may be

fgrggeég %%egd%'rc %ﬂ'ﬁéﬂ%ﬁ%ﬁ%@ She mittire was SUrad a6 condition is

[

t
Btreiux overnight. The mlxtﬁre was
adjusteditedidhii thithy 6iRtdiaOlevabdefiltladated to the desired level. Patients may,



15 The precipitate was washed with methanol (10 mL). The combined
filtrate and wash solution was concentrated and purified by column
chromatography on silica gel (EtOAcipetrolcum at 2:1) to obtain the title
0202 as a light green solid (712 mg, 60%): LCM&:g 6% 008/056396
M+1171; 1H NMR (DMSO-d6) 63.734s, 3H), 4.31 (d, 2H, J = 5.7 Hz), 4.81
(s, 2H), 6.33 (m, 2H), 6.90 (d, 2H, J = 8.7 Hz), 7.26 (d, 2H, J = 209.0 Hz),. .
73 4@3“9?’ Jegiarg 1Pf§5”§f xg ggd_iment on a loni-term dadis upon any recurrence o
4-Chigrast-{dniprethaxybenzy1)-1H-imidazo[4,5-c]pyridine-2(3H)-thione
(Co oungd %Qt% mixture of 0202 (2 g, 7.6 mmol), carbon disulfide
(2.88T, 3T~ , Potassium hydroxide (2.12 g, 37.9 mmol) in ethanol
(11.5 mL) aFe aeatepnds phtheinvapionaa R A RAERLGLRIgHP IR Rt
GLOO¢mboas, addedaiten thamixitestrsoaln ed ipptiost devhdprepamion
temperature. The mixture was adjyste F')cleH 7 wit ar%e&zlf(ilcnagégtggd then
extrattelFin e R GRS t@‘ HEdIOTaE S The Brganic layer was
collegiteshaxitheoncenitatodatngdecbospitssureddnl &lepahlicasiviueumhich
was Quifi i | ' | i
50 B A L e e iy o
LCMS28b6 fhrined hnariepsocdie)ses S8auc shame iy (e apparin @l
BH, LB ofabtt) hedGiEm i ShbhcARd (Eiliind FebothpdayidSndd-kismiiky). WO
2008/115719PCT/US2008/056396 65 Ste %d Is are abtain: analogous
4-An’ﬁﬁ6‘1¥’-l(3ﬁ'-ﬁgi’ﬁ%ﬁ%éyn%ff)g-sfﬁ-bﬁﬁra%%gﬁl%‘-%lsp%/ﬁé’lne-%ﬁ]f-}{hlon
(ConppettdrE2@4hoscAl lmixsurd wiioR08: (ityjBiRsommat) dnld sodihiemist.
amide (30 f{ ol AU armoRMASKRARALIN Bolidree

sealed tube.hlehe Ixture was then stirred 5 at room temperature for 30 h.
The mistuveedds evvledios with thafd endreimeiraL bpanatichtrshungi

addegcarafully In48ERInstRIRE NRASSIAPUAL BOIgas gRrefaiag birtpared,
(200 mL) was added and the mixture g\{as a r4’lus}ed_ to %I{_}l % with ac<;ttié:e
u

acid. "THE S RIRRASH RS WALHHEHOE 28 S BIIA LS Broa T WhRTCH Was
purifiegdyieplumn chromatography on silica gel (methylene
chloride/methanol at 1050:1) to obtain the title compound 0204 as a white
solid (718 mg, 77%): LCMS: 287 [Mj'; IHNMR (DMSO-d5) 63.68 (s, 3H),
5.31 (s, 2H), 6.06 (s, 2H), 6.59 (d, 1H, J = 6.3 Hz), 6.85 (d, 2H, J =9.0
Hz), 7.33 (d, 2H, J = 8.4 Hz), 7.64 (d, 1H, J = 5.7 Hz), 12.53 (s, IH).

Step 3e'
2-(6-lodobenzo[d][1,31diox01-5-ylthio)-1-(4-methoxybenzyl)-1H15imidazo[
4,5-c]pyridin-4-amine (Compound 0205-3) A mixture of 0204 (725 mg,
2.53 mmol), 5,6-Diiodobenzol[d][1,3]dioxole (0107) (1.89 g, 5.06 mmol),
neocuproine hydrate (53 mg, 0.253 mmol), Cul (48 mg, 0.253 mmol) and
NaOt-Bu (365 mg, 3.80 mmol) in anhydrous DMF (32 mL) was stirred for
24 h at 110C (oil bath) under nitrogen atmosphere. The solvent was 20
removed under high vacuum and the crude purified by column
chromatography on silica gel (CH2C12/MeOH at 100/1) to obtain the title
compound 0205-3 as a brown solid (734 mg, 55%): LCMS: 533 [M+1]E;
'FI NMR (DMSO-d5) 63.69 (s, 3H), 5.35 (s, 2H), 6.01 (s, 2H), 6.47 (s, 1H),
6.80 (d, 2H, J = 9.0 Hz), 7.06 (d, 2H, J = 8.7 Hz), 7.41 (s, 1H). 25Step 31".
2-(6-lodobenzo[d][1,3]dioxol-5-ylthio)-1H-imidazo[4,5-c]pyridin-4-amine
(Compound 0206-3) A solution of compound 0205-3 (730 mg, 1.37
mmol) in TFA (4.8 mL) was stirred for 2 h at 80 C. The TFA was then
evaporated and the resulting oil was adjusted to pH 7 with saturated
NaHCO3. The resulting precipitate was collected by 30filtration and
further purified by column chromatography on silica gel (CH2C12/MeOH at
30/1) to give the title compound 0206-3 as a yellow solid (526 mg, 93%):
LCMS: 413 [M+1]’; 31-1NMR (DMSO-do) 66.09 (s, 2H), 6.73 (m, 3F1),
7.03 (s, I H), 7.52(m, 2H), 12.45 (s, 1H). WO
2008/115719PCT/US2008/056396 66 Step 3g'.
2-(6-lodobenzo[d][1,31diox01-5-ylthio)-1-(pent-4-yny1)-1H-imidazo[4,5-
e]pyridin-4-amine (Compound 3)



A mixture of 0206-3 (1 g, 2.426 mmol), 5-chloropent-1-yne (373 mg, 3.639
mmol) and Cs2CO3 (1.34 g, 4.124 mmol) in DMF (35 mL) was stirred at
85C for 4 5 h. DMF was evaporated under vacuum, and the residue was
&Hriﬁ&%;?gl%olumn chromatography on silica gel (methyleng &g /s6396
methanol at 100:1) to yield the title gpmpound 3 as a white solid (564 mg,
49%): m. p. 142 - 145 C. 479 [M+11+;5l(\:gMnl3 (DMSO-d6) 8 1.81 (m, 2H),
2.20 (m, 2H), 2.85 (t, | H, J = 2.7 Hz), 4.3 (t, 2H, J = 7.2 Hz), 6.05 (s,

2H), 6.36ts, 2H), 6.68 (s, 1K), 6.81 (d, 1H, J = 6.0 Hz), 7.48 10(s, 1 ,
7.72 (d, YH, Ji= 5.7 Hz) EXAMPEE-4Piéparatio . X ©
Aim yridin-4-

2-(6-iodobenzold][1,3]dioxo1-5-yithia)d-pentyl1H-imidazo[4,5-e]p
amine (Compound 4) A mixture of compound 0206 {200 mg, 0.485 mii¥l),
1-bromopentane (110 15 mg, 0.728 mmol) and Cs2CO3 (268 mg, 0.825

mmol) in DMF (7 mL) was stirred at 85 C for 2 h{QMF was evapora

under v nd ang,the res‘igg@aé purifieQ@g mn_chmmam@tq/ on
silica gelMethylengochloritle }ethanol at :1) to yield the titII
compouhgl4 as a white solid (4Q mg, 17%): m.ops 155 - 160 C. LCM&:483

[M+11+; 111 NMR (DMSO-do) 6 0.783 (t, 3H, J = 6.6 Hz), 1.22 (m, 4H),
201.58 (m, 2H), 4.15 (t, 2H, J = 7.2 Hz), 6.04 (s, 2H), 6.39 (s, 2H), 6.66 (s,

1H), 6.79 (d, 1H;J = 5.7 Hz), 7.49 (s, .71 (d, 1H e 6.0 Hz).
EXAMPLES: o p%‘fl’:'éciion m‘%@déd%mb%r%%qdioxm-a-
yithio)-1-(pént-4-yny1)-1H-imi azo[4,5-:"(¥T'p§:3'\/”r(|3 |Ir“1-4-ami'r31g4_(3Compound 7)
25Step 5a. 67-Diiodo-2,3-dihY/dfbbenzo[b][1,4]dioxine (Compound
0107-7)  To a solution of compound 0106 (R =H, n=1) (2 g, 14.7
mmol) in a'étonitrilgogﬁo ml) WAS addesNIS4392 g, 44,1, mmol) followed
by CF3C 13.35--29-4 ;@Q. The-mixture-wad stlred at reer—=
temperaturé o¥érnight. The reggfjon mixture was concenkﬁt\iiand
purified by ¥&lumn chromatography on silica gel (Petttteu 3Qether) to
provide the title compound 0107-7 as a white solid (0.7 g, 12%): 1H NMR

(DMSO-d§) 64.21 (s, 4H), 7.34 (3, 2H). Step 5b. " v
2-(7-lod 2: -dihydrotﬁﬁﬁ?&b][@@;@n-&ﬂ%NHs N : Ses
0)-1-(pentZ-yliy1)-1Himidazo[4; yridin-4-amine (Compoeund 7) WO
2008/115%49PCI/US2008/056396 6Mxture of compoundiQ113 (150
mg, 0.65 mmol), 6, 7-Diiodo-2,3- Gifydrobanzo[b] [I ,4]clioxine (0107-7)
(Compound 0107) (500 mg, 1.29 mmol), NaOt-Bu (93 mg, 0.97 mmol),
neocuproine hydrate (13 mg, 0.065 [) and Cul (12 mg, 0.065 mmol)
in dry DME*(6"THIFRAS stirri&;ﬁsemight. The 5 mixture was

concentrateed.and pusified §jrs yedlumn chromatography on silica gel
(CH2C12/Me0H=100/1) an Follbwed by prep-HPLC to give the title
compound 7 as a white solid (4%4%): m.p. 110-118 C IHNMR
(DMSO-do) 6 1.88 (m, 2H), 2.25 (m, 2H), 2.85 (t, J = 2.9 Hz, 1H), 4.24 (m,
4H), 4.36 (t, J = 6.9 Hz, 2H), 6.92 (s, 1H), 7.29 (d, J = 7.5 Hz, 1H), 7.44 (s,
1H), 7.76 (d, J = 6.6 Hz, 1H), 8.47 (s, 21-1), 1013.01 (s, 1H). EXAMPLE
6: Preparation of 2-(2,3-dihydrobenzofuran-5-ylthio)-1-(pent-4-
yny1)-111-imidazol4,5-c]pyridin-4-amine (Compound 9)  Step 6a.
4-Amino-1-(4-methoxybenzy1)-1H-imidazo[4,5-c]pyridine-2(3H)-1hlone
15(Compound 0205-9) A mixture of compound 0204 (1.0 g, 3.5 mmol),
5-iodo-2,3-dihydrobenzofuran (0.86 g, 3.5 mmol), neocuproine hydrate
(73 mg, 0.35 mmol), Cul (67 mg, 0.35 mmol) and NaOt-Bu (403 mg, 4.2
mmol) in anhydrous DMF (20 mL) was stirred for 24 h at 110 C (oil bath)
under nitrogen atmosphere. The solvent was removed under



20 high vacuum and the crude was purified by column chromatography on
silica gel (CH2C12/MeOH=50/1) to give the title compound 0205-9 as a
yellow solid (0.38 g, 27%): LCMS: 405 [M+1 Step 6b.
%dg&}sp'pﬁgrobenzofuran -5-ylthio)-1H-imidazo[4,5-c]pyridipdraRie/ 056396
Compound 0206-9) 25A mixture osgompound 0205-9 (370 mg, 0.915
mmol) and trifluoroacetic acid (10 mL) w, shstlrreéj at refluxing for 5 h. The
solvent was removed and the residue was suspended in saturated
aqueous NaHCO3 solution. The resulting solid was Follected and dried tof'

give thec:ltle > compoynd 0206:Q aga yellysolid (2 81%),KINCMSN N

S

285 [MFIJL. 30Step-6e— | _ PN
2-(2,3-Diffyafobenzofuran-5-yithio}l-(pent-4-yny1)-1H:irmigazo[4,5- 005 VB
c]pyridineigeamine (CompouncP%?) A mixture of compound 0206-9 (204

mg, 0.72 mmol), Cs2C0O3 (469 mg, 1.44 mmol), 5-chloropent- 1 -yne (111

mg, 1.08 mol) and anhydrous DMF (5 mL) was stirred for 2 h at 80 C. The
solvent was removeg, under high vacuum and the crude W

2008/1,;]27@71@PCT§}?D8/OS&§g§n§§,pu;m§,d by §6iu atographyOOH
on SI| undQasa—
pale yellow solid (4T md\, 1696 m-p. 15l 157 C, * 351 [M+1]".

11-INMR (D1V1S09868 1.70) (m, 2H), 2.17 (m. 2H), 2089 (1, J = 2.7 Hz,
1H), 3.14 (t, J = 8.7 Hz, 2H), 4.22 (t, J = 7.5 Hz, 2H)"#52 (1, J = 8.7 Hz,
2H), 6.31 5(s, 214), 6.77 (M, 2H), 7.20 (dd, J1 = 1.8 Hz, J2 = 8.1 Hz, 1H),
7.33 (s, 1H), 7.65(d,+J = 4,2 Hz, 1H). EXAMPLE 7: Pr tion of

2-(benzofuraf= i0)-1- (pentPﬁl,E’le) 1H|m| afzoh[ﬁ ridin-4-amine

(Comégd‘(gl_o Step 73, V4

2-(Be 5-ylthio)-1- ?4 met iy%enzyl *¥H-hnidazo[4,5-c]pyridin-4-

amine (Comp%g\d 0205-10) A mixture of compound 0204 (1.0 g, 3.5

mmol), 5-iodobenzofuran (1.2 g, 4.92 mmog neocuproinc hydrate (73 mg,

0.35 mmol), Cul (67 mg, 0.35 mmol) and N§BEBE 403 mg, 4.2 mmol) in

anhydrous DMF (20 mL) was stirred for 24 h at 15110 C (0|I ba der

nitrogen atmosp ege-~*The solvent was removed under |(jh va and

the crudg’ purt "ﬁcolumn chfomatograpluy, musilic g8 >_ H,NNH,

(CH2@1 e/Obg 50/1)&0 B the-title compotnd*020 yellow —

solid (O: 31%): LCM 103, [M+Els,  Step 7b. 2-(BenZ ranb5 yl

h 0)-1H-im d z0[4,5- c]pyrldln -4%amine (Compound 200206-},
orﬁ

mixture of compound 0205-10%430 mg, 1.07 mmol) and triflu tic
acid (10 mL) was stirred under reflux for 5 h. The solvent was r ed
and the residue was suspended in saturated agueous NaHCO3selution.
The resulting solid was collected and drigg to gi é title compound
0206-10 as a yellow soIidRCZ?t? mg, 258 L 283 [M+1]'. Step 7c.
2-(Benzofuran-5-ylthio)-1-(pent-4-yny1)-1H-imidazo[4,5-c]pyridin-4- amine
(Compgnd 10 A mi eBpfcpompound 10 (270 mg, 0.96
mmol% 52@0 3 mg, 1.91 mmol), 5- chIorop t-l-yne (147 mg, 1.44
mol) nd nBydrous DMF (10 mL) 30 was stﬁ’r‘ﬂ for2 h at 80 C. The
solvent Waé‘I moved under high vacuum and th€ crude purified by

column chromatpgraphy qn siliescgel (CF12C12/Me0H=100/1) to give the
titte compoypgd 10 as a pr solid {21 g @‘ LCMS: 349 [M+1].
IF1 NM R (DMSO-d66 1.73 (m, 2114), @fc ,2.87)(t, J=2.4Hz, |
El), 4.25 (t, J = 7.5 Hz, 214), 6.32 (s, 2H) .W%L(d, J=5.7 Hz, 114), 6.96
(d,J=15Hz 1H), 7.35 oo

‘.<

Iz



WO 20081115719PCT/US2008/056396 69 (dd, .11 = 1.8 Hz, J2 = 8.7 Hz,
1H). 7.61 (d, J=8.7 Hz, 1H), 7.69 (d, J = 5.4 Hz, IH), 7.74 (d, J = 1.8 Hz,
1H), 8.04 (d, J=1.8 Hz, 1H). EXAMPLE 8: Preparation of
@6%0%ﬁq;9}9/phenylthlo) 1-(pent-4-yny1)-1115imidazo[4,5-cHexrichibedkasnive
e (Compound 11) A mixture of ceggipound 0113 (300 mg, 1.29 mmol),
1-iodo-3-methoxybenzene (0103) (907 mg, 3.87 mmol), ncocuproine
hydrate (27 mg, O 129 mmol), Cul (25 mg, 0.129 mmol) and N@t- Bl;k

mg, 2.584Hnmg thydrous DMF (12 mL) was stirred for 2¢ ﬂle
(oilb er njFegen atmaosph The soI\Fé;h?QR/a[t)yFlO re oy d
high viacu m Ymd the cride burl ied by Eolumn chromato chromatograp |I C

gel (CHZC1/MeOH = 100/1) to obtain crude compound which was
purified by preparative HPLC to §¥é the title product 11 as a white sohoﬁ' boc
(190 mg, 43.5%): m.p. 139.2-440.6 C, LCMS: 339 [M+1]+; 1H NMR®®
(DMS0-(15) 6 1.74 (m, 2H), 2. My 2H), 2.85 (t, J = 2.7 Hz, 1H), 3.72 (s,
3H),4.24 (t,J=7.5 22H)’$ ‘ﬁ" , 2H), 6.85 15(m, 4H), 7.27 (t, J=7.8
Hz ,1H), 7' 79 (d,J = _EXAMPLE 9: Preparation of
2-(2-iodo-5-methox hio)-1-(Pent-4-Yny1l)-
1H-imidazo[4,5-e]pyridin- 435{111%15 (Compound 12) Step 9a.
1,2-Diiodo-4-methoxybenzene {Gompound 0104-12) 20A mixture of
compound 103 (2.0 g, 8®Cmmol) TFA (1.94 g) and NIS (5.74 g, 25.5
mmol) in acetonitrile (60 mL) was stirred at room temperature for 24 h.
The solvent was removed under high vacuum and the crude purified by
column chromatography on silica gel (petroleum ether) to yield the title
compound 104-12 as a colorless liquidt1e9'§:238%). 1H NMR (DMSO-do)
6 3.75 (s, 3H), 677(m IH), 257.49 (d, J = 2.7 Hz, 1H), 7760( al 8.7

Hz, 1H). Step 9

2-(2-lo 615- phenylthlo) 1-(pent- QSWJD)JAH |m’lﬁ> KOH, MeOH
c]pyri e (CompptMet 23X mixture-of-cemp 13 (2300 ——

mg, 0: oI) compound 104-12 (535.0 mg, 1.49 mmol) cuproine

hydrate (21 O mg, 0.10 mmolydeul (19.0 mg, 30 0.10 mmol) and aOt Bu
(95.0 mg, mmol) in anhydrous DMF (9.2 mL) was stirredsfer 24 h at
110 C (oil bath) under nitrogen atmosphere. The solvent was removed

under hlgh vacupm and the crude purlfled by n ch{omatograﬁhy on
silica g CI >1 MeOH= 100/1) t 6btdi@itlrel&ohmound 12 &s d“§3
white g, 16.3%F Filly. 104 544514/ CMS: 465 Ma-1141TY
(DMS O 2008/115719P 008/056396 70 1.80 (rm

2.17 (m, 2H) 1(t,J =2.1Hz, IH), 3.59Ts}3H), 4.24 (t, J = 7.2 Hz, n
6.26 (d, J = 24P|t 1H) 6.45 (s, 2H), 6.68 (m9H), 6.84 (d, J = 5.7 Hz, 1H)H‘<
7.75 (d, J = @@ Hz, 1H), 7.77(d, J = 8.7 H#04H). 5 EXAMPLE 10:
Preparation of 2-(2-bromo-5-methoxyphenylthio)-1-(pent-4-
yity1)-1H-imidazo14,5-eipyridin-4-amine (Compound 13) Step 10a.
1-Bromo-2-iodo-4-methoxybenzene (Compound 0104-13) Bromine
(0.206mL, 4.0mmol) was added dropwise into a solution of compound
0103 (1.0 g, 3.20 mmol) in acetic acid (4.5 mL) with constant stirring
10overnight. Water (15 mL) was then added to the reaction mixture, and
the product was extracted into hexane (3 x 7.5 mL). The combined
organic layers were washed with 5% sodium sulfite (7.5 mL) and brine
(7.5 mL), dried over magnesium sulfite, filtered and concentrated to leave
an oily solid which was purified by chromatography on silica gel
(petroleum) to yield the title product 0104-13 as a 15colorless oil (0.5 g,
37%): 1H NMR (CDC13) 83.769 (s, 3H), 6.77 (dd, 1H, J1=3.0 Hz, J2 =
8.7 Hz), 7.39 (d, 11-1, J=3.0 Hz), 7.47 (d, 1H, J = 9.0 H2z).




Step 10b. 2-(2-Bromo-5-methoxyphenylthio)-1-(pent-4-yny1)-1H-
dazo[4,5- c]pyridin-4-amine (Compound 13) A mixture of compound 0113
(174 mg, 0.75 mmol), compound 0104-13 (469 20mg, 1.5 mmol),
WEOEhPIping hydrate (16 mg, 0.075 mmol), Cu! (14 mg, 0.0¢emiRelsandss
NaOt-Bu (96 mg, 1.0 mmol) in anhyesous DMF (8 mL) was stirred for 24 h
at 110 C (oil bath) under nitrogen atmosp ke Th solvent was removed
under high vacuum and the crude purified y coﬁjmn chromatography on
silica gel (CH2C12/MeOH at 100/1) to obtain the title compound 13 2

yellow solid (60 rr;gﬁ@%) LCMS;417 [M+1] ; 1H NMR (DMSO-46] 5

H), 2.81 (t iH. 3= 2 biz)0i3:68 MA39 (t,
)N6-Z1 (d, H, =D ,@)f\&91-(dd,—rHTJi= 7Tz, J2=9.3
J=6.9 Hz), 7.65 (d, 1H, J = 9.0 Hz), 7.78 (d, 1H;
Hz), 8.63 (s, 2k}), 13.248 (s, IH). 80'EXAMPLE 11: Preparation of ,
2-(2-chloro-5-methoxyphenylthio)-1-(pent-4- 0502

ynyl)-1H-imidazo[4,5- e@yr@mﬁhe (Compound 14) Step 11 a.

1-Chloro-Z5iggsft-met hen (Compound 0104-14) A solution of

0103 (1 g—%o@&e (2.25 g, 17.09 mmol) in anhydrous DMF

(24 mL) was stirred at tdonitemperature for 2.5 h. After reaction, WO
2008/115719PCT/U82008/()§§F&96 71 the solvent was removed and the

crude was purified by silica get’collimn purification (petroleum) to give the

title product 0104-14 as a colorless oil (440 mg, 38%): 1E1 NMR

(DMSO-d6) 63.76 (s, 3H), 7.00 (dd, 1H, .11= 2.7 Hz, J2 = 8.4 Hz), 7.47

(m, 2H). 5Step 11b. Scheme 6
2-(2-Chloro-5-methoxyphenylthio)-1-(pent-4-yny1)-1H-imidazo[4,5-
c]pyridifi4-amine (Compound 14) A mixture of compommd{(lﬂaw(lSO
0.646m), cbifipBitnd 4 (280" mgy-0 )&y I¥imal), neocupsoint H
hydra '1mg, 0.065 mm | (12 mg, 0.055 nifmol) and NaOt-Bu (62 ]
mg, 0.6#6 mmol) in anhydrdl&’é DMF (6 mL) wa8%tirred for 10 24 h at 110 N-ec
C (oil bath) under nitrogen atmosphere. The solvent was removed under**
high vacuum and;the crude purified by c lun;!n chromatography off S|hca

gel (CH2G42/MjeQtat 100/1)40 obtain compouna 14 asia o coom
solid (25—mg' 10%)- CMS: 373 [M+1]+, MSO-d6) 61.80 {m ?‘Q

2.16 (m, 2H), 2.83 (s\—H—J) 3.62 (s, 3H), 426T§%H J=7.2Hz),63 NH,

1H, J = 2.1 Hz), 6¢48 (s,}2#k), 156.85 (d 1H; J = 6. 6 Hz), 6.91 (dd, 1H Ji=

1.8 Hz, .12 =7.8 Hz), 7.48 (d, 1H, J = 99Hz) 7.74 (d, 1H, J = 57th)
EXAMPRHE 22: Preparatlon of @

2- (2 iodo- 25- dlma\t henyj{ﬂmp’-}ﬂ_ ( ery -AB:S MaOtBu, neocuproine, Cut \>_S
yny1)-THEmidazol yr|d|n -4-amine €0 nd_ ;Q ,,?_Qoﬁtg%lZa

1,2-Diiodo-4,5- dlmethoxydehzene (Compound 0%04-15) To a solution of

1,2-dimethoxybenzere (@4;(“'14 5 mmolfiH aﬁhyﬁrous DMF (60 mL) was \(Ra

added NCS (9.67 g, 43.4 mmol) followed by trifliloroacctic acid (3.3q,

28.9 mmol). The reaction was stirred at room temperature overnight. The

selutipr @ cegcentrated and purified by column chromatography on

silica gel (petroleum 25ether to prowdeéqe title comp ound 0%%4 Sttas a

white solid (18 ¢ RRE 5 1 %856%%‘.% SR %C D).

Step d2ter2e(2t iodord dotaimetthaky Phibnyitizioyab fhenwiigingk)udtehded as an

midaz C rd|n 0 f

065 RIS O AT e éﬁ%%%f’%%%‘“ﬁ%ﬁé%%ﬁ%@ﬁm .

mg cr@mﬁm@)lsﬁ@@m@ﬁ@m%y@m@rpfsimgllld)@)e@ﬁﬁ?ﬁw thprg ekilyq o0 the
0,83 dmaRHAdrY RMFRJGmbvasistitadahldet Ryetmah thbherclating

mlxture was concentrated and first purified by colu ann c romatogr aph‘%/ o of

Ho S0

silica {§etchesicrd AREOS GBIy 4RSI BY Fra BB 8 GV E the
product 15 as a white solid (40 mg, 13%): m.p. 134-140 C.11-INMR
(DMSO-d6) 6 1.88 (m, 2H),



WO 2008/115719PCT/US2008/056396 72 2.26 (m, 2H), 2.86 (t, J = 2.4
Hz, 1H), 3.67 (s, 3H), 3.80 (s, 3H), 4.37 (t, J = 7.4 Hz, 2H), 7.13 (s, 1H),
7.29 (d, J = 6.9 Hz, 1H), 7.44 (s, 1H), 7.75 (d, J = 6.3 Hz, 1H), 8.42 (s,

whkodshis s 1H). 5 EXAMPLE 13: Preparation of PCT/US2008/056396
4-(4-amino-1-(pent-4-yny1)-1H-imidgzo[4,5-

c]pyridin-2-ylthio)-5-iodobenzene-1,2-diot (Compound.16) . . To a solutio
of coRfBUANS (P59 Pﬁg}@%f‘}%&fﬁﬁ%ﬁ%ﬁ?@ﬁ%@ﬁ% 9% I the
addedgopivisephendedutiaimef BC13 in dichloromethane (0.755 mL, 1M)
at room temperature under nitrogen. The mixture was stirred for 30 mm.

and ST O:(Brepar yieasohddad rrrebanadld Wdidisaled e ix(pent-

tempeiaiiie fRlichilad1$, s83p1ANIMAS BHAP AERIBH AR the resulting
residue Wase%lejrified bX pre-HPLC to obtain EEe title compound 16 as a
%o

white ERlR(ES R - BbYs S RSP ORMS 9 cMs: 467 [M+11: ITINMR
(DMSO-d) Hs3L8& fraf bhpau (1o 261), 2 By tirhol) 2. inkdmke4BS:(ts of
2H, 1 =.6.6 Hz), 6.81 (S,,1H). 7,27m, 7 Hid Foife
8.48 sﬁ”f%’ff)‘}egg.glé’?g% %ﬁfgfg‘%‘f 1(227,%)2,%%)% %‘sﬁ"s(l%&édxh v F%ﬁgE ]ﬁm"dm
Prep@rhdian 28 24 (SurnBthBhe reesfivn pHatwRMizY etpedtiar 5 hours and was then
ynylé&%gqgfg%ﬁ%%@i&\gd%ﬁzﬂéﬁwi%@im ; Hsa)uﬂq)rilmﬁ aaj&g%@ 92 with
compoun } mg, U.0: 0Ol), 1L-1000-o-MmethoXy-£-
WitroBBHE Ehe [AOSHGr0 7 8% %%@Mﬁ%ﬁ&%&%ﬁ%ﬁﬁé%YGFd@é
mmal}p&utdl 2 aq:065 dayemetsaad:ialio Bl (6 2mig0 S4tarthei)linwo
anhydrqus DMF L S (i3rr for. 24 J110.C (9f [o]
o G, L e LR M oo
the crodie pmifiebichy reeteirmie Brontegsgraphgush Gifldasgebrown oil (4.4 g)
(CH2GHIAMeOKH Rt ERRHL) dorabiain farasteemRavRg phfiAsadigiciatoss
25solid (6Q mg, 24%): LCMS: 384 [M+1]-; 11-1 NMR (DMSO-d6) 6 1.77
AMTH 14 (m, 2H), 2.73 (t, 1H, J = 2.4 Hz), 3.69 (s, 3H), 4.24 (t, 2H, J
= 6.95kkp) 15. R4 ditthrd-3- Ritopip) ABEE (sn AH)dE18HEd 1H, J = 6.0 Hz),
7.07 (dd, 1H. Ji= 2. 2=93H7).7.78 (d, 1H,.J = Bk
T AR T RS BRI AT IR Rk heard
2-(4-evaintgt {p8hi-Thy eycess-ifdbzefa ggaporated at atmosphere pressure. The
elpyridinrdaithiQ)sdamg ZEtsl e Le@Mmpetng; 18)e prllifititewas
compound 18 was prepared as a white solid (25 mg, 11%) fro .
GompotsHg e&fiéltacg@ HYe BiBHB ARG 848y -&%ﬁé{m&z‘mﬁg@n‘f&% 80.5%):
(251 gy 60TIIMpPY) 7 AeqdLpratieHy dFateR (A8(Md -050646, frinol), Cul

(12 0,0646. WO 2008/115719PCT/US2008/05

NaOCBLP D 4 D AS MRaT oA AT kT o e GopBalA 325
procedurdsinilbtien thizeoteserigdt 98 (B 8rmptulrontmal xaRigle (14.mL) was
LCM%&@%C[MH&&HH dHINMR Mﬁ%ﬂgbaﬁlﬂiég@ .@‘%’, gk’!)vﬁlgr%%(mfl“gblﬁeaction
2.83 (t, IH, J = 2.7 Hz), 3.76 (5 3H), 4.29 (t, 2H, J = 7.5 Hz), 6.41 (s, 2H

% 77 TAXDEE Yas SUITRL§t Q8 (HTRSTINTS e ffrs (hhe priitzemgs Cppardted to
9.0 Hzmchd DR, ahttl hufiQe (6 toludha SuibintapeEMNR kEigicPreparation

of 1-(2-(4-amino-1-(pent-4- -1H-imidazo[4.,5- ) e
ey SR e A Bl Rund 0110 gy g 6
1-(2-pdG-84mdthddyphehipetianbeNB dFpELnd D1D41 8P oAb hYdt Gk
AIC1 (1 0 I enmixiee @f PL0H@0TH. 884 (o,
mmo?)ﬂér'}u%ﬁ %%59&&%@W%??gzﬁ%@ﬁxﬁ’ré%agfegtgd g;t)grefluxlggG C) (
¥hd thrér@Aé}Z@]( 35 g, 3.42 mmol) was added slowly into the mixture.

The mixjure. wastHkept ’eflyuxing farylbylidand hean o2 (Wasremaved )
under reduce pressure. The bla [ W, oured.to ice-con at
O, and B RS b L Bt e e A e Pl
with H20adR0 wiltsr 233 100h, NaQidwiou3hI04 2) aaddwesshiedddHihsplithon (3
water until the water layer was colorless. The organic layer was then
washed with brine, dried over anhydrous NaSO4 and evaporated. The
crude product was purified by column chromatography on silica gel

(AcOEt/ petroleum -1:5) to give the title compound 0104-19 as a pale red

oil (160 mg, 14%): 1H NMR



20(CDC13) 62.60 (s, 3H), 3.83 (s, 3H), 6.92 (dd, 1H, J, = 2.4 Hz,J2=8.7
Hz), 7.51 (d, 1H, J = 2.4 Hz), 7.58 (d, 1H, J = 8.7 Hz). Step 16b.
1-(2-(4-Amino-1-(pent-4-ynyl)-1H-imidazo[4,5-c]pyridin-2-ylthio)-4-
Weeshrhgnyl)ethanone (Compound 19) The title compougErAR Midss396
prepared as a yellow solid (78 mg, 8iL.7%) from 25 compound 0113 (150

mg, 0.646 mmol), compound 0104-19 (160 mq, 0.579 ), leocuproine
) (S RS ARG T £ PR B o DA RO (g
mg, BB mmabilxini antryibu R @t asuding el protEdurélsibila @bl and
that@@g%i%ﬁ LOMPANRd 0 SEAMRIE - M Sr 3R dnMiita k4

NMR (DMSO-d6) 6 1.75 (m, 2H), 2:12 (m, 21-1(1|E,| 2.619(s 3H), 2.7 (t, I H
J = 2arifigy, BB lgmpschappatpgrapky opysilica pob (B Ag/paitpdeyy” 3:L)s0pbtain
kiz), tﬁ&%i@e&ﬁub&@@}(ﬂ Ak AghiG:Q16% 50603 (g, 18H230). E@MsHZI OV 11

8.4 Hz), 7.75 (d, 1H, J = 6.0 Hz), cAH, ] = 7).

2008 LRGBG8 SRR T EXRMPLE S ek B 19
2-(5-2ipra73-(eduphenyithiby-1-(Pent¥)3/40)d, ] = 5.4 Hz ,1H), 741 (d, ] = 5.1
111-jmidazo[4,5-c1pyridin-4-amine (Compound 20) Step 17a.

2-(5- foior -2-iodophenylthio)-1-(4-methoxybenzyl)-1H-imidazo[4,5-
c]pym-heam@@qwohﬁyﬁ@i} obsL B dapitendrar dongotnk b oe
186 (@ Jofddomol), 4-fluoro-1,2-diiodobenzene (447 mg, 1.2 mmol),

NaOt-Bu (96 mg, 1 mmol), neocuproine rate mg, 0.1. ),.and

Cul (19O SRR VIR (8 ) e TP e O . 0%
The mindlirepwasicoricgmtratied afidpififietisy) cokihanct e madomdaphipidd 3
siica gel (EHRCARIMRAHL SA00ARIRONE RN CATRRUNG 00 i8R RS e
white 10solid (260 mg, 51%): LCMS: 507 [M+1]+;11-1NMR (D1V1SO-d6):
63.681G WIET) . 1 3vas peifleg. Hhedpixiugg wsadinptpd to pHLwh 95hc gaigand
18, 2 {idn Bxtaddd dith thettBi1éntl2hi i85 (0 M2 68 (dedntd plascSvésHz),

7.07(d,2H,J=87 L 7.76(d,1H,J=57H2z), 7.8 H). Step.
L RS REOe Be pi Chit oy 3 Efhca
(COMpOURDBRGH:RGYum ailS Mixtusktoh dontieunthPROS-PU23BE Heh! BoHEW
mm%&u%@!&@%@%?f@iﬁész vas-styef Al IBHIar 2 Jhenselysntas

was removed-and the residue was suspended in saturated aqueous

NaHOOIBbREB3! ThereSlaimy sohd (s cbiidéetf Bnd drida’ic givE thE):
Hijle apmpaund 920620535 2 wihitesplid (250 mg, 98%): 20 LCMS: 387

[M+1]+; IFL NMR (DMSO-d6): 66. ,2H,J=6.3Hz),6. 1 H),

7.09 %a%p, iy - HwnppiAp5aeS "5}2’&]}5(‘,%@%8!415&? o ?5"2@{&?@8“5, 2
11), {npoyrk B)1 Btep 17e.

2-(5-F1yorg-2-io Ithig)+L- -4- ShHHN o di ide (3. .
dazo[4, “c“ﬁ%%% f?}ﬁc%&? meﬁl%caéﬁj%égi?r:% %%‘Aﬁ?ﬁ%?g %?lgénr%]dgo(ar?cﬁ ’ 77 !
020652001 002 L OLRBIfrBIRIEST RO EBY MY, 4 Sgpalsy tube and stirred at

B chlgrepenizd nes (48 mgh 0,39 spenel) ard @ohydeoum Bvind Bthiabpiwas
stirred for 24 h at 80 C. The solvent was reilloved under %l]gg vac uorp and
0

the cPdedSASERILY WS TRIRTE A5 RS HH AS R AT SSPSIR oy Silltalger
(CH2GA2(MeOkhE 20k} db thiveithererugl prodbet e apamdvhite solidicd with
which was further.purified hy eHRLGHQ g ' ! .
me e B R et
62.04rad R ¢d)pseB¢ram Hutified7by ppiynm glrpgmatogrpphyyen dilisg geh (methylene

12), i8Ry A6l d6id & Hbmlﬂ@@thl&a&%ﬁoﬁm@ 012,328 B6rég sdiitt (b7
° Hz)ﬁlg,' %ﬂ'o or)r.] L]CI\I_/} ;72'3736[&?# ll]H'HJ I:?N?RH(%;M%,'?)%S)’ bzl'@) (m, 2H), 2.23 (m, 2H),
2.86 (s, 1H), 4.19 (t, I = 7.5 Hz, 2H), 6.12 (s, 2H), 6.75 (d, J = 5.4 Hz , 1H), 7.74 (d,

7=54Hz, 1H), 12.50 (s, 1H).



WO 20081115719PCT1US2008/056396 75 EXAMPLE 18: Preparation of
2-(4,5-difluoro-2-iodophenyithio)-1-(Pent-4-
yny1)-1H-imidazo[4,5-cipyridin-4-amine (Compound 21) Step 18a.

fyzlcg [leiéugro -2-iodophenylthio)-1-(4-methoxybenzy1)-1H-jpxitazald 306
amine (Compound 0205;21) 5The title compound 0205-21 was

prepared (130mg 14%) from compound 0204 (500 mg moI)
1,2-dHRIOHS- é@mm&éﬁeﬂ%@mﬁﬁm&%&é&ﬁ Réb?% U251 mg,
2.62 mmO')A@GQ@Mﬁr@ﬂlaediptdﬁaie m%(mmgo £.309 mmd]) aamgtiOut @@Sonyile
0.17 F ( '?r[nIBl hat, d
desch gé@%’ @5dn‘{1 oung dﬁﬂ‘?ﬂ%ﬂ xamp gof%dy%l\lﬁg%zs K1+11 Stlrre N
108t&m1118bmperature for 24 h. The solvent was removed under reducc preqsurc and the

-(4, ?nBJ' H¥M@at%§¥dﬁﬁ@@ﬁ@[ﬂe§ﬁ%ﬁmeﬂ1@w}eeld the title
Compoun 0206 The title compourg 02 ﬁhﬁg& qﬁé"%@ég@l
mg, 7%&6‘?&%%%‘6@?@8@1 1%46my0.48 éban
4 mgnglsmg; & pregedusessirmjar to that described for compound 0206-20
(Exa 7), LCMIS: 405 186, ntdvn
2-(4, tp iiC)r%@c ﬁ’op%gﬁy(’}fmﬁ %}?éé?‘% %@1 1I(—5)€in?ntégzgl[zl 15H
c]pyrldquiﬁrﬁﬁé(@orhpéthrﬁifompﬁpﬁé title compound 21 was
fyepared (aa: g %@%Mﬁem&@mwmqagay Mmg%a@mmol)

5-chloropent-1-yne (46 m 0.45 mm 4 m
and m%@?ﬁ@[ﬁlﬂ)&éﬁ% L??Eﬂﬁijl%\dé? 1Ar5%qfﬁ%8% “e"c“‘)“’m"
20de Ha&ctf@rocfﬁgwp@aa@ha@uolixammsomg {mﬂ@s #rD8e ) BOCNLONMS: (474.0

mﬂi % h %‘B R)ig%ﬁg}l\g%@n F“LZEY-)I% %&8%3 O%M)%%%Q%(Z@C] 011202th)

7.05 (mijct H)rozg,arsa(dxospdae@eom sAMIRBIO6 mnx%ummh\/rpﬁ@%nd the

[z 5’ epa ?&%’ﬁ‘uﬂ?%a(ﬁyt&f&%b&%mﬁﬂé@ﬁi@@&ﬁcxIgalq)sﬂ@@wcOH = 100/1) to
3-yny1)-1H-imidazo[4,5-c]p ildln -4-amine Comé)oungg Step ﬁ%am 5

2-(6- BPéﬂwdb%HﬁéﬁﬂTlpg‘j‘&Fb 34 95 0 Sl e imsx
|m|da$zg)[fbﬁds]ptmt{nm41}imEEIN(\@D(EMSIOGHQmESZZ)nThH)UﬂéQ:()m;ﬁtbi)rﬁig3 {t

838451 (272&\?/4 6p gﬁ ?ﬂmtjljﬁg t()}rvg?rzw fodob hzo él?[l C%ﬁ%ogl)oxoIgc(f:alnghp%ﬁ.lqj -

3.66 wndot).Aébeuptoiie hidi, (B12rtly ) 6.244¥hal), Cul (46 mg, 0.244
Erdmol) and NaOt-Bu (234 mg, 2.44 mrnol) in anhydrous DMF (31 mL)

using a procedure similar to that described for com ound 0205)7%9 .
(ExarBpia NIPLE@MRsergs e 216 #hésebenseisd deasba s -en

%Mszllf 11 H;I\MR&WA%Q g@];ga;ﬁﬂl(aaaﬁbewﬁrﬁm@mz) 6. 0H4)(sS 2H),
te

19b. tfé’ %?Ogn%%éﬁ%g[&ff Jxé[% }g]if/]lﬁﬁ S(l(gfn)lr?]gagcgé? c]pyrld?n 4-

amine (Compbiind 028Mmpe)ETHE (R0 mbahmﬁowszrw% prépdrad FA

gs a %@'B)%\f SRlI308 B9 64%R RGO TARUNE 02 %e 2D draRA MG 21 A5The

mmol TFA (4 mL) using a procedure similar to that described f{)
comp@i?@b@%tmié\%@@')Vtﬁmd%qwﬁqm‘qdﬁtwﬁmn ed by
(DMSQr6ién %@&Za@g&lﬁﬁy 6:5&1(& 24 ) p &6 R1(eh) 1y idIe tBeQittiz) o B1981(8 0107
1H), 7.34 (s, 1H), 47
28-S LS e s e DRy D s
c]pyr|d|m54baﬁrlﬂme (Compound 22) A solution of 0206-22 (200 mg, 0.548
> 10} (P9, PA840, A monaltazo[4,5-
D {ﬁ)zi}@n 32(% g?%grojoc']ng ?@]tﬁ&gfﬂ“y H 4@ ?- azo[

mmol) in"toluene (4 niL) and H2C12 (1 mL) was
stirred at roong e ratPafof 2NN THe solvent was

A mixture of compound 0113 (100 mg, 0.43 mmol}, 5-Chloro-6-
iodobenzo[d][!,3]dioxole (Compound 0107) (364 mg, 1.29 mmol), neocuproine
hydrate (9 mg, 0.043 mmol}, Cul (8 mg, 0.043 mmol) and NaO-t-Bu (83 mg, 0.86



15 removed under vacuum and the crude purified by column
chromatography on silica gel (CH2C12/MeOH at 30/1) and followed by
pre-HPLC to give the title product 22 as a white solid (82 mg, 36%): m. p.
\%3‘560:115%‘99 LCMS: 417 [M+11; 11-1NMR (HMSO-do) 82.641is 2kr056396
.86 (m, 1H), 4.38 (t, 2H, J = 6.3 Hzg}, 6.07 (s, 2H), 6.40 (s, 211), 6.66
(s, 1H), 6.87 (d, 1H, J = 5.7 Hz), 7.35 (s, 1H), 7.71 (d J=54H2). 2
X AT DTS B G i gybﬁ'y é?(&%%a‘%é'gﬁzg[éﬂﬂﬁmm o
[1,31diex@l-Gmykpio)e] Frhimdtiant [4gScipyviclinadeamigievpCompodribc 2y de
The title n I ) It % obtain
om O Db (B e 720 Rl Oty o i 76 ot
mmas btle Soyrmeusidobaceelishy yoloaesahh 613, 1Al ‘a5 M by B
I8 tolugfie (MiYo-a) e EERGI226H 52 ) ising, 2 sracedure-sinailde fot b, 2H,

described for compound 22 (Example : . - L 4
IV SRSy oo T A D 572 7 25
4.50 (421434 BB Hz), BHA. (s, 2H), 6.97 (s, 1H), 7.37 (d, IH, J = 6.6
Hz), 7.52 (s, 1H), 7.76 (d, 1H, J = 9.0 Hz), 8.58 (d, 2H, J = 8.7 Hz), 13.29
(s, 301H). WO 2008/115719PCT/US2008/056396 77  The title
compexANIPE Fashsepprrbansel 2-{nied dusmrqisit ) diorodyTigfhio)-1-(pent-4-
o e ST (S35 1. 043 o) i toluer
ex-5-yn-1o0 mg, 0. m , m mmol) in toluene
5 m§)y é@z@i@?@%ﬁﬂﬁi&iﬁi&é\%‘% &aire gs‘iina%llgﬁo that described
for compeuathBBo(Exammpiad TANLCMS S4B iMel | accteninigRs | mL), TFA
(DMS0.d6) 6 1 P/ et : ik 221
e e A e e ¥
Hz), Thaglyentyay poqecdpdgrhighevppnmp ad tae opse prodectgufiicd by
P%E%Wﬁ-@ﬁgmﬁégﬁgf t&rk@{cja gel (p(;etroleum) to yicld the title compound 0107
1-(hex-5-yny1)-2-(6-lodobenzordi i 1o LI
yLthidy- A bR Re hf‘é‘-éi6’92&-&@%@@%@8@&%%& 2L T4 2D-
comsrp diR 5k ivepandd) assidwkitessplit (8O- (et 2696y frd h-imidazo[4, 3-
compound 0206-3 £300 mg, 0727 mi PPh3 (381 mg, 1.46 mmol),
hex-5-yn-1-olc?%lﬁérglj%&}8]égéc CZnoB?EIi}:CR (441 mg, 2.18 mmol) in toluene
(6 mL) andl @REGIH asnmose? ) 13<RRP pr8cdaureeSinifr to that

AR i 6 50 o s
+1]% - 45 (m, 1. , . ,
D Bk S e DAY Bpohe G 9 Kt bt B el 0.6
7.31 (fndhlindamng Eddz DVIB & (L) My BB ot B 1 at 7102 AR BoB& X dn e,
J=8.7Hz), 13.25 (s, 1H). 20 EXAMP : rati um and the crude
o (R RS e M Kt LURBRTALRR Rlum and the crude
imidapoffia-blpyeiaimm Hhyepsmiearehiide (Esmpdéi OePMoal 93H0/1) to obtain
5]5(2-!@9 95[1% %%99?%@%5'”%9&38@“}??5%?@% 2yHvid zimi%emﬂd;,SH NMR
cjpyridin-4-amine ompoun - el omp - B
was pRIMSREA8 &R St 1952 )@%fﬁrbiﬁcﬁr%éoﬁ%dgéggﬁé%g -
3.5 mmol)z)] RedijediH3-kthgarbenzone (H)5E824(@. it o, mébeuptéhe,

hydrage (7 m ul (66 mg, 0.35 mmol) and NaOt-Bu (335

mg, ?ghﬁlgﬁhqﬁiijw%%%MF (33 mL) using a procedure similar to

that described for compound 0205-20 (Example 17): LCMS: 519[M+I]t
39S19R23APLE 3 (Method 2): Preparation of 2-(6-iodobenzo[d][1,3]dioxo}-5-
2-(2-lodo-5-methox phenylthic,))-.lll)-l-imidazo[4,,5-_c]p ridin-4-amine
(Combsbiny birsaobyny i B dastiiour e sba-28as (rapaaydd)a
yellovg gplith (18T IMge 33%) ons:GoR1REUNMNIRA52E1(44811ing (OBEpmnioiP0 1)
and TFA (4 ml.) using a procedure similar to that described for compound
0206-20 (Example 17): LCMS: 399 [M-F1]-;



WO 2008/115719PCT/U82008/056396 78 1H NMR (DMSO-d6) 63.61 (s,
3H), 6.72 (m, 5H), 7.51 (d, 1H, J = 6,3 Hz), 7.74 (d, 1H, J = 8.7 Hz). Step
23c.

"é?(%@m 92 (2-iodo-5-methoxyphenylthio)-1H-imidazo[4,5-elpysidisA=¢ba
aneni r’le (Compound 26) 5A mixgyre of compound 0206-26 (150 mg,

0.38 mmol), 4-bromobutanenitrile (83,6 m 565 oI
mg, O. 64Irﬁ’|ﬁrﬂ51§uﬁ1PDRﬁI‘—’°(’§pr?1‘Lr)d\/% x4 rf:eag L g i lq’?ﬁrlﬁolétu@r%li) WS

was e I Ie f'@i@}ﬁﬁfy AHA triethylamine
chromaélfil g?ﬁ%&gﬁ gﬁﬁgg%ng%wgézﬂgﬁ%fe %1—1 at 100/1)gnd tthee% )t;y

pre"tﬂ'ﬁ@ltﬁme lgHh e tile SQmpeuRd 2a@snadipiten s dot20hhelhiBuey. was

146 - 10150 C. LCMS: 466 [M NMR DMSO-d 2H
2, 52“(%13‘2‘%&? 3058 1neyy) P 3”564 (Ecg ‘Tj“lgf’%" % “é‘l%‘i“(}f f! Jé"mus 3 )

142), EndBnbSo @ hhBoaSi(thd, et H EIQA @prtidlgudpat B)?I}kzpl:@asstl(@l tiflyy, J =
6.0 Hz), &5 707%‘1?)2%?@3 E@?AME&E @%féeﬂ?ﬁ)’fj‘ﬂﬁéhqé 294 [M+1]"; "H NMR

4-(4-ami romo enzo:fé dioxol

15y It SKMdmidaZa 4, 3Hp§ ik b atandimir i Cmtbdrao7hisha 9!
title garappynd 2741433 prapared Bs a4dighy, yedlow,slic) (43 #1g,)24%6) fd, 1
compound 0206-22 (150 mg, 0.411 mmol), 4-bromobutanenitrile (91 mg,
0.616 %Fr%?} Cs2CO03 (227 mg, 0.699 mmol) in DMF (6 mL) using a
ip)rocadwelslm@hltﬂdhai@lesetmabmwbmpdmw Aedimnamnfiernpyund.§302)
140 - 143G, LCM? 8 &%géu'\ﬁa%how &@M@%ﬁh@é&@m am) and
256 (t, 2k 3 22 S HY) 495 (t. 2H, J 7 6.08 (5, 2H), 6.39 (5, 2k,
6.70 wmrr@ 56783 ws@ﬂdcﬂ H@@qmcfﬁ%%l(% %—%m;m?@ e dpppogniraie HC

Hz). %MP(IJ- %]g e Bﬁﬁ@ll@ vef stlrrcd at room temperature for 30 min, and then
4-(4-amino-2-(6- |odobenzo[d 31d|o

LGS ST B SISO SR A P ENNAH s ered
tifle comopeishd:28 mmpmpamm@semwhlt@ 8 olit) (FhemgmBOs) ftptc and wash
compoyind 0206-3 Ge) o4rbrarnBriAnE RHle AR

t|0

0.655 M mmo ?isscf&é% &413& 0.743 mmol) in DMF 6§gmL) usmg a
proceBtve sinilalcrnthbd dbscoiai by EBaHsBTIMISEI R anfolists #orn splid

31602 g%zﬁ% g@%sﬁém 3%12%&@%] "HIMWR (l)DMSO =55 6206, (Bi1)2H)1 (d,
11-125.40 &7 - 3£ 7(*5%?) 57?3%“652’%?1 %7(96 &1]9 é; %%5)90&%(% g9 1=

18, 2@)0 18,07 48,(AH), W5 2098/115719PCT/US2008/056396 79

EXA 4 Tene
i S A e

title compoud@%ma@&aﬁﬁred as a light yellow solid (68 mg, 37%) from
compound Q208:22 {4569 0-4kinmpmebsberbiamape anenile (Lod),

0.6165 ), Cs2CO3 (227.m 699 D
e G oD g BATAr S P o bkt 512

Ps 133/asl1Rat6d LGS debnfivirt 1TL:tdr1(4 00 MIR) (B4 SBi¢d 65t& the dnirhiro Wys
3
1.7 gpggv l_é)f?l_ ﬁ? %gnﬁv 0) l(i_cfnh]te(rﬂ_})%lr_flm}c 'ﬁ1§ rlﬁ%}m% QIZLS(§€B%§Q(1 g}%ﬁi(‘? with

2H), 5Hz), 7. 36§
6.0 HadedOE X AN HIcE quapt@paﬁaﬁ@fﬁ pertions o methylene chlondc The organic

5-(4- qgg@%% (& 9&99%9&%&&9&@9’&@%(:% pressure to leave an residue which

yithio)-1H-imidazoi4,5-eipyridin-l-yOPentanenit |Ie C 0) The.t
C oIS SPABr AT S BFTL OR 3 163 F g RRgr i A5 i

30  obtain the title compound 0203 as a white solid (2 2, 86%) LCMS: 306 [M]"; 'H
NMR (DMSO-dg) 3 3.68 (s, 3H), 6.41 (s, 2H), 6.86 (d, 2H, J = 8.7 Hz), 7.36 (m,
3H), 8.07 (d, 1H, J = 5.4 Hz), 13.74 (s, 11).



compound 0206-3 (162 mg, 0.393 mmol), 5-bromopentanenitrile (96 mg,
0.590 15 mmol), Cs2CO3 (217 mg, 0.668 mmol) in DMF (5.7 mL) using a
procedure similar to that described for compound 26 (Example 23): m. p.

395l 9k Gy LCMS: 494 LM+114; NMR (DMSO-d6) 6 1.58g@édoske8ss
‘f'm 2H), 2.53 (m, 2H), 433 (t, 2H, &5 6.6 Hz), 6.10 (s, 2H), 7.02 (s, 1H),

7.33 (d, 1H, J = 7.5 Hz) (d 8

2H), ti@f‘{s I‘iiﬁm% Q @éﬁy é@) Y|)elpétra oﬁz’((#4 > (’]%yn%ghe 35 thione
1-(2- amlnoem;djnﬁe(ﬁdm@manzmd]ll 3]dioxol5-ylthio)-111-imidazo[4,5-C]
pyridin-4- ;@% %&C? d sodium amide (3g, 77 mmol) in 25 mL
2-(2-(4-Amino-2-(6-iodo enzo[d][l 3]d|oxol -5-ylthio)-1H-imidazo[4,5-

Cloy iR 1SS FIEHHE 23 tokes CCURIBRAATHS (X§F J¥A then stirred
@'thdffr‘o%{?&mpé}‘dﬁ@e%@ﬁo?h (’;EQ@Muﬂc e 240 °C and then tube was

bromoethyl)isoindoline 457 m nd C C03 (672
. ST RCLA LB ORI AL ST A LS B The

reactienemixduvéanwas 00 oiéd \t@&@d;ﬂlndtemdpmanaprBWWﬂ Rérwdrtheﬂfllﬁratéh
was eUAROICGHOARL AN AT TR ANGA BHAS QIOgHG 28 At Arange

solid Whi¢h was purified by column 30 chromatography on silic

(CHZG1 Stk B FrMDD A e HRIVHIENIRE tilfsectHprid T3 6h! %*’zd%{%]a“b%n‘éi at
¥ellowys9lid §BRM ARG B8 UknbGn B2686 IMAHIE s 3t NNIRAZO0 MHECMS: 287

Smsa?@qa* S R4 3 A S St S oy g
(d, IN; @316 689 (3. 73, (hF AR HzWIB 20081167 RoPiE/ 062 (6b3/056396
80S

1-(2- E&lnoeﬁwyﬁ) 2- 6 iodobenzol[d][1,31dioxol-5-ylthio)-1Himidazo[4,5-c]p
yridirbtemdsi((Seraberaniiiz) 3 dioraixiar i) cbépta rolerdy (B g

%55 miuel rﬁd}{%‘dénlﬁ@rﬁﬁ@@@nﬁa%&m%m CH2C12 (150 mL) and

EtOH (15 mL) t 0C fr.2 h. The

filtration g@ﬁ%ﬁlf?‘é@éﬁ%ﬁ?&/ %vr?ﬁlgl-rll (}%B)(YVE ﬂgm{%ﬂﬁ%{g} ¢

Na23@47 fl[mﬁe(gaﬁ%enmn@catmuprgmmmdédmpwﬁﬂ Bmels Skt me,
lid (3, 77% 4 A ) was

i/lol-:z(%gf %‘i %%65 %EJ(% c?L ?%%?é%%ﬂayd%m 4 ZQI-?@:I]QQ6 6

Hz), 805 $o0d)hetad (sCam) b@*hbu{éielﬂjf%‘gﬂatﬂloiﬂj?e‘?;r eO“‘?-]I‘é‘ﬁmWLi‘é

48. 1HmévEQ &gdélrl'fhig}xVé%ﬂ%ﬁdmm%ﬁ@%fd&@ﬁmmﬂ@mg@ 1y on

2-(6-bromobenzo[d djoxo thi

(neopBiy/Eshiity P{%e H- ﬁ’n 44 é gbgj‘ thaiits sompantiipound Bgwn
Step @%.(734 mg, 55%): LCMS: 533 [M+17'; IH NMR (DMSO-dg) 6 3.69 (s, 3H), 5.35
2-(2- dlkleglglioxolya: Igmiflagolf->s 7 1
15c]p ’r%'[ﬁ %Ogﬁghi%?g?n g;lzrl?é 1%8%0%@80%&?% gggg The ?
title coAipeuld)0302-33 was prepared as a pale yellow solid (720 mg,

?9%)5%15‘3 %H%@Md@ﬁ d21905 216donnepmidazo[4,5-c]pyridin-4-amine
2-(2- bromoet Blsomdollnel 3 dione (1.017 g, 4.00 mmol), Cs2C0O3

(2.475 g, 4. 54 ous DMF (38 mL) using a procedure similar
to that de&@&ﬁ&ﬂf@mmﬂ@@@ﬂzgamgﬂxam%? TICMS 8589) was
M+1l% tm‘e C. The TFA wa orated and the resulting oil was

1-(2-Aminoe 5 8 bromObenzo[dQ][thc:?]Cva ol-5-ylthio)-1Himidazo[4,5-c
]pyrlohdmsfamef(dmﬁb@ama@@@%%hé hitKe S GRBORPOYE SRS ed by

ReePatRd. 8 Rptewel ?‘M‘l%%ﬁq) (AXme cl%n@togrzfﬁﬁ@oﬁ%l@@@ﬂd
0302 33 (720 mg, 1.33

mmol) and N2H4-H20 (SS%ég% 14, 711 18%26
in CHEERSRFeahAl Btmlcsc e JilsingrapprBeaative i B
descrihedioncommsuntb(B03-B2’ (EXMRNBMSH-LOME.0408 M £]13 StepH),
29e. 0 0 | Ithio)-1-(2-(neopentylamino)ethyl)-
1H- |r§u§q£[jﬂ5\ ? rzfgg amlr%%éoﬁrrn%ound 33) To a solution of
compound 0303- 33 (150 mg, 0.613 mmol) in methanol (10 mL) 30was
added pivalaldehyde (63 mg, 0.736 mmop. After the mixture was stirred
for 30



min at room temperature, NaBH3CN (154 mg, 2.452 mmol) was added
slowly, and the mixture was stirred for additional 30 min. The reaction was
terminated by adding saturated NatiCO3 (10 mL) and the resulting
Vgg%{w dlluted with water (100 mL) and extracted withpcr/us2008/056396
dic oromethane (50 x 2). The compgned organic layer was WO
2008/115719PCT/US2008/056396 8 }2! rﬁtr ted to leav gx_[ESICHJ
Whlﬂ%@p@dﬁeﬁﬁy’ﬁ}@ﬁqﬁt’@%"ﬁ dBRE3URY @ e
solid (60 mg,c38%Jinapnisd(Ca8pand OMS: 478 [M+1] in NMR
(DMSO- 76 1 1 7
), 4 2o S st g e e Sy ga%ng S
(d, Sitingl =2Bi THER7(BA4,; - 4mmoofd i PMF 1:3§ n zyaEitmEm%%@fm‘“
? re pr?rﬁfsﬁlnvpjs?e) H@%@?Eﬁﬂgl&%}g&ﬁﬁ%%%ﬂ% ferified by column
neopentylamino)ethy imidazo elpyr min
O RETHT BT B GHCAIE St O (2 71 ] Bt e
fromigRrepapsthd2 £9 AvehitQimelmpiviaridenyrd 42:0649, C44TbIy 117
and m re simiay t
SN B W e Al
[|v| 121:I_L-I'"’.I}|2 ww(maﬂm Holv 21, 6.63)(s1150 sBh {9y, 151%57(6,00Hp), 748
(ét 71iAz) 4231ty2H, J = 5.4 Hz), 156.04 (s, 2H), 6.33 (s,
2H) 8(5 1H ,'6.83 (d, 1HJ 6.0 Hz), 7.46 (s, IH), 7.77 (d, 1H, J =

5.7 Hz). EXAMPLE 30 (Method 2): Preparation
of 2¥&-iodepenrofedpdssilsioi@ib-iodobenzo[d]{1,3] dioxol-5-yithio)-1-pentyl-

yithig)1-(2 &{‘if ﬁ%% Wéndglg)‘ptryl). At &n%qﬂé e]pyridin-4-amine 20

(Compoun

2 - (4-Amirostix(Brioefcioameofd] A205dRHomE. Piié Frrrelimidussppentanc (110

18lpYy %ﬂdm%% AalREe (EoRauRd, 0402-3MA Minstwie@heompeynged at
0206-3 (300 mg, 0.728 mmol), 2-bromoethyl acetn(gf (182, 1. 09
ity At

mmdiy ahdee e zes ﬁ*@l’%ﬁé%iﬁ’ﬂ%ﬁ)"ﬁ%‘ﬁm& ALY W, irre

at 85:6lfan 2lﬁo@%w‘gﬂa@sj©mﬂwaged(md@ﬂmmummmmmmu@(waso
purified mn chro ra s ili e ghlorige«
meth‘éﬁg) ¥gfig OB RRYLE ge t‘l%e Eé?ngo@]g‘ %4%29 ;, a \?vglhltégs% id

(155150104}t G 10SNPNFONIR (RS by 5EIE, GAA (. 4D

Ay26 f%@l;‘_'n'q b 4481*5'? APy 2., 5 M) G603 (5, AH) 663 ($H2H)79
6.68 (5, 1 H, J= 6030H226776(s 771 1H,3=60

Hz). @éﬁlgbﬁS? z), 7.49 (s, 1H), 7.71 (d, TH, =6
2-(4-Amino-2-(6- |odobenzo[d][1 3]dioxo1-5- yIthlo) -1H- |m|dazo[4 5-

Ipyridin-1-y1)eth C 4 d
oo e R X TR A SRR e
(60 nydthin)3-(pendiy-anso- Ufﬂmidhzmﬁéﬁmm@%@’aFMéQGW@“ﬂd 7
2?5008&%?34%%6(%29@8493@&%&%[&@ Matsn{d Foathpand fitered to

provide the title compound 0403-34 as a white SO|Id (150 m éﬁ-{‘? il
LOMS: 457 st TR RIS A Sa1b3 () S0: 4 S Do pestgjie
Hz), 4s88(s, \%ﬁddd%cﬁmm)gﬁgaa(s rahi)nﬁfalo(;@qdz’rﬁ)cme@(y;l 1H);8.80.4
(d,in, J=6.0 Hz 7468 7 11J 5.7 Hz Sk ;
2-(4- K’Mﬁ% %'86"2 o(o1e] enzo%ldﬁ%(l |oxo mre ﬂ""‘“)ﬁ?‘%?f%o“at 5.0 mixture
c]pyrrdusdw@@mwemmhaneﬁlﬁ@mmémbﬁhmﬁﬂm g yilica gel (Petroleum
30 cther) to provide the title compound 0107-7 as a whitc solid (0.7 g, 12%): "H NMR

(DMSO0-ds) 8 4.21 (s, 4H), 7.34 (s, 2H).

Step 3b. 2-(7-lodo-2,3-dihydrobenzo[b][1.4]dioxin-6-ylthio)-1 -(pent-4-ynyl)-1H-

imidazo[4,5-cIpyridin-4-amine (Compound 7)



Compound 0403-34 (133 mg, 0.292 mmol) was dissolved in hot
anhydrous dioxane (4 mL). The solution was cooled to 40 C and was then
treated with NEt3 (89 mg, 0.876 mmol) and MsC1 (50 mg, 0.438 mmol)

‘(;g Admin, The mixture was 10 concentrated and purified bycgalidfomose3os
romatography on silica gel (CH2@412/MeOH = 50/1) to provide the title

e D R
= 5. HigrSabdh] 2HH E B E(0267), 7 (Thiggoli) 06050 ((@01RE. J 29510001R),
7.48 (s J(lg)f &Z)% g]\[gj%%'m%m? %lflﬂa oo ERRRY 13 me, 0.063 ol and Cul

2-(6- 10 oben 1dioxo1-5 0)-1-(2-(neopen mmo)eth
.m.daizbragscequi/mmlamm@o@ﬁ BUUNES YT rﬁ&t{ﬂe(b‘?"'fﬁﬁﬁf\é
Q40434 (L 40 NG LAt &0 'ﬁiﬁ%@r@i’@i methy REdRAA chr@mtography on silica gel

hydrochlorlde (786 mqg, 6.36.m oI) nd K2C 318

tolue(l‘rjé'l@fd2 6)(Wa§ Qf@ﬁdaff’ Bly PP ﬁgl“s% ve%}'gv&g%?ﬁei?ncgve@ lzlaflrﬁidﬁ” o
the crudai@umbstpurifjadby nowmwdhﬁomé&bﬁidﬁh?m@ﬂmbgbﬁg (m, 2H),
(CH%%Z({T gﬂaﬁz g‘ég’ 133 %fﬁﬂowﬁdm ) mv'ﬂﬁ &W%'QH) 6.92 (s,
compound 34 as e ye ow solid'(25 m

LCMEIBZE NGk = mswmm@mgﬁbciw Wﬁt&) 3 615))‘1{ 6’6)(§ ”1"445‘ g
1§ 2IT|§0’4§51(HQH J=5.7 Hz), 4.23 (t, 2H, J = 5.4 Hz), 6.04 (s, 2H), 6.33
(s, 2H), 6.58 (s, 1H), 6.83 (d, in, J = 6.0 Hz), 7.46 (s, IH), 7.77(d, 1H, J =
255.7 Hz). EXAMPLE 31: Preparation of

2-(7-ioxia ¥ e i sy dvadpa i 1 247didxdibGirobenzofuran-5-ylthio)-1-(pent-4-
ylthi £o0. yridin-4-amine

o na)pe;{leq‘g; ﬁgdgg!@sm (RRHM YR dmr

2-(7- &dp@&%h}ld%béﬁi@ﬁ[‘@ﬂﬂhf@@ﬁnlﬁwrﬁ%Qﬁ(&%ﬂ%&%@fﬁw’)‘om
{H-imidazo[4escipytidinshagyne (Compound 0205- 37) The title

compound 0205-37 was prepare n so 8 0
compountt %HYR?ECW%Wéj Z?ﬁlﬁu dn?gld encz{'?%b(g‘ Sbknzoturan

L, 4]‘%0386@ (BL07), (ﬁedcgprzhmdﬂ)méacn@rwﬁemydm@um@ 0. 0%
mm 0 0 2008/11 y .
LR Gt R T RS RIPRA0 R el

and 1) in anhydrous DMF (100 mL) using a
procéduretsigifsr &mlth@tbhe@,@mewoweéwmb% oSG IEATHPRY ) under

JEMBL RN b bt MR (RMSRREE)  B16R{ Thatbad ek lmod kich 49
(s, 2H 668 (s, 1H), 6.83 (d, 2H, J = 84H§ fw?i’é%'fZH Jl 87f—|

o (PRI AR T) Sy (o e I ey
13. 362"?%)15031\&6@(33[M+1]

2- (7I D 41 Ithig)-1H- CA-aminc
c]pyridi ?P aml ((jé oun}%%lg é"ffﬁh@ﬁg‘ tgﬁe&c%mﬂ;)func? %%%6%37
was prepare(ﬂ&glawaem%o% (1.5 g, 88%) from compound 0205-37 (2.2

g5 4 mmol) was;dissalyedinlEAdES mdnasing @il praspdupesimilandetc
that described for compound 0206-20 (Exam T%Ie 17): LCMS: 427é dlé]_c]
),

1H N (tﬂwé@vae)s@zpé@tfﬁﬂ&mgé% (b, FhEso S BEsm0Y50 ¢

7.50 (85l wasGdsbnlib) i Safiibtr)qBedds (S2RED): 181BB (s, ThéHRsBtep solid

31c. 2- iodo-2,3; d|h drobenzol 1gli Ithigdakbiro

imidaZt éféfgél E)e)(/!:ld‘ gaﬁr ype vp;ﬁst,}é?r% Olﬁﬁoén é{%%é}go%%ﬁ% 03061( :

15Thentitiél tonigoMSd BBIAM 3 TIwas prepared as a white solid (1.2 g, 57%)
m SR RrnBIRN)-1-(pent-4-ynyl)-1H-imidazo[4,5-

g -(2- t%%%%%?gz?fgnd%%ne 1,3- dﬁoner?l BZ)g (é)c?? mrr}{gbli)) Csénélodéo(l 94

g, 6.0 mmol) & ‘BWPFA(@@‘}WL q.fgﬂi’ﬁlﬁ‘?)?écedure similar to that described

for compoung;ARQ2=3¢ (Exaonake 28)- L CMSHnEAD MR L IHsSNMIR(469 mg, 1.44
(DMSO t, 2H, J Hz m,, 4H was
OO S 2 B L AP AR B0

(d, 1Htid=dbiar Rp)aRT 7({nThdlvetep @utmoved under high vacuum and thc crudc
1-(2-Aminoethyl)-2-(7-iodo-2,3-dihydrobenzo[b][1,41dioxin-6-ylthio)-
1H-imidazo[4,5-c]pyridin-4-amine(Compound 0303-37) The title

compound 0303-37 was prepared as a pale yellow solid (790 mg,



25 84%) from compound 0302-37 (1.2 g, 2 mmol) and N2H4-1-120 (I g,

20 mmol) in CH2C12 (28 mL) and EtOH (3 mL) using a procedure similar

to that described for compound 0303-32 (Example 28): LC-MS: 470

\EYJJE&(];;&}%‘}']J\IMR (300 MHz, DMSO-d6) 6 1.51 (m, 2H), 2. 7¢ctnR3ads 606
6 Hz), 4.16 (m, 6H), 6.27 (s, 2H), &53 (s, 1H), 6.81 (d, 1H, J = 6 Hz),

7.35 (s, 1H), 7.67 (d, 1H, J = 5.7 Hz). 30Step 3 3 .

3 7R B AR R TEAB A A Bk G G MeOH 10071 o give te

(neopgatymping) othy shit-irlidazeldF4d] pyiditd- anpns@dMpsund BE) 351

The it ] ' i 4 %% thom

comggﬁnff g?o%@% ﬁg%ggg%?%a{rﬁ %@S%ﬂg;fﬁd&%%g%% 2(.55')/ H

mmol i IM&BIISEN e22Hhd, 2 Ttrdmadly Eng r%%@dbfegsﬁh‘ﬁaiﬂfﬁ» 6.31

that gesgribgd-fon MG, 2008dd 371 IRGT/US2008{056306.8% (cormponesi(d, J

33 (Example 29): m.p. 193-200 C. LCMS: 540 [M+1]}; 1H NMR

(DM§C3‘-%I 50793 (s, 9 H), 2.32 (s, 2H), 2.88 (t, 2H, J = 6.3 Hz), 4.18 (m

, 4H), 4.32 (t, 2H, J= 6.6 Hz) , 6.50 (s, 1H), 6.76 (s, 2H), 6.94 (d, 1H, J =

6Hz)

of)- (f%fgr@bﬁtﬁ H) ’Pg'lbj%lt(ﬁtigjhg _{éﬁb@n@ﬁ&?aié%ﬁ%ﬁi&.'%p%?,'tﬂr;,gqy_aﬁgn

ylami y
iodobenzoid111,3imidgetd.Siehryyidin driweise S CABPAHEM-4-amine

(Eompgyag 4Qhensoiriarn SnpquiskatQdedd (B50 el QAbTABroRYridin-4-
tert-butylamine (30 10 mL) was stirred at 60 C for 24 h in a pressure

vessel. The 3BWEACRAEEH8¢% Hd the crude was purified by column
chromatographyreofsilicapaek(@62 Q124 Hmob) Stvdnbfehdwed( by g, 4.92
pre-HPLC to provide the title 0 ' lich (: %):
o, TE b S e T R e s
H), 10606 BuH302 10, ¢, 20wl in ankydyous BIME (Femlg e wigpddus{d at
&), 196 ((ﬁ’b%lﬂ) ’uﬁd%gr(ﬁokbﬁ ﬂ%@r& Tl -Q Kaut ik réd, €8,ubkgs high
7.72(d, J = 6.0 Hz, 1H%. EXAMPLE 33: Pr%paration 0

2-(6-GUBWBRI [ LSRRI S WAL ¢
(isopropylamminedethyly-d b ighvd azo{dlSeetpyricih 625 hes 20 @ompaith@.44 g,
42) The fitl d hit lid (40 mg, 17%

) ﬁ@é,fg%ngﬁ%‘@}@was prepared as a white solid (40 mg )

from Tompoun 52 mg, 0.47 mmol) in isopropylamine (30 mL)
usingSteprdsdd(Fensimitar-fostitzio e Ecimidar et oanyo ditd a0 EErapieound
RP): %96-1159 -172C. LCMS: 498 [M+11+; 1H NMR (DMSO-d6) 0.86 (d,

J=6.3 Hz, 6'H), 1.68 25 (s, 1H 2.62§m 1H), 2.74 (t, J]:G%d6 1z, Z_H% 4.2,1.d
(t, J= 6.6 izmsiyye glsaTeosns 08035 PdAdfnds BY7@meh) .é%?@ e e
Hz, 1H) A4 78, stithd Tuklb(celaxai@ bz, Lid)sdEXAMBL ErBdh R reyahatiosidue
of 2-(6-iodobenzard111,31dioxol-5-yithio)-1-(2r .. . 1
(SRS SRt KU O Slyion, The pesuting soid was
(Compiigpd 4t Toied sokitiotho tidergrerma b2 gt veBowinedy (470 me.
ggethgg%(g@j\;}g:v!% ﬂqqieﬂ&pentanone (65 mg, 0.75 mmol). After the
reaction was stirred for 30 min at room temperature, I\_I@?HlCN é&ﬁegl Iﬂg

2 mmYBRVAs atRreacdismmy - riae-Glespist iy Waknigaakt amd
mixtuggwaecshiipedden oyernight. The reaction was WO
2008/115719PCT/1JS2008/056 inated hy addi r
NaHCO3 (2 T et v e ARl S AR ¢ SRS ime,
extradted mithpichioroomethd o 304N g, 3Yi4nmel bsarbetiyéie woRdE & Ed)
@Wd Ruified by prerHRLG te give he dills compound Adeas; shwhitRsalid the
39 mg, 53%): m.p. 142 - 147 C. LCMS: 526 [M+11+; 1TTINMR
(DMSOBNIEBY. 78 qeluma ghgopistagihy o Q[Hi? aHf B/ i OFR 09 Beo
(t, J R iz detddnthdBdti 0 5 T phldgeRok)soBid@ (S, H))BLE2MS; 24BM-1T"
ﬁ"ffs 1 Rtk B tShadsT Sz g 88 Gt d By {3 LA Al e «
J=7.5Hz, 2H), 6.32 (s, 2H), 6.78 (d, 1= 5.7 Hz, H), 6.96 (d, ] = 1.5 Hz, 1H), 7.35

gomatograpLy on silica gel



EXAMPLE 35: Preparation of 1-(2-(dimethylamino)ethyl)-2-(6-
10iodobenzordill,3i dioxol-5-yithio)-1H-imidazo [4,5-€e] pyridin-4- amine
(Compound 46) To a solution of compound 32 (150 mg, 0.32 mmol) in

‘Wf;mqg(@mu was added aqueous HCHO solution (52 npg;rd: 84502646
ter stirred for 30 min at room temggerature, NaBH3CN (81 mg, 1.28

ronclibh s B ATR by adttnd Satired RaaDs (£ T T 1
mixtaredwas el aviihwiate 106 hif)nd dxtracted with

dichloromethane (50 mL x 2). The extract was concentrated and purified

by pre-HPLC to give the title compound 46 (30 19%) as a white solid.
m.p. KX MPLEG: B@maagnmﬁﬂﬂhwwm?fé@admﬁ ~44vE0e Hy,

%48.(}.1dazo@43sld§pﬁlhk}. 4.2Me@c2&mﬁ&lhm)‘2 H), 6.05 (s, 2 H), 6.38 (s,
2 H), 6.67 (s, 1

6.81(d,J=6.0H H), s, 1 2
Hz, 1 H) @g&ﬁﬁ@o@(‘g@qpﬁo@ﬂ&]&f &&gfmg, ZQ ngof) 1- 2)d ;ngct’hoxybcnzenc
2-(6-{oduhepanid}] 3, 87ld1mm©l, -Beyltinio)ide (Bedrate (27 mg, 0.129 mmol), Cul (25

(metayaoleiy R rﬁw%%@m&%ﬁg&%%ﬁb

The 1 compoun(})4 8 was repared as a white solid (40 m

commrsdrowomzl (28 HgCdoarimBn M&ﬁmwépa?eaﬁﬁ}rcwlm was

Z%'Ug@m&;’»élh ﬁ;&&%}@@%ﬁﬁﬁ%ﬁwEﬁeﬁdgahﬁgmfﬂafa&g%ﬁrmahi@mmuﬁdn
xample ¥

(OMSORB5 4GB0 13 Hro b S5 DRy i b

i H)%&ptiam)ti)emms@nzﬁhoelﬂa mm](ijt)l 688 (SitcHdlig. 62¢dn 4B Panp-

200587 B A b es o L MR 30: 09 8 . 28D, 210

2-(2- m;gsm@mox%mgm@):@ (2-3H), 4.24 (1, ] = 7.5 Hz, 2H), 6.39 (s, 2H), 6.85

{5eo I@tk?fﬂ'@ﬁ’l?thét')rélﬂﬂmmzpﬁé &tClpysidinA+amine (Compound 50)
Step 7a (2-(4-Amino-2-(2-iodo-5-methoxyphenylthio)-1H-imidazo[4,5-

5c]pyridin-l-ypethyl)isoindoline-L3-dione (Compound 0302-50) The title
COMEXIAMPI 295 P evpsr-prio pankt(As el whitecsiobisly (BB yMbiod4 %) eibriynyl)-
com O mathoxy h azo[4,5-c]pyridin-4-
i S FARER g T

2-(2- StQMthﬁ)Emﬁaﬁhﬁ@@gxmhﬁn@mﬁ@qwgoaﬂé@Aqfﬂnlr%)n and Cs2CO3

4694 mg, 2. {Jﬁ?’élm%m?anm%gt@ 30 BMmLH)MIEAUSIDG 8) RRACRTIIRT4 g,
similar to that described for comp und 0302-32 (Example 282 I,r.Clylﬁ'Sh %2
[M- F]’.Z]SI 53{5‘?5’@71‘- acetonitrile (60 m was stirred at room temperatute for

1-(2- Admaﬁei}hylr)cﬁc(&dodﬂémgathmpmenq/lﬂ’mo)uﬂibi}ﬁmmﬁiakbfzb@umn

c]pyrl in- 4 m|n Compoun

prepare 0§m é’eogoglP %%168)%9%@&% %b%gé?:%}hg%ﬂ%c% g%%zé%(;{\@ﬁ 2
(310 mg, c@lsﬂasmmet) AN kﬁ@@éﬁd@h@s@ dg %Eﬁélj%rﬁéhééi@ 1H),
430 m;l_g JEIQI-} Zzmb) u;s%g pjocgdlg{g mmlar to that described for

compound 0303-32 Exam LCMS 442 11 + ﬁg ;?

2-(2-138-3bme f(fzﬂ(%aplem SHyRRIdaz o4,

5-C]p)énﬁﬂﬂdﬁralnameu(¢©m@oumm B0) 20The title compound 50 was

prepared as a white,solid (45 199 28%9 9T 0.99 mmol), compound 104-12
(535.0 mg, 1.49 mmol), neocuproine hydrate (21.0 mg, 0.10 mmol), Cul (19.0 mg,

30 0.10 mmol) and NaOt-Bu (95.0 mg, 1.0 mmol) in anhydrous DMF (9.2 ml) was
stirred for 24 h at 110 °C (oil bath) under nitrogen atmosphere. The solvent was
removed under high vacuum and the crude purified by column chromatography on
silica gel (CH,C1/MeOH= 100/1) to obtain the title compound 12 as a white solid
(75 mg, 16.3%): m.p. 114.5~115.2 °C, LCMS: 465 [M+1]"; '"H NMR (DMSO-de) 8



compound 0303-50 (140 mg, 0.317 mmol), pivalaldehyde (33 mg, 0.381
mmol) and NaBH3CN (80 mg, 1.268 mmo1l) using a procedure similar to
that described for compound 33 (Example 29): m.p. 155 - 167 C. LCMS:

532, FINMR (DMSO-d6) 60.76 (s, 9 H), 2.15 (s, 2H)p@s7dsthogibedos
= 6.3 Hz), 3.58 (s, 3H), 4.22 25(t, 2k, J = 6.3 Hz), 6.30 (d, 1H, J = 2.4 Hz),

6.43 (s, 2H), 6.67 (dd, 1H, Ji = 3.0 Hz, = 9.0 Hz), 6.85 (d = 6.07

o), PR o d e S s B2 ot 72 1
[1,310ipx0265yitha)4HB-1H) 6.45 (s, 2H), 6.68 (m 1H), 6.84 (d, ] = 5.7 Hz, 1H),
(iso ylamin imidazoid-5-Cipyridin-4-amine 30(Compound
51) g’?a% 8a. 39 4-A%{%“§3?@@%m§%iﬂ%o[d [1,3]diox01-5-ylthio)-1H-
midazo[4,5- c]pyridin-I-yl)propyl acetate (Compound 0402-51) A

Rixtyre OVGANEPaK I QR0HER (98Q M0 35 Mmethbxyhheammprppy(pent-4-
acetate (372 mg, 2.05 mmg%%d§52co%§7 m 3 mmol) in DMF

(17 YR EE- o Ay BT H S B E 8By 396 87 at 85 C for
2 h. Bijriwas auaporatedaidestiracyhmrard CGospesidud Mas3purified by

column CRIGMARAARMLO SR 98l (Nely B PRI, (ediangl at
100:1) to ylelrdlt title compound 0402-51 as a white solid (340 mg, . .
539%oromsd 455 [ B3 24HMuIRIBMSOMd6 651792 W@P})?@?ga“(ﬁmg

O e B
s, 1H), 6. ,1H,J=6.0 Hz) 7. f J =57 Hz).
St AR B RS bt b i oS B iy washe
dazofdib-5e)pytidin-kyi)pdpant eh(CompOuha DI 088 DvAr susperisionubiite,
compeyg DG4 BN AR (T O veatc

with Iz ﬁgnmg, 0.88 mmol) at 5 or 1 h. The mixture was diluted
with Waeeryesirnhy e fitreseld netistewmale aneckt B e BHsIURP UGS -53 a2 a
1‘]??;9\3(5199%%2&31‘1%05% g?ﬁf&)):: 3@1\2@{‘{?@%’} 3147 éé-(k;,\'mﬁi 6'3'7/'?';;@'511511% 3.0
78 (m, 39 (M, 2H), 4.24 (t, 21-3, J = 7.2 Hz), 4.65 (t, 2H, J = 4.
Hz), %‘?@é%‘é,gzﬂizb.§%9(§’2‘|5),2J§.£69%?’17H‘5? és%*? ‘1;648?{% 5.7 Hz), 7.36
(S, 1iS¥ep’ 10b.(2h(AiBrchm-6-hbz)x {3 Btefti38E 1-(pent-4-ynyl)-1H-imidazo[4,5-
3-(4-Aminoe-2-(6-bromabenzaold]41,3]dioxo1-5-ylthio)-1H-imidazo[4,5-
c]pyr%?ﬁri-%é—?c%wr}n?e% (r)llgrg%llo)nate (0404-51) Compound 0403-51
(264 mg, D BR4uHOEPNERESSbISdd 7 et GRhyarelsaiBramtd (8 B 462

sbhe sglutienwas cRQIash g0 @hd wasdieated witb NN (189m0.0787
mmol) and MsC1 (107 mg, 0.93§] mm(gzli) f(l)%fé(éjmm. mf@ix@r‘ew\{v%grge% for
conCERERER LB HED B AU B AP RME (St v
(CH2@12/Me0RCI &0k Hougice iheitle acompbemdiD4 BdbEhtasaa whitecd under
solid.(143 g, 50%): MS:,501 [M+ i

6 DS TR S Bt e iR Fhctography on etica e
1H-infahL3§ BRIy AL et tisrife spRT N B A sl yibpvbsolid (60 mg,

ffgmrad@wt;yg %Q&ﬁﬁwﬁmgﬂQ-&mﬂml&%d@cmlrmtd@mm, (Bomin) WaS, 2.81
stirred a or IN a pressure vessel. e solvent w emoye
SRS,

the ckidSlwWasphiifed 5 Corlin'chrbhtdtodraphy G
(Cl-12€12iMedHI=4DMYt Iprovisiélthe titlea ¢ dbhpound BE)as &viditdlsdidc.0

AR _ . . -
o L0B T S04 18 2 S5 B I Cr 8Ty 2.0 m. 1),
4.27 (t, 2H, J = 7.5 Hz), 6.08 (s, 2H), 6.38(s, 21-1), 6.68 (s, 1H), 6.88 (d,
gd_l' ‘JF_XQK’IW)E Ylsﬁf&iﬂhtﬂr%@ iqzjclﬂioia?sﬁﬂefﬁ%)&ypheny]thio)-l-(pent—4-
ynyl)-1H-imidazo[4,5-¢|pyridin-4-amine (Compound 14)
Step 11a. 1-Chloro-2-iodo-4-methoxybenzene (Compound ¢104-14)
A solution of 0103 (1 g, 4.27 mmol) and NCS (2.25 g, 17.09 mmol) in

anhydrous DMF (24 mL) was stirred at room temperature for 2.5 h. After reaction,



WO 2008/115719PCT/US2008/056396 88 EXAMPLE 39: Preparation of
2-(6-iodobenzo[dll1,3idioxol-5-yithio)-1-(3-
(isopropylamino)propyl)-1H-imidazo[4,5-c]pyridin-4-amine (Compound

W6 hoosmiEy392. PCT/US2008/056396
3-(4-Amino-2-(6-iodobenzo[d][1,3]di@x01-5-ylthio)-1H-imidazo[4,5-

50]p ridin-1-yl)propyl acetate (Compound 0402-5 e title. compound ;
a0 UL AL 4L SRS ahe 32 ATG, B590) Hore OB
2- (deambammmﬁmeﬂmoxMﬁeﬁmt@Lﬁﬁmmdazo[qusss]cpy(faiﬁmg Aime 'H
(CO 2 O]} 3rjor W pagaie (37
mmo%G d?é k58 tg)jsﬁ 67718%0 %ﬂ 2%62 mognﬁgﬁgﬂ DMF (175mL) o
usmélé)procedure 10similar to that described for compound 0402-51
Exagiplel 36)2 FAOEhRIB-5-methoxyphenylthio)-1-(pent-4-ynyl)-1H-imidazo[4,5-
3-(4-Aming-2-(6- |odobenzo[ i ioxo1-5-ylthio)-1H-imidazo[4,5-
c]pyﬁ@ﬁﬁ”l%ﬁj?gﬁ% GRS g und 0403-52)  The title compound
0403-52 wasiprepafechgend/RitE3IOR (B50.(dg, 88%%), frompowor fdthd4 (260
040324340 180602 (AN ALACORLDR R QMmN i

Meoﬁ%’s using a pro edure Similar to that described for compound

04031510{Exr YRI5 (CONESY 470 TP IR 21 RRAR R Kb g si7ged For
16N, 23 AP @Tﬁeﬁlﬁaﬂﬁ @%élt ndkbadrraBrddpHgicd Bk Go12bhs J & ée&ddf?;)i under

il_?)S h(ilsg}llzvlgéull?ﬂ? %15%%%;'%% é%:%gg cglgrrgm(ghromhflograp“r?yleln) dlca ge
3-(4-@Antn, 4@ id dobedizpfd jfbtSidioxoleSatthiopd Mimidazapssld (25 mg,
20clnyg ﬂ%ﬁg é’ V\tﬂﬁfi‘a%%ﬂﬁ%@ﬂé@w@lﬂ% 840452, 16 (Tl'ﬂ%i-it)lez 83

compou as prepared as a white <olid (181 g, 62%) f

comgeuid. @4@3@5@@5@%@ FEd7 hibp) Rt 61 th 211@@ ﬁf?ﬁd& 2H),
gnd MECt{ 91 Mg D798 remoRidISIAg B Progesite SNslEEIo7thatd, 1H, 1 =99
described for compoun 0404 51 (Example 38): LCMS: 549 [M+1]+;
11-1NRIR Bifs 826752 88m, 2H), 253.16 (s, 3H), 4.25 (m, 4H), 6.05

(s, 2H), 6.39 (s, 2H), 6.67 (s, 1H), 6.82 (d, 1H, J = 5.7 Hz), 7.48 (s, 1H),
7.73 SIER.39%_(2-i0do- . ntde
2-(6-lodo enzcE)[c?f[ ll’_ig]ej] o%)B |c()% 10 %% ‘(‘.SO‘BF?)E‘?&’F%‘.’A’S)B?B'S?%)I{ e|m|
dazo{f4l£)c]E)ﬂfﬂd!ﬁ%%fﬁfﬁl{ﬂﬂhﬁb@)ﬁﬁﬂ%?ﬁ@ﬂﬂ@%bﬂpound 52 was
Ryerayeq e avwhitgelel £2niego A0 AR Ghrpemaaund-0404-52 (180

mg, 0.3 8mmo|) in isgpropylamine (5 mL rocegdure Iar
that closoOEI EB DA S SHAETE IR ey D Lo G A
512 [Me-Ill) W NNHRI(DI2S O- %gmgﬁr(mniﬁfb{)p\&cﬂlnfm;fﬁmyoacﬁﬁ and (3.3

2H), 2. -
(s, )1 ﬁ) g g Hi'fl’lﬁ regg %rll_'w‘g\s 5% {%){?-?’8367 f%ﬁﬁr@o@@rﬁ?g%%""ﬁh@%@ﬁ:t
WO mmmea@mﬂez@%mm@emwmmw @Péﬁg?éﬁﬁﬁtrﬁf-’um

25 (2- RIS ROXYRRENYIRIOINE-0304-15 as a white solid (1.9 g, 34%): 'H NMR
(|sopropy amlnogpro yl) 1H- |m|dazog1 5-c]pyridin-4-amine (Compound

2-(2- qumnﬁ m@h@mﬁpl‘ﬁeﬁmﬁﬂmi@eﬂpﬁéﬂﬂmh@ady@nzya;)ﬂBHH -imidazo[4,5-
imidazo[4,5-c] i{’”dm -4- mlne @q 205-53) A mixture of
compound 02 ik %‘29 ng fl 1Hb

0-2-iodo-4- methox benzene
(Compo uAdIMOEt— o8By ](123E(JLSQ 88l Q@iﬁ@ﬂl}oﬁeﬁwmﬁa‘iﬁ‘é’ h%ﬂét@y

§o°41, i3 '}da%{'fé&% 'H% 0.5/ Oiﬁcéa%ﬂ}lﬁa@th%a({é@m 5,645 :hQnol)

mmol) in anéydrous MF 50 mL) was stirred for 24 h atﬂl (ﬁ' # n) .
underiitFotéatidbpieramehd K RMWRIHMBY A §AAE! K GX&Rh
and thﬂ&ﬁﬂﬁ@;@uﬁﬁmwmwmmndmﬁmﬁﬁ@@édmhy@nmﬂIdacgmitogrdphy on silica

MR S S SR BROER AN s
2-(2- Bmmoeﬁdwﬁé@hn&yb%nymd)am4ﬂn6azlé[m5&1@ﬁa@rﬂ@ infifem. 2H),



15(Compound 0206-53) Compound 0205-53 (1.67 g, 3.55 mmol) was
dissolved in TFA (12 mL) and stirred for 2 h at 80 C. The solvent was
evaporated and the residue was adjusted to pH 7 with saturated

v{,\@f‘} g%ﬂ J1e resulting precipitate was collected by filtratioprang fyrgfaessos
purifi column chromatography~en silica gel (CH2C12/MeOH at

sovd o el oA R o
3H),7H0S (3 @HDH? 329, 2H). Sidép H0L.7.44 (s, 1H), 7.75 (d, 1 = 6.3 Hz 1H),

3- (4 |{1 pﬁ ﬁaﬁnethoxyphenylthlo) -1H-imidazo[4,5-
c]pyrl Isye ropyt a acétaté (Compound 0402-53) 25The title compound

0402-53 was prepared as a light yellow solid (750 mg, 53%) from
@0mE@é&lﬁﬁ@ﬁ%@%ﬂ&%&.ﬁe15~mmmlm&1b(@maprwbammtmﬁaaa 5.
mg, 4.72 mmol) and Cs2CO3 (1, 74?9 f{im mmo 7m 5 3;
procedure similar tcF RS GRS ERbTe o i %“&ﬁae 4 Hmple ﬁ
LCMS: 453 {Nbtiiion 30Stapaei@d.3 (120 mg, 0.251 mmol) in dlchloromethane (24

3- (4 no -2-(2-hromo-! the | o .
e A N e

0403'®31\Amppr@tpmadasratm %m&@gﬁ‘rﬁ@%?%ﬂf &meﬁt‘ﬂrf&ethaml
18402 R3AV PRAVG BTSN BRAKL (L3 &/ R g t&’r@@rmmﬂfdﬂn MaQk

(13 mL) using a procedure sjmilar to that de cribed fo FE);oun

e R (Bt S aécBLt BEP ekl
409 Péthiki4id it NMR (EMS G- d6) LITB(selidkhs 318.750M) zmp 206114530,

4.25 (tc% 4]667 gﬁﬁ@%@ﬁﬁ (%314 5;% H%é ,ﬁﬁf 232'5'(111 *zﬁ)ozfs!é)(m 1H,

6.44 7.60 4(d 1
Hz). Ssﬂgpu@e433(t 2H, ] = 6.6 Hz), 681(s lH) 7. 7(m 2 )775(d 1HJ 7.2

13- (4-AmIROL (2o f@%im&tbmt@emmhmibwmﬂjaZO[4 5-
c]pyrldm I-yepropyl methanesulfonate (Compound 0404-53)  The title

compound 0404-52 was prepared as a white solid (300 g, 47%) from
commMQﬁQS}ES}(E@ﬂmﬂﬂa&mmhow&(&iﬁhﬂg’lﬂlmmﬂ-(nmmﬂ-

and Ms 2 mm SiI ilar to that
deschib¥t or_lclgﬁpéﬁ 03596“6 gli, lél %ﬂ ?h&iqgg&)m‘fg}ls 487 [M+1]t

Step 40f.A mixture of compound 0113 (150 mg, 0.646 mmol), 1-iodo-5-methoxy-2-

75 (2- BeRInQrRs0e oo xyphemithinlsd; @d&gmﬂmmrﬁ@ybmamm; Cul

4,5-c din-4- 53) The titl d
S’V[h.te(gfn@é%%}r%%ef MEWEREE EER STR
in isopsopidaifae 120 ol ) WYn@ihtbRprocddwiewsioni Eanmnha‘ed’ésmﬁe@f was
f d>5 | 3 4 " "
e e
(t, 2Hilka B HDHCR/BEBOH at 1&9/ 3. mk)édlgm’gq_t ngnépogp{i \137_as7d2hg]12)yellow

£ ilg it s i e ke .
22(2 BH&%M&%W%% 4iEiRh 349 s, 3H) 34 PP Y ), 6.04 (o, 1H, 3

(isopropylaminoiprepyl); Hésridaz a4 6ehyyridioir4ddnidel (ERrpbuid= 9.3
54) St

2-(2- N o‘iy{)hgr? Rloy:A (F rmbthoxyBengyil)-1H-imidazo [4,5-
25c]pyridin- 4 -amine (Compound 0205-54)

30 EXAMPLE 15: Preparation of 2-(4-amino-1-(pent-4-ynyl)-1H-imidazo{4,5-
¢|pyridin-2-yithio)-4-methoxybenzonitrile (Compound 18)
The title compound 18 was prepared as a white solid (25 mg, 11%) from
compound 0113 (150 mg, 0.646 mmol), 2-iodo-4-methoxybenzonitrile (251 mg,
0.969 mmaol), ncocuproine hydrate (13 mg, 0.0646 mmol), Cul (12 mg, 0.0646



The title compound 0205-54 was prepared as a brown solid (734 mg,
55%) from compound 0204 (1 g, 3.5 mmol),
1,2-Diiodo-4-methoxybenzene (Compound 0104-12) (1.5 g, 4.2 mmol),

\Qg%gw{pjglg hydrate (73 mg, 0.35 mmol), Cu! (66 mg, 0.35ppmad) @Bdse396
NaOt-Bu 2335 mg, 3.5 mmol) in anhygirous DMF (33 mL) using a 30

procedus slariohaldescibed o SRTRRYDS SRR RETRISAY
2-(2-esledmmethineyphenyitoio)pddFimicapofbLE]Hridinkd lAningMS: 364
(Corsopynd GPRGSH) W 200BHIZTHORGTIUSRA0EINA Sy ) The 1,

title comp was prepared as a yellow solid (181 mg, 53%

from bOApGUIGATS B (5. o @6 A nt TR Y g 56 (o
Rrocggyre siniarita that desgribed fos pemposng 0206758 @xemple #0H?z).
LCMS: 399 [M+1]+; NMR (DMSO-d6) 63.61 (s, 3H), 6.72 (m, 5H), 7.51 (d,
1H,J=6.3 Hz), 7.74 (d, 51H, J = 8.7 Hz). Step 41c.

3-(4-BrwMaA- R 1ieder-Eparethoxyph e o) rbH-i(pediaAcf43)-d|dyniditeizo {4,5-
OproRy, et Rl AR e TAS G ROBAQUBHL GRS 19

was prepared as a light yellowsolid (531 mg, 53%) from compoun

02065%p (B8O ;e miebhx srkroriebapys Sceriteindiy 401y, 3.02

fmol) ang @GR i1 983-%@56}%019%@4\4' Bd6Gahd MBIRGeT 0103 (1.0g,
ibe

procedure similar to that descri r.compound 0

02-51 (E 38):
LCM@.:’ZQQ@W +ﬂfﬁ-C§%é% %Qd’_l"he resucftmg mixture was4hcated1 a{ ré(t?un)g %% & and
3-(4- 402> (@-b3dg-S4nethokyphentdtidislpwly into the mixture. The mix.ture
H-imidazg %gggl_@{fgvy&l1¥9Hr99@ﬁén-%z<%9mmﬁ 0403-RALLEThG iterye

compoun as prepared as a white solid (412 mg, 85%) from
compoukd GitdR-B4s (BT, ircoBmeetalyBHE] Repot PPy

1527 MR ek, in. MaPH8 3 fiHel Wit grachr cnesiure2sintiaNechat desaribegland
for compound 0403-51 (Examile 38): LCMS: 457 5M

1403 A° Jr%%;+ Step 4le.
3-(4- RS- 2R B BBk TR T FRIGHS 4 Be Qg e faver was
din-2@knpepytiretianpaiibnatea(Goinpo NS 0404 BiporTiad. tile: crude
compound 0404-53 repared hite ,solid (2 [0 cum
comp Ot (8 o SR BTAR S50 RR elen
and M$G) (458wl titesempeisy 08fHg!d preceliuird sibfilap Bgnkie): HNMR

ﬁgg;‘t:rﬂ@ﬁ@:{;‘?%CQ@RQ,%,W(Q%@,@QZR@@M, bGMSt 13353,[Mé 2]Hz), 7.51 (d,
e

41f.
2-(2-Ib%o’-g-%wdem@xgﬁﬁéﬂyitﬂ'rd)ﬁ@(él_e@opropylamino)propyl)-l1-1-
imidagei G5 pyridinAnanoine fEormyaynd B4jnidiEbid ftdcoiipepith§d-4-

was prepared as a white salid,(18 m %) from.compound 0404-54
(120 mg, 0.225} Fﬁﬁrﬁ)é?’)plne? cgf%%agfﬁerg%i%é%ﬁ@bsing a procedure

similar to Thattlestritredior Bormppisher SiaReakpieses] (T Tnes 3 kg Brom
;[235\4+JJ>I&}E|5NM81§@M§%%6' 5b 645 Sty & btnpbim@ B LOY 1D (AR, D0 mmol),
2.43 (t, 2H, J = 5.7 Hz), 2,59 (m, 1H§), 3.58 (s, 3H), 4.23 g HI=72.
Hz), egysyerong hydrae 137926047 1S onDead (it 91l Siqlyeng Haot-
9.0 He), G8mdo it thmd)3oHzhydrdb{MMIHY W ising a procedure similar to
2008/115719PCT/US2008/0 92 EXAMP, : ratio
syt o st e U
(neop@ntAERING) propi)- 2L Ariidl frofAl b 2 p\HSIAY: 3mié: (Cokipddride)
g@ SB‘?&‘@%-H%, 418 t, 2H, 7= 7.2 Hz), 5.92 (d, 1H, J = 2.1 Hz), 6.49 (s, 2H), 6.85 (d
-(3-(4-Amino- -(6-|odobenzoE[d [1,3]diox01-5- |thIOL-1H-ImIdaZO i’5'0 ,
clpyridih-1 2P disb R E8EdnE: 113 '6&&(&2@%‘666 030 H58): T TR
compaund03P2i563Magnrepared as a pale yellow solid (410 mg, 57%)
from compound
2-(6-lodobenzo[d][1,3]diox01-5-ylthio)-1H-imidazo[4,5-c]pyridin4-amine
(Compound 0206-3) (500 mg, 1.2 mmol),
2-(3-bromopropypisoindolinel,3-dione (610 mg, 2.4 mmol) and Cs2CO3
(652 mg, 2.0 mmol) in anhydrous DMF 10(8.5 mL) using a procedure
similar to that described for compound 0302-32



(Example 28): LC-MS: 599.7 [M+]] ; 111 NMR (DMSO-do): 6 1.93 (m, 2
H), 3.61 (t, J 6.6 Hz, 2 H), 4.21 (t, J= 8.1 Hz, 2 H), 6.04 (s, 2 H), 6.40 (s, 2
H) 6.50 (s, 1 H), 6.87 (d, J= 6.0 Hz, 1 H), 7.21 (s, 1 H), 7.70 (d, J= 6.0 Hz,

gn 7/1%?7 5 4 H). Step 42b. PCT/US2008/056396

Rini Inopropy1)-2-(6-iodobenzofd][1,3]dioxo1-5-ylthio)-1H-

15|m|dazo[4 5- cl]3 yridin-4-amine (Com ound 0303- 56 gll # com ounlsi_
030356 MEE-Br %a?é’&%aé'b‘él‘éf dioreid ot hegy ‘% Frayny
comﬁmm@m&@ﬁ@marﬁ&mmmmm4 H20 (580 mg, 11.6
mmaQ H2C EtO rto
that ﬁif ol % FJC% rlgg‘é%%g_uﬂdo g% @5{%:9 Qm p#eﬁé@%b &%ﬁjﬁ&&%ﬁ%{w@ﬁﬂ
20Step 42c. cjpyridin-4-amine (Compound 0205-20)

% (6-lodgp %ﬂlgu%c%lﬁb%ﬁ’é ézwiﬂ%%411&3‘1(0?%ﬁ&t}[m@l\hﬂﬁﬂrgﬂﬁfbhubenzene
H-imidazol4,5-c]pyridin-4-amine (Compound 56 Therh féé

56 Wil bresharadE® & Witk Sb i (Pe0 lman%‘m%%%
(257 1pgh19)- 2R omelpand pivataldehyds @GOG, t@L’J@vmmui)adusmg)éC
procedure r tq that described for o XAMPle,
170 94 %EEME%%W“%“&W??W%{%M@%) 60. 8%8(:%5%&@
1.76 ¢nsiRekye D CHASLMEOH 2 HBI(Y) P 2igeghazite popaopad 2§52, zbﬂzﬂzte
f;}) G(Qfld(@ %M@@ /%(iéu'é),sﬁ RA511E H 2080 ok o-6,9 1268 )3 1),

47 1 H 7.71 % J=6.0Hz, 1 H). 30 EXAMPLE 43: f{ﬁpba%t n201[] =
1-(3- é[é?t@ﬂ&)ﬁ%fﬁl %%bﬁ)]g—(%rf Hz, J,=9.9 Hz}, 6.56 (5,
iodoengpidi{ Bjgioxen6-90thip)-limideHaj473 iy Bdind4-= Bk, 7.76 (d, 1
(Com ound 58) tle.compound 58 was prepared as a white solid
(64 i’ 37%6) Hand 83 §g pct;ulﬁ
3- (4 smmmz Pecietichen2apdijihSicition bLyitideyol HShwlita b sumifo

g %Ig%‘{db) 008/056396 93 cipyridin-1- yI)propyI

meth Suﬁonate (0404-52) (18(01?%9 0.328 mmol) |n tert- )é(?mlne

mL) using TREEREPE SIS L3008 AP roaceti dCld
(Exammmﬁ&hsmiaeaa&cfa&7f& 2&CM1865126anhﬂ.}¢dieieﬂlMﬁt(DM§ﬂ)}dﬁ)tﬁ

60.95 (s, 9 H), 1.71 H 2 Hz, 2.H t
2 H), 585@9}1@ El_ﬁtuéaé?z(%q 594 3]%%?% h]l-tlso% iﬂc)écsuﬁ%é %6116 \Zag Jfllzlectcd
7.48 (ad M) 6. gR¢HhS tithe. @ommanngo@uwpwmw sphép{aﬁaﬂ@%r %$%)

%0(6 g%fge%?[ﬁU{Jfﬁidi?Wﬁ iR 6. 91 (d. 211,163 Hz) 6.96 (m, |
p -ylami

entan o)propyl)-111-imidazo|4,5-e ridin-4-amin
10(CoMdtreba)1. 1 T3 '3 kil o). 756 (1 1= GO, 745 2
1-(3-Amngprony1)-2-(6-iodobenzo[d][1,3]dioxol-5- yIthlo)

1H- |m|dazo 4 5 c]p ridin-4-amine 1 32 yridin-
mmoﬁtﬁi’r% ot (8oR3" W %’Mﬁ n%%#?t%lrtlo el Jrﬁgg%dq}g# %Ey -
After&tafrieﬁicfoxo'iﬁ)pnumﬁaﬁ()boom temperature, NaBH3CN (80 mg, 1.28

mmol) wag added Sl lRERaR Al (HARORE WanAddedend thang 0.5

mlxture was stlrrec§§ for o ernight. The reaction was termlnated b addm%as

saturategNatb oD peiye THemed e R d Rt AERARYY

and exfragted with digh t@’om@mt(\'i@srfﬁm&\%)i Jﬂﬂl@r&ﬁ@lﬂ@im and the crude

concentrated and purlf by pre-HPLC to give thet tle ¢ a

white &8l 3"&?1?@"156 e bpﬂ%ﬁlmi‘é%’%%%ﬁ% Efogﬁ‘/.%ﬁia ’i@}?@f‘m

(Dmseema)toz@ﬁamm@pw)qmze@ {ipulaWyiR fidrwhiciHyas gher purited by
2 ALt d a 6.:64(s.dm

Eﬁ %ép(g[%m( éo%ﬁ_l?tﬁ |_|t|—|‘z) &19@2@ ga,"\'x)h@c‘hgl(&él?s'ﬂ?g ﬁ%i S

EXAM@lE\MSTPlr@ﬂ‘éW&HM\S@(é rb%m%‘b@ﬁz% 3R 02 HO Y= 72 He), 2.80

[21 ,3]djOXOy; 54%?%@)))21{1@ Zi 5 Hz), 6.48 (s, de) 6.61 (dd, 1 é‘ Jj=3Hz, =96
5isopro ethyl)-111-imj | 1

A soldlioh (. bForh5 L L el S iy L+ e 2 1

c]pyridin-4-amine (compound 0206-22) (500 mg, 1.37 mmol), PPh3 (718

mg, 2.74 mmol), 2-isopropoxyethanol (185 mg, 1.78 mmol) and D1AD

(830 mg, 4.11 mmol) 30 in toluene (12 mL) and CH2CI2 (3 mL) was

stirred at room temperature for 20 min. The solvent was removed under

vacuum and the crude purified by column chromatography on silica gel

(CH202/MeOH at 30/1) and followed by pre-HPLC to give the title
compound 61 as a white solid (113 mg, 18%): m. p. 183 - 190C. LCMS:

NET1 INA 17 - ILNIMD /DAMSN 1A RN OANA (A cl1d 1T —E A WU 21 (ma 11 1)



94 3.64 (t, 2H,J=7.5Hz), 4.51 (t, 2H, J = 3.9 Hz), 6.12 (s, 2H), 7.02 (s,

1H), 7.28 (d, 1H, J = 7.5 Hz), 7.40 (s, IH), 7.74 (d, | H, J = 6.6 Hz), 8.57 (s,

2H), 13.28 (s, 1H). EXAMPLE 46: Preparation of 2-(6-iodobenzo[d111
lox01-5-ylthio)-1-(2- PCT/US2008/056396

vgfi%l)(parsgp}g‘El)?\(/athyI)-1H-imidazo[4,5-c—j1§)yridin-4-amine (Compound 62)

The titl 2 hi id (1 %) f

Cor?lm ¥ CO}r’anig llji?:dl’?ep\élvngasfi(egeo%azt?ﬁﬂsa-'giguvgr(l)t-%-?g Itgjp egglmg)ﬁ?(po ntr-g[n

2-(6+asnhaniaidiioBigiexpirBiylthiopibel(Romarofd 340]pyridin-4- amine

(Compound 0206 00 mg, Q.7 PP ARk o[ 4.5-
Nt nls G R A A
mmol) in tolueriey(Blimt)aantecHrarand BHdlising a procedure similar

to that deggrined.for CAMPEMIDLE 1B YapRR ¢R0RE: 1A PRon2edBound 0204
LCMS: 499 [M+1]+:11-1NMR (DMSO-do) %395_(@ ?ﬂ/ J=6 64(3*%)4%0@
(m, 150 34l €5 200D = 1521 pgron 4 ogphesacts (TE{A Megb s T

6.99 K8, (2b1) 1 27 60k ) red@-Eptdiz)e BySRu(s(3He 16 1783 ridplHnd €2.63
Hz), 8.49 (s, 2H), 13.1 XAMPLE 47: Preparation of, ia: describe
9. ()2_18%&?_7% iy 8§ 3}6#@@}%}55?%) usl E a Zmoé%% _ﬁ“ﬁlq 9, that described
isoprivposyethwii-AHSraftdEzepedpyhidiNea- a5tk ttompound 64) 20The
fijle @@}Pgm@-@f}mmmns@@ﬁemmmugnca&ms&@%Mmmamme

g?(r;ﬁggg-S-n{&?fBWb‘%Wﬁi?&)llH-imidazo[4,5-c|pytidin-4-amine
(compound1@@rEAiaOEh 0850 wimnpl)p RN 4268 MG .ﬁmnmmp)g@d
'SOprﬁg(%ﬁ ﬂgr%gégi{%‘gﬁd %ﬂ@?!h@&ﬁ%&ﬁ%%g@prﬁc%&u%@tmm to

tolue m mL) using a procedure similar to tha
desctibedcforibahfpoumebasnd D186 Reanp)e Av)pLedEs: 168 BIIEMS:
£85 [MeF s 134 NMRARMSQAGHR A B 5L Ghbnele B H2). il 3801, 5-
1H), 3.5 %_V?H J=5.4Hz),3.60 (s, 3H), 4.35 (t, 2H, J = 4.5 Hz), 6.39
(m, 3HDYEBT{aaiasCopeanddl) 32 = 8.1 Hz), 6.83 (d, 1H, J = 6.0 Hz),
7.74 (M, 2H)hSQEXAMPLEHXS: Riepaiatieh(®$ mg, 18%) from compound 0206-

4-(4-aming-2-(6-iodobe d][1,3]dioxol-5-
i) Lo By e Pl e A4S L5 R Gaf QA e
48a. Ettdylnmol) and K1 (5 mg) in DMF (5 mL) using a procedure similar to that
(4-aming2r SrigrdohenaclsliAlciexea:Snyithiey-1 irtdezefd: Scipyridi.
épyl)%ﬁgn%cﬁrtge@rCompound (%50%6%%0 }ﬂ B 1 5t
2008111 BMBHE¥IBS00BI0B06 b 2| A ittt TotdBknbhaft 2> &
,3]dioxe }-dyithie)y, Winidaan[é G+ @ pyridini4zaring .(Sompding TRE6I3) 6.0
(200 mg, 0,485 ol),.ethyl 4- bromobutanoate (142 mg, 0.728 mmol),
CsZC%Sl(%égﬂ%{r%g]ﬂg mmol) in DMF (7 mL) was stirred at 85 C for 2 h.
DMF was evaporated under vacuum and the 5residue was purified by

QlUMR N AT QG 3REY.ORRINGH ﬂ%&@@%@ﬂf‘o Varigib LR HIARL -(but-
00:1) to yield the title Compound 0502-66 as a white sqlid (168 mg,
66%)31!@%%‘2’?‘%Mfafjgl:ﬁbrlihbi‘i‘am“‘e (Compound 22)
4]- (4-/5@51992:)@8(@3%@&%@%1[@@1@1@8%+Ez—-ylm|nio)-1&mmwmmpk;&y(1)- 1H-
c]pyridin-1-34)butanamide. (Compound 6 191001?1 1.0502-66 (180

mg, 0.342 mmW%ﬁ%f%%g %‘é‘é“i%g‘ m ea}:‘r’né’r%’ua“#ﬁr%ﬁeggha ol (40%,
W/W) andTtietithixmpovas @itk at:B@1€picd sealetrrabwhd eHgne: 49%)
3pIVepl was YARGIalad BRI CdueRM BIPSSHIS AL Iasldu Y ABioxol:

purifie mn chromatography on silica gel &methylene chloride /

y
meth&hal &t 269 PP leldarPIBHTBEIRY B8 ALAAMRAIL S (68 %0244
40%) 1)) 2RY NRR23LT 134 W(aMSi4498 EMie i JENMRMDM S @i oyibg a

1.84 (m, 2H), 2.06,(t, 2H, J = 7.2 Hz), 4.17 (t, 2 = 2), 6.05.(s, .
iy, GRSHTHES gt et T i oms:
7.71 (d, 1E1, J = 6.0 Hz). EXAMPLE 49: Preparation of
5-(4-amino-2-(6-iodobenzo[d][1,31diox01-5- 20
yithio)-1H-imidazo14,5-e]pyridin-1-y1)pentanamide (Compound 68) Step
49a. Methyl
5-(4-amino-2-(6-iodobenzo[d][1,3]dioxo1-5-ylthio)-1HimidazolL4,5-c1pyridi
n-1-yepentanoate (Compound 0502-68) The title compound 0502-68

was prepared as a white solid (131 mg, 51%) from compound
D (A Ind~Abhan=AlAITI1T 24diAavAa1l Ev/ithiaY 11 imidAa=2AalA4 E Alevwridin A0



25 amine (Compound 0206-3) (200 mg, 0.485 mmol), methyl
5-bromopentanoate (142 mg, 0.728 mmol), Cs2CO3 (268 mg, 0.825
mmol) in DMF (8 mL) using a procedure similar to that described for

§g}§%1%q (502-66 (Example 48): LCMS: 527 [M+1]1; IHNAHR/us2008/056396
"? 240Y 6 1.47 (m, 2H), 1.63 (mys2H), 2.28 (¢, 211, J = 7.5 Hz), 3.54 (s,

3H), 4.17 (t, 2H, J = 6.9 Hz), 6.05 (s, 2H), 6.38 1), 6.66 (s, 1H). 6 ]
TSSO HOMR SRRSO S0 i T, o P DR A
5-(4-Aminsi2aG-4oroheaza[dH[ 1, 3J8in ] 29tk B3 1H-imidazo [4,5-

R B bR e R
0.24mmn (papdubd A0@AINonia in methanol (40%, WO

2008/1157 1 9RCTI1382008/05639%: 95 WAM Alsingidireseduos signitatdo
that described for compound 0502-66 (Exa

ple j@: £:303:210.C,
LM SO 0NV TBMSOTIY 6 T i ol e e
2.02 sftn B4 1) thial R dckzhed B inipbhyll SO HAF-60061¢5, 72H)CBIS 3¢, D11

11 PRSNGSR Y B SD B

6-(4-HmiNo32 (66 1iBdchbEhzb[Hil1, 310ibel - 5-

pthig)s 'ﬂgmd(%zgiém%sley_stqwgmmmnﬁm;@ﬁ (QRAPYHNG- Y SleRol4,5-
50a. Ethyl 6-(4-amino-2-(6-iodobenzo[d][1 %ChOXOl-S-yltth)-lH-
10imidazo[4,5-JByREiR-f0iREGABRIE Spound 0502-70) The title
compound Q5@27 OvaSIR (0@ eha)a 4ehitersh)iBRRA0F 123 0%6) faov), but-
compoun : ,
2-(6- S S0 SR e AR A e S Een e ime? ™
(Contjitulitel D206-8){500ahy, roeirameprametiyl Hyine Brorabrakddate
1(51 01 %\JE(?W)&C%%%@ZIQ({@ uifiedH eblith P Mo kkS arhpHySinGilca

1o procedure smia o (il desetied 91 SomagyPe 0°0%: R FHamelsc

6-(4-ArninaiR-{GHiodobapzafulla]giase 1-Bspifalo)-AMSmitaRdM b; 'H NMR
c]pyridin-1- [ ound.7Q) itle cc
prepé?%\é%%%Rgé?gﬁﬁf%%%aﬁgﬂ)f%?;gg%%idrgmcp?o@uﬁgﬂ&%g??&g?ggé6'40
mg, @s3BHNH6H @NHRSORE @niohiadn Motatolsddbe, WM (8ing=-4 H2).
ﬁocedure similar to that described for compound 0502-66 (Example 48):
m.p. 194 - 198 C, LCMS: 526 [M+111, 'fl NMR (DMSO-do 6é Fﬁog . ZF}L
1.41 FRXAMBLE 39: Brepuyytipp gl 1-Gut-3-ynylyr %j‘ﬁ‘f‘ﬁ?ﬂe{g,z‘i{ J ’JHJ‘.%“’
Hz), $1fR0(S11-iRdh0[3348pRHiB 68niih AN BpBI{d 28, J = 5.7 Hz),
7.19 (s, , 1,48 (s, 1H 7.71(d, 1H J = 6.0 - .
Preparatiohoi (2" Qlc-’%qi?l%-vﬁ?éjgg&r) deﬁz%tﬂﬂ%@&%éﬁ%\ﬂg&%&@) from
yltbiojetriemitiozes 8, 536]pyrdi72 Aetaly Bt &R ida g Coth panpks ppty3-yn-1-ol
CO{&O&@&&% @lef?ﬁigﬂfﬂmrﬂ%)?m%@ (P -d1mhQSRMinerNES!,
ved | 10m1

ISSO diehloromethane | and cooled to OC with icez-w er e 19):
bath. (78 thls BORESONRIGHSSARIEA HREHPUHIBHRY FSERRE b iriaRte 19)
dropwjisg. Fhe.seltion wassstigeihat OC fandMRhanbthey tha Solveat]), 2.92
was [emoved YIRS SEE LY PA00Y A BT L SHUSAARBIRRORSR . 1o,

(G, 1, 1=
= 6.6 Hz), 7.52 (s, 1H), 7.76 (d, 1H, 1= 9.0 Hz), 8.58 (d, 2H, ] =8.7 Hz), 13.29 (s,

30 1H).

EXAMPLE 21: Preparation of 2-{6-bromobenzo|d}{1,3]dioxol-5-ylthio)-1-(hex-
S-yayl)-1H-imidazo[4,5-c}pyridin-4-amine (Compound 24)



97 pressure. The residue was purified by pre-HPLC to give the title
compound 72 as a white solid (47 mg, 22%): m.p. 193-197 C, LC-MS: 498
[M+1] r. 1H NMR (300 MHz, DMSO-d6) 6 1.67 (s, 3H), 3.32 (m, 2H), 4.21
v@o%f)—&sﬂ S50 H2), 6.02 (s, 2H), 6.29 (s, 211), 6.70 (s, 1H), Fetlubdocktdssdos
=5.7 HZS, 7.43 (s, 1H), 7.68 (d, 11137J = 5.7 5Hz), 7.97 (t, 1H, J = 6.0 Hz).
BTl s i o 7 i, 27
yithi@pihpbinideoe[4 5210 pyuidio-SHs tprop Y Hac@ihmide (Cormmolinkp74yyn-1-
10A ensi : :

13 SR ) B QAR ST Al fpuene (5 mid nd
1H-imﬁoga.,m}@ywmampmﬁw@@mﬁb@ﬁaaoéwréﬁs)f@wmg?m%2
mmalinAcetio Reidis Aa-ivvag cogireiie @G430- 84S eold @ojatipnlwagm,

added acetic anhydride (125 mq, 1.23 mm he react) X
aIIom?é@’ta'Wa(fﬁa"?/El}U?o fér%e%a_t]ari af d@‘ |%réd a’rjgotréioggt]él%i g’r&%ﬁggﬁ )
overnighisTHe)reaotidn ijitcre 6as) 56 (e tHuithTC HR O42) (8 hriLhland 54 (5,
the s ent @ngr oved under reduced pressure to leave a residue
which was purified by pre-HPLC to give the title product 74 as a white
solid (90 mg, 43%): m.p. 102-404C, LC-MS: 512.0 (M+H+). 1H NMR (300
A e AR
.05 (s, 2H), 6.36 (s, 2H), 6.62 (s, 1H), 6. 1-= 2), 7. :
1H), 7.71 (d, 1H, JYBh ﬁib‘,“%‘@%f'%%?@‘f.‘g'ﬁ"f)‘f‘lé‘f(ﬁz&}?gt}’lﬂ“:@: S
PreparativhcaftN-(dr{foaminb2¢ Griquobenzoid]jt, StibP1ng:, 25%) from
Yithio). SHRIEGARS IR 3 RSy PRESISERIA (ERRAUNTHER) yn-1-o
ep 53a. :
2-(4-(B3AngirtcR26(emesdb BEAZD (AT Badddornmeliimaneitfie) oyl £HCl
P§nyHi@-éml)Qﬂgyb'g?Q&e@a@@%ﬁ;Mj@m fexempauBe-03Paui6)2 (Brample 19):
mixture of 2-(6-lodq enz%%% 1T HINMR (DMSO-de) § 1.45 77
[1,3]d’fb%oi§§-”yllﬁ?o)cllLt9 aig%[%-&iﬁyllﬁjln%ar%me &o?%poUno(rB?%%)-?])'
( 412(m@r) @ mevel) 2P A BomoBulypBoiHdDIndL(8-Uibde (B20lmd,. 01s, 21),
mmol), £s2C03 5 mmel) i us I (63PmE) Was 8 56 (d,
heategdot%??g @’a%ri%}gt%’%or ? ﬁﬁr}lg 'r%{;l%g%lﬂfnﬁﬂe’was cooled ?())S (
room2Bndpedatite.aidfilferéd) The solvent DMF was removed under high
ygicuum to give a crude product as an orange solid which was purified by

column chromatography on silica gel (ClI2C12/MeQH/NEh= | 00/1:0. 0
aive BRI ASoEreResmn 6 L d BRI YA A %ﬁ?%ﬁfgi‘ﬁ“l“'
LC-MS: 614 [M+1]". ii@220@F i 10RCTYNSE08EE3ER 9 Sted Bab.
1-(4-Amingbuty1)-2-(6-iodobenz [oxo]-2-yithiQ): I Himidazalto-alps-
R N S e S
(470 mg, 0.77 sinyodimAdmREIECPRDoENE P2R;20%.34 mmol) in CH2C12

§10.0 mL)apd;gthangldh0 ibs was heatpekta R0Coanehadires4farg] 5%)
The solvent was removed under reduced, pressure and H20 (25 _nai_)jwaf
IR by

addedtomheomietié 544 @ drd bt ' BRI 35
combingdIprgaRipaiemyhatweshed, Willi HM201§12uh(6k 8y, Briédnovd) and
Na2S04, filter nd evaporated to,give the it I - Bmilar
pale ﬁ#g#}go@g 5?% %1%918@ o)mlfl&k%(/éifg} 4 B%iiﬁ%@‘?idgg eag%%ce%.ﬁliaé
N-(4-(d-thanilocPb@l ibdobenzold P2 B1dd 1151 ib) ﬂMﬁiiég%@[iztB--
?@yrlgwﬂyﬂ%@ﬁ@ﬁ%&@fﬁigﬁ&%@m Hﬁl@;@%m&@@p&mmﬁ@ﬁmﬂﬁ
240 mg, 0.5 mmol) in acetic acid (1.6 mL) was cooled to 0 C. To this cold
solution was a@&@ﬁ’ﬁ@é‘ii@%ﬁ%ride (204 mg, 2.0 mmol). The reaction
mixture waseHoNeshio Warcie-1oamstprmpecature wiild stivlati(18! mg, 53%)
overnight. The react ixtyre was diluted wit "
solve Wa?@é?%%‘%%@ﬁ%ﬁ%@&%é%é@gﬁg.%%ﬁé%ﬁ%g Pgsi %r(]agv%%?u e+
purifiediiapiefHRIdEs toilgiv dothetithe s ARYLAY (Egampie Whitd SR ¢70 Wiy 11
27%): m.p. 198-201 C, LC-MS: 526.0 (M+1-11). 1H NMR (300 MHz,
DMSO-do) 5 1.33 (m, 2H), 1.69 (m, 2H), 2.97 (m, 2H), 4.16 (t, 2H, I=7.2

Hz), 6.05 (s, 2H), 6.36 (s, 2H), 6.66 (s, 201H), 6.80 (d, 1H, J= 5.7 Hz),

7.48 (s, 1H), 7.70 (d, 1H, J= 5.7 Hz), 7.78 (t, 1H, J=



4.5 Hz). EXAMPLE 54: Preparation of 2-(6-ehlorobenzoki
[1,3]dioxo1-5-ylthio)-1-(2-
(neopentylamino)ethyl)-1H-imidazo[4,5-e]pyridin-4-amine 25(Compound
73)5 A8 PCT/US2008/056396
‘%-( -(4-Am|no -2-(6-chlorobenzo[d][4s3]dioxol-5-y]thio)-1H-imidazo[4,5-

idin-l-yeeth line-1 C 77
o O30V G M. 3 (2Bl STy dlge1 B-drose (b
(3.0 ng%lSYimmol) and Cs2CO3 (4.3 g, 2,1 mmol) in anhydrous DMF
(28 Wz’f‘%ﬂ”eg & ereﬁJ9fs%tﬁd}‘;gﬁ&mwMﬁcw@%mn-

room perature an The filtraté 'was concentrated under high
vacubmi)hytgmlai&ﬁ@@ﬂm@d@c%@s an orange solid which was purified by

golumn chromatQgreRiM,et:iticases (C4d26;1 8/Mefdoly llclﬁbh)dmrmmﬂeie

FﬁTfﬁwa)gé%g%é%?gﬁ lgljgg rp‘{\}I{‘V@O“dDh% M WaS stirred at

2008015 749PE THI SRO0BGGEINGOB RIS reB @ HRME 52 (tui2fiel (esthp
Hz), 6.
o )ﬁ%mg% ﬂ%gpo%%éq(y o%'é)hc% Séte’q @Hlt‘lg/}@e%ﬁ%) 18079 Rutid vy HE-

1-(2- maéemylytﬂ%uw@mwo?[éﬁi %ﬂﬂlt&&éﬁhé%@ Y HimbaL A8
MW@W@W&O%S{W); ﬁA‘mmuRe(Dﬁ\m&%R (195(@, SHMMGH @AdH),

N21-14-H20 (1.8 g, 85%, 85. n.CH (50 nd EtOH(

) 3R R s B AL TND Lol i et By 62 (62
filtratien ﬂﬁ@thﬂﬂjﬂﬁ%@ﬂ&&h/éﬁhﬁ{d \Mthtfrlﬁ@ HO07MAL e2¥HPhe organic
layer was dried over Na2S04, filtered and concentrated to give the title
product 0303-77 (850 mg, 77%) as an orange solid: LC-MS: 364 [‘M+113
11-1 KN#RMIPI (B GG -NIEER DA SO 4-TBine-21fy bramqhense dlf 13 lioyol-5-

1%"' %}1 R AL RidR 4074 A D p§ridisSy ?hhuﬁﬂéafﬁallltk):oﬁaﬁéu(di 11, J=5.6
s, 1H), 7.69 (

2 (6 ChmT(BB&HE&megT&.B%&%Egﬁﬁéfg;’z 6@%‘%& Q&) iy fyt o) from
1H-irssdiaeld Bajppddine mening Qﬁmmwﬁdoﬁa)blﬁamrwgbmﬁbmgaﬂ 616

gﬁlg?rq%m&%%?&fé%}jﬁﬁ @gmgédﬁ mehane A3k i ;‘g’ﬁr‘; @ddefkedure similar to

8 mmo After stirre m at room

tempéradaeriNaBPRONIB88 66 %@Wﬁ@@v@ﬁ@a&iﬂféd Yoy, &g the?
i(@lxttﬁwy fis dﬁqlwce%mh o Tﬁt@)ml&tu(ems ell)mzeqizyymm,teﬁ I
500 mL) and extracted with dichlo ane (1 The
e e A A T e e
(CH2(EM2/Me @ HH0A ) ardzgrystallization (CH2C12 / Et20 =1/4) to give
the title compound 77 (195 mg, 19%) as a light yellow solid: m.p. 160 -
161 C. LCMS: 434 [M+11; IHNMR (DMSO-d6) (30.76 (s, 9 H), 1.60 (s,
1H), EXANSPRE RS2 Feparasion, of $44aminof=(6-pdeppgad] E)&Jé‘mx'é?}z
§ 2'35 erflo gaiﬁs:ri':lﬁ)az@{ﬁ%féip}#hﬂ—lfyﬁﬂﬂzf)nzn%(es(ém;)&?ﬁ (%) 1H, J=
6 Hz). 25 EXAMPLE 55; Preparation of 5 399%) from

> (6- met%é’ﬁ%{%‘]{ﬂ%ﬂ%@%ﬁdﬁ%’?ﬁﬁﬁﬂ s pohite solid (82 mg, 39%) fro

(neoraeﬁ%aﬁa mmﬂaxlbsbhhgmdwxﬂml Bylsidineaminer{C O poufdh 78)
Step 55a.,.5- thyl 1d 0 ar
OT\IpI gn&a{)a égozf éﬁ %ivas S d’H]ngé (1ol IBK&[ ég%m?%ﬁg ;}rchZlﬁ% simil

nto a so tIOf'I of compound

(methylénaedw@o«wedm@rr@@@ar@m ety WM@W(@%M%? fo#ﬁ%ﬂs 480

RIXUE3s aqeadrl M8 95 634 mel); 1. b@(mmwu&wmrm% (t, 2H, J
overnight af room ter:?zperature The solution was concentrate éjé“t %$ gd
0 provi e

residde’ itich (d Buried 85 Collibn’ bbb drapny B i
compynd-0407+8432.3,@r6398)0as e 1 WO
2008/115719PCT/US20081056396 100 red liquid. 1H NMR (DMSO-d6):
62.26 (s, 3H), 5.99 (s, 2H), 6.94 (s, 1H), 7.30 (s, 114). Step 55b.
1-(4-Methoxybenzy1)-2-(6-methylbenzo[d][1,3]dioxol-5-ylthio)-1Himidazo[
4,5-c]pyridin-4-amine (Compound 0205-78) 5A mixture of compound
0204(2.86 g, 10 mmol), compound 0107-78 (3.14g, 12 mmol), NaOt-Bu
(960 mg, 10 mmol), neocuproine hydrate (208 mg, 1 mmol) and



Cul (190 mg, 1 mmol) in dry DMF (60 ml) was stirred at 110C overnight.
The mixture was concentrated and purified by column chromatography on
silica gel (CH2C12/MeOH = 100/1) to provide compound 0205-78 (2.0 g,

@%ﬂéﬁ“ ,orange 10solid. LCMS: 421 [M+1]+; 1H NMR(MBa-dM/056396

.26 (s, 311), 3.69 (s, 3H), 5.38 (s7&2H), 5.98 (s, 2H), 6.80 (m, 7H), 7.05

(d, J=8 Hz, 2H), 7.66 (s, 1H). Step 55e., _ N

(RN ek 1 R EDRERCB £ By 2 oS orolS

amingt (S naGd 03065 Bpyxidindlid pérgantpduilel (C205: 7@ (228)g, 4.76

mmol) and G RCOIRL (R0 A s SHCH L SISl EReIIE frorm
ed wi

was concehtrated and ailut water (50 m1). The resulting solid was
colletenaond B NA HiandhipburacHRoerPEPLAEIerEsHS WORBRAATE
%O'idmh%l;ﬂ%s%ég[&w T NMRDM SRHE6):82) 38i1(E aFre 06 Gsnilar to

B11), E 87 21, 1026 LIS 611 580 0-¢ SR 6

2-(24¥rAriner RGrethgibeiard (031 (81 2xd T HayitARd)-2 450 (m, 2H), 4.21 (1,
imidazo[4,5-c]pyridin:1- yDisoindalj & AiANg EqmAeund 75 Hy),
0302 8} 6/§] qr%fétmﬁ%}o(%ggin?b%%%wogz%%@%%(%?i %?’33.67qmmol), 2.5 :
bronib&tyl)isbirdBitte-tE Bdidhe H£)78 g, 7.00 mmol), and Cs2CO3 (2.58
1@ 7-93 mmol) in DMF (40 ml) was stirred for 4 h at 80 C. The reaction
was filtered and 25 the filtrate was concentrated, The pro S purified
oy CORA b SORBT A SO o IR A s et
the tifiriG@MPRURIINAN2; 78| 7 Simd; Byt ameaitnibl soidunE/ME: 474
[M+1]4; R(DMSO46): 62 3 A0ts T 298 Hz, A0 A (t.
J=54 H]zﬂ?%‘l\){,l%é@%‘?%‘,‘ ‘%3?0 %’%é%@%%’zréf%)b ég.%%sgt(%fg]ll?%%,sél (d, Ly
Hz, k0oh)pur PR H%@mgtgﬁgg@moi), 5-bromopentanenitrile (96 mg, 0.590

1]5'(z'ﬁ‘mm?@pﬁbg(@%WWQ{QM%M@hﬁrﬂth@)g]d'trocedure similar

imidazo[4,5-c]pyridin-4-amine (Compound 0O 3-78 0 [ ,
N B oG B00 h EBOT Rt ot ik a0
10:1) a3 jaddER MENPMSE-Q302-38 (@6THNG, 8D. 60, 2imol) S The, Afkidre3 (.
was stirred for 4 m ur Ufered; Thefilirafewas),
wash%e%’ ?vﬁi?%%gg%ﬁﬁgg l§ /’UﬁS@Cn)g%q/] 5’6%%’6f?g71§brir?e anoelE %he :
orgarid phadélwas Tohtentratds taiprditielthétitle compound 0303-78
ﬁgoo mg, 90%) as an orange solid: LCMS: 344 [M+1]+; 1H NMR

(DMSO-d6): 1.93 (br, 2H), 2,32 (s, 311), 2.75.(t, J= 6.4 Hz 2H J=
6.8 HEXAMPE BG4 Pramyrafion ‘(E?ﬁ?)‘?rs%'t(w:%ﬁ P%@ﬁ"@%‘iﬁz&ﬁé"f’“
(d, I=5:6H3- HAnhiGmie, 55 pyridin-4-amine (Compound 32)
2-(6-Methylbenza[d][1.3]diox01-5-ylthio)-1-(2- NayJaming) ety o4 5.
R R Rt e R S e e SRR
5.82 mmol) wadpaddad to begollisomdstlinsm potinaed Soswaid8o%id 1. 46
mymol) angd ﬁﬁ&ﬂ?&g@f'&)ﬁ%ﬁgﬁ@mi(Eﬁom{@,oﬂ)ziﬂlm@[ﬁ%&f@l (20 m1). de
mixture was stirred for 0.5 h at room temperature. Dich|oromet |

ml) whEsmocHdki ipds thes bt ridad gl d ?ﬁﬂ‘\%éﬁzﬁﬁnzggﬁé =
timesyhhe) HrganicRhasewas digdvayeirMg S04 ahidcohcemtratetopmixture

give crude product which was purifiad-hy col QQIARNY.d under hi
O B R QS A RO i

ization with
dichloremethansvand eteps provide ersgrioi8 MG yBIEEHRY, o
%@/&%&%@?}l éi i 7%5(;5?[1.]:9% g(fff%ﬁ/%@%ﬁ%}h t'%]p]rolr@:lc the title compound
- .76 (s, ,2.17 (s, ,2.33 (s : N=6.2.
Hz, 20302 Wea paleysiiey ﬂii)@.@)@%s?%)}, ‘6?2%‘%5,% fﬁ?*g‘.ﬁslﬁ,% (300
6.93 (S Dnvik62u(sls 3956 biz, 1H).3 HAEXAMBLEISE-PréPaiation of 2H),
2-(6-(methylthiQ)bhenzoi ,3]digx01-5-ylthig)-1~ 1L —6
(2-(ne%§>%ﬁhﬁﬁ1i%‘é%e§13l1§b1[Igl'}?rgn? *a];%?i,S?Cq)gaiéiorll%-sér“i]r)fe?'(()éo(r%p}éldrjld 60
87) Stap,36& bx(MBthylthio)benzo[d][1,3]dioxole (Compound 0106-87)
To a suspension of magnesium tumings(2.25 g, 93.7 mmol) ill anhydrous
THF(50 mL) was added dropwisc 5-bromo-1,3-benzodioxI (15.03 g, 75.1
mmol)



25o0ver 1.5 h under an atmosphere of nitrogen. After being heated undcr
reflux for 1 h. the mixture was cooled to -45 C and powered sulfur (2.43 g,
75 mmol) was added to it. The mixture was stirred at -45 C for 1.5 h and

‘Wg% rQopy temperature for 1.5h, at which time water (4. 1pgk@36k0M 396
% 5 mL) were added to it. Th@n without purification adjust the

reaction PH to 7.5, and then CH31 (10.8 s .30 added fallowed by

T BAeRAB A R DA AR B & G aITE ot

was %uaﬁmmq@y.gmm-@mlama(ﬁ]gmmma&Ilca geI (PE = 100%) to

provide roduct 010

1400 Mo DD STy SO da e S o AR R (e
Hz), ﬁIBGIOdeHlGle( K96 oRGHEOIY(11 1Y) g2jimpder 50°C for 2 h. The solid

2008(11571 ORETIUHRA0R/ARORGIHIR FIRRBERA with brine (100 mL x 2), dried

5-iodo-6- (methylthlo)benzo[d][l 3]dioxole (Co ound 010 ;%% id
M - i sl R R R T
ml) wasg, stiveeratp10 Cfor2ie. memeaeﬁé@was} "tAEANDORIE AoV TEMES -

waterf i Il ecte 0
e T LT i e
i PPN CATOM (NSO o 3ian i, Ee(Iofy b (3.7 o)
]JOH) 7.79(s, 1H). A mixture of 5-(methothio)-6-nitrobenzo[d][1,3]dioxole

29 2mmol), Fe (16.36 g, 29.2mmol), HC1 (11.68 ml) in Et
(73 %Wﬁ?&ﬁsﬂ'?ﬁﬂ%%?ﬁ?e@ vt SRR R
was adjusted the P{fdoptitaiaehiiiteeaieyFhe-LafikrashNaspoitientraidue
and purified by column chro raphy on silica gel (petroleum
ether/ethyl acetateu(—af8’/‘13"{:)TJI sgegt)% -(methylthio)benzo[d][1,31cliox0l-5-
aminStes 20126 Y G Pravsb weNrEl 1134 el £ i KN Gt 5-

MHz, DMSO- gﬂ)y%tﬁﬁsl etmﬁd%n@ B@(&o%l?@&%@c(&l(ﬂ-ﬁbﬁﬁﬁs
1H). The abové prepared 63h%ethylth|o)benzo[d][l 1cligx ?@}g e (3.6
m

g) was 15 aeitidesomaNad iRt S DSBS RS & 3&nd
AcO H@%&m&b dﬂrﬂlbatﬁlrc(lﬁm @re g, Thiy mmmnezv(/asmmnemmubmdohne

Do A8 Ty T selutenaves acled NaN2(h 4950 Ak

|xt W Warme room t iture an to stir at
rt for(3® miif uFihg spiumwam@wwlw&@p@@mt@a@maﬁw 9PR3-09.811

£ In Waler (15am %%@g@g foaled to room 20 temperature to get a black
solid WhICh was urlfled column chromatogra ilic %ﬁé(

petrofier? ¥iné é\‘(’S‘Eﬂa vthé- ﬁﬁrgremﬂﬁ?%]@ﬁéﬁ g’?oif @%" -8%%). 'H
NMRM@QZMCQM&Q geh{n2. & BiphadE (8- 2H), 6.94(s, 1H), 7.38 (s,

IH). Step 6c methylt m o
dioxol-5- fhf(t) Hﬁ%‘ ﬁegﬂv lpécﬁg4 i?ﬁ.ﬁé]"%g?qn%%ﬁg 0 055 W)
25Thﬁmﬁemmpwaw&2(35{78¢ waslgwp@m@l)(inﬂ 5;165%%)(&%6%@%1

$olid I,ﬁgfam'aﬂoe 140206 ABrRs B4 @langc@cyuﬁgg%ﬁa&mm)
neocuproine %fdzrate (71 mg, 3.4 mmol), Cul (64.7 mg, 3.4 mmo) and

NaOt3ee (o0 RTEos RoIA IR 3HyArBRIE BME O I b a

procegipersimiles-Rréhrbeesgaiied kb eampoug - (I)Z(Q—PanS)p@E)g&a’n(pie)ﬁf)h)zl)—

LCMS; 453 M+ DMS 53.68.30(s, 3H), 5.37 (s, 2H

6.00 (41 %]5(1'55‘]%‘%36% G ‘“’é‘)éi %ﬁ%H 1=9.2 Hz), 6.94(s,

1H) 7. 041@14 Qj-ﬁ,ltﬂ)n QchleQQLm@BS(@B) BBH§ ] Srepe 613 mmol) in methanol (10 mL)
6-(Methyli )Pa%é@h@%ﬂc[ﬂsé” g@%@rﬁﬁlﬁm@ﬁﬁér'm& dazQddwss stirred for 30

pyr |n4am e (Compound 020

2008@1@?IMWPSIZM%@&Q@%%%M@%‘H{B%‘&N’d‘%%‘édg%‘)w% and
prepaggd i8¢ L"ds 1H0% e adyalionssatich frome eanipouad ©R00a8:4 by adding
(1.1g9, 2.45 mm FA (15 mL) usi rocedure rt thadtc
mere e TSR R B e SR AU
NMR (DMEA-66): 21408 B Hi); 6108 (i B (6x 24 (ﬂwmw@m@mm)wmgr was
(s,



51H), 7.11 (s, 3H), 7.53 (d, 1H" J= 5.6 Hz). Step 56e. tert-Butyl

2-(4-amino-2-(6-(methylthio)benzo[d][1 ,3]diox01-5-ylthio)-1H-

imldazo[4 5-c]pyridin-1-ypethylcarbamate (Compound 0305-87) A

.ngO6 -87 (879 mg, 2.65 mmol) tert- bUtyl PCT/US2008/056396

omoethylcarbamate (891 mg, 33975 mmol) and Cs2C0O3 (1.464 g, 4.5

mmol) in anhydrous DMF (25 ml) 10 was he. l? to 80%;1 stlrre o][lé

h. THEMEIERE HiltRATEE T O T RSH BE Y Tvd Siked

fiItrata,wa@ﬁ@ase@uatedetmrﬂm/m@mmnd@r mgma&d@m@@%@@

crud Was Pyifie oM,
chro togra phy on ﬁ%{a&gﬁeﬂs&%ﬁ?g@ OH&I}; /1?@5%\/@3 t#e%rtllg(t
compound 0208-B7((Z12rhg, 20 158k Y0 &sy&tiond-3b e D M Gy EH), 6.83 (d,
[M3-335, 1H SNMB)(400. 15 iz RS Q06)-5.2645)9H), (52.43 (s, 3H),
3.22(t,2H,J= 66&Iz)418(t 2H, I= 6.6 Hz), 6.03 (s, 2H), 6.83 (t, 2H, J=5
Hz), 6.96(s, 1H), 7.08 (s, 1H), 7.67(d, 1H, ../ = 5 Hz). Step 56f.
1-(2-provethy R feeﬁmethyﬁmmt(enm{m]{m[d]u ,3]dioxol-5-ylthio)-1-(2-

Jdioxol-5-ylthio)- 1A*](T@arr%ﬂ? Comp %mmggagmwﬂﬂ?%ﬁme

20A mixture of TF 305-87 (372 mg, 995mmo1)
in CH2C12 (10 mL)(WaBmm'éc%l it for 2 h. Saturated NaHCO3 solution

wyas addeqdAn6 wasjhen sxtagsted t&la dichlanemethane.1 hexarganian

phase was isolated and evaporate ? trtle nd &)%O%ﬁ
as a SMB MY, 88.794): “LWS"‘?}% ‘?ﬁ?ﬁ? § Jﬁ%@ﬁn
DMS@@Q)V (B2t Bljn2 2493 B Jini2 k6 16 imy 4c&61(t¢c2felr dc:rr@(ﬂlmiz33

6.04 5, 20.023.5, 201 0.7 &, 110 92, ki ¥m@RAHBNE 5o 07

1H),

2-(6- (MétHy,lthiiﬂ)bethd{d]ﬁﬁ BS]dlb&o?tYQ (fitRid) =27 Hz), 4.23 (. 2H, J = 5.4 Ha),
fg!eorgqptygagmqf)gtjﬁqgl)z -imiglazal) Sealpyaidin 4-amnaACpamEUnd) 8777
To a solution of compound 0303-87 245mg, 65.3 mmol) in methanol (15
mL) 30wk aﬁégdffﬁ alaldehyde (84.41 g, 980 mmol). After stirred for 30
mm at room temperature NaBH3CN (164.14mg, 2.612 mmol) was added

slowl ed for not

dllute%)g‘lvir]tﬂ1 ggﬁ ?rg“ctted vv1th g%r%{?g‘rnefﬁgﬁgﬂ%%%@% X
2). Twmwadﬂmummmtamwrmda@ym&mm réﬁ!’érﬁ’r&lﬁﬁ‘r"aphy
o sﬂ;@) L(ﬁ;tﬂg 12/MeOH = 50/1) and WO
2008/115719PCT/US2008/056396 104 cr stalllzaton ﬁ? 4 5
iR ATS rAEBRRG B 5752 I, AT S9h) e iR :
170 - 170 C. LGIMDicéd6-fMethit addthiy MRnipiviE03608)380.75 (s, 9 H) 1 56

(s, 1H), 2. 2H),. 2.43(s 2 ) ot
6.25 (s, 2 )‘“%5‘%% éf %_rn]%a'ﬁ(%)%lﬁﬁﬁo “ég) gg [%t%%lb' ¢ %ﬁ%&%ﬂ%’r@c tate
1H, 58 % 2nz) OEXANMHA) 16 TsRiepatddion.of 24 mmol) n DMF (10 mi) wa%
35(6 VH%Q&’ )‘WQ? %?&q]ﬂh %ﬂf@%s@%jﬁ&@e@ &der vacuum and the re31duc was

(neopentylamino)ethyl)-1H-imidazol

clpyridin-4-amine %
10StepBire B VRHHENGBERAS BN AU 4 SRATSURE 6 8@% i a
NaOH (4.2 & ﬁ@lmMQiltW@ﬁr@ddﬁ@UMQ adsplutidriefsesaridh(, 7645620

mmol) in me m irr t

and u@ﬁ\% %TM oF 24 mmo %%‘33/'5% g)dgeﬁ ?é/v I o%%gs ’Il%‘ﬁgr? Yo,
dropwisis. (T el réactis imixt0fe(wak shrpédscH B, Wéﬁ reothitewdeﬁebﬂtﬁel 6.0
} qtle%/r(aslgﬁnpemr(atpg an%]@gznfred by column chromatography
petro 010

oletim ether) to’give cdmpound 79 (2.5 g, 82 %) as a.colorless
liquid SHeINIIR - (D dmuas)’s & e dokenaplyig, élf‘t%’“gﬁjy’éhéii (U457 B

(d, J- 2.4 Hz, 1ki}6id8- Qdy@eﬁtﬁlél k%tﬁﬁ'&)lrﬁt&@5$b)

5-lodo-6-methoxybenz ou 107+ T 103 mL) was
mixture of NI&PEEE'¢ foﬁ‘:g’;rfgoun rﬁpougl gggﬁ) z 2@%&115%3 Ly was

mmolreated with K,COz (60 mg, 0.43 mmol) at 50 °C for 1 h. The mixture was diluted



20 in MeCN (100 ml) was added TFA (3.42 g, 30 mmol). The reaction
mixture was stiffed overnight at room temperature. The reaction was
concentrated and purified by column chromatography on silica (petroleum
\@H'lﬁ[()s 0, prpvide the title compound 0107-79 (3.3 g, 79%) asca,/(HiesRediss
11-1 NMR (D|v|50 d6) 53.74 (s, 3H)325 60 (s, 2H) 6.85 (s, 1H), 7.27 (s,
1H). 25Step
2 (6 VORI A S L BTG5 (A RIS QA% e whie
imidaabi4, B¢ lpyrivlibey afifte wbmbdu ndl‘DMK@MSCPHb)tﬁIé Gotmpatind
0205; prep 3 Q) r ugndo (s,
0204 (305 i Cpond 010773 1 & B il OBy
(672 ¥y, Bhihol ko bdreng. %@éﬁsalt@)(fzf@&ﬁ’g H:7 mmbHand Cul (133
30mg.L, Bgrmqy- 'A‘rﬁil'ﬁoQWléﬂ@b@Hid{&]DﬂB@dﬂfﬂﬂeﬂym@mMﬁ@dﬁmm 5-

described for compound% ?é 55) 85 M - 437 [M+11E, 1H

NMRE[BE-28) 8 7ot a‘%“rﬁ‘ R ?“%%@ M), 6.79 (s, 1H),

6 84 (d, BbihpbuBill (81033 (@ 8nfd, wzsfsmnmm m)dlmoe(é ihayahpdrgas
OO8/17P/ s then treated with NEt;

2 (6 etf’loj)?b J]% {[:g]e %% %ﬁ?gféfgl?g%%%i? %ﬁ?m%;‘fg 4th§ lct]rg trfljtczliln zlh N

amm@?@tﬁwﬁ;&?ﬁw@@?@@nﬂwbﬁh@ﬂﬂ%eﬁﬂ%‘ﬁﬁﬂ’ B REg was

570 f)?@{ﬂeegﬁczlf:ag%%()@&%g Wudltﬁaﬂbﬁmﬁa@dlgr@m%s?:&@@ @1,88/McOH
mmol) an ml) usin ure imi 0/,
describld 1P BEIS NS D56 n%“(%% @iﬁﬁ%&ﬁﬁ?@'
NMRLOWS 63 BB 74 (SMRHID B0V &) ZH)Q"B(SZ(E) zH)é .61 ($=11H Ho),
7.10 (s H) §

amlnd)%g(b? gﬂﬁ 608 gmﬁﬁf 459(SHB X/ B S@rﬁﬁ%’bo (d, 1H,J= 6.0

2-(4- oxy/benz 1,31dioxol yIthlo

imiddZop] &%]pyﬂ@inff%/(}bt}@éar@afrﬁ&b (Compound 0305-79) 10The

{ile coRPaHN030R:EDWATAIEPMRA(LOG IRE) A5 am Ehdummiegtithyl)-1H-
from compound 0206-79 (570 l 8 m ), tert- %ng
2-bromoethylcaPbdRt (65‘3( mRIEe 03 (997 mg, 3.1

mmol) in @MEt(;ieSolﬁd)ymomgchqamlcéﬁ (Ye0similaB t6 thaebdeserivadtifpipropan-1-

compound O £ I Yin
(oMSE 6 @3‘{‘? Xgﬁbo ré%’? ? %%34@2‘% 6 )34%? M&ismn%og Hz,
2H), @9@1(@(12141)%\3@ @amqﬁtéﬁzz‘i(@ri h.gho SHEJGEI—W%TS@%C%‘)(‘ thegrude
%@( 2/ ,_X:I g%ﬁ‘lﬁiﬁ: ) Zg%ﬁaﬁromatography insqllica gell éC I?g}’(]:lz/l\/icOH 40/1) and
minoethy methoxybenzo clio ylthi imi

oy R o GENGECBb S S AT G BB SR o
(1.0 9,523:8mmob aale“E‘AL(@Mﬂ_)SiIB 201 CH2 CIZNB® iy RasistiedTds. O H),
room f for 2 [Xtre,was-agiys DM,y 6.04 (s,
saturat%é@PNa?g a ogiébs sol flgﬁ ‘and extréiti%gbg?(gﬁZ% %Wl'itﬁ ) 6048
orgariti1a§8p wadkbe patated Hhd dAdd, dled RALIE, Tontentiatdd ?&9 15, 1=
gbtain tﬂqztjtle compound 0303-79 (734 mg, 93%) which was used directly
to the next step without further purification: LCMS: 360 [M+11;NMR
(DMSO-d6) (52.78 (t, .1= 6.4 Hz, 252H), 3.71 (m,2H), 3.75 (s, 3H), 5.99

(s, 2HIXARPLF 3IH) PEep - taiobHbY B(3Ad o-d2;36d0hlyidy; abielny,obbLH . (i ibksin-6-

7.66

din-4-
2 e T B e gl Sslpy i camine
H-imitaaajplhBad g¥ridin-4-amine (Compound 79) To a solution of

59MPaK %953%3(7?0&%%%}%1%‘66% insaethane (A mly38asy benzyl)-
added plvalaldehyde (3554121{? 4.08 mmol). After stirred for 30 min at room

tempd RAtREIARAB RISEX D3 g 8 (JFWP?‘HESW%\/% Adided slowly, and the
mixture wagestiites iFano s 30 min.piparmdxiurérwas diluté2 gt fatéom

o RS AR a2

was C%) d%%rate e ofumn romato aphy ons ICa %
(CH2@1271 M éD14,2 50impanetocuproine hydrate (0.2 g, 1.05 mmol), Cul 0.2g 1.05



WO 2008/115719PCT/US2008/056396 106 crystallization (CH2C12 /

Et20 =1/4) to give the title compound 79 (151 mg, 17%) as a yellow solid:
m.p. 164 - 167 C. LCMS: 430 [M+1]};11-1INMR (DMSO0-6/6) 60.78 (s, 9 H),
Vookhésn fhe 2.74 (t, 3 = 6.0 Hz, 2H), 3.76 (s, 3H), 4.25 (t, JrcaRddansAbhhos
599(5 2H), 6.25 (s, 2H), 6.66 (s, 1:&:4) 681(d = 6.0 Hz ,1H), 6.92 (s,

1H), 7.68 5(d J ) re

2 TR S SR s o AR LBt wsing
(neopméﬂmmm)lethylbh&ﬂ-ﬁamrdaﬂdpt &ﬁwndﬂﬂﬂﬂéﬂﬁ@x@@mwm@@ﬁ
103t§’97§ﬁ\?1g @{tlxﬁ\%é/@ﬁ\@é@[‘é @@@éoﬁaﬁc@wﬂt@{ 0X06-8EhH), 6.68 (s,

Aqueou 0%) was added slowi/%lnto a solutlon of

4-teribbiyfcdiddndil(8.3 %;%‘@h?ﬂdlﬂn%ﬁvﬂs@(?lﬁé)m?) Gol&: Thd 2
solutiors\wagstinred dpridifyat 99 @z}immm@bﬂl’%@.@ milywas added

dropwise into the above s n, The mixture. was d f t9

and 9125 Gt R SO BTLEL 8B thu e Eorh e
0106:Bo i %&@c&@@m@mtb@%ﬂﬁqﬁﬂ 1l NMR(4OOM) (DMSO-d6) 6

1.23 (S A
S-tert- Bu%;;'lf)% |g)gd%ooé)§1 ngz"Jr(t)1 ?[%%Oé@%{ep@%?r% p%u%ggéﬁg%gﬁb iy Ngg /(% féom
ml) waspeldd 3G H £Bigoh @F@&ﬂﬁé@%@i@ﬁfeﬁf"& GOA8LAES

@102 Oﬁ@&:&?& @tmmr@o hRembxbEe mﬁ?@ﬁgﬁﬁaﬂdm(%mmmmne PENS:
e mix ure+was % ichlorom
(20014 b WatkrY %Fﬁ%é&ﬁé’d‘le% %‘t‘ abovg n@%ﬁeﬁeyg L0 6
extractpdagithdichjorard edhaHelferc P tiap S. 42He, Sigan i 3dHask Was drled
over 4, fil 70 ; ;

y St)% 65 ? Q)A%g d?&?qlgaoa?g &%%Y@oen b}[i Aldi oxm -6 ylth 0)-1H-

5-ter enzo dioxale (95 g, 95%) as a yellow I%]UId 1H
NMRigdor |4 DMS0Ers) -BLEDY g%fgp@olmé %sdlzrls( PIEQEHYEH 733N (s,
1]5H% 25Tk|;)@l@@@é/F 5@%[;{&[}1@1@00 gigﬁgt@l,;ﬁmmﬂqﬁlﬂaﬁr@bﬁwm%ﬁﬁhfmdl@mW@ﬁ&)m
g, 5 mmol), Fe mmol) a a into, ethanag

ml) SRR égérr%j) %? stlrreIBgrc VA % B§§§ gl ((1634
tempgrapiemdhe (quCWasladelgstéﬂ tontel andINg r@ﬁ&mi‘-é mmmdam
weshed L mehane T AR ARSRRcaneind R PACHRY b (v

columin ¢ romatography (petroleum ether/ethyl acetate 30 1%-5%) to give

6- tertiamwewmﬂ@]éﬁo%(@mneﬁ@wwlfz@%ﬁé@ & el sdfil. 15

AEMBL WIS 1»1:2 BH INMREOOM) [ {OMBP46)16)1726(8s, AH), 2.46({s1H, J-

2H), 5.77 (s, 2H), 6.32 (s, 1H), 6.63 (s, IH).

6- tertsﬂuﬂﬂbgn oﬁ’&’/’]ff%]clloxol 5-amine (1.55 g, 8.03 mmol) was added

to a s;rhm@moi H230h¢EIH1)R-B6idhdihiniei (0 Fljiand-(attrio)-

(60 a&n 0 dC V\LXVS? ﬂZg 08 (JH%Z'%%P@I% %Qp@;g%g 6 107 NaNO2 (0.61
as

g, 8.83 MMo. ded to the above mixture. The reaction mixture
was stirred hetiteavomurtiienia werrrepaeTdes prgleagtommb §A°0 me

yeater(@0, mhhyas.pddcrodepyises the seasyeRdmixiyE, vas gtmmdmot) in
overn ht at room te %(Eerature The resulting solid was colleicfltéetc%1

purifidl AR MR SR RO gAY HSe RS ATSHER o Qv S fgd for

et
compeuish Q0TI BE {2 E DN sAsIa iritel S0 iV L NIRER O3 MHz,

5(3[5);?8&\4%% 381 53 316,00 EHin! U (8 i) 411805 6k SRR 2m),

2-(6-tef3Ratybe A20[¢i[18]dioxot 2186y 1t hidtkbdiberizy ) HPtimida

[4, | 2028011 hs tle)cpmpound
391 Selpytilin--asane (omaouss 029 Hal Solﬁm@)w?ﬁ%@%ﬁ
672

0204 (=&Y WW%% N L R s A
mg, 7 mmolTiﬂ@ﬂw@mim@amb@Aﬁmg,a@a?whmabllanw&ndg(llw/mgpm

0.7 mmo oce a

for co‘f‘ﬂpg (g 555%8 ?g U]S%%T LCR/IVdIg{%j @/Iflgl\]ltl\argé g%qgg 6(3%% g
1.41 MGSHIRY, (323 1(s, @Hm@dm@gmrc@@iyr@sﬁlzﬂyr B 6E(dearhed B8
(d, J =8.8 Hz, 2H), 7.02 (s, 1H), 7.13 (m, 3H), 7.55 (s, 2H), 7.70 (s, 1H).
Step 58d.
2-(6-tert-Butylbenzoci][1,3]clioxo1-5-ylthio)-1H-imidazo[4,5-c]pyridin-4-
amine (Compound 0206-86)



The title compound 0206-86 was prepared (1,3 g, 98%) as a brown solid
from 20 compound 0205-86 (1.8 g, 3.9 mmol) and CF3COOH (20 ml)
using a procedure similar to that described for compound 0206-78
\E%@ AleRy): LCMS: 343 [M+1]; 1ITINMR (DMSO-d6) 1.43 (8 RhsiiBos
s, E’% 6.91 (d,./= 5.6 Hz, 1H), 7.1@(d, 111), 7.59 (d, .1=6.8 Hz, IH), 8.40
(s, 2H), 13.11 (s, 1H). Step 58e. tert-Butyl, _ i1
2-(4-%&1‘?5%1-%é-@ﬁ?ﬁm&?|§8}1i%ﬁj]li’?§§é¥ox%-|-Isc-%%igi‘-(i[li/-'“] ; HNMR
25imidasipdday 6lpynddics byt dshin ke §Qoakhduntl DBEB-B6} (ThéH),
title 0 0305+86 was,prepare , 84Y9) af R Proyinselidh (s,
fom EomBatd OB L Do A B b TF B0 (s
2-brdiibétfAyichridnaié-$1iB)g, 5.7 mmol), and Cs2C0O3 (2.1 g, 6.5 mmol)
in DMF (40 ml) using a procedure similar to that described for compound
0305-87 (Example 56): LCMS: 486 [M+11+; 1H NMR 30 -d6) a
1.27%X f&%zgrgm%%?&}é%ﬂf%%t&%?)&%é@%%, 6.32 (s,
2H), 6.67 (SoddBenGo] 8] (1,3 dloS 5 Mo V- O-{mid266] 4 58 ot id D=bamnfie,
1H). Step 5 t)I ound 40)
-(2-Amirme yﬂ'—l}-t‘é’-tert-butylbenzo[d [1,3]dioxol-5-ylthio)-1Himidazo[4,5-
c]pyridin4dsahnis Q@WHM%Q%% &g, 0.47 minol) in tert-butylamine (30
]%OO%%SZJS%%(%J%MSSFM) f & ll%essura;i h%g%lefﬁg@(&ﬂ)%ﬂdroﬁ?t@&%dlind
was prepared (349 mg, 95%) from compoun 5-86 (44 )
TR EHT S BT HOR G B BN S Taeon
descrityegldar LolmpalindH30870 (ExampiatErjtit GBnBei6 s} ryhite solid
NMR (DMSO:(8) (5 1.50 (5, 9} 2. P& 308 d-Hs 24k P satl) 5 0.8
4.10 ‘é&)l‘%%%ﬁa ‘?3‘1'4 , .9@3&2‘%}%& %,G[Igﬁ?,fém s, 1]§|)H 6.84|_(%),
1=6.0sHzHLH $O702H3, 2 1) (7J699d He 8D 4201HY. st gt 6.05 (s, 21,
1% (6-test Rubihenzeld] [ 18] diexed-P=yihio). 1r{R; (nevpentyjamina) e Hz,
1H- imidazo[4,5-c]pyridin-4-amine (Compound 86) The title compound 86
was 6?@pared (190 mg, 46%) as yellow solid from 10compound 0303-86
(349 mg, 0.9 mmol), pivalaldehyde (156 mg, 1.8 mmol) and NaBH3CN
(226 . D) 4ising. a.nrocedure simi h iRedifior-1-(2-
com s S Ty B S AN S E
NMR (DMSO046) 6 Gsopyepdaninp)sshyd)-dHyimidar¢id, Salpyr idind pming
4z, 2H), 4.22 (t,9= §c4 Hpoght 42y97 (s, 2H), 6.34 (s, 2H), 6.51 (s, 1H),
6.84 (d,J= 8.0 Hz ,1H), 157.02 (s, 1H), 7.70 (d,J= 8.0 Hz '1H) PLE
59: PrepAfstide aPT@me“@p‘@?ﬁﬂ%aﬁ%ﬁ%ﬁmvf)‘fz“-?%l{%ﬁ%f&ﬁz‘o g rom
11, 3] ebigsdlnfet yithio) 4143 migaze]4smel piyridiprdpatminec( GO rmbo und 824)
20Step 59a. 2.4-Dihydroxy-3-nitropyridi . g
NGBS ) Wi ra Lot R e %?%&g@#%‘?ﬁe
(06017R200LE; D #8HNH Ebn . FHYSBAPY hils) atBe(dadtartasiind, he! 08
selutign waspayradiiniociushed-ice andihg mxture was ehillem)im 84 (s, 2H),
freezer. The resulting precipitate was filtered, wasr:;d wi}h C I(% ter, ga%
dried 13 26gRB R Titie Lbmpdarie 610815 Yoddr) s E?rgh @r w oY HE
solid:{gFMS: 157 [M+111-; 1H NMR (DIVISO-d6) 6 6.05 (d, 1H, J=7.2
Hz), 7.47(d, 1H,1 7.2 Hz), 11.91 (s, 1H) , 12.47 (s, 1H). Step 59b.
2,4-Dichloro-3-nitropyridine (Compound 0109) Compound 0108 (10 g, 64
mmoEXAaSIREEcMedispROGID (T13-6Hpdekenzold][1,3]dioxol-5-ylthio)-1-(2-
30 (pentan-3-ylamin0)ethyl)-1H-imidazo[4,5-c]pyridin-4-amine (Compound 44)
To a solution of compound 32 (228 mg, 0.5 mmol) in methanol (9 mL) was
added 3-pentanone (65 mg, 0.75 mmol). After the reaction was stirred for 30 min at
room temperature, NaBH;CN (125 mg, 2 mmol) was added slowly. Trace of

CH;COOH was added and the mixturc was stirred for overnight. The reaction was



30heated overnight at 85 C. The excess POCI3 was evaporated at
atmosphere pressure. The residuum was neutralized (pH7) with saturated
NaHCO3. The precipitate was filtered and dried to give the title compound

v%%gﬂgﬁlg, 80.5%) as a yellow solid: 111 NMR (CDCI3) ¢e¥ebdsk/0ds396
5.7 Hz, IH), 8.44 (d,, T= 5.1 Hz, 11135 WO

2008/115719PCT/US2008/05639 9 Step.59¢, tert-Butyl .. -
2 R R P TN I i T et i
0602+8¢) (100An)ixtut exafacempobide-Bioesn @y 6288-ma)) Tegtehiug was

N-(2- aminoethyl)c e 837, ] 342902 0.48 e

mol)ﬁ%nbel{ﬁaetf%%’@grﬁ‘ﬁ%%@ %a%%ﬁ%g fg@;ﬁ%ﬁ%&ed or 2.5 h. The '

DMPolids 3dmeetBiindenrddacettprésddrdanePhid e bidull WYRIGUASE-do)

igrl]to BéNSs &%ﬂ@%tg%ﬂé&ﬁdt@m,(glr,iedmmdet%qﬁﬁemms thle#egcnmgmﬁ

then recrystallized with EtOH-water to prav e fitle co -

(65 g‘*,%gyo)' as'd &&18\/5‘%0@%? EC%@? 453 fﬁn?tﬂﬁ%%% %%%@-d%ﬁ

(5 1.86, (519H).48 GO(GIRA74 (418G B 2}z)2 H)L6 Hz), 3.30 (q, 2H, 10.11 =

8.0 Hz, J2 16 Hz) , 6.98(d, 2H, J = 8 Hz), 7.38(t, 1H"/ = 7.2 Hz), 8.04(d,

1H, J = 8.0 Hz). Step 59d. tert-Butyl )

2-(3-EMELERS dppnanatiny ek A fdimataisaines e Brigbund

19603-84) A mixturesedAamafan e, NaR3A4 {itneh) O A2iniaats K Sreliusidbz4-

g, 1.105 15mol) and FeSO4 7H20 @8 g, 66 mmol) in saturated NH4C1

aqueous solution (738 RLYL5P %400 mL) was heated to 80 C for 3

h. The reacticolwias tiendfifeneti3ards0ash b ditmpeOHnCTivad]| (fareblass

concephiaied. and Ha isIduRatesdinsehvadmdlichiRie MERe s it room
olution was washe h

dichlBromethanc s with water and concentrated to give

the tittenporipou PARIBENES (TEg! B opal waveddedialovbr.Erighogytire was

155/';6%%”%_‘ %&%@%&%&ﬁ%@%ﬁ%@%—ﬁy %d%%@maﬁmem?@zs%%l)ﬂ mi).
: ,1H,1=5.2 Hz), 6. , 1H, |=.5.6.Hz), 6. C1H. J1=5. _
7.41 e ppixturg \Zaﬁ%lu%ﬁigbgatt%rrd g% ﬂrﬁ) anzl extract % w1|ﬁ|1 dllc'ﬁioromeﬁ’}anc
2-(4-¢hiane-2-thioxe & Baclimydrainiciazcid mdipyiigih byl pre-HPLC to give the
yBethy|carbamat Qu 04- A MXLre Phcompopn Q3-84
(55 gf%‘?f&ﬂ‘%’%ﬁ& ‘{K‘%Pﬁ@(% 3 g&aég%%%g@s%%@ ﬁg.QSEng%i)%(r%%tOH
(500 #BENNH 1120 XBERADMOES dsbir A Iibks1 H)a@ég G IHed Bre Phblre &7

Ygas coplepiorpen tempeaiuse ad tilptedwith watersThe mbaureiyash),
adjusted to pH7 with AcOH, filtered 1o give the title compound 604-84

(54.57cf\ o) thls 4 Aol otz ERMs: 329 [M1-1]); 1H NMR (DMS0-6/6)
(5 1.20 (s, 309H), 3.33(s, 2H), 4.24 (t, 2H, J = 4.8 Hz) , 6.89 (t, 1H, J = 5.2

Hz), é@ﬁpiﬁ %ﬁyﬁ%—%ﬁ%“Sfliéi'r@ﬂ&&_btf%“:ﬂﬁ‘ﬁ[lil*?}'di]&"ﬁ%" alibhlahep

59f. minoe oro- azo|4,5-c]pyridine-2(3H)-thi021e

salt (Compound 06@B:8hylamirpetieh 13- vberidSzhogidibdgemng A
ixture of compoun(tg iff (3-8 9, 0.194 mol) and TFA (150 mL, 1.94

mol) in dichloromethanc (750 mL) was stirred for 2 h.at 25 C. .Solvent
was remdvEd ey ﬁ@f%%@%@ﬁp‘@%‘ﬁﬁs&%g@ﬂl %1%@%)%%? a

yellowesapislndiah s asechglinettiyninaieit istey Wwithaut fahthiar solution (30
purification:. LCMS: 229 5 [M+411+:.1 - Eh (e by
D2 i ey Y TR G Rt 5
7.92 (8,1274)5 8.265(6 LEMf: 479 iy 12 PONMBRE@MED7R) (S ¥ (s, | H), 2.23
30 (s, 6H), 2.73 (1, J= 6.6 Hz, 2H), 4.24 (1, /= 6.6 Hz, 2H), 6.05 (s, 2H), 6.34 (s, 2H),

6.68 (s, I1H), 6.82 (d, /= 6.0 Hz, 1H), 7.47 (s, IH), 7.71(d, J = 6.0 Hz, 1H).



Step 59¢.
4-Chloro-1-(2-(neopentylamino)ethyl)-1H-imidazo[4,5-c]pyridine-2(3H)-
thione (Compound 0606-84) 10A suspension of compound 0605-84 (163
‘gq_ D%?ﬂcq J) in MeOH (1300 mL) was adjusted to pH 8 witlh NEt3,608643396
ath Then pivalaldehydg{33.4 g, 0.388 mol) was added to the
mixture and the mixture was stirred for 30 min at room te
NaBEX&NTPAd A5 Fisparatonnidzd- &Hﬁ’eﬁ"[’befhg"hﬂ%&wa% ?ﬁt mixture
was stirred at roomkespReraAtEnoya iy 1HTihdesiHifig) petidivasafteed
15to give the title cg‘?]%ound é)@é)b -84 (38.6 g, total yield of two steps:
67%) as a yellow s Freevt 9 [M+1]+; 1H NMR gDMSO d6)6 0.79 (s,
H), 2586 (7B 2@5miaet2d2-pdrHizethey pheopitige)d B-imifazpidd(d,

H, J on
;[ngﬁh Zqinggqgergyﬁ%lﬁcgﬁzgolﬁ @nﬁrggg?)?g ?3302 5Od %g o

20th|onc (C%BH&H%FW‘?@@)J KWBHF@CSPE&W& égg %}ﬁ(ff{f)
9, 383 uBalpand §Qd1wﬁba3’md;&6&§)rgﬁﬂﬁ91m}ﬂtb])mmdkﬁﬁ Fos-diiguietiin-4-

A YRS oo Fliny (960D ARG Y AR WRSindoline-

volatﬁﬁlé'ﬁ o I(i)npenmg ater Was addad care ully until

all scﬂ;asiw@a&s@yéaswm@@@mdﬁqm &efldsep - Bwsnabencusidrous
nd %‘M @% {&%&E{ﬁecﬁmp&ld@%@@%c%e@f& SA%NAS 8300RY?
solid: LC s 28 111 NMR (DMS046) 80.792 (s, 9H), 2.27 (s,

2H), Esewle 2H) LeN§: (?ﬂziM)”é 06 (s, 211), 6.77 (m, 1H), 7.71 (m, 1H).
Step &8 FrindobAinyihenapiplisidioxatehiEohpoutidod1 B7a8akId B5-
solutign of 3,4- meth edl%gﬁ%g?d alcohol (1.8 g, 12mmol) and 30
CFsé RN 4’§2tnc BRRS B an CHC12 (55 mL) at -5C was added
12 (3.9 gmfstﬁmmmbpmqba%ﬂ&rﬁfrm reenstidgrs 2 dwanpkidiref-8e, 86%) from
f?a'” %fﬁg% i 905 §d1agaonm§nofﬂt@r%1 heqfiltiats - was washed svithn2080 in

dried and evaporated. The crude was purified by ¢

olym
Chl‘OIﬁ%IéHﬁ@Bﬁ@m gé%‘%ﬁ%@df@ﬂﬁﬁé%%?ﬂ%%%lﬁr 1o that lEieqc:rlbcd for
(6-iodehepzaidibRidigsaiylmatuanl4428g;-55%) as a white SO|Id

WO 2008/115719P 08/056396.111 LCMS: 279[M:#1

(DMSYR8Y 54" ﬁ ‘(?%02 %Cf‘ﬁ?f ¥ 3&01& @Cﬁl“’z"ﬁrﬁzﬁé’%‘ (é’ctﬂ%'\f 7.03
(s,1H), 7.34 ($pRtd)o[4 f(&—]j)@dd\bdﬁ@[ld}f[i@l@@)@i@}/emethanol (2.7 g,
Sp/mmobrin qf;vc? G2 was Adsled.dropvisenin BRAE (3slng, 346 menol)

in dry CH2C12 at OC under N2 5atmosphere. The mixture was stér ed a

roomeesnnpardte3rsP 2010 medt }éaﬁifﬂﬂl)tﬁb"ﬂfﬁ%%@&c?%&s FFHBBH) and
by COlHBN ENQEIALQY epby eRElligangel fRriralewshmeties)tatalbtatived for

OO TTAMReAFLEAE LB 00) B8 20 (L A0, J 30 (o el
1H), ANAYS, ddr. 010N e, & Hiixdure (@mnhzs@fl{sj.zl(s 59 wa}rﬁﬁ@mfﬁb@w 22
J4F qaﬁ?qdeéjat@;}j%é](g By A8l @h@% Ths, FeQCtinn MiXLLe o He,

was stirred for 20min. Abové prepared compound
6-ioddbieAzbitIoReiexdle-Echfbaitenydé M Pt was then added to the

reaction mixture dropwise. After reaction, the crude was purified by

compBUAMIEL b8y LEAls S oo BT esl Lo RIG o7 fac

11017|\(|MF2e H(§>|\é|57% i/@)s@sommpmtd)ﬁson?@gi@lrlmﬁ)wsw i—le;,gxridw%wpe
s S tep 59j

?0(2 (Neopentylammo)%élﬂli’ § 2- F((Sﬁvmylben é)(gﬂ]‘EWS]dIOXOI -5-ylthig)-1Himid

azo[4Bep]pYichriUlammne’ (Ednmseiiazeks] BalireYd g0 T B iciEol -

mg, 0.36 mmoL,q ﬁ@%r?%@ﬂa%ﬁ?&c@té‘t’é mBI?ﬁ}L)Jurle@@Opmme hydrate (7 5
mg, 0.036 mmol), Cul (6.8 and_NaoOt
mmol) in dhAYHIBEST ﬁW%}%&&z@gééﬁ r% %o Idﬁ R'at fl%%o(m % PH) aectate

under siegen afmesphane. (HEGAVEh s Pounad int@WELErT the) was stirred
mixture was then extracted with ethyl acetate. Solvents were removed

and the crude was 25 purified by prep-TLC (CH2C12/MeOH at 20/1) to

obtain the title compound 84 (32 mg, 21%) as a yellow solid: m.p. 175-178

C. LCMS: 547[M+1]; 11-I NMR (HMSO-du) 6 0.77(s, 9H), 2.18(s, 2H),

2.72(t, 2H,J= 4.5 Hz), 4.21(t, 2H, J = 4.8 Hz), 5.31(d, 111 8.4 Hz), 5.77(d,

1H, .1=13.5 Hz), 6.05(s, 2H), 6.28 (s, 2H), 6.81 (m, 2H), 7.22 (m, | H) ,

7 299 ([ \ NN 787 (A 11 1 — N E =2\ 2N



EXAMPLE 60: Preparation of
6-(4-amino-1-(2-(neopentylamino)ethyl)-1Himidazo [4,5-c]
pyridin-2-ylthio)benzo [di [1,3] dioxole-5- carbonitrile (Compound 89) WO
"%q% tAglPPCT/US2008/056396 112 Step 60a. PCT/US2008/056396
odobenzol[d][1,3]dioxole-5- carbosu;trlte (Compound 0107-89) A
mixture of 5,6-diiodobenzo[1 d|o>t<o e‘%l[ 2. 7m&nolé nd g{ﬁ%'\l\&%‘lqmﬁed by
2. 7nfthen) STy (lj—.)%%ﬁ’)d%\faﬁ g SRR TBR e e
filterediand chefiliratephas addied gehfertTHenreditity brswharso ik Wﬁé) to

filtered [ifie icg 0! (lealeleym
cthe S B 29 gso mg, 6106

as a [Mﬁt@ "SOHANMENZMS P4 1193 {1-NRIR 3PS 816/6T %Iﬂ@ 2 28, )

548 (5 41y, €.60 Sk 6SteR,800; 6.64 (s, 1H), 6.80 (d, 1H, J =6.0 Hz) 7.36 (s,
6-(4-Amino-1-(2- (neopent){ggnlno)ethyl) -1H-imidazo[4,5- c]Pyrldln -2-

yIthlo})Hér?zzﬁcfﬁl E]’d}IOX%F arbonitrile (Compound 89) 10The title
com e asBOInasApreparad-[R6nmignke[4%d) Hdiexgkfaxiitgokid Framidazof4,5-

compound O6%£ﬁe&%§%§}#g&04 mrwg)mggu%-@g)ﬁls@ mg, 0.64 mmol),

neocuproinc h 054 mmal), Cul (10.2 mg, 0.054 mmol

and NaOfBagrasig: @ sapenes) A03nH H B @he) ndifH 7 mL) was
st gt ey
R B T R e A
2H), 6088 (Thdlih;, JSé%)SMIM%% (1Y), T BBVE, (PNISO6RYS IHJS (m, 2H),
EXA i ,

o (6. %g&@;&? et%? %tg%!; (S;[dﬁ 2117), 4,654, 2H, 1= 4.8 H2), 608 (5. 2, 635 6,

dioxol

20y|tﬁlé}@@(ﬁwéﬁheﬁ1¥9lé¢n b bt/ HA- 6405 TeTdyAdInlA ZifiR 12

%gorfm@ @gcé???t %ﬁgﬁ@éa(g%ﬁy%w@iﬁrﬁ@fﬂB]r}ﬁfﬂyslbsa@mai{@b]{ﬂrsli?imﬁ 5-
ompoun mixwure or C cno mmo

2,2- Dlmethoxﬁli’éﬁg‘r?e](élé’@pé%ﬁh aﬁ% ' (glila%ﬂS 3 mg, 0.17mmol

)in toluemar(q;emmnmﬂaszs(fmﬁemg; méﬂaxxfmola@vasmlmﬂemmbnbmwous

mixtuge was 'eE' NG MRELAIME ANUNEHEOR WS AAASHHNEL, (189

neutra'llzeri% mlxt he so vent was removed and the residue was

purlflefcgby&?mi&mﬂdﬁ\ié@lr@&]d@& BresuvEcht 96 8 pibtaf e Was

simethylenzldlda3igionalsy(2ohhS: cla?&(?s)a@%ﬁﬂf@“&\/\éﬂi&a Q-EIMHBCI;;/MeOH
(CDC13-d6) 1.69 (s, 6H), 6.78(m 30A solu |0n o

2.2- d.mwzﬁgfrs&%tmﬁt@]eﬁ%e8r@%£@4 fé%"" oﬁf’) r\?@@ ™M

was axdgniNIB. (10.5 g, 46.8 mmol ) and followed with TFA (3 56 g,

31.2umolyy I “OWI?EOEA %ﬁe&g&wpﬁ%ﬁom dfgam;ﬁwﬁ%om%pyn

solutlon Bvas cor centr ate ue was purified by colum
chromatogidgioy? a2 0ds/1 187 1e KEoMRISPH68/056396 113 on silica

gRetroleun efiephterRIQYEEHNe4ites comp o 839 Arhoh (ﬁla)gno@g%ms (5

a white solid: 11-1. NMR (CDC13-c/6) (51.58 (s, , 7.15(s, 2H .
61b. 2246160194ty M b T STEHE RS b%? Jih%jﬁ é&wa*) femoted and

(neopeBiHarning) @il Liyl-doncdar did brcipysidin o sittin g (CORGOUN OH =

101) 40/1) to provide the title compound 51 as a white solid (31 mg, 30%): m.p. 140 ~
149 °C. LCMS: 464 [M+1]"; "H NMR (DMSO-dg) & 1.05 (m, 6 H), 1.91 (m, 2H),

30 2.67(t,2H,J=7.2 Hz), 2.89 (m, 1H), 4.27 (t, 2H, J = 7.5 Hz), 6.08 (s, 2H}, 6.38 (s,
2H), 6.68 (s, 1H), 6.88 (d, 1H,J= 5.7 Hz), 7.37 (s, 1H), 7.73 (d, IH, J = 6.0 Hz).



5The title compound 101 was prepared (31 mg, 10%) as a white solid

from compound 0607-84 (200 mg, 0.72 mmol ), 0107-101 (431 mg, 1.07
mmol ), neocuproine hydrate (15 mg, 0.072 mmol ), Cul (14 mg, 0,072
‘%%)M ﬂoglg\laOt Bu (69 mg, 0.72 mmol ) in anhydrous DM d1pu@¥ok/056396

using a procedure similar to that deggribed for compound 84 (Example

59): 14-216C; LCMS; 554 [M-EI]; 10NM O-df
9H), E?gswleﬁ% Brappratiopof %*&f‘%ﬁ??@%ﬁﬁ"ﬂ.zﬁﬁﬂﬂf‘ G-
5.6 Hz), 6.36 (s, 2I-{)seﬁ;ﬁfpﬁmriihl)q)ﬁrﬂﬂy@i-lH%;n]daﬁ)ﬁﬂﬂic)],ﬂl%l(sfl-im)?e

7.70 (d, 1H,J=5.2 l}lEXAg\/%Pi_E 62: Preparation of
1-(2- (neopentylamlﬂo(f Ryﬂ nltrobenzo[d]

15[1 sqmmlsaﬁmmwmﬁnm@bw%ddﬂbﬂmm anriihio 1o Bl 4:23)

%tepcqg}q.ld':}nlq ]Er @H%&]Qfﬂ)@j@g(@gmpound 0107-113) 1,
3- Benzodloxolc 82 mmol) was added drop lset utlon 8]‘,
é? F?uxt ) from

con. HNC?:?‘(G%%C%%U%%P% PR LR R %ba ire wag
then Q&Jaﬁﬁﬁadzt@é%c@mﬂ)gd l[riem]eﬂmlekﬁaﬂﬂlms){ﬁmpwhﬂﬂ[é SFhlgymiktate
was %%%'1% Sroomd %%%ej! q %”g pé?%f%% oA MAIRLIGEER I BYene,

compound Ohkrobenz dio 87%) as a yéellow solid.
LCMSL 158 M Bné (NMR: (OMSE. 3663 Bplyén BYF 117207 vsing apiosedure

MZ) %Tzﬁaﬂo Tt Bedeckitdd HoPdothighuid duml mxaﬂagh_: 33, Hz).

onc RSHIOH ko 2 AchiHh ST HREEIROL syt e HS T340

mL) afpk@dte- i%l‘fﬁro‘p’ble-mxmmmamswteﬂm} 3 h at this temperature
and poured int |celwater et co u %) f
5,6- dlnltrggenz%[aﬁﬁpgfdl I0Xole ? aregn{t?t#)v% ngéhg%/be(iloc\l/v@sﬁg |rIl The ey from
common@mé@%@eéﬂdﬁé&mgmﬂtﬁ%ﬂmnﬂlé%gnc%(m Q%@(WS@QJE)“

1%39 ﬂﬁe@ﬁ)(sﬁi@ (%n?é‘g roce&%%%%Qh@t@@@%@ﬂ@@&@}ﬁ%&ﬂﬁhmﬂ

6.0 g, 28.3 | dded 1 | aceti
N2 AR ARG RN A i NORAPR] S 1 Bag Cotee (m
was remaved @EHiros POWHErA 4478, gHadldec\ith, vig6 (e LB BtifrFy(sCRHEKS.66

008 B o Baon S e oo bsided
(2-5 18in).3Phe3 riixtumenead fefidenfoldi0 Adioanl Sopitiree thtd THdsapdter:

Jhe URVEETadRRRaHAL MR Ralaerh Y Ebrlianddasalyed in glacial
acetic acid, and the solution filtered while hot. The filtrate )gﬁﬁourg{)n%m

ice-cold W&?éiﬂerFféWﬁ‘dé"}%‘&*%%stpW@ﬁﬁd\ﬁéé A

5and ghigadreyids cosopn e nitrefienebid] [ BinioxGRbaantinend 85 !
g, 84%). LC 83 [M+11: 114 N R(DM O-ds)

IH), 7(%)6“@ ’}f)?%gl?“?@? usﬂg)a proc 'St émé‘n%ﬂé"n of gc%(%r‘?gg%% @héoﬁﬁ%%r(&

6- mtrommmm}mdmﬂ:@dmﬁé%%ﬂb; MWBM%%@ HIE (152H),
mL) apdy tﬁq)@@f@r Vass 2%%?%?}21(? sigam, bath &arAuninie sndithen 7 =

cooled to 5C with stlrrln soluti sodium nitrite (1.0 g, 14.4 mmol) in

waterS(15iaM ) 4 déble @rfﬁll dltHe Sofif€Missolved. The solution was
stirreg gy molmoab&wﬁké{rdqt B,zqoiuquﬂmmassqwsmmle&m@pﬂﬂ@ﬁ) IH-

mmol) in Wate{P& ggg ﬁfd?ﬁéaﬁ”grﬁ/ Wl{? oral é1rr|ng at5C. The

mixture was fil Bresidue was ved wi dlchloromethane,
dried andfu mﬂubctdaymmmmﬁﬁ V8sahronedag raawhl(%myﬂé@éﬂﬁ%ﬁ%éﬂ@l@ﬂm
§81 erco:h{ %&%%%9 g‘%%%ﬁ%m 1933%51’ d@nl@e 5%&]@1

yellow solid. I1H NMR ( (56.24 (s, 2H), 7.64 (s, 1H 7.67 (s 1H),
Step goedure similar to that described for compound 51 (Example 8): m.p. 185 ~'193

1- (2[ fgew%ﬂamm)ramyl}imﬁmagbsombgﬂ[wﬂ@lmwﬁ yﬁhlgﬁ-ﬂlﬂmoﬁs
azo rigi tle,co n

was p mgw)(sé} ?4052%% Iové]f‘zﬂg)‘fgolars éb?‘% o%1n 60;}}@ 65 &,
(100 r1ig), 6. 85&1mmiol) G107z 1844 37 Iy, V7266 hhinbt) Seldakuproine (8
mg, 0.036 mmol),Cul (7 mg, 0.036 mmol ), and NaO-t-Bu (52 mg, 0.537
mmol) in anhydrous DMF (5 ml) using a procedure similar to that

described for compound 84 (Example 59): m.p. 111=114C. LCMS:
445[M+11, 1H NMR 25 (DMSO-c/6) (50.72 (s, (H), 1.61 (s, 1H), 2.12 (s,
2H), 2.74 (t, 2H, =5.2 Hz), 4.21(t, 2H, J = 5.2 Hz), 6.16 (s, 1H), 6.18 (s,
2H), 6.49 9s, 2H), 6.85 (d, 1H, J = 6.4 Hz), 7.73 (d, 1H, J = 6.4 hz), 7.85

(e 1L EVANMDIE 2 Dranaratinn nf



30ylthio)-1- (2-(neopentylamino)ethyl)-1H-imidazo[4,5-e1pyridin- 4-amine
(Compound 111) WO 2008/115719PCT/US2008/056396 115 Step 63a.
6-lodo-N,N-dimethylbenzo [d][1,3]dioxo1-5-amine (Compound 0107-111)
WO AR litign of 3,4-(Methylenedioxy)aniline (8 g, 58.3 mmael-indsidnssos
(120 ml) was added Ac20 (48 mL). gghe mixture was stirred for overnight.
After reaction, the mixture was poured into saturated NaHCO3 solution,
and then filtered. 5The filtrate was extracted with ethyl acetate to give
N-(bENALISIoORGDE 2 1iQactlafitie H0cS-BIb Ry e ey 1B OINHI ]+
114 NMR (DMSO- S
591 (0, 14, = 2.1 AR T oSl o S e
solution of iodine n{&aBUMBAEEIN methylene chloride (72.6 mL) was
s0adde 4#@rawr,s@mmsmex%wpmapndlmamexmpaaetamIde
(10 g, 55.8 mmol) in methylenancéﬂorlde 86@2&L nd acetic acid (11 mL).
The FRTRI A YR AT SYBABYEMIYAt And then washed with
saturated sadiiruthistufaieuR 0AB ridpand.blimeljl Sebmi-Tedo-4-
el HEhe hiode OMNIE gries (PO R EHeRNAIR A dne.

re5| le was purifie olumn chromatograph 15 on silica gel (CH2CI2/
petrd[@@ml&tez@?im@%tﬁiﬂ KR8 rsel S 28160 a@‘]iljmtl%‘ (%ﬂgéégaﬂﬁ&le

1637 gm%ﬁm A% IJ@W@smm&as@aMIh MR DM SO@) 632 Db (s
3H), 6.06 (s, 2H), 6.95 (s 737és IH Aso Bonof

N- (e%w@sam?a@ff@]éﬁem‘fﬁw Semvsd %56% e R Ao AR
NaOplitiailbg,3RBminothimetiygiyoh( 28icnlzy la(rﬁ‘dlv@téwq@}h@) 1\%@,) to give
20heatec &%E)ij&mdt&ﬁgrmf%w ?dm%%ee@% Gqeled andthe "

SO|V€I’] was removed under vacuum e residue Wasq{%artltlone

betwBten M/ @rirenivfidesthioo PRepAfkplbitpiteciiy chivd Sryanieine
jayer was waﬂj&q uguvggtgtj’z)x 100 mL), dried (MgSO4) and

evaporated under vacuum to |ve 6- odo

(170 o, VR R GRS Lo e i S AL e ) e
(DMsgn%ﬁosa B8t &) TH1E. %(mtm; Gapdiiged M) hORslut Mps afipsied to

Sowtl gthlgg Ob% fﬁ[aql&%%]dﬁ{éorls %{gtﬁ%&{n&’tg’vﬁdmw&@@% filtration

paraPorma mmol) in nol (10 ml,) was ad

NaBRIC fuu(tze@.@rgrf“sa M@W%Wmﬁ%ﬁ?hh @ﬂ?ﬂ%&ﬁ&(ﬁé‘aﬂ?
39 5035191 %ﬂ%@@ﬂé%@&ﬂm&ma@slﬂ@a@m(ﬁmamd mrgmemyle,nms:

o oo o e e S L T e

comgaine0107-111(1.16 g) as a brown 0|I which was used directly to the

B e b AR RS
2008¢MW1@P@WM2088¢@56§9@H%‘S@

225(6 (Dimgtay] W&Q}Qﬁﬂa@m%?MQ}@@&pirymaﬂ)ﬂgﬁl?yeHow solid (750 mg,
(neopentylamino)ethyl)-1H- |m|daz r|d|n %rﬁ’nﬂ)lne éCom ound

111) 33 hGuRE LB DL SRR A5
solid fspra. wmm@@@xm«n%mm:ﬁ&mvmw -2 ¢299 mg,
068mmo 5 neqcu nehdrt 14

0 0o R L B e e B A oy
usmg4&1p{rheidédiure similar to that described for compound 84 (Example

89): LM S0443 IMs kb 2k NMBo(DMSRo APhEROHTAS- (31 Ao 4s,

2H), 2.63 (s, GHS 2.74 (t, 2H, J = 6.0 Hz), 421 (1, 2H, J = 6.0 Hz) 5.94 s,
oH), 6Imeidiniitylpresaes | i Comaetd 140328 0 Hz), 7.01 (s, 101H),

7.70 (d, |Ehc~11ﬁe53@1ﬁlailnEKm5B.Efﬁ4ﬁE}rﬁ’paleataommf: solid (560 mg, 82%) from

i G Y e S s et o L

mlno) |m|daz mine
MeOH (13 mL) using a proccdure similar to that descr 1bed for compound 0403-51



15Step 64a. N-06-lodobenzo [6] [1,3]diox01-5-yOmethyDacetamide
compound (Compound 0107-115) To a solution of
3,4-methylenedioxybenzylamine (10 g, 66.2 mmol) in acetic acid (50 mL)

\W@%gg?qul@cetic anhydride (15.27 g, 150 mmol). The mixtyggNyes@lieds
at 20C for 30 minutes. Then it was agljusted to PH7 with 10% NaOH. The

20 mixture was filtered to obtain_a. sl i at

criod B PR G th Ge (LRSHE AT S DT S o e 2%
white BRlEHOERAH), 7% )t LXEEM S 7I0H {)vé-63-(t1 11 INMR [DMSE-(16) HET =
1.84.(s,3H)..4.12 ( = 6. (892 , : J
2 R O L Ty Dt s (g
47 .9Hinol) was 25added to 1.0 M solution of iodine monochloride in
'31et@t‘@(ﬂ@ﬂ@m@fﬂﬁr@%f@@~ﬁr€ﬁ1&“§%@d@@ﬁl§ﬂﬂﬂﬁ@lIfqlemctmagature

for 2 hours, and then the mixture a,scp&:red intgf}%%) 25203 and
stirredPRE e TP G H L RHALES With CH2CI2 and the

organic hayetitaswpaned)withskater mopkidne advist aokdidEantidte drom
get the crude, pr, ich w. ifi l h r
(moﬁ?glgﬂ%%%@%agtﬁe%@/(%%tﬁaﬁg %’?ﬁ?%%g@iml 9)%’0’%_ iggerp@%g Afiscl
iodolitzofe]p03 direl syjesiararotice mimidete diapburdsd BrsAReSHil
e Ol (ot 7.07 (5, 10 737 (5 LH

4. ,2H,1 = 6.0 Hz), 6.04 (s, 2H), s, D), (S .
. 1ﬁ,‘flbf'@h%)@ﬁf@f%%@i‘i‘%ﬂ@ﬁ@ﬁ@ﬁ@é%g ooy B
N((6-Iodobenﬂﬁ{d;[zb@]dio};@kéﬂiy@mgﬂwgatetamide (2.4 g, 7.5 mmol)
was addagl o elianalls tydiechlofiz.aqd.soliianid () (60 o) e

tirred at 80 ig

mixture was s over t. Solvent was removed and the

resideenyesndiséUhvad (G Wate O 63 usreelti Brprkats, R oYne @

fiftereg e aRtain-(fx Rladatenzadilaldiaxed:® s meihanaming psias ~ 129

ol SO oS R A G PO e
S, o S, , O. , , . , , M. S, . mixtiare o

(Nes-iggpb,enm[@i[nmdmmmga{lmmgt?ahamia@((ﬂ,m)g3&(3&13&1)03-;‘; (t,2H, ]
a . . n ; a ; n

10 mzeffé%%(%g’?n(ﬁé mol) Bﬁzgf %.gég‘éfo%i@?%?ﬁ (9 5Bep mMed) J- 5 7

L) was stirre ours. The’'solvent was
remaoiled anddhéltekiddd Wak dissolved in CH2CI2, washed with water
And brine, dried and concentrated to give the title compound 0107-115 as

a yellow oil (700 mg, 36%). LC-MS: 306 [M+]] . 'H-NMR SO-d6): (5
2 18 X AP ARy ¢ AR oo R N e,
64b. 2-(64(Dimethyigupropylethipidpenpelol] H 3iddaxol455ydt piajdia(@-amine
(neopentylamino)etk%lc?[-nll—‘ll-i (éq' o[4,5-c]pyridin-4-amine (Compound
115) The title compoun qq as prepared (27 mg, 15%5as a yellow
solid $teprdenmp@uied OEOTBABOMI0)I56 Mmoot a1 Bl-addretS-
£5394 mmol), gmy@igoﬂglgm{}@@&ﬁﬂam@bg@ﬁs@Na (34 mg, 0.0358
mmol), neocuporine (8 mg, 0.0358 mmol) and DMF (3 mL). using a <%
procedurd %ﬁﬁﬂér"fﬁ“ﬂ’f&t"g@g@ﬁ b B RESPAISUE 85P (] ?%3&51 gy
81-8Giom lrSRind 922 [M 145 ‘HeNMR , (OIMS e 6116t DX 7bs 281 X rhBofgd
8H), 2.7 ), 3,48 (s, 2H), 4.18 (m .
o.04 (10260 bt 1o o3 s Bl (R, S L e me
Prepdrafiomof 246 iy Her(28 fotle, 3}dioxet s yialyimpipDME (33 mL) using a
{peongpivianinmeibydrlidmidaeel 2-slngidinedoaming (aproennd @ik
Step 65a. 5-Ethyl-6-iodobenzo[d][1,3]clioxole (Compound 0107-85)
30t-BHSI71¥7 g, 69.3 mmol) was added portions to a suspension of

Step 41b. 2-(2-Todo-5-methoxyphenylthio)-1H-imidazo[4,5-c]pyridin-4-amine

(Compound 0206-54)



compound methyltriphenylphosphonium iodide (28.0 g, 68.3 mmol) in dry
THF (250 mL) over 10 min at 0 C. The resulting yellow suspension was
stirred for 20 min at this temperature. A solution of piperonal (8.0 g, 53.3
\gggg&mgw THF (25 mL) was added dropwise to the abovecsuspensessos
and the mixture was stirred for 1 h /O
2008/115719PCT/US200 6 118 at O The eactl ture wa
concentrgt@dlgﬁaofﬁgol@éﬁg CwasStintEa B Cold e'r? %ﬁ?omg%)gra h“))lg g
(petrilen norihend 620t fiddComp SUtidBralinylb difZo (41 3sisg ¢l ereraye
DA%y e oo aealatida i &@Mh‘é@s@ RO G 108 e
ggulf 0 SheflLSﬁE!I-lzl)’i 6.00 SN‘W% e\(1 8 ;‘

12
Hz) %48@\(% OMPG-da §3. 6111(4) 3H) w% ;&u%tbg S A2 6 E 174
- vmyﬂpqnzg)[ﬂ}[{;ﬁ]dloxole (6.0 g, 40.5 mmol) and 10% Pd/C (840 mg) in

M'[ee?g(‘j(eggdm was hyd §(‘%$ éﬂg§8 foro g;: ath]ég pO o dhe ?ml? d/zcc:)[wg-sc]pyridin—
5- ethyljaﬁmpw]{dgﬁ]dl(@mi@c(&ﬂ 1 B0%) as colorless liquid. '"H-NMR

(OMSO o), AL b 07 2 el 10RO A R TP ),

5.93(s, 2H d) : A mixture of
com@atrﬁd*rgn@mmem?&ﬂ& ) &%rreg(é @lgnesltn%tﬂm?@%idwgﬂdé@@“ﬁ
hr@mqtt@ncbi’ Friné2) 3. c%Qcoms i r\g3§a|§|nhggf§®h18@mmas stiryedifgn 5
ours at room temperature a S t
dropﬂﬁ%@’?ﬂriﬁl‘fﬁ’eaﬁt g 3%0?8 Oun%ade?; %ggé% E%f"‘ﬂ?\?fs
evapapatadHinlvacuo and the mlxture was extracted with ethyl acetate (20

mL xs%%%éqgl% 793%?5&%3; : g@%ﬂ%@@ﬁgﬁ%@?ﬁ%ﬂﬁ@ Ligia mst ptyu@m

compo as ay C-MS 276
NMRI(DmseeedyoBCosreusti048758)Hz ) , 2.57 (g, 2H, I = 7.6 Hz) 6 oo

f2§ (62 HE) h6r|§§t(§e &H%t- gud?t@ @3%@-'5'4) ~2RAPePaBlus a white solid (412 trtltgl §5%) from
thylbenzo [0X0 i0 inp)et

imidEAR%TY Hé’ j 2Aife ?@gﬁ 1)“3%)&5&2 nﬁé&?e cf:)c))fnp l)Jln5

was pigparad Méﬂ)mg&s 266h) asm yeltovedotididan whapd@mdmwempound

(100 %ggs%grﬁtfs I%S?llg&\fé:’ 1(1]53% O 466 mmol), neocuproine(8

ul'(7’mg, 0.036 mmol) and t-BuON a (52 m

250 &mﬁmmﬁ énhwr%@slmﬁfsqﬁhwgtﬁ%%@éé&ﬂé ﬁ?ﬁ‘i‘a% faPerLin-

Qttsascr]f %mg&)@%t@x@matﬁ@@omsm -147 C, LCMS: 428
M+1]'NN MSO-d6 0.79 (s, 9H),1.14

I, 2 18T S RS s e ST g rom
2H, Joar®eBua 0408-84 (@12 m@2 HN06. Bibfe]))2NEB 7D (e lH)] GreRqd andMsCl

1H 9 3

2008% %’%‘f@ 5335? ﬂgﬁ%’o‘é%g%@idiugmes?f Bgﬁﬁg%ﬁﬁ\é\é%cémd T ted
hereifRdert @hedehativeE MSidaa iMiHé present invention possess
anti-pgpliferation agivty.dese pronarties Mayheassassad)fesmxareple,

using one or more of the procedures Sgﬁ%ﬂ below:; éf; ) An in vitro assay

which determiffeidari by ta&rY SR intoit Hsp90
chapero nﬁqaeﬂwt}bmpouﬂ'dﬁmhl&p@@cphaﬁescanehassayd/\@& perfdrinddto

h fol a
o O SO e N e S T i

rst incubated with different concentrations

of testroopdpousidintd élwémvbﬁcbﬁgffemsw e 5L EAO®

MOS P :019% keping aasoma globylia,and, 1% gliesgrofsabiamm, 2.43 (;, 2H,
J= 5.7 Hz), 2.59 (m, 1H), 3.58 (s, 3H),4.23 (t, 21,1 = 7.2 Hz), 6.32 (d, 1H, ] =2.7
Hz), 6.4 (s, 2H), 6.68 (dd, 1H, J; = 3.0 Hz, J; = 9.0 Hz), 6.85 (d, 1H, J = 6.3 Hz),
7.75(m, 2H).




temperature for 30 min. Luciferase protein was added to denaturation mix
and incubated at 50 C for 8 min. The final concentration of HSP90 and
luciferasc in denaturation mixture were 0.375 RM and 0.125 RM
respectively. A S Rl sample of the denatured mix was dilutgghinia 28344386
Wehatitation buffer (25 mM Tris, pHg,5, 15 8 mi\.4 MgS04, 0.01% bovine
gamma globulin and 10% glycerol, 0.5 mM ATP, 2 mM DTT, 5 mM KC
0.3 FERAMIBIB 42icPocparritn-s BAbylotpkersaidlfatidiorakcnd iipsd |
incubated at room {gedpenduim i) pash L HakmdRob [aysdi|phicidiof £6Rnof
the renatured sample into 90 ttl of luciferin reagent (Luclite, PerkinElmer
Life Science). The RidtREWAS Mcubated at dark for 5 mm before reading
the 28teprire ScEnte Siginet b actiopOoidilpialdiveelder (PierkihEktier 20i6 -

cience). (b) GompeiifiensRinding (Ei GRARGE) alaizensn
Essay. AEﬁ?ﬁgﬁgg%thioc;éarg%r%%l'lﬁg)gl{abeled I\B/)Iwas urch)ase o
from Inviesails camprRid)0308e fesroRisarr st BH S BYH hd %b%?é% >7%)
?M fﬂémb%léhﬁ)&ﬁﬂ%i@z}k&ﬁw@we,amm?s@alﬂmassrilaydmteﬁ-an@ﬁdm-
ast-tumbling FITC labe emits randoru li ith res tothe. .
p|ané‘"&Fb‘b"|g§95’tP8H‘@132@%5?%9@“&1ié’étf“r“é‘%ﬁ}tir%l%’r‘\uﬁé"%o é?%@%%%g n
degree @R} el Oead\hé mBN) sbSlsrid to(FEPED 2tAansim et iy diphe DME
fldﬁ_vsv ié.%‘?&%ﬂ%ﬁ&;ﬂ%g&@&m iRelasizad: lesulingdn @om?&ﬁfdrﬁﬁ)yﬁ}@e-

i |

ompetition Ing assay was performed in 96-well plate and Wéi’éh
each(E@%@}?ié@ﬁfalr%&’IigO ¥ N o BOEYEY @M%ﬁ'd‘fﬁtf?iﬁ@é%ﬂ's% , 3.61
prote(p ;336(6\%92' Resign (SPR116E prasrectiely Hiheassay Byftero (T 1 H),
contained 20mM HEP 17.3),. 20 1, , Cl2,
oM NGB, oL 3 NG RS ST HOURE At
Compeagnidhare Hitutdeb jmdPS @idelddee dd Hiddimal dssdlidertre

beled. GM with on.r \ WO
?oogﬁi%%ﬁgﬁ,écc‘ﬁ%@%gg‘%g% 96 fggﬁgn%/l%rl;% Fg;s\)/alue was determined

by BioTel syiirgompanid Ba¢kgrotipursenstickaghpaltercianiniid (6P me.
incubgfignialdtontitdolouing THABLE B istmem pad NdE Fepesttative 1.6

f the inventi d _ thejr actjvity.jn J-151)90 _Inth
the (GTBRING G WS WS T LT b OhA B P g
> 0.1deMsiBatifey corfpbumd! I ICEQETABLE B: CEMBdUHY NBVHEPR0
&)ha%t%%”&é!%—?@l'&'a%ﬁ&%o?&mi,@gj%$g)-)lkfllilowl—2(3‘I—tﬂgopcntylamino)propyl)—

1H-imidazo[4,5-c]pyridin-4-amine (Compound 56)

The title compound 56 was prepared as a white solid (110 mg, 37%) from
compound 0303-56 (257 mg, 0.55 mmol) and pivalaldehyde (60 mg, 0.70 mmol).
using a procedure similar to that described for compound 33 (Example 29): m.p. 170
25 ~174°C. LCMS: 540 [M+1]"; 'H NMR (DMSO-dg): & 0.84 (s, 9 H), 1.76 (m, 2 H),
2.14 (s, 2 H), 2.43 {t, ] = 6.9 Hz, 2 H),4.23 {1, I = 7.2 Hz, 2 H), 6.04 (s, 2 H), 6.36
(s, 2 H), 6.63 (s, 1 H), 6.80 (d, )= 6.0 Hz, 1 H), 7.47 (5, 1 H), 7.71 (d, ] = 6.0 Hz, |
H).

30 EXAMPLE 43: Preparation of 1-(3-(tert-butylamino)propyl)-2-(6-
iodobenzod][1,3]dioxol-5-ylthio)-1H-imidazo{4,5-¢]pyridin-4-
amine (Compound 58)
The title compound 58 was prepared as a white solid (64 mg, 37%) from

compound 3-(4-amino-2-(6-iodobenzofd][1 .3]dioxol-5-ylthio)-1H-imidazo[4,5-
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93
¢]pyridin-1-y1)propy! methanesulfonate (0404-52) (180 mg, 0.328 mmol) in tert-
butylamine (20 mL) using a procedure similar to that described for compound 51
(Example 38): m.p. 224 ~ 227 °C. LCMS: 526 M+1]"; "H NMR (DMSO-dg): § 0.95
(s, 9 H), 1.71 (m, 2 H), 2.38 (1, = 7.2 Hz, 2 H), 4.23 (t, J = 7.2 Hz, 2 H), 6.04 (s,
2H), 6.37 (3, 2 H), 6.64 (s, 1 H), 6.82 (d, I = 6.0 Hz, 1 1), 7.48 (s, } H), 7.72(d, J =
6.0 Hz, 1 H).

EXAMPLE 44: Preparation of 2-(6-iodobenzo[d][1,3]dioxol-5-ylthio)-1-(3-
(pentan-3-ylamino)propyl)-1H-imidazo[4,5-¢|pyridin-4-amine
(Compound 60)

To a solution of 1-(3-Aminopropyl)-2-(6-iodobenzo[d]{1,3]dioxol-5-ylthio)-
1H-imidazo[4,5-c]pyridin-4-amine (Compound 0303-56) (150 mg, 0.32 mmol} in
methanol (6 mL.) was added 3-pentanone (33 mg, 0.38 mmol). After stirred for 30
min at room temperature, NaBHyCN (80 mg, 1.28 mmol) was added slowly. Trace
of CH2COOH was added and the mixture was stirred for overnight. The reaction
was terminated by adding saturated NaHCO; (10 mL). The mixture was diluted with
water (100 mL) and extracted with dichloromethane (50 mL x 2). The extract was
concentrated and purificd by pre-HPLC to give the title compound 60 as a white
solid (34 mg, 20%): m.p. 164 ~ 166 °C. LCMS: 540 [M+1]"; '"H NMR (DMSO-dg):
50.80 (s, 9 H), 1.29 (m, 4H),2.21 (m, 1 H),2.43 (1, J=6.3 Hz, 2 H), 424 (, ] =6.9
Hz, 2 H), 6.05 (s, 2 H), 6.40 (s, 2 H), 6.64 (s, 1 H), 6.83 (d, J = 5.7 Hz, L H), 7.49 (s,
1H), 7.72 (d, } = 5.7 Hz, 1 H).

EXAMPLE 45: Preparation of 2-(6-bromobenzo|d] [1,3]dioxol-5-yithio)-1-(2-
isopropoxyethyi)-1H-imidazo[4,5-c|pyridin-4-amine
(Compound 61)

A solution of 2-(6-bromobenzo[d][1,3]dioxol-5-ylthio)-1H-imidazo[4,5-
cIpyridin-4-amine (compound 0206-22) (500 mg, 1.37 mmol), PPh; (718 mg, 2.74
mmol), 2-isopropoxyethanol (185 mg, 1.78 mmol) and DIAD (830 mg, 4.11 mmol)
in toluenc (12 mL) and CH,Cl; (3 mL) was stirred at room temperature for 20 min.
The solvent was removed under vacuum and the crude purified by column
chromatography on silica gel (CH,CL/MeOH at 30/1) and followed by pre-HPLC to
give the title compound 61 as a white solid (113 mg, 18%): m. p. 183 ~ 190 °C.
LCMS: 451 [M+1]"; "HNMR (DMSO-ds) 8 0.94 (d, 6H, J = 5.4 Hz), 3.45 (m, 1H),
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3.64 (t, 2H, J = 7.5 Hz ), 4.51 (t, 2H, J = 3.9 Hz), 6.12 (s, 2H), 7.02 (s, 1H), 7.28 (d,
1H, ] = 7.5 Hz), 7.40 (s, 1H), 7.74 (d, 1H, J = 6.6 Hz), 8.57 (s, 2H), 13.28 (s, 1H).

EXAMPLE 46: Preparation of 2-(6-iodobenzo[d][1,3]dioxol-5-ylthio)-1-(2-
isopropoxyethyl)-1H-imidazo[4,5-c]pyridin-4-amine
(Compound 62)

The title compound 62 was prepared as a white solid (100 mg, 28%) from
compound 2-(6-Todobenzo[d][1,3]dioxol-5-ylthio)- 1H-imidazo[4,5-c]pyridin-4-
amine (Compound 0206-3) (300 mg, 0.727 mmol), PPhs (381 mg, 1.46 mmol), 2-
isopropoxyethanol (98.5 mg, 0.946 mmol) and DIAD (441 mg, 2.18 mmol} in
toluene (6 mL) and CH;Cl, (1.5 mL) using a procedure similar to that described for
compound 61 (Example 45): m. p. 195 ~201 °C. LCMS: 499 [M+1]"; 'H NMR
(DMSO-dg) 8 0.95 (d, 6H, J = 6.6 Hz), 3.45 (m, 1H), 3.64 (t, 2H, J = 5.1 Hz ), 4.49
(t, 2H, 1 = 5.1 Hz), 6.09 (s, 2H), 6.99 (s, 1H), 7.27 (d, IH, J=6.9 Hz), 7.52 (s, 1H),
7.73 (d, 1H, I = 7.5 Hz), 8.49 (s, 2H), 13.12 (s, 1H).

EXAMPLE 47: Preparation of 2-(2-iodo-5-methoxyphenylthio)-1-(2-
isopropoxyethyl)-1H-imidazo[4,5-c|pyridin-4-amine
(Compound 64)

The title compound 64 was prepared as a white solid (20 mg, 8.2%) from
compound 2-(2-iodo-5-methoxyphenylthio)- 1H-imidazo[4,5-c]pyridin-4-amine
(compound 0206-54) (200 mg, 0.50 mmol), PPhs (263 mg, 1.00 mmol), 2-
isopropoxyethanol (68 mg, 0.65 mmol) and DIAD (304 mg, 1.51 mmol) in toluene
(5 mL) and CH,Cl, (1 mL) using a procedure similar to that described for compound
61 (Example 45): m. p. 102 ~108 °C. LCMS: 485 [M+17"; "H NMR (DMSO-d¢) &
0.89 (d, 6H, J = 6.9 Hz), 3.38 (m, 1H), 3.56 (t, 2H, I = 5.4 Hz), 3.60 (s, 3H), 435 (1,
2H, J = 4.5 Hz), 6.39 (m, 3H), 6.67 (dd, 1H, J; =2.1 Hz, J = 8.1 Hz), 6.83 (d, 1H, J
= 6.0 Hz), 7.74 (m, 2H).

EXAMPLE 48: Preparation of 4-(4-amino-2-(6-iodobenzold]{1,3]diox0i-5-
ylthio)-1 H-imidazo[4,5-¢|pyridin-1-yl)butanamide (Compound 66)

Step 48a. Ethyl 4-(4-amino-2-(6-iodobenzo[d][1,3]dioxol-5-ylthio)-1H-
imidazo[4,5-c]pyridin-1-yDbutanoate (Compound 0502-66)
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A mixture of 2-(6-lodobenzo[d][1,3]dioxol-5-ylthio)-1H-imidazof4,5-
¢]pyridin-4-amine (Compound 0206-3) (200 mg, 0.485 mmob), cthyl 4-
bromobutanoate (142 mg, 0.728 mmol), Cs;CO; (268 mg, 0.825 mmol) in DMF (7

wn

mL) was stirred at 85 °C for 2 h. DMF was evaporated under vacuum and the
residue was purified by column chromatography on silica gel (methylene chloride /
methanol at 100:1) to yicld the title compound 0502-66 as a whitc solid (168 mg,
66%): LCMS: 527 [M+11".

Step 48b. 4-(4-Amino-2-(6-iodobenzo[d]{1,3 Jdioxol-5-ylthio)-1H-imidazo{4,3-
clpyridin-1-yl)butanamide (Compound 66)

Compound 0502-66 (180 mg, 0.342 mmol) was dissolved in 5 mL ammonia in
methanol (40%, W/W) and the mixture was stirred at 50 °C in a sealed tube
overnight. Solvent was evaporated under reduced pressure and the residue was
purified by column chromatography on silica gel (methylene chloride / methanol at
40:1) to yield the title compound 66 as a white solid (68 mg, 40%): m.p. 227 ~ 232
°C, LCMS: 498 [M+1]"; 'TH NMR (DMSO-de) & 1.84 (m, 2H), 2.06 (t, 2H, ] =7.2
Hz), 4.17 (t, 2H, ] = 7.2 Hz), 6.05 (s, 2H), 6.39 (s, 2H), 6.68 (s, 1H), 6.81 (m, 2H),
7.28 (s, 1H), 7.47 (s, 1H), 7.71 (d, 1H, J = 6.0 Hz).

EXAMPLE 49: Preparation of 5-(4-amino-2-(6-iodobenzo[d]{1,3]dioxol-5-
ylthio)-1H-imidazo{4,5~c]pyridin-l-yl)pentanamide (Compound 68)

Step 49a. Methyl 5-(4-amino-2-(6-iodobenzo[d][1,3]dioxol-5-ylthio)-1H-
imidazo[4,5-c]pyridin-1-yl)pentanoate (Compound 0502-68)

The title compound 0502-68 was prepared as a white solid (131 mg, 51%) from
compound 2-(6-Todobenzo[d}[1,3]dioxol-5-ylthio)-1 H-imidazo[4,5-c]pyridin-4-
amine (Compound 0206-3) (200 mg, 0.485 mmol}), methyl 5-bromopentanoate (142
mg, 0.728 mmol), Cs;COs (268 mg, 0.825 mmol) in DMF (8 mL) using a procedure
similar to that described for compound 0502-66 (Example 48): LCMS: 527 M+17";
'H NMR (DMSO-dg) 8 1.47 (m, 2H), 1.63 (m, 2H), 2.28 (t, 2H, = 7.5 Hz), 3.54 (s,
3H), 4.17 (t, 2H, J = 6.9 Hz), 6.05 (s, 2H), 6.38 (s, 2H), 6.66 (s, 1H), 6.80 (d, 1H, J =
6.0 Hz), 7.48 (s, 1H), 7.71 (d, 1H, 1 = 5.7 Hz).

Step 49b. 5-(4-Amino-2-(6-iodobenzo[d][! ,31dioxol-5-ylthio)-1H-imidazo[4,5-
¢]pyridin-1-yl)pentanamide (Compound 68)

The title compound 68 was prepared as a white solid (38 mg, 30%) from

compound 0502-68 (131 mg, 0.249 mmol) and 10 mL ammonia in methanol (40%,
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W/W) using a procedure similar to that described for compound 0502-66 (Example
48): m.p. 203 ~ 210 °C, LCMS: 512 [M+1]"; "H NMR (DMSO-de) & 1.4 (m, 2H),
1.62 (m, 2H), 2.02 (t, 2H, T = 7.2 Hz), 4.16 (t, 2H, ] = 6.9 Hz), 6.06 (s, 2H), 6.52 (s,
2H), 6.70 (m, 2H), 6.84 (d, 15, J = 5.7 Hz), 7.23 (s, 1H), 7.49 (s, 1H), 7.71 (d, 110, J
= 6.0 Hz).

EXAMPLE 50: Preparation of 6-(4-amino-2-(6-iodobenzo[d][1,3]dioxol-5-
ylthio)—IH—imidazo[4,5-(:]pyridin-l-yl)hexanamide (Compound 70)

Step 50a. Ethy! 6-(4-amino-2-(6-iodobenzo{d][1 ,J]dioxol-5-ylthio)-1H-
imidazo[4,5-¢]pyridin-1-yDhexanoate (Compound 0502-70)

The title compound 0502-70 was prepared as a white solid (200 mg, 30%) from
compound 2-(6-lodobenzo[d][1,3]dioxol-5-ylthio)- 1H-imidazo[4,5-c]pyridin-4-
amine (Compound 0206-3) (500 mg, 1.2 mmol), methyl ethyl 6-bromohexanoate
(401 mg, 1.8 mmol), Cs;CO5 (670 mg, 2.1 mmol) in DMF (18 mL) using a
procedurc similar to that described for compound 0502-66 (Example 48): LCMS:
555 [M+17".

Step 50b. 6-(4—Amino-2—(6-iodobenzo[d][1,3]dioxol-5-ylthio)-lH—imidazo[4,5-
¢]pyridin-1-yDhexanamide (Compound 70)

The title compound 70 was prepared as a white solid (35 mg, 18%) from
compound 0502-70 (200 mg, 0.36 mmol) and 28 mL ammonia in methanol (40%,
W/W) using a procedure similar to that described for compound 0502-66 {Example
48): m.p. 194 ~ 198 °C, LCMS: 526 M+1]"; "H NMR (DMSO-ds) & 1.20(m, 2H)
1.41 (m, 2H), 1.57 (m, 2H), 1.96 (1, 2H, J= 7.8 Hz), 4.14 (t, 2H, ] = 7.4 Hz), 6.05 (s,
2H), 6.38 (s, 2H), 6.68 (2, 2H), 6.81 (d, 1H, ] = 5.7 Hz), 7.19 (s, 1H), 7.48 (s, 1H),
7.71(d, 1H, J= 6.0 Hz).

EXAMPLE 51: Preparation of N-(2-(4-amino-2-(6-iodobenzo[d]{1,3]dioxol-5-
ylthio)~1H-imidazo14,5uc]pyridin-l-y!)ethy])acetamide

(Compound 72 )

Compound 32 (200 mg, 0.44 mmol) and NEt; (0.1 ml, 0.66 mmol) was
dissolved in dichloromethane (10ml) and cooled to 0°C with ice-water bath. To this
cold solution was added acetyl chloride (38 mg, 0.48mmol) dropwise. The solution

was stirred at 0°C for 0.5 h and then the solvent was removed under reduced
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pressure. The residue was purified by pre-HPLC to give the title compound 72 as a
white solid (47 mg, 22%): m.p. 193~197 °C, LC-MS: 498 [M+1]". "H NMR (300
MHz, DMSO-dg) 8 1.67 (s, 3H), 3.32 {m, 2H), 421 (t, 2H, J = 5.6 Hz), 6.02 (s, 2H),
6.29 (s, 2H), 6.70 (s, 1H), 6.71 (d, 1H, ] = 5.7 Hz), 7.43 (s, 1H), 7.68 (d, 1H, J =357
Hz), 7.97 (t, 1H, ] = 6.0 Hz).

EXAMPLE 52: Preparation of N-(3-(4-amino-2-(6-iodobenzo{d| [1,3]dioxoi-5-
ylthio)-1H—imidazo{4,5—(:]pyri(}in-l—yl)propyl)acetamide
(Compound 74)

A suspension of 1-(3-aminopropy!)-2-(6-icdobenzo[d][ 1 J]dioxol-5-ylthio)-
1H-imidazo[4,5-c]pyridin-4-amine (Compound 0303-56) (190 mg, 0.41 mmol) in
acetic acid (1.4 mL) was cooled to 0°C. To this cold solution was added acetic
anhydride (125 mg, 1.23 mmol). The reaction mixture was allowed to warm to room
temperature and stirred at room temperature overnight. The reaction mixture was
diluted with CH,Cl, (8 mL) and the solvent was removed under reduced pressure to
leave a residue which was purified by pre-HPLC to give the title product 74 as a
white solid (90 mg, 43%): m.p. 102~104 °C, LC-MS: 512.9 (M+H"). "HNMR (300
MHz, DMSO-dg) 8 1.77 (m, 5H), 3.01 (m, 2H), 4.16 (t, 2H, J= 7.5 Hz), 6.05 (s, 2H),
6.36 (s, 2H), 6.62 (s, 1H), 6.80 (d, 1H, J= 5.7 Hz), 7.47 (s, 1H), 7.7 (d, 1H, I=6.0
Hz), 7.90 {1, 1H, J= 4.5 Hz).

EXAMPLE 53: Preparation of N-(4-(4-amino-2-(6-iodobenzo|d] [1,3]dioxol-5-
ylthio)-1H-imidazo[4,5-c]pyridin-1-yl)butyl)acetamide
(Compound 76)
Step 53a. 2-(4-(4-Amino-2-(6-iodobenzo[d][ 1,3]dioxol-5-ylthio)-1H-imidazo{4,5-
¢pyridin-1-yD)butyDisoindoline-1,3-dione (Compound 0302-76)

A mixture of 2-(6-lodobenzo{d][1,3 ]dioxol-5-ylthio)-1 H-imidazo[4,5-c]pyridin-
4-amine (Compound 0206-3) (412 mg, 1.0 mmol), 2-(4-bromobutyl)isoindoline-
1,3-dione (620 mg, 2.2 mmol), Cs;CO5 (814 mg, 2.5 mmol) in anhydrous DMF (6
mL) was heated to 85 °C and stirred for 2 h. The reaction mixturc was cooled to
room temperature and filtered. The solvent DMF was removed under high vacuum
to give a crude product as an orange solid which was purified by column
chromatography on sifica gel (CH,Cl/MeOH/NEt:=100/1/0.05) to give the title
compound 0302-76 as a pale yellow solid (482 mg, 79%): LC-MS: 614 [M+IT.
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Step 53b. 1-(4-Aminobutyl)-2-(6-iodobenzo{d]{} ,3]dioxol-5-ylthio)-1H-
imidazo[4,5-¢]pyridin-4-amine (Compound 0303-76)

A mixture of compound 0302-76 (470 mg, 0.77 mmol) and NoHs-H,0 (767 mg,
15.34 mmol) in CH,Cl, (10.0 mL) and ethanol (1.0 mL) was heated to 50 °C and
stirred for 1.5 h. The solvent was removed under reduced pressure and 20 (25 mL)
was added. The mixture was extracted with CH,Cl, (30 mL x 3). The combined
organic layer was washed with H;O (12 mL x 2), dried over Na,SOa, filtered and
evaporated to give the title compound 0303-76 as a pale yellow solid (240 mg,
65%): LC-MS: 483.7 (M+H").

Step 53¢. N-(4-(4-Amino-2-(6-iodobenzo[d][1,3]dioxol-5-ylthio)-1 H-imidazof4,5-
¢]pyridin-1-yl)butyl)acetamide (Compound 76)

A suspension of 0303-76 (240 mg, 0.5 mmol) in acetic acid (1.6 mL) was
cooled to 0°C. To this cold solution was added acetic anhydride (204 mg, 2.0
mmol). The reaction mixture was allowed to warm to room temperature and stirred
overnight. The reaction mixture was diluted with CH,Cl, (10 mL) and the solvent
was removed under reduced pressure. The resulting residue was purified by pre-
HPLC to give the titlc compound 76 as a white solid (70 mg, 27%): m.p. 198~201
°C, LC-MS: 526.0 (M+). 'H NMR (300 MHz, DMSO-dg) & 1.33 (m, 2H), 1.69
(m, 2H), 2.97 (m, 2H), 4.16 (t, 2H, J= 7.2 Hz), 6.05 (s, 2H), 6.36 (s, 2H), 6.66 (s,
1H), 6.80 (d, 1H, J= 5.7 Hz), 7.48 (s, 1H), 7.70 (d, 1H, }= 5.7 Hz), 7.78 (t, 1H, J=
4.5 Hz).

EXAMPLE 54: Preparation of 2-(6-chlorobenzo[d][1,3]dioxol-5-ylthio)-1-(2-
(neopentylamino)ethyl)-1H-imidazo[4,5-c]pyridin-4-amine
(Compound 77)

Step 54a. 2-(2-(4-Amino-2-(6-chlorobenzo{d]{ 1,3 }dioxol-5-ylthio)-1H-imidazo[4,5-

¢]pyridin-1-yljethyl)isoindoline-1,3-dione (Compound 0302-77)

A mixture of 0206 (2.5 g, 7.8 mmol), 2-(2-bromoethyl)isoindoline-1,3-dione
(0301) (3.0 mg, 11.7 mmol) and Cs;CO5 (4.3 g, 2.1 mmol) in anhydrous DMF (28
mL) was stirred at 85 °C for 4 h. The reaction mixturc was cooled to room
temperaturc and filtered. The filtrate was concentrated under high vacuum to give a
crude product as an orange solid which was purified by column chromatography on
silica gel (CH,C1y/McOH=100/1) to provide compound 0302-77 (1.5 g, 39%) asa
palc yellow solid: LC-MS: 494 {M+1]°; 'H NMR (400 MHz, DMSO-de) 4 3.93 (1,
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2H), 6.31 (s, 2H), 6.76 (s, H), 6.84 (d, 1H, J = 5.6 Hz), 7.24 (s, 1H), 7.69 (d, 1H,J
= 5.6 Hz}.

Step S4c. 2—(6—Chlorobenzo[d][l,3]di0x01-5-ylthio)-1-(2—(neopentylamino)ethyl)n
1 H-imidazo[4,5-c]pyridin-4-amine (Compound 77)

15 To a solution of 0303-77 (850 mg, 2.34 mmol) in methanol (33 mL) was added
pivalaldehyde (242 mg, 2.8 mmol). After stirred for 30 min at room temperature,
NaBH;CN (588 g, 9.36 mmol) was added slowly, and the mixture was stirred for
another 30 min. The mixture was diluted with water (500 mL) and cxtracted with
dichloromethane (100 mL x 2). The extract was concentrated and purified by

20 column chromatography on silica gel (CH,Cl/MeOH = 50/1) and crystallization
(CH,Cl, / Et,O =1/4) to give the title compound 77 (195 mg, 19%) as a light yellow
solid: m.p. 160 ~ 161 °C. LCMS: 434 [M+1]"; 'H NMR (DMSO-d%) & 0.76 (s, 9 H),
1.60 (s, 1H), 2.17 (s, 2H), 2.76 (m, 2H), 4.24 (t, 2H, J = 6.0 Hz), 6.07 (s, 2H), 6.32
(s, 2H), 6.68 (s, 1H), 6.83 (d, 1H, J = 6.0 Hz), 7.24 (s, {H), 7.70 (d, 1H, J = 5.6 Hz).

25
EXAMPLE 55: Preparation of 2-(6-methyltbenzold] [1,3]dioxo}-5-ylthio)-1-(2-
(neopentylamino)ethyl)-1H-imidazo[4,5-c]pyridin-4-amine
(Compound 78)
Step 55a. 5-lodo-6-methylbenzo[d]{1,3]dioxole (Compound 0107-78)
30 NIS (6.6 g, 29.4 mmol) was added into a solution of compound 3,4-

(methylenedioxy)toluene (5 g, 36.7 mmol) in MeCN (250 ml). To this mixture was
added TFA (8.35 g, 73.4 mmol). The mixture was stirred overnight at room
temperature. The solution was concentrated to lcave a residue which was purified by

column chromatography on silica to provide compound 0107-78 (12.3 g, 63%) as a
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{dichloromethane/ methanol= 20/1) to provide the title compound 0302-78 (760 mg,
34%) as a brown solid: LCMS: 474 [M+1]"; IH NMR(DMSO-d*): 6 2.12 (s, 3H),
3.90 (t, J= 5.4 Hz, 2H), 4.44 (t,J = 5.4 Hz, 2H), 5.96 (s, 2H), 6.59 (s, 2H), 6.78 (1,
3H), 7.61 (d, /= 5.6 Hz, 1H), 7.78 (m, 4 H).

30 Step 5%e. 1 -(2-Aminocthyl)-2-(6-methylbenzo[d][1,3]dioxol-5-ylthio)- 1 /-
imidazo[4,5-c]pyridin-4-amine (Compound 0303-78)

To a mixture of HNNH; H,O (800 mg, 16.1 mmol) in dichloromethane/methanol

(30 mi, 10:1) was added compound 0302-78 (760 mg, 1.61 mmol). The mixturc was

stirred for 4 h at room temperaturc and then filtered. The filtrate was washed with
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Step 56b. S-iodo-6-(methylthio)benzo{d]{1,3]dioxole (Compound 0107-87)

A mixture of 0106-87 (9.034 g, 53.8mmol), HNO: (5.4 ml), (CH;CO),0 (108
ml) was stirred at -10 °C for 2h. The reaction was then poured onto the ice water for
0.5 h. The resulting yellow solid was collected to provide 5-(methothio)-6-
nitrobenzo[d][1,3]dioxole (6.2 g, 54.3%): LCMS: 214 [M+1]"; 'H NMR (400 MHz,
DMSO-ds) d 2.49(s,3H), 6.25(s,2H), 7.12 (s, 1H), 7.79(s, 1H).

A mixture of 5-(methothio)-6-nitrobenzo[d][1,3]dioxole (6.2 g, 29.2mmol), Fe
(16.36 g, 29.2mmol), HCI (11.68 ml) in EtOH (73ml) and H,0(180 ml) was stirred
at 110 °C for 2h. The reaction mixture was adjusted the PH to 11 and filtered. The
filtrate was concentrated and purified by column chromatography on silica gel
(petroleum cther/ethyl acetate = 10/1) to get 6-(methylthioybenzo[d][1,3]dioxol-5-
amine as a dark liquid (3.6 g, 67.3%): LCMS: 184 M+1]"; 'H NMR (400 MHz,
DMSO-ds) d 2.3(s,3H), 5.05(s,2H), 5.86(s, 2H) 6.39 (s, 1H), 6.83(s, 1H).

The above prepared 6-(methylthio)benzo[d]{1,3]dioxol-5-amine (3.6 g) was
added into the mixture of H,S04(8.07ml) ,CH;CN(150ml) and AcOH(225ml) in
water(150ml) at 0 °C. The mixture was stirred until becoming a clear solution. To
this solution was added NaNO»(1.495¢) at 0°C. The mixture was warmed to room
temperature and allowed to stir at rt for 30 min. The solution was slowly dropped
into a solution of KI (9.811 g) in water (150ml) at 50 °C, cooled to room
temperature to get a black solid which was purified by column chromatography on
silica gel( petroleum ether) to obtaine the title compound 0107-87 (3.4g, 58.8%). 'H
NMR (400 MHz, DMSO0-dg) 6 2.3(s,3H), 6.05 (s, 2H), 6.94(s, 1), 7.38 (s, 1H).
Step 56¢. 1-(4-Mcthoxybenzyl)-2-(6-(methylthio)benzo{d][1 ,3]dioxol-5-ylthio)-1H-

imidazol4,5-¢cpyridin-4-amine (Compound 0205-87)

The title compound 0205-87 was prepared (1.1 g, 65.3%) as a brown solid
from compound 0204 (943 mg, 3.4 mmol), 0107-87 (2 g, 6.8 mmol), neocuproine
hydrate (71 mg, 3.4 mmol), Cul (64.7 mg, 3.4 mmol) and NaOz-Bu (490 mg, 5.1
mmol) in anhydrous DMF (50 mL) using a procedure similar to that described for
compound 0205-78 (Example 55): LCMS: 453 [M+1]"; "H NMR (DMSO-d) 6 3.68
(s, 3H), 5.37 (s, 2H), 6.00 (s, 2H), 6.45 (s, 2H ),6.64 (s, 1H), 6.81 (d, 2H, /= 9.2
Hz), 6.94(s, 1H), 7.04 (d, 2H, J = 9.2 Hz), 7.65 (s, 1H).

Step 56d. 2-{6-(Methylthio)benzo[d][1 ,3]dioxol-5-ylthio)-1H-imidazo[4,5-
¢|pyridin-4-amine (Compound 0206-87)
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The title compound 0206-87 was prepared (879 mg, 100%) as a yellow solid
from compound 0205-87 (1.1g, 2.45 mmol) and TFA (15 mL) using a procedure
similar to that described for compound 0206-78 (Example 55): LCMS: 333 [M+171";
'H NMR (DMSO-d%) 6 2.40(s,3H), 6.09 (s, 2H), 6.74 (d, 1H, .J=6.8 Hz,}, 7.03 (s,
1H), 7.11 (s, 3H), 7.53 (4, 1H, , /= 5.6 Hz).

Step S6e. tert-Butyl 2-(4-amino-2-(6-(mcthylthioybenzo[d][1 ,3]dioxol-5-ylthio)-1H-
imidazo[4,5-c]pyridin-1-yl)ethylcarbamate (Compound 0305-87)

A mixture of 0206-87 (879 mg, 2.65 mmol), tert-butyl 2-bromoethylcarbamate
(891 mg, 3.975 mmol) and Cs,COs (1.464 g, 4.5 mmol) in anhydrous DMF (25 ml)
was heated to 80 °C and stirred for 2 h. The reaction mixture was cooled to room
temperature and filtered. The filtrate was concentrated to remove DMF under high
vacuum to give a crude product as an orange solid which was purificd by column
chromatography on silica get (CH>Cl/MeOH=50/1) to provide the title compound
0305-87 (372mg, 29.5%) as a yellow solid: LC-MS: 476 [M+17; "H NMR (400
MHz, DMSQ-ds) 8 1.26(s,9H), § 2.43 (s, 3H), 3.22(t,2H, /= 6.6 Hz) 4.18 (¢, 2H, J =
6.6 Hz), 6.03 (s, 2H), 6.83 (t, 2H, J =5 Hz), 6.96(s, 1H), 7.08 (s, 1H), 7.67(d, 1H, J
=5 Hz).

Step 56f. 1-(2-Aminoethyl)-2-(6-(methylthio)benzo[d][ 1,3 ]dioxol-5-ylthio)-1H-
imidazo[4,5-c]pyridin-4-amine (Compound 0303-87)

A mixture of TFA(1.8 ml) and compound 0305-87 (372 mg, 995mmol) in
CH,Cl, (10 mL) was stirred at rt for 2 h. Saturated NaHCOj solution was added and
was then extracted with dichloromethanc. The organic phase was isolated and
evaporated to obtain the title compound 0303-87 as a solid (260 mg, 88.7%):
LCMS: 376 [M+1]": "H NMR (400 MHz, DMSO-de) & 2.45 (s, 3H), 2.793(t,3H, /=
6.6Hz) 4.18 (1, 2H, J = 6.6 Hz), 6.04 (s, 2H), 6.24 (s, 2H), 6.77 (s, 1H), 6.82 (d, 1H,
J=6.0Hz), 7.02 (s, IH), 7.67(d, 1H,.J= 6 Hz).

Step 56g. 2-(6-(Methylthio)benzo[d][1,3]dioxol-5-ylthio)}-1-(2-
(ncopentylamino)ethyl)-1H-imidazo[4,5-c|pyridin-4-amine (Compound 87)

To a solution of compound 0303-87 (245mg, 65.3 mmol) in methanol (15 mL)
was added pivalaldchyde (84.41 g, 980 mmol). After stirred for 30 min at room
temperature, NaBH3CN (164.14mg, 2.612 mmol) was added slowly, and the mixture
was stirred for another 30 min. The mixture was diluted with water (500 mL) and
extracted with dichloromethane (500 mL x 2). The extract was concentrated and

purified by column chromatography on silica gel (CH,Clo/MeOH = 50/1) and
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crystallization (CH2Cl; / EtO =1/4) to give the title compound 87 (52 mg, 17.9%) as
a white solid: m.p. 170 ~ 170 “C. LCMS: 446 [M+17"; '"HNMR (DMSO-d) 6 0.75
(s, 9 H), 1.56 (s, 1H), 2.16 (s, 2H), 2.43(s, 2H), 2.72(s, 2H), 4.22 (t, 2H), 6.02 (s,
2H), 6.25 (s, 2H), 6.68 (s, 1H), 6.79 (d, 1H, /=52 Hz), 7.01 (s, 1H), 7.66 (d, 1H, ./
= 5.2 Hz).

EXAMPLE 57: Preparation of 2-(6-methoxybenzo[d][1,3]dioxol-5-ylthie)-1-(2-
(neopentylamino)ethyl)—1H—imidazo[4,5—c]pyridin-4—amine
{(Compound 79)

Step 57a. 5-Methoxybenzo[d][1,3]dioxole (Compound 0106-79)

NaOH (1.2 g, 30 mmol) was added into a solution of sesamol (2.76 g, 20 mmol)
in methanol (15 ml) at 0 °C. The mixture was stirred for 1 h at 0 °C and then Mel
(3.41 g, 24 mmol) was added into the above solution dropwise. The reaction
mixture was stirred for 3 h at room temperature. The solution was concentrated and
purified by column chromatography (petroleum ether) to give compound 0106-79
(2.5 g, 82 %) as a colorless liquid: 'H NMR (DMSO-d%) 6 3.67 (s, 3H), 5.94 (s, 2H),
6.33 (dd, 1H), 6.60 (d, J = 2.4 Hz, 1H), 6.79 (d, J = 8.4 Hz, 1H).

Step 57b. 5-lodo-6-methoxybenzofd][1,3]dioxole (Compound 0107-79)

To a mixture of NIS (3.38 g, 15 mmol) and compound 0106-79 (228 g, 15 mmol)
in MeCN (100 ml) was added TFA (3.42 g, 30 mmol). The reaction mixfure was
stirred overnight at room temperature. The reaction was concentrated and purified
by column chromatography on silica (petroleum ether) to provide the title compound
0107-79 (3.3 g, 79%) as a white solid: 'H NMR (DMSO-d°) 6 3.74 (s, 3H), 5.60 (s,
2H), 6.85 (s, 1H), 7.27 (5, 1H).

Step 57¢. 2-(6-Methoxybenzo[d][1,3]dioxol-5-ylthio)-1 -(4-methoxybenzyl)-1H-
imidazo[4,5-c]pyridin-4-amine (Compound 0205-79)

The title compound 0205-79 was prepared (800 mg, 26%) as a brown solid
from compound 0204 (2.0 g, 7 mmol}, compound 0107-79 (2.33 g, 8.4 mmol),
NaOt-Bu (672 mg, 7 mmol), neocuproine hydrate (146 mg, 0.7 mmol) and Cul (133
mg, 0.7 mmol) in dry DMF (40 mi} using a procedure similar to that described for
compound 0205-78 (Example 55). LCMS: 437 [M+1T"; 'H NMR (DMSO-dﬁ) 03.70
(s, GH), 5.43 (s, 2H), 5.99 (s, 2H), 6.79 (s, 1H), 6.84 (d, 3H), 7.01 (s, 1H), 7.08 (d, J
= 8.4 Hz, 2H), 7.43 (s, 2H), 7.69 (s, 1H).
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Step 57d. 2-(6-Methoxybenzo[d]{1.3]dioxol-5-ylthio)-1/-imidazo{4,5-c]pyridin-4-
amine (Compound 0206-79)

The title compound 0206-79 was prepared (570 mg, 98%) as a brown solid from
compound 0205-79 (0.8 g, 1.83 mmol) and CF3COOH (10 ml) using a procedure
similar to that described for compound 0206-78 (Example 55): LCMS: 317 M+17]";
'H NMR (DMSO-d®) § 3.74 (s, 3H), 6.07 (s, 2H), 6.82(d, 2H), 7.01 (s, 1H), 7.10 (s,
1H), 7.60 (m, 2H), 12.71 (br, 1H).

Step 57e. tert-Butyl 2-(4-amino-2-(6-methoxybenzo[d] [1,3]dioxol-5-ylthio)-1H-
imidazo[4,5-c|pyridin-1-yl)ethylcarbamate (Compound 0305-79)

The title compound 0305-79 was prepared (200 mg, 25%) as a brown solid
from compound 0206-79 (570 mg, 1.8 mmol), tert-buty! 2-bromoethylcarbamate
(605 mg, 2.7 mmol) and Cs,CO;3 (997 mg, 3.1 mmol) in DMF (15 ml) using a
procedure similar to that described for compound 0305-87 (Example 56): LCMS:
460 [M+1]"; "H NMR (DMSO-d°) 5 1.29 (s, 9H), 3.20 (m, 2H), 3.73 (s, 3H), 4.21 (1,

J=5.6Hz, 2H), 5.98 (s, 2H), 6.33 (s, 2H), 6.72 (d, J = 6.0 Hz, 2H), 6.89 (s, 1H),

7.65 (d,.J= 6.0 Hz, TH).
Step 571. 1-(2-Aminoethyl)-2-(6-methoxybenzo[d][ 1 ,3]dioxol-5-ylthio)-1H-
imidazo[4,5-¢]pyridin-4-amine {(Compound 0303-79)

A solution of compound 0305-79 (1.0 g, 2.18 mmol) and TFA (4 mL) in
CH,C), (50 mL) was stirred at room temperature for 2 h, The mixture was adjusted
to pH 8~9 with saturated Na,CO; aqueous solution and extracted by CH,Cl,. The
organic layer was separated and dried over NaxSOa, concentrated to obtain the title
compound 0303-79 (734 mg, 93%) which was used directly to the next step without
further purification: LCMS: 360 [M+1]"; "H NMR (DMSO-d%) 6 2.78 (t, J = 6.4 Hz,
2H), 3.71 (m,2H), 3.75 (s, 3H), 5.99 (s, 2H), 6.23 (s, 2H), 6.70 (s, 1H), 6.80(d, /=
6.0 Hz, 1H,), 6.91 (s, 1H), 7.66 (d, J = 6.0 Hz, 1H).

Step 57¢g. 2—(6-mcthoxybenzo[d][1,3]diox01—5—yithio)-]-(2—(neopentylamino)ethyl)—
1 H-imidazo[4,5-c]pyridin-4-amine (Compound 79)

To 2 solution of compound 0303-79 (734 mg, 2.04 mmol) in methanol (40 mL)
was added pivalaldehyde (352 mg, 4.08 mmol). After stirred for 30 min at room
temperature, NaBH:CN (423 mg, 6.7 mmol) was added slowly, and the mixture was
stirred for another 30 min. The mixture was diluted with water (100 mL) and
cxtracted with dichloromethane (100 mL x 2). The cxtract was concentrated and

purified by column chromatography on silica gel (CH2Cl/MeOH = 50/1) and
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crystallization (CH,Cl, / Et;O =1/4) to give the title compound 79 (151 mg, 17%) as
a yellow solid: m.p. 164 ~ 167 °C. LCMS: 430 [M+1]"; 'H NMR (DMSO-d°) 6 0.78
(s, 9 H), 2.19 (s, 2H), 2.74 (t, /= 6.0 Hz, 2H), 3.76 (s, 3H), 4.25 (t, J = 6.0 Hz, 2H),
5.99 (s, 2H), 6.25 (s, 2H), 6.66 (s, 1H), 6.81 (d,./ = 6.0 Hz ,1H), 6.92 (s, 1H), 7.68
(d, /= 6.0 Hz ,1H).

EXAMPLE 58: Preparation of 2-(6-tert-butylbenzo[d] [1,3]dioxol-5-yithio)-1-(2-
(neopentylamino)ethyl)-1H-imidazo[4,5-¢c|pyridin-4-amine
(Compound 86)

Step 58a. 5-tert-Butylbenzo[d][1,3]dioxole (Compound 0106-86)

Aqueous NaOH (8g, 100 mmol, 50%) was added slowly into a solution of 4-tert-
butylcatechol (8.3 g, 50 mmol) in DMSO (100 ml) at 90 °C. The solution was stirred
for 1 h at 90 °C and then CH,1; (10 ml) was added dropwise into the above solution.
The mixture was stirred for 2 h at 90 °C and was distilled under reduced pressure to
give the title compound 0106-86 (4 g, 45 %) as a colorless liquid: 'H NMR{(400M):
(DMSO-d%) 6 1.23 (s, 9H), 5.95 (s, 2H), 6.80 (s, 2H), 6.98 (s, 1H).

Step 58b. 5-tert-Butyl-6-iodobenzo[d]{1,3]dioxole (Compound 0107-86)

HNO: (4.5 ml) was added into a solution of compound 0106-86 (8 g, 45 mmol) in
Acz0 (90 ml) at -10 °C. The mixture was stirred for 2 h at -10 °C. The PH of the
mixture was adjusted to 7-8 with 10% NaOH. Dichloromethane (200 ml) and water
(100 ml) was added into the above mixture and was extracted with dichloromethane
for 3 times. The organic phase was dried over MgSOs,, filtered and concentrated to
give S-tert-Butyl-6-nitrobenzo[4][1,3]dioxole (9.5 g, 95%) as a yellow liquid. 1H
NMR(400M): (DMSO-d®) 6 1.29(s, 9H), 6.13 (s, 2H), 7.16 (s, [H), 7.24 (s, 1H).

The above prepared 5-tert-Butyl-6-nitrobenzo[4][ 1,3 ]dioxole (1.1 g, 5 mmol), Fe
(5.5 g, 100 mmol) and HCI (2 ml) was added into ethanol (6 ml) and water {18 ml).
The mixture was stirred for 2 h at refluxed temperature. The PH was adjusted to 7-8
and the mixture was filtered and washed with methanol. The filtrate was
concentrated and purified by column chromatography (petroleum cther/ethyl acetate
1%-5%) to give 6-tert-butylbenzo[d][1,3]dioxol-3-aminc (240 mg, 25%) as ared
solid. LCMS: 194 [M+1]"; 1H NMR(400M): (DMSO-¢) & 1.28(s, 9H), 4.46 (s,
2H), 5.77 (s, 2H), 6.32 (s, 1H), 6.63 (s, [H).

6-tert-butylbenzo[d][1,3]dioxol-5-amine (1.55 g, 8.03 mmol) was added to a
solution of H>80; (5.51 g, 56.22 mmol) in MeCN (60 ml) and water (60 ml) at 0 °C.
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NaNO2 (0.61 g, 8.83 mmol) was then added to the above mixture. The reaction
mixture was stirred for 1 h at 0 °C and then a solution of KI (4 g, 24.1 mmol) in
water (60 ml) was added dropwise. The reaction mixture was stirred overnight at
room temperature. The resulting solid was collected and purificd by column
chromatography (petroleum ether) to give the title compound 0107-86 (2.2 g, 90%)
as a white solid. 1TH NMR(400M): (DMSO-¢%) § 1.44 (s, 9H), 6.00 (s, 2H), 7.01 (s,
1H), 7.46 (s, 1H).
Step 58¢. 2-(6-tert-Butylbenzo[d][ ,3]dioxol-5-ylthio)-1-(4-methoxybenzyl)-1/-

imidazo[4,5-c]pyridin-4-amine (Compound 0205-86)

The title compound 0205-86 was prepared (1.8 g, 56%) as a brown solid from
compound 0204 (2.0 g, 7 mmol), compound 0107-86 (2.13 g, 7 mmol), NaOt-Bu
(672 mg, 7 mmol), ncocuproine hydrate (146 mg, 0.7 mmol), and Cul (133 mg, 0.7
mmol) in dry DMF (40 ml) using a procedure similar to that described for
compound 0205-78 (Example 55): LCMS: 463 M+11" "H NMR (DMSO—d6 15141
(s, 9H), 3.71 (s, 3H), 5.43 (s, 2H), 6.01 (s, 2H), 6.66 (s, 1H), 6.88 (d, /= 8.8 Hz,
2H), 7.02 (s, 1H), 7.13 (m, 3H), 7.55 (s, 2H), 7.70 (s, 1H).

Step 58d. 2-(6-tert-Butylbenzo[d]{1,3]dioxol-5-ylthio)- 1 H-imidazo[4,5-c]pyridin-4-
amine (Compound 0206-86)

The title compound 0206-86 was prepared (1.3 g, 98%) as a brown solid from
compound 0205-86 (1.8 g, 3.9 mmol) and CF;COCH (20 ml) using a procedure
similar to that described for compound 0206-78 (Example 55): LCMS: 343 [M+177;
'H NMR (DMSO-d%) ¢ 1.43 (s, 9H), 6.08 (s, 2H), 6.91 (d, ./ = 5.6 Hz, 11), 7.10 (d,
1H), 7.59 (d, J= 6.8 Hz, 1H), 8.40 (s, 2H), 13.11 (s, 1H).

Step S8e. tert-Butyl 2-(4-amino-2-(6-tert-butylbenzo[d][ 1,3]dioxol-5-ylthio)-1 H-
imidazo[4,5-c]pyridin-1-yDethylcarbamate (Compound 0305-86)

The title compound 0305-86 was prepared (440 mg, 24%) as a brown solid from
compound 0206-86 (1.3 g, 3.8 mmol), tert-butyl 2-bromoethylcarbamate (1.3 g, 5.7
mmol), and Cs,COs (2.1 g, 6.5 mmol) in DMF (40 m!) using a procedure similar to
that described for compound 0305-87 (Example 56): LCMS: 486 [M+1]"; 'H NMR
(DMSO-d%) 8 1.27 (s, 9H), 1.50 (s, 9H), 3.25 (d, 2H), 4.20 (s, 2H), 5.98 (s, 2H), 6.32
(s, 2H), 6.67 (s, [H), 6.75 (d, J = 4.8 Hz, 1H), 7.01 (m, 2H), 7.67 (d, /= 5.2 Hz,
1H). '

Step 58f. 1-(2-Aminoethyl)-2-(6-tert-butylbenzo[d][ 1,3]dioxol-5-ylthio)-TH-
imidazo[4,5-c]pyridin-4-amine (Compound 0303-86)
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The title compound 0303-86 was prepared (349 mg, 95%) from compound
0305-86 (445 g, 0.92 mmol) and TFA (4 mL) in CH,Cl; (50 mL) using a procedure
similar to that described for compound 0303-79 (Example 57): LCMS: 386 [M+1] T
'H NMR (DMSO-d%) § 1.50 (s, 9H), 2.78 (t,J = 6.4 Hz, 2H), 3.17 (s, 2H), 4.10 (£,
= 6.4 H ,3H), 5.98 (s, 2H), 6.20 (s, 2H), 6.57 (s, 1H), 6.84(d, J= 6.0 Hz, 1H,), 7.02
(s, 1H), 7.69 (d, /= 6.0 Hz, 1H).

Step 58g. 2-(6-tert-Butylbenzo[d][1,3 Jdioxol-5-ylthio)-1 -(2-(neopentylamino)ethyl)-
1H- imidazo[4,5-c]pyridin-4-amine (Compound 86)

The title compound 86 was prepared (190 mg, 46%) as yellow solid from
compound 0303-86 (349 mg, 0.9 mmol), pivalaldehyde (156 mg, 1.8 mmol) and
NaBH;CN (226 mg, 3.6 mmol) using a procedure similar to that described for
compound 79 (Example 57): m.p. 142 ~ 148 °C. LCMS: 456 [M+1]"; '"H NMR
(DMSO-d®) § 0.77 (s, 9 H), 1.52 (s, 9H), 2.18 (s, 2H), 2.76 (t, J = 8.4 Hz, 2H), 4.22
(t, J= 8.4 Hz, 2H), 5.97 (s, 2H), 6.34 (s, 2H), 6.51 (s, 1}), 6.84 (d, /= 8.0 Hz ,1H),
7.02 (s, 1H), 7.70 (d, J = 8.0 Hz ,1H).

EXAMPLE 59: Preparation of 1-(2-(neopentylamino)ethyl)-2-(6-vinylbenzo|d]
[1,3]dioxol-5-ylthio)-1H-imidazo[4,5-c]pyridin-4-amine
(Compound 84)

Step 59a, 2,4-Dihydroxy-3-nitropyridine (Compound 0108)

Fuming HNO; (90 mL) was added to a stirring solution of 2,4-
dihydroxypyridine (0601) (100 g, 0.9 mol) in con. Hz804 (300 mL) at 0 °C. After 45
min, the solution was poured into crushed ice and the mixture was chilled in a
freezer. The resulting precipitate was filtered, washed with cold water, and dried to
give the title compound 0108 (135 g, 96%) as a light yellow solid: LCMS: 157
[M+1]"; 'H NMR (DMSO-d%) 8 6.05 (d, 1H, J=7.2 Hz), 747(d, 1H, J= 7.2 Hz),
11.91 (s, 1H), 12,47 (s, 1H).

Step 59b. 2,4-Dichloro-3-nitropyridine (Compound 0109)

Compound 0108 (10 g, 64 mmol) was dissolved in POCl; (70 mL) and
heated overnight at 85 °C. The excess POCla was cvaporated at atmosphere pressure.
The residuum was neutralized (pH7) with saturated NaHCOQs. The precipitate was
filtered and dried to give the title compound 0109 (9.95 g, 80.5%) as a yellow solid:
"H NMR (CDCly) 6 7.47 (d, J = 5.7 Hz, 1H), 8.44 (d, J= 5.1 Hz, 1H).
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Step 59c. rert-Butyl 2-(2-chloro-3-nitropyridin-4-ylamino)ethylcarbamate
{Compound 0602-84)

A mixture of compound 0109 (55 g, 0.285 mol), tert-butyl N-(2-
aminocthyl)carbamate (59.3 g, 0.37 mol) and Et:N (43.2 g, 0.427 mol) in DMF (450
mL) was heated to 65 °C and stirred for 2.5 h. The DMF was removed under
reduced pressurc and the residue was poured into brine, extracted with EtOAc, dried
and concentrated. The residue was then recrystallized with EtOH-water to provide
the title compound 0602-84 (65 g, 72%) as a yellow solid: LCMS: 317 [M+17"; 'H
NMR (DMSO-d%) § 1.36 (s, 9H), 3.10(q, 2H, J, = 8.0 Hz , J, = 16 Hz), 3.30 (g, 2H,
J,=8.0Hz J,= 16 Hz), 6.98 (d, 2H, /= 8 Hz), 7.38 (t, 1H,J= 7.2 Hz), 8.04 (d,
1H, J = 8.0 Hz).

Step 59d. rert-Butyl 2-(3-amino-2-chjoropyridin-4-ylamino)ethylcarbamate
(Compound 0603-84)

A mixture of compound 0602-84 (70 g, 0.221 mol), iron dust (62 g, 1.105
mol) and FeSO4 7H;0 (18.5 g, 66 mmol) in saturated NH.4Cl aqueous solution {750
mL) and MeOH ({1400 mL) was heated to 80 °C for 3 h. The reaction was then
filtered and washed with MeOH. The filtrate was concentrated and the residue was
dissolved in dichloromethane. The dichloromethanc solution was washed with water
and concentrated to give the title compound 0603-84 (55 g, 87%) as a red solid.
LCMS: 287 [M+1]"; 'H NMR (DMSO-d°) 6 1.37 (s, 9H), 3.13(m, 4H), 4.69 (s, 2H}
5.76 (d, 1H,J =52 Hz), 6.45 (d, 1H, /= 5.6 Hz), 6.92 (d, 1H, J = 5.2 Hz), 7.41 (4,
1H,./=5.2 Hz).

Step 59e. rert-Butyl 2-(4-chloro-2-thioxo-2,3-dihydroimidazo[4,5-c]pyridin-1-
ylethylcarbamate (Compound 604-84)

A mixture of compound 0603-84 (55 g, 0.192 mol), KOH (54 g, 0.959 mol),
CS, (73 g, 0.959 mol) in EtOH (500 mL) and H,O (50 mL.) was stirred for 12 h at 85
°C. Then the mixture was cooled to room temperature and diluted with water. The
mixture was adjusted to pH7 with AcOH, filtered to give the title compound 604-84
(54.5 g, 87%) as a yellow solid: LCMS: 329 M+17"; "H NMR (DMSO-¢°) 8 1.20 (s,
9H), 3.33(s, 2H), 4.24 (t, 2H, J= 48 Hz) , 6.89 (¢, 1H,J=52Hz), 7.33 (d, 1H, /=
5.2 Hz), 8.14 (d, 1H, J = 5.2 Hz), 13.59 (s, 1H).

Step 591. 1—(Z—Aminoethyi)—4-chior0—lH—imidazo[4,S—c]pyridine—2(3H)—thionc salt
(Compound 0605-84)
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A mixture of compound 0604-84 (63.8 g, 0.194 mol) and TFA (150 mL, 1.94
mol) in dichloromethane (750 mL) was stured for 2 h at 25 °C. The solvent was
removed and dried to give the title compound 0605-84 (163 g) as a yellow solid
which was used directly in next step without further purification: LCMS: 229
[M+1]7; "H NMR (DMSO-d°) 6 3.27(q, 2H, 1 =5.2 Hz, J, = 11.2 Hz), 447 (t, 2H, /
= 6.0 Hz), 7.55 (d, 1H,J=5.2 Hz), 7.92 (s, 2H), 8.20 (d, 1H, /= 5.2 Hz), 12.22 (s,
2H), 13.78 (s, L H).
Step S9g. 4-Chloro-1-(2-(neopentylamino)ethyl)-1H-imidazo[4,5-¢pyridine-2(3H)-
thione (Compound 0606-84)
A suspension of compound 0605-84 (163 g, 0.194 mol) in MeOH (1300 mL)
was adjusted to pH 8 with NEt; (~ 100 mL) at ice bath. Then pivalaldehyde (334 g,
0.388 mol) was added to the mixturc and the mixture was stirred for 30 min at room
temperature. NaBH3CN (48.76 g, 0.776 mol) was added to the mixture and the
mixture was stirred at room temperature overnight. The resulting solid was filtered
to give the title compound 0606-84 (38.6 g, total yield of two steps: 67%) as a
yellow solid: LCMS: 299 [M+11"; 'H NMR (DMSO-d%) § 0.79 (s, H), 2.36 (s, 211)
2.95 (t, 2H, J = 6.0 Hz), 432 (t, 2H, J = 6.0 Hz) , 7.49 (d, 1H, /= 5.6 Hz), 8.07 (d,
1H, J= 5.6 Hz).
Step 59h. 4-Amino- 1-(2-(neopentylamino)ethyl)-1H-imidazo{4,5-c]pyridine-2(3H)-
thione (Compound 0607-84)
A mixture of compound 0606-84 (11.4 g, 38.2 mmol) and sodium amide (30
g, 769 mmol) in 400 mL liquid ammonia was stirred at 25 °C for 24 hin a autoclave.
Ammonia was volatilized beforc opening the autoclave. Water was added carcfully
until all solids were dissolved. This solution was adjust pH 7 with acetic acid and
filtered to obtain the title compound 0607-84 (9 g, 84%) as a gray solid: LCMS: 280
[M+1]"; 'H NMR (DMSO-¢%) § 0.792 (s, 9H), 2.27 (s, 2H), 2.84 (m, 2H), 4.19 (m,
2H), 6.06 (s, 2H), 6.77 (m, 1H), 7.71 (m, 1H).
Step 59i. 5-lodo-6-vinylbenzo[d][1,3]dioxole (Compound 0107-84)

To a solution of 3,4-(methylencdioxy)benzyl alcohol (1.8 g, 12mmol) and
CF:COOAg (3.434 g, 15.5 mmol) in dry CHClz (55 mL) at -5°C was added [2 (3.9 g,
15.5 mmol) in portion. The resulting yellow mixture was maintain at -5°C for 5 min,
then filtered. The filtrate was washed with 20% Na,S;0s, dricd and evaporated. The
crude was purified by column chromatography on silica gel (petroleum cther) to

obtain (6-iodobenzo[d][1,3]dioxol-5-y)methanol (1.8 g, 56%) as a white solid.
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LCMS: 279[M+17"; 'TH NMR (DMSO-d°) § 431 (d, 2H, J= 4.2 Hz), 5.40(t, 1H, J =
4.2 Hz), 6.03 (s, 2H), 7.03 (s,1H), 7.34 (s, 2H).

(6-lodobenzo[d][1,3]dioxol-5-yDmethanol (2.7 g, 9.7mmol) in dry CH;Cl, was
added dropwise to PCC(3.1 g, 14.6 mmol) in dry CH2CI2 at 0°C under N2
atmosphere. The mixture was stirred at room temperature for 20h. After reaction, the
crude product was purified by column chromatography on silica gel (petroleum
ether) to obtain 6-iodobenzo[d][1,3]dioxole-5-carbaldehyde (2 g, 77%) as white
solid. LCMS: 277[M+1]"; "H NMR (DMSO-d%) 6 6.20 (s, 2H), 7.28 (s, 1H), 7.61 (s,
TH), 9.79 (s, 1H).

To a mixture of PPh;CH;I (5.5 g, 13.5mmol) in dry THF was added -BuOK
(1.7 g, 14.8mmol) at 0°C. The rcaction mixture was stirred for 20min. Above
prepared compound 6-iodobenzo[d][1,3]dioxole-5-carbaldehyde in THF was then
added to the reaction mixture dropwise. After reaction, the crude was purnified by
column chromatography on silica gel (petroleum ether) to obtain the title compound
0107-84 (2.65 g, 78%) as white solid. LCMS: 275 [M+1]"; "H NMR (DMSO-4°) §
5.24(d, 1H,./=10.8Hz), 5.65 (d, 11, /= 17.1 Hz), 6.07 (s, 2H), 6.73 (m, 1H), 7.28
(s, 1H), 7.39 (s, 1 H).

Step 59j. 1-(2-(Neopentylamino)ethyl)-2-(6-vinylbenzo[d]{1,3 ]dioxol-5-ylthio)-1H-
imidazo[4,5-clpyridin-4-amine {Compound 84)

A mixture of 0607-84 (100 mg, 0.36 mmol), 0107-84 (118 mg, 0.43 mmol),
neocuproine hydrate (7.5 mg, 0.036 mmol), Cul (6.8 mg, 0.036 mmol) and NaOz-Bu
(52 mg, 0.54 mmol) in anhydrous DMF (5 mL) was stirred for 12 h at 110 °C {oil
bath) under nitrogen atmosphere. The solvent was poured into water, the mixture
was then extracted with ethyl acetate. Solvents were removed and the crude was
purificd by prep-TLC (CH,CL/MeOH at 20/1) to obtain the title compound 84 (32
mg, 21%) as a yellow solid: m.p. 175~178 °C. LCMS: 547[M+1]"; 'HNMR
(DMSO-d%) 6 0.77(s, 9H), 2.18(s, 2H), 2.72(t, 2H, J = 4.5 Hz), 4.21(t, 2H, /= 4.8
Hz), 5.31(d, 1H,.J = 8.4 Hz), 5.77(d, 1H, J=13.5 Hz), 6.05(s, 2H), 6.28 (s, 2H), 6.81
(m, 2H), 7.22 (m, I1H), 7.32 (s, 1H), 7.67 (d, 1H, /= 4.5 Hz).

EXAMPLE 60: Preparation of 6-(4-amino-1-(2-{neopentylamino)ethyi)-1H-
imidazo[4,5-c]pyridin-2-ylthio)benzo{d][1,3]dioxole-5-
carbonitrile

{(Compound 89)
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Step 60a. 6-lodobenzo[d][1,3]dioxole-5-carbonitrite (Compound 01 07-89)

A mixture of 5,6-diiodobenzo[1,3]dioxole (1g, 2.7mmol) and CuCN (240mg,
2.7mmol) in DMF (15 mL) was stirred at 140 °C for 16h, The mixture was filtered
and the filtrate was added water. The resulting brown solid was filtered and purified
by column chromatography on silica gel (petroleum cther/ethyl acetate=10/1) to
obtain title compound 107-89 (450 mg, 61%) as a whitc solid: LCMS: 274[M+171",
'H NMR (DMSO-d%) 6 6.20 (s, 2H), 7.48 (s, 1H) , 7.60 (s,1H).

Step 60b. 6-(4—Amin0—1—(2-(neopentyiamino)ethyl)—1H—imidazo[4,S—C]pyridin—zﬂ
ylthio)benzo[d][ 1,3]dioxole-5-carbonitrile (Compound 89)

The title compound 89 was prepared (26 mg, 11.4%) as a yellow solid from
compound 0607-84 (150 mg, 0.54 mmol), 0107-89 (176 mg, 0.64 mmol),
neocuproine hydrate (11.2 mg, 0.054 mmol), Cul (10.2 mg, 0.054 mmol) and NaO#-
Bu (77 mg, 0.81 mmol) in anhydrous DMF (5 mL) using a procedure similar to that
deseribed for compound 84 (Example 59): m.p. 126~130 °C. LCMS: 425 M+1]";
'H NMR (DMSO-d%) 8 0.76(s, 9H), 2.20(s, 2H), 2.79(t, 2H, J = 4.8 Hz), 4.27(t, 2H,

J=45Hz), 6.18(s, 2H), 631 (s, 2H), 6.83 (d, 1H, J = 4.5 Hz), 6.9 (s, 1H), 7.53

(s,1H), 7.68(s,1H).

EXAMPLE 61: Preparation of 2-(6-iodo-2,2-dimethylbenzo[d][1,3]dioxol-5-

y]thio)-1-(2-(11eopenty]amino)ethyl)-1H—imidazo[4,5—c]pyridin—4-amine
(Compound 101)

Step 61a. 5,6-Diiodo-2,2-dimethylbenzo[d][1,3]dioxole (Compound 0107-101)

A mixture of catechol (10 g, 91 mmol ), 2,2-Dimethoxypropane (8.6 g, 82.6
mmol) and p-TsOH (33 mg, 0.17mmol ) in toluene (100ml ) was stirred at reflux for
6 h. After reaction, the mixture was cooled to room temperature and NaHCO; was
added to neutralize the mixture. The solvent was removed and the residue was
purified by distilation under reduced pressure at 36 °C to obtain 2,2-
dimethylbenzo[d][1,3]dioxole (2.34 g, 17%) as a yellow oil. 'H NMR (CDCly-d®) 6
1.69 (s, 6H), 6.78(m, 4H).

A solution of compound 2,2-dimethylbenzo[d][1,3]dioxolc (2.34 g, 15.6 mmol
} in MeCN (80 ml) was added NIS (10.5 g, 46.8 mmel ) and followed with TFA
(3.56 g, 31.2mmol). The solution was stirred overnight at room tcmperature. The

solution was concentrated and the residue was purified by column chromatography
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on silica (petroleum ether) to provide the title compound 0107-101 (5.6 g, 89%) as a
white solid: "H NMR (CDCls-d”) 8 1.58 (s, 6H), 7.15(s, 2H).
Step 61b. 2-(6-Iodo-2,2-dimethylbenzo[d][1,3]dioxol-5-ylthio)-1-(2-
(neopentylamino) ethyl)-1H-imidazo[4,5-c]pyridin-4-amine (Compound 101)

The title compound 101 was prepared (31 mg, 10%) as a white solid from
compound 0607-84 (200 mg, 0.72 mmol ), 0107-101 (431 mg, 1.07 mmol ),
neocuproine hydrate (15 mg, 0.072 mmol ), Cul (14 mg, 0.072 mmol ) and NaO#-Bu
(69 mg, 0.72 mmol ) in anhydrous DMF ( 5 mL ) using a procedure similar to that
described for compound 84 (Example 59): m.p.: 214-216°C; LCMS: 554 [M+17"; 'H
NMR (DMSO-d%) 6 0.76 (s, 9H), 1.60 (s, 6H), 2.16 (s, 2H), 2.73 (t, 2H, J = 5.6 Hz),
4.24(t, 2H, J = 5.6 Hz), 6.36 (s, 2H), 6.51 (s, 1H), 6.84 (d, 2H, /= 5.2 Hz), 7.38 (s,
1H), 7.70 (d. 1H, J= 5.2 Hz).

EXAMPLE 62: Preparation of 1-(2-(ncopentylamino)ethyl)-2-(6-nitrobenzo[d]
[1,3]dioxol-5-ylthio)- 1H-imidazo[4,5-¢]pyridin-4-amine
(Compound 113)

Step 62a. 5-lodo-6-nitrobenzo{d][1,31dioxole (Compound 0107-113)

1, 3-Benzodioxole (10.0 g, 82 mmol) was added dropwise to a solution of
con. HNQO; (65%~68%, 18 g) in H20 (39 g) at 60~65 °C. The mixture was then
heated to 90 °C and stirred for 2 h at this temperature. The mixture was cooled to
room temperature and poured into ice/water, filtered to give compound 5-
nitrobenzo[d][1,3]dioxole (12.0 g, 87%) as a yellow solid. LCMS: 168 M+11"; 'H
NMR (DMSO-¢%) 6 6.27 (s, 2H), 7.12 (d, 1H, /= 12 Hz), 7.76 (d, 1H, 3.2 Hz), 7.91
(dd, 1H, J, = 12 Hz, J, = 3.2 Hz).

Compound 5-nitrobenzo{d][1,3]dioxole (5.0 g, 30 mmol) was added in one
portion to a solution of fuming HNQO; and con. HNOs (V/V=1/1, 120 mL} at -10 to -
5 °C. The mixture was stirred for 3 h at this temperature and poured into ice/water,
filtered to get compound 5,6-dinitrobenzo{d][1,3]dioxole (7.0 g, quantitive} as a
yellow solid. The compound was used directly without purification. 'HNMR
(DMSO-d%) § 6.39 (s, 2H), 7.86 (s, 2H).

Compound 5,6-dinitrobenzo{d][I,3]dioxole (6.0 g, 28.3 mmol} was added to
stirred glacial acetic acid (120 mL) under N; atmosphere. After the mixture was
heated to boiling, the heat source was removed and iron powder (4.75 g) added with

vigorous stirring. Quick spontancous boiling occured, the mixture turned dark and
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the exothermic reaction subsided (2~5 min). The mixture was refluxed for 10 min
and poured into ice/water. The orange-red product was isolated by filtration,
dissolved in glacial acetic acid, and the solution filtered while hot. The filtrate was
poured into ice-cold water. The orange-red solid product was isolated by filtration
and dried to provide compound 6-nitrobenzo[d]{1,3]dioxol-5-amine (4.35 g, 84%).
LCMS: 183 [M+1]"; '"H NMR (DMSO-d*) 8 6.06 (s, 2H), 6.51 (s, 1H), 7.36 (s, 1H),
7.73 (s, 2H).

A suspension of compound 6-nitrobenzo[d][1,3]dioxol-5-amine (2.65 g, 14.6
mmol) in con. HCI (15 mL) and water (5 mL) was heated on a stcam bath for 5 min
and then cooled to 3 °C with stirring. A solution of sodium nitrite (1.0 g, 14.4 mmol)
in water (15 mL) was added until all the solids dissolved. The solution was stirred
for additional 5 min and a solution of potassium iodide (2.4 g, 14.5 mmol) in water
was then added rapidly with vigorous stirring at 5 °C. The mixture was filtrated and
the residue was dissolved with dichloromethane, dried and purified by column
chromatograph (ethyl acctate/ petroleum ether =1/ 10) to provide the title compound
0107-113 (1.6 g, 38%) as a yellow solid. IH NMR (DMSO-d°) § 6.24 (s, 2H), 7.64
(s, 1H), 7.67 (s, 1H).

Step 62b. 1-(2-(Ncopentylamino)ethyl)-2-(6-nitrobenzo[d][1,3]dioxol-5-ylthio)-1H-
imidazo[4,5-¢]pyridin-4-amine (Compound 113)

The title compound 113 was prepared (40 mg, 26%}) as a yellow solid from
compound 0607-84 (100 mg, 0.358 mmol), 0107-113 (137 mg, 0.466 mmol),
necocuproine (% mg, 0.036 mmol),Cul (7 mg, 0.036 mmol ), and NaO-t-Bu (52 mg,
0.537 mmol) in anhydrous DMF (5 ml) using a procedure similar to that described
for compound 84 (Example 59): m.p. 111~114 °C. LCMS: 445[M+1], 'H NMR
(DMSO-d%) 6 0.72 (s, (H), 1.61 (s, 1H), 2.12 (s, 2H), 2.74 (t, 2H, J =5.2 Hz), 4.21(
t, 2H, J = 5.2 Hz), 6.16 (s, 1H), 6.18 (s, 2H), 6.49 9s, 2H), 6.85 (d, 1H,.J = 6.4 Hz),
7.73 (d, 1H, J = 6.4 hz), 7.85 (s, 1H).

EXAMPLE 63: Preparation of 2-(6-(dimethylamino)benzo|d][1,3]dioxol-5-
ylthio)-1- (2-(neopentylamino)ethyl)-1H-imidazo|4,5-c|pyridin-
4-amine

(Componnd 111)
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Step 63a. 6-Iodo-N,N-dimethylbenzo[d][1,3]dioxol-5-amine (Compound 0107-111)

To a solution of 3,4-(Methylcnedioxy)aniline (8 g, 58.3 mmol) in AcOH
(120 ml) was added Ac20 (48 mL). The mixturc was stirred for overnight, After
reaction, the mixture was poured into saturated NaHCOj; solution, and then filtered.
The filtrate was extracted with ethyl acetate to give N-(benzo{d][1,3]dioxol-5-
yDacetamide (10g, 95%). LCMS: 180[M+17"; "TH NMR (DMSO-d%) 4 2.0 (s, 3H),
5.96 (s, 2H), 6.82 (d, 1H, J= 8.1 Hz), 6.91 (d, 1H,J=2.1 Hz), 7.30 (d, 1H, /= 1.8
Hz), 9.84 (s, 1H).

A 1.0 M solution of iodine monochloride in methylene chloride (72.6 mL) was
added dropwise to a solution of N-(benzo{d][1,3}dioxol-5-yl)acetamide (10 g, 55.8
mmol) in methylene chloride (66 mL) and acetic acid (11 mL). The mixture was
stirred under nitrogen overnight and then washed with saturatcd sodium thiosulfate
(2 x 150 mL) and brine (150 mL). The methylene chloride solution was dried
(MgSQ4) and evaporated, and the residue was purified by column chromatography
on silica gel (CH,Cly/ petroleurn at 20/1) to obtain N-(6-iodobenzo[d][1,3]dioxo0l-5
yhacetamide (3.7 g, 22%) as a white solid. LCMS: 306 [M+17"; 'H NMR (DMSO-
d) 6 2.00 (s, 3H), 6.06 (s, 2H), 6.95 (s, 1H), 7.37 (s, 1H), 9.34 (s, 1H).

A solution of N-(6-iodobenzo[d][1,3]dioxol-5-yl)acetamide (200 mg, 0.656
mmol) and NaOH (1.31 g, 32.8 mmol) in ethanol (26 mL) and water (6 mL) was

heated to reflux with stirring for 4 h. The mixture was cooled and the sotvent was
removed under vacuurn. The residue was partitioned between methylenc chioride
(100 mL) and water (100 mL). The organic layer was washed with water (2 x 100
mL), dried (MgSQ4) and evaporated under vacuum to give 6-
iodobenzo[d][1,3]dioxol-S-amine (170 mg, 98%) as orange solid. LCMS: 264
[M+1]"; 'H NMR (DMSO-d%) § 4.88 (s, 2H), 5.87 (s, 2H), 6.47 (s, 1H), 7.07 (s, IH).

To a solution of 6-iodobenzofd][1,3]dioxol-5-amine (1 g, 3.8 mmol) and
paraformaldehyde (1.14 g, 38 mmol) in methanol (10 mL) was added NaBH:CN
(2.39 g, 38 mmol) slowly with stirring. The mixturc was heated to 50 °C for 4 h.
Water (100 mL) was added and extracted with methylene chloride (100 mL). The
organic layer was washed with brine (100 mL), dricd (MgSOa) and ¢vaporated under
vacuum to give crude title compound 0107-111 (1.16 g) as a brown oil which was
used directly to the next step without further purification. LCMS: 292 [M+1] " 'H
NMR (DMSO-d°) 6 2.56 (s, 6H), 6.02 (s, 2H), 6.96 (s, 1H), 7.32 (s, 1H).
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Step 63b. 2-(6-(Dimethylamino)benzo[d][1 ,3]dioxol-5-ylthio)-1-(2-
(neopentylamino)ethy!)-1H-imidazo[4,5-c]pyridin-4-amine (Compound 111)

The title compound 111 was prepared (20 mg, 6.6%) as a brown solid from
compound 0607-84 (190 mg, 0.68 mmol), 0107-111 (200 mg, 0.68 mmol),
neocuproine hydrate (14 mg, 0.068 mmol), Cul (12 mg, 0.068 mmol) and NaOz-Bu
(66 mg, 0.068 mmol) in anhydrous DMF (6 mL) using a procedurce similar to that
described for compound 84 (Example 59): LCMS: 443 [M+1]"; '"H NMR (DMSO-
d°) 5 0.748 (s, 9H), 2,16 (s, 2H), 2.63 (s, 6H), 2.74 (t, 2H, J = 6.0 Hz), 421 (t, 2H, J
= 6.0 Hz) 5.94 (s, 2H), 6.16 (s, 1H), 6.38 (s, 2H), 6.84 (d, 1H,J = 6.0 Hz), 7.01 (s,
1H), 7.70 (d, IH, J= 5.6 Hz).

EXAMPLE 64: Preparation of 2-(6-((dimcthylamino)methyl)benzo[d][1,3]dioxol-
5~y1thio)—l-(2—(neopentyiamino)cthyl)-1H-imidazo[4,5-c]pyridin—4-amine

(Compound 115)

Step 64a. N-((6-lodobenzo[d][ 1,3]dioxol-5-ylymethyl)acetamide compound
{Compound 0107-115)

To a solution of 3,4-methylenedioxybenzylamine (10 g, 66.2 mmol) in acetic
acid (50 mL) was added acctic anhydride (15.27 g, 150 mmol). The mixture was
stirred at 20°C for 30 minutes. Then it was adjusted to PH7 with 10% NaOH. The
mixture was filtered to obtain a solid which was washed water and dried in vacuum
to give N-(benzo[d][1,3]dioxol-5-ylmethyl)acetamide as a white solid (9.24 g, 77%).
LC-MS: 194 [M+1]"; 'H-NMR (DMSO-d"): & 1.84 (s, 3H), 4.12 (d, 2H, J= 6.4 Hz),
5,98 (s, 2H), 6.71 (m, 2H), 6.83 (m, 2H), 8.28 (s, I1H).

N-(benzo[d)[1,3]dioxol-5-ylmethylyacetamide (9.24 g, 47.9 mmol) was
added to 1.0 M solution of jodine monochloride in methylene chloride (80 ml.). The
mixture was stirred at room temperature for 2 hours, and then the mixture was
poured into 10% Na,S;0 and stirred until the red color faded. It was then extracted
with CH,Cl, and the organic layer was washed with water and brine, dried and
concentrated to get the crude product which was purified by column
chromatography (mobile phase: petroleum/methylene chloride = 1/19) to give N-({6-
iodobenzo[d][1,3]dioxol-5-yDmethyl)acetamide compound as a white solid (5.82 g,
38%). LC-MS: 320 [M+1]". '"H-NMR (DMSO-d%): § 1.89 (s, 3H), 4.11 (d, 2H, /=
6.0 Hz), 6.04 (s, 2H), 7.07 (s, LH), 7.37 (s, 1H), 8.28 (t, 1H, J= 6.0 Hz).
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N-((6-lodobenzo[d][1,3]dioxol-5-ylymethyl)acetamide (2.4 g, 7.5 mmol) was
added to methanolic hydrochloric acid solution (4 N) (60 mL). The mixture was
stirred at 80 °C overnight. Solvent was removed and the residue was dissolved in
water, adjusted to PH7 with 10% NaICO;, filtered to obtain (6-
iodobenzo[d][1,3]dioxol-5-yl)methanamine as a yellow solid (1.76 g, 85%). LC-MS:
278 [M+17". "H-NMR (DMSO-d”): § 1.88 (s, 2H), 3.57 (s, 2H), 6.02 (s, 2H), 7.13 (s,
1H), 7.33 (s, |H).

A mixture of (6-iodobenzo{d}[1,3]dioxol-5-yl)methanamine (1.76 g, 6.35
mmol), NaBH:CN (4.00 g, 63.5 mmol), and formaldehyde (1.9 g, 63.5 mmol) in
methanol (10 mL) was stirred at 50 °C for 2 hours. The solvent was removed and the
residue was dissolved in CH,Cl,, washed with water and brine, dried and
concentrated to give the title compound 0107-115 as a yellow oil (700 mg, 36%).
LC-MS: 306 [M+17". 'H-NMR (DMSQ-d%): § 2.15 (s, 6H) ,3.29 (s, 2H), 6.02 (s,
2H), 6.95 (s, 1H), 7.33 (s, 1H).

Step 64b. 2-(6-((Dimethylamino)methyl)benzo[d][1,3]dioxol-5-ylthio}-1-(2-
(neopentylamino)ethyl)-1H-imidazo[4,5-c]pyridin-4-amine (Compound

115)

The title compound 115 was prepared (27 mg, 15%) as a yellow solid from
compound 0607-84 (100 mg, 0.358 mmol), 0107-115 (120 mg, 0.394 mmol), Cul (7
mg, 0.0358 mmol), t-BuONa (34 mg, 0.0358 mmol), neocuporine (8 mg, 0.0358
mmol) and DMF (3 mL) using a procedure similar to that described for compound
84 (Example 59): m.p. 81~86 °C. LC-MS: 457.2 [M+1]". '"H-NMR (DMSO—dé): J
0,77 (s, 9H), 2.16 (s, 8H), 2.70 (m, 2H), 3.48 (s, 2H), 4.18 (m, 2H), 6.00 (s, 2H),
6.28 (m, 2H), 6.64 (s, 1H), 6.80 (m, 1H), 6.97 (s, 1H),7.68 (m, 1H).

EXAMPLE 65: Preparation of 2-(6-ethylbenzo[d][1,3]dioxol-5-ylthio)-1-(2-
(neopentylamino)ethyl)-1H-imidazo[4,5-c|pyridin-4-amine
(Compound 85)

Step 65a. 5-Ethyl-6-iodobenzold][1,3]dioxole (Compound 0107-85)

-BuOK (7.77 g, 69.3 mmol) was added portions to a suspension of
compound methyltriphenylphosphonium iodide (28.0 g, 68.3 mmol) in dry THF
(250 mL) over 10 min at 0 °C. The resulting yellow suspension was stirred for 20
min at this temperature. A solution of piperonal (8.0 g, 53.3 mmol) in dry THF (25

mL) was added dropwise to the above suspension and the mixture was stirred for 1 h
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at 0 °C. The reaction mixture was concentrated and the residue was purified by
column chromatograph (petroleum ether) to provide compound 5-
vinylbenzo[d][1,3]dioxole (7.4 g, 94%5) as colorless liquid. 'H-NMR (DMSO-d%): &
5.09 (d, 1H,.J=11.2 Hz), 5.68 (d, 1H,.J = 18 Hz), 6.00 (s, 2H), 6.63 (1, 1H, /, =
11.2 Hz, J, = 18 Hz), 6.85 (m, 2H), 7.11 (s, 1H).

A mixture of 5-vinylbenzo[d][1,3]dioxole (6.0 g, 40.5 mmol) and 10% Pd/C
(840 mg) in MeOH( 50 mL) was hydrogenated for 8 h at 10 atm. Then Pd/C was
filtered and the MeOH was removed to give compound 5-cthylbenzo[d][1,3]1dioxole
(3.0 g, 50%) as colorless liquid. '"H-NMR (DMSO-d"): 8 1.11 (t, 3H, J = 7.2 Hz),
2.50 (q, 2H, J, = 7.2 Hz, J, = 16 Hz), 5.93 (s, 2H), 6.64 (d, 1H, /=8 Hz), 6,77 (m,
2H).

A mixture of compound 5-cthylbenzo[d][1,3]dioxole (3.0 g, 20 mmol), NIS
(6.0 g, 22 mmol) and TFA (2.3 g, 20 mmol) in 30 mL of CH3CN was stirred for 5
hours at room temperature. Saturated Na,S,03 solution was then added dropwise to
the mixture until the color was faded. CH3CN was cvaporated in vacuo and the
mixture was extracted with ethyl acetate (20 mL x 2). The organic phase was dried

and concentrated to obtain the title compound 0107-85 (5.3g, 96%) as a yellow

solid. GC-MS 276 [M+1T", "H NMR (DMSO-d%): 8 1.06 (t, 3H, /=7.6 Hz ) , 2.57

(q, 2H,J=7.6 1z } ,6.00 (s, 2H), 6.93 (s, 1H), 7.30 (s, 1H).

Step 65b. 2-(6-Ethylbenzo[d][1,3]dioxol-5-ylthio)-1-(2-(neopentylamino)ethyl)-1H-
imidazo[4,5-c]pyridin-4-amine (Compound 85)

The title compound 85 was prepared (40 mg, 26%) as a yellow sohd from
compound 0607-84 (100 mg, 0.358 mmol), 0107-85 (127 mg, 0.466 mmol},
neocuproine(8 mg, 0.0358 mmol), Cul (7 mg, 0.036 mmol ), and t-BuONa (52 mg,
0.537 mmol) in anhydrous DMF (5 ml) using a procedure similar to that described
for compound 84 (Example 59): m.p. 145~147 °C, LCMS: 428 M+11" 'H NMR

(DMSO-d): § 0.79 (s, 9H),1.14 (t, 3H,J=7.2 Hz ) , 1.65 (bs, 1H), 2.18 (s, 2H),
275 (t, 2H,J =5.6 Hz } , 2.78 (q, 2H, J = 7.6 Hz), 4.23 (t, 2H, /= 6.0 Hz ) , 6.01 (s,

2H), 6.21(s, 2H), 6.72 (s, 1H), 6.82 (d, 1H, J = 5.6 Hz), 6.96 (s, 1H), 7.69 (d, IH, J=
5.2 Hz).
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Biological Assays:
As stated hercinbefore the derivatives defined in the present invention
possess anti-proliferation activity. These properties may be asscssed, for example,
using one or more of the procedures set out below:

(a) An in vitro assay which determines the ability of a test compound to inhibit

HspY0 chaperone activity.,

The Hsp90 chaperone assay was performed to measure the ability of HSP90
protein to refold the heat-denatured luciferase protein. HSP90 was first incubated
with different concentrations of test compounds in denaturation buffer (25 mM Tris,
pH7.5, 8 mM MgS0;, 0.01% bovine gamma globulin and 10% glycerol) at room
temperature for 30 min, Luciferase protein was added to denaturation mix and
incubated at 50 °C for 8 min. The final concentration of HSP90 and luciferase in
denaturation mixture were 0.375 uM and 0.125 uM respectively. A 5 ul sample of
the denatured mix was diluted into 25 ul of renaturation buffer (25 mM Tris, pH7.5,
8 mM MgS04, 0.01% bovine gamma globulin and 10% glycerol, 0.5 mM ATP, 2
mM DTT, 5 mM KCl, 0.3 pM HSP70 and 0.15 uM HSP40). The renaturation
reaction was incubated at room temperature for 150 min, followed by dilution of
10pl of the renatured sample into 90 ui of luciferin reagent (Luclite, PerkinElmer
Life Scicnee). The mixture was incubated at dark for 5 min before reading the
luminescence signal on a TopCount plate reader (PerkinElmer Life Science).

(b) HSP90 Competition Binding (Fluorcscence Polarization) Assay.

A fluorescein isothiocyanate (FITC) labeled GM was purchase from
InvivoGen (ant-fgi-1). The interaction between HSP90 and labeled GM forms the
basis for the fluorescence polarization assay. A free and fast-tumbling FITC labeled
GM emits random light with respect to the plane of polarization plane of excited
light, resulting in a lower polarization degree (mP) value. When GM is bound to
HSP90, the complex tumble slower and the emitted light is polarized, resulting in a
higher mP value. This competition binding assay was performed m 96-well plate and
with each assay contained 10 and 50nM of labeled GM and purified HSP90 protein
(Assay Design, SPP-776F) respectively. The assay buffer contained 20mM HEPES
(pH 7.3), 50mM KCI, ImM DTT, 50mM MgCl,, 20mM Na;MoQ,, 0.01% NP40
with 0.1mg/ml bovine gamma-globulin. Compounds are diluted in DMSO and

added to the final assay before labeled GM with concentration range from 20uM to
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2nM. mP value was determined by BioTek Synergy IT with background subtraction
after 24 hours of incubation at 4°C.

The following TABLE B lists compounds representative of the invention and
their activity in HSP90 assays. In these assays, the following grading was used: 12

5 10uM, 10peM>T1>1uM, 1 uM> 11> 0.1 uM, and IV < 0.1 uM for 1Csy.

TABLE B
HSP90 Chaperone HSP90 Binding
Compound No. (ICs0) (IC50)

1 11 i1
2 11 11
3 111 1v
4 11
7 111
9 1
11 1 1
12 11 HI
13 | 11
14 11 1l
15 1
16 1
17 1 1
18 11
19 11 11
21 I
22 11
23 m
24 11
25 111
26 11
27 11
28 11
29 11
30 111
32 111
33 111
34 11 v
37 v
40 111
42 111
44 111
46 11
48 1l
50 m
51 1
52 11
53 I
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54 11
56 11
58 I
60 11
61 1
62 111
64 i
66 111
68 il
70 111
72 111
74 11
76 11
77 111
78 11
79 111
84 I
85 i
86 11
87 111
89 R
101 1
111 v
113 111
115 I
A representative compound of the invention has been shown to have a
favorable pharmacological kinetic (PK) profile and a high degree of brain
penetration following systemic administration. In a tMAO model (Dellovade, T.
S Annu. Rev. Neurosci., 2006, 29, 539-563), a single iv dose of 10 mg/kg of the
compound in rat has been demonstrated to significantly reduce total brain infarct
volume by approximately 33% at 4 hours post-tMCAQ.
The patent and scientific literature referred to herein establishes the
knowledge that is available to those with skill in the art. All United States patents
10 and published or unpublished United States patent applications cited hercin are
incorporated by reference. All published foreign patents and patent applications
cited herein arc hereby incorporated by reference. All other published references,
documents, manuseripts and scientific literature cited hercin are hercby incorporated
by reference.
15 While this invention has been particularly shown and described with

references to preferred embodiments thereof, it will be understood by those skilled
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in the art that various changes in form and details may be made thercin without

departing from the scope of the invention encompassed by the appended claims.
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CLAIMS
What is claimed is:
1. A compound represented by formula I:
Z
N N U\ /Q
| —X
Yy N N
Y
Voo

or its geometric isomers, enantiomers, diastereomers, racemates, pharmaceutically
acceptable salts and solvates thereof, wherein
UisN;

W is hydrogen, halogen, amino, hydroxy, thiol, alkyl, substituted alkyl, substituted
or unsubstituted alkoxy, substituted or unsubstituted alkylamino, substituted or
unsubstituted dialkylamino, substituted or unsubstituted alkylthio, substituted or
unsubstituted alkylsulfonyl, CF;, NO,, CN, N3, sulfonyl, acyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic,
cycloalkyl, or substituted cycloalkyl;

X is O, S, S(O), S(O),, N(Rg), or C(O) where Rg is hydrogen, acyl, aliphatic or
substituted aliphatic;

Y is independently hydrogen, halogen, NO,, CN, or lower alkyl;

Z 1s amino, substituted or unsubstituted alkylamino, substituted or unsubstituted
dialkylamino, substituted or unsubstituted alkylcarbonylamino;

Q is aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, or
heterocycloalkyl;

V is hydrogen, straight- or branched-, substituted or unsubstituted alkyl, substituted

or unsubstituted alkenyl, substituted or unsubstituted alkynyl.

2. A compound represented by formula (II):
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Roo
Xo
7 Rud \ Ry
N AN N _X5
| D
Z N
Y
\M
1\M2_M3_M4

D

or its geometric isomers, enantiomers, diastereomers, racemates, pharmaceutically
acceptable salts and solvates thereof, wherein X, and Xs are independently CH or
N; Ryi- Ry3 are independently selected from the group consisting of hydrogen,
halogen, amino, substituted amino, hydroxy, substituted hydroxyl, thiol,
substituted thiol, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkylamino, substituted or unsubstituted dialkylamino, substituted
or unsubstituted alkylthio, substituted or unsubstituted alkylsulfonyl, CF3;, NO,,
CN, Ns, substituted carbonyl, sulfonyl, acyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, or
substituted cycloalkyl; Ry, and Ry; can be taken together from the carbon to
which they are attached to form a saturated or unsaturated fused 5-8 membered
cyclic ring optionally substituted with 0-3 heteroatom; M; is absent, C;-Cg alkyl,
C,-C¢ alkenyl, C,-Cq alkynyl, aryl or heteroaryl; M, is absent, O, S, SO, SO,,
N(Rg), or C=0; M3 is absent, C=0, O, S, SO, SO, or N(Rs); My is hydrogen,
halogen, CN, N3, hydroxy, substituted hydroxy, amino, substituted amino, CF3,
Ci-Cs alkyl, C,-Cq alkenyl, C,-C¢ alkynyl, cycloalkyl, heterocyclic, aryl or
heteroaryl;
Xis O, S, S(0O), S(0),, N(Rs), or C(O);
Y is independently hydrogen, halogen, NO,, CN, or lower alkyl; and,
Z is amino, substituted or unsubstituted alkylamino, substituted or unsubstituted

dialkylamino, substituted or unsubstituted alkylcarbonylamino.
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A compound represented by formula (III):

M1~
M—Mg—My gy,

or its geometric isomers, enantiomers, diastereomers, racemates,
pharmaceutically acceptable salts, and solvates thereof, wherein X;-Xs are
independently N or CR;;, where R;; is independently selected from the group
consisting of hydrogen, halogen, amino, substituted amino, hydroxy, substituted
hydroxy, thiol, substituted thiol, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted alkylamino, substituted or unsubstituted
dialkylamino, substituted or unsubstituted alkylthio, substituted or unsubstituted
alkylsulfonyl, CFs;, NO,, CN, N, substituted carbonyl, sulfonyl, acyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic, cycloalkyl, or substituted cycloalkyl; M; is absent, C;-Cq alkyl, C,-
C¢ alkenyl, C,-Cg alkynyl, aryl or heteroaryl; M, is absent, O, S, SO, SO,, N(Rg),
or C=0; M3 1s absent, C=0, O, S, SO, SO, or N(Rg); My is hydrogen, halogen,
CN, N3, hydroxy, substituted hydroxy, amino, substituted amino, CF;, C;-Cg
alkyl, C,-Cs alkenyl, C,-Cg alkynyl, cycloalkyl, heterocyclic, aryl or heteroaryl;
Xis O, S, S(0O), S(0),, N(Rg), or C(O);

Y is independently hydrogen, halogen, NO,, CN, or lower alkyl; and,

Z 1s amino, substituted or unsubstituted alkylamino, substituted or unsubstituted

dialkylamino, substituted or unsubstituted alkylcarbonylamino.

A compound according to Claim 2 represented by formula (IV):
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N X
N7 5
| X
Z N
Y
\
My

My—M3;—M, (IV)

or its geometric isomers, enantiomers, diastereomers, racemates, pharmaceutically
acceptable salts, and solvates thereof, wherein X, and X5 are independently CH or N; Ry,
is independently selected from the group consisting of hydrogen, halogen, amino,
substituted amino, hydroxy, substituted hydroxy, thiol, substituted thiol, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted alkylamino, substituted or unsubstituted dialkylamino,
substituted or unsubstituted alkylthio, substituted or unsubstituted alkylsulfonyl, CF;, NO,
CN, N, substituted carbonyl, sulfonyl, acyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, or substituted cycloalkyl; Cy
is a saturated or unsaturated fused 5-8 membered cyclic ring optionally substituted with 0-
3 heteroatom; M; is absent, C;-Cg¢ alkyl, C,-Cg alkenyl, C,-Cg alkynyl, aryl or heteroaryl;
M, is absent, O, S, SO, SO,, N(Rg), or C=0; M3 is absent, C=0, O, S, SO, SO, or N(Rg);
M, is hydrogen, halogen, CN, N3, hydroxy, substituted hydroxy, amino, substituted amino,
CF;, Ci-Cg alkyl, C,-Cg alkenyl, C»-Cg alkynyl, cycloalkyl, heterocyclic, aryl or heteroaryl;

and X, Y and Z are as previously defined in Claim 2.

3. A compound according to Claim 2 represented by formula (V):
Rio
Y%éRzo \
X2
Z  Ru— N\
N AN N _X5
)X
Z N
Y
\
M
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or its geometric isomers, enantiomers, diastereomers, racemates, pharmaceutically
acceptable salts, and solvates thereof, wherein X, and X5 are independently CH or N; Ry,
is independently selected from the group consisting of hydrogen, halogen, amino,
substituted amino, hydroxy, substituted hydroxy, thiol, substituted thiol, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted alkylamino, substituted or unsubstituted dialkylamino,
substituted or unsubstituted alkylthio, substituted or unsubstituted alkylsulfonyl, CF;, NO,
CN, N, substituted carbonyl, sulfonyl, acyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, or substituted cycloalkyl; Y,
and Yj are independently O, S, N(Rg), CH(R;)); n is 1, 2, or 3; M; is absent, C;-Cg alkyl,
C,-C¢ alkenyl, C,-C¢ alkynyl, aryl or heteroaryl; M; is absent, O, S, SO, SO,, N(Rg), or
C=0; M;j is absent, C=0, O, S, SO, SO, or N(Rg); My is hydrogen, halogen, CN, Nj,
hydroxy, substituted hydroxy, amino, substituted amino, CF;, C;-Cg alkyl, C,-C¢ alkenyl,
C,-C¢ alkynyl, cycloalkyl, heterocyclic, aryl or heteroaryl; Rjy and Ry are independently
hydrogen, alkyl, substituted alkyl, aryl or substituted aryl; and X, Y and Z are as

previously defined in Claim 2.

6. A compound according to Claim 2 selected from the compounds delineated in
Table A or its geometric isomers, enantiomers, diastereomers, racemates, pharmaceutically

acceptable salts and solvates thereof:

TABLE A

Compound # Structure

ICH

IS
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alkylamino, substituted or unsubstitygad dialkylamino; Yi and Y3 are
independently 0, S, N(R8), CH(R21); nis 1; Mi is absent, C1-C6 alkyl,
C2-C6 alkenyl-C2-C6-alley11371: M2 is N(R8); M3-is-absent; M4 is

A4~ A an " ) VIO 1O RO T

C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cygﬁglkyl; Rio and R20 are

independently hydrogen, alkyl; X is O; YnNs H; Z is amino, |substituted
or unsubstituted alk)(lamino, or substitm r bstituted dialkylamino;
Rs is hydrogén, acy ,2QIiphati(: or subs %a‘ljiph@c. 12. A gompound of
claim 11 wherein Yiis 0, Y3i$ 0, R10 is H, and R20 is H. 13. A compound
of formula: 0|0 Compound-111 or its pharmaceitically acceptable salts or

solvate therepf. 153 .2 00 HN)C Compound-118 or its pharmaceutically

acceptable saitsorsoivate thereof. PN
0O O

N
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7. A pharmaceutical composition comprising as an active ingredient a compound of

Claim 2 and a pharmaceutical acceptable carrier.

8. A method of treating cell proliferative disorder that requires or is facilitated by
expression of an HSP90 protein in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of the pharmaceutical

composition of Claim 7, wherein said cell proliferative disorder is cancer.

9. The method of Claim 8, wherein said cancer selected from the group consisting of
) ) . )
papilloma, blastoglioma, Kaposi's sarcoma, melanoma, non-small cell lung cancer, ovarian
cancer, prostate cancer, colon cancer, squamous cell carcinoma, astrocytoma, head cancer,
neck cancer, bladder cancer, breast cancer, lung cancer, colorectal cancer, thyroid cancer,
pancreatic cancer, renal cell carcinoma, gastric cancer, hepatocellular carcinoma,
neuroblastoma, leukemia, lymphoma, vulvar cancer, Hodgkin's disease and Burkitt's

disease.

10. A method for the treatment of cancer in a subject in need thereof, comprising

administering to the subject a compound of Claim 7.
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or its geometric isomers, enantiomers, diastereomers, racemates, pharmaceutically
acceptable salts, and solvates thereof, wherein X, and Xs are CH; Ry; is amino, substituted
amino, substituted or unsubstituted alkylamino, substituted or unsubstituted dialkylamino;
Y, and Y3 are independently O, S, N(Rg), CH(R»); nis 1; M; is absent, C;-C¢ alkyl, C,-Cg
alkenyl, C,-C¢ alkynyl; M, is N(Rg); M3 is absent; My is C;-Cg alkyl, C,-C¢ alkenyl, C»-Cg
alkynyl, cycloalkyl; R}y and Ry are independently hydrogen, alkyl; X is O; Y is H; and Z

is amino, substituted or unsubstituted alkylamino, or substituted or unsubstituted

152

A compound according to Claim 5 represented by formula (V):

Rio
Y%%Rzo '\
Xo
Z R21\€:§/Y3
N —X
NT 5
| =X
Z N
Y
\M
1\M2_M3_M4

dialkylamino; Rg is hydrogen, acyl, aliphatic or substituted aliphatic.

12.

13.

A compound of claim 11 wherein Y; is O, Y3 is O, Rjo 1s H, and Ry is H.

A compound of formula:

Compound-111
or its pharmaceutically acceptable salts or solvate thereof.

14.

A compound of formula:
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Compound-118
or its pharmaceutically acceptable salts or solvate thereof.



