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WO 2004/ 022060 PCT/ US2003/ 027461 HETEROCYCLI C
COVPOUNDS Field of the Invention The invention rel ates

woaonmealep phar maceutically active, fused 5 PCT/US2003/027461

het er ocycl i ¢ conpounds and net hods of using themto
treat or prevent disorders and conditions nedi ated by

the histam ne H4 HeqEROCYCLRBTCAMROUNDS t he
I nvention Hi stam ne was fi rst identified as a hornone

(G Barger and HH Dale, J. 10 Physiol. (London)

1910, 41:19-59) and ha@eka kﬂ%fe?]tgﬁrmnstrat ed to
ari et

play a major role in physi ol ogi cal

pr ocesRgnvdntiohudiaigs tdwovehf[i»}aamrmuucally aicttwleefused
response” via Hl receptors

Beteroeycligcompoupdgangomet r@sﬁarﬁﬁmg}g thfms% ’“’95% Gl

4RolderS R a5 nelinleQul FERRPET rocbror® ack

neurotransmtter release in the 15 central nervous
systemvia H3 receptiors Arrang,.et al., Nature

1983, 302: 832- 837) @P'é@fg B@%W%Q‘Bf BESN (i1l ot al

Phar MRegL mifeYas 1Pt id %ﬁt%%l)as?é%orr%&ﬁb (GPBar§r &% H.H. Dale, J.

hi stam ne receptor subtypes have been ‘denonstrated t

Baysiok thendorgf 19 10e 44 u&@amdmasfsmsepbeemdﬁnmﬁmaﬁﬂ to play a
Nat |

Dot B vargh B erysefdicahprogisehang usiiig e Mfigmmatory

%p%?%%gaﬁé’é v%?ﬂs}ecé&(ﬁé $AL$Q=1 ﬁls'lfpgn(i M.OY&ERRd B2 JePharmac.

Chelriciher. 1966997 4?ﬁe#89h|geétrl¢<ﬁm §ecrealea|wa blageceptors (J.W.

R OB Bl 197 DSt on iy REorRBpIGH o in the

ﬁ@n&gl%rv&% By steht vialH; r@eapmé (BedAkrBag chiakt Nature 198G,

a- met hyl histam ne coul activate cal cium
B3ORI832=887 p (for revieMnsae o4 Hﬂi@ilal s Phgrpace. Reyi hPY7.«t9(3):253—

9181 Akt 175 ERYhe sieror ol fnd v BRPn dempnsiratsg o be
Yoo sy e e e ety Can ot
IﬁrgcdHaM)éAcadMﬁ%HJ\,&‘aé o1 33&1@2 %’ i_oygggerg et aq I'I\/Iol
'@‘ég: V%gfquﬁfﬁé@g‘ﬁ%ﬁeﬁ@fl t%m%‘é[%&é{%?él PIRENEHORRad. Sci.

t'hesi zed e exl stence of a novel
hi stamgre , 38: 1Eeptd610)) Eesierarphhbwevérgaddiionabiunktions of

tatgicnfrat naveiaean rooaus oBbICh S oA e BESy bmtriod
For qratufl 1904 R S8R REMonsHAR pR it 476 R-o-
FREBY IS cold adtivatetcaidium ivbbiliz&tien melewhan 2@8Mophils
(D.G. Raible et al., Am. J. Respir. Crit. Care Med. 1994, 149:1506—-1511).
These responses were blocked by the Hs-receptor antagonist thioperamide.
However, R-a-methylhistamine was significantly less potent than histamine,
which was not consistent with the involvement of known Hz receptor subtypes.
Therefore, Raible et al. hypothesized the existence of a novel histamine
receptor on eosinophils that was non-H4, non-Hz, and non-Hz. Most recently
several groups (T. Oda et al., J. Biol. Chem. 2000, 275(47):36781-36736; C.
Liu et al., Mol. Pharmacol. 2001, 59(3):420-426; T. Nguyen et al., Mol.

Pharmacol. 2001, 59(3):427-433; Y. Zhu et al., Mol. Pharmacol. 2001,
1
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1 WD 2004/ 022060 PCT/ US2003/ 027461 59(3):434-441;
K.L. Mxrse et al., J. Pharmacol. Exp. Ther. 2001,

wa26[(4Bp206058- 1066) have identified and characreriusems3azi46l

fourth histam ne receptor subtype, the H4 receptor.
Thi S receptor is a 390 am no acid,

g@mﬂ-amnkrton\m%e deap! 9tPhé1m€ébw|l§)€b rmc,emz@m vzgaq:s) 1058—
oxi mat el y 40% honol ogy to the histani ne

ﬁ@G@)oIn@\re identifiethand sharasietized-3 f@t@&ebﬁtﬁmlr\mﬁ@aptos subtype,

Bhe,Fettcbrtry G etebtbGa 297 aMine APl el &-Hi Sineforene,

cehioteinaiy Qa@ﬁd&ébtcﬁ‘%ﬂﬁap@@xfnﬂtewtm%wa@lbgsl t@theﬁhlstamlne
f—;ee above Events that elicit the inflamsat

gperper.i ¢QI&@SI§F@/§hQ:HB regapier, wMhighis Rﬂm@mlMdﬁ)qﬁjed in the

DA P BRERR i SbrBal P Rredid BOLISIA neibohiy 87k Hast
ebis, arheng atherbgllpaisreported @Gﬂdrﬂe&t@r @berabove&d ness,

e B o S G BaS e P it SBFiutaton
ghgﬁ.@fﬁd t‘?é’urﬂ%l&%@:ﬂ%al éil'nﬁﬁé‘t?cﬁwu(u@@@@n é}{d“ﬁ/%lgh%ﬁ)é KSreign

ol mun€ di seases ding r’heunat ol
botiy | mlesnﬁmdmatwsresaome:ismmw@tenm bpypaixdesensed or
pr ol onged 15|nflarmﬁt on. i.bition of le

femparaliien fedngsspPyeling. "sqdé’ﬁﬁ RBgtion of @ SRR of these.
WiFeorldMdrATEREREK Hoffias atianal SATTELIAIEE BLRAGSEry

ses or conditions includ but are not limted
disease (CORDY, |aﬂmsclem8|ss¢|ar@lr@utclmmuﬂeaﬂm&e@nmCWQ

Fas Bt PEp T AN hnaats aifiasidlBal P StEssUR orpyolonged
ikTRimMmBYoRe Ihlﬂb’tlbﬁ'o‘f YeuKoRyRCieefuiteshtanaprovide significant

hi st am ne- nodul ated wheal and flare reaction. A w de
Veerapeytiovaluaminidarogiaieny diseases ailinfiargeatioprmediated diseases

i bodi - ) .
& ehinoRS i SR R IOLOFNS Bt rflamebaish etoic
Hetzgnmatibat amhcionidipflagehation. Mast cel | activation
initiates allergic (H) infl ammtoag respo ses, ,whi ch

in t uMasigell dergrankiadioni (exemtoss) leads & ABINEAMRLAteY response
G6dt Mal Bgt@%Hﬁ%@ﬁ%ra‘&ﬂ—ﬂfz%%ﬁhfs?arhfh%—r‘nﬁgh‘%gc‘té%m@él and flare

respon am ne eceptors noau gastric

aeactiore cA elide narietydftimenuriotagicalrfe. g-3allergempopastikddies)and
neur ot ransmni tte rel ease i.n thelbcentral

Sperigrmungiaisl (0o Pheaieaboulralibmay aUsaiie aetigation.
PEGATTER, % cghlipdorof B LAV ccpeRaEn it
Gllergit aﬂe)snfla?nmatm responsss, \Ammrplputurrocauwtha eegitenent of
otllugrI efféctor celleéqﬁafO TJExrt%er cor?t%)oute fo t}g{tevlrr\ érpl V%ry response. The
histamine H2 receptors modulate gastric acid secretion, and the histamine H3
receptors affect neurotransmitter release in the central nervous system.
Examples of textbooks on the subject of inflammation include J.I. Gallin
and R. Snyderman, Inflammation: Basic Principles and Clinical Correlates, 3"
Edition, (Lippincott Williams & Wilkins, Philadelphia, 1999); V. Stvrtinova, J.

Jakubovsky and 1. Hulin, “Inflammation and Fever”, Pathophysiology Principles

of Diseases (Textbook for Medical Students, Academic Press, 1995); Cecil et
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Jakubovsky and |. Hulin, "Inflamuation and Fever",
Pat hophysi ol ogy Principles of Di seases (Textbook for

wokd4maLosst udent s, Academ ¢ Press, 1995); Ceci PCeUS2009M27461

2004/ 022060 PCT/ US2003/ 027461 al., Textbook O
Medi cine, 18th Edition (WB. Saunders Conpany, 1988);

andTexibesk AMedibikC 88" PidMdronarp.- smmoﬁpéwagas and
I'NVENTTON — 5 The I nvention features a compound o

S(beaﬂm%$ Medicat Dictgm@fy.N-RO | R 0-4 B\ 1/ Y R8 B
wherein 10 B and B1 are C or up to one of B and Bl may
be NN Yis 0O, Sor NHH Zis O, Sor NRZ where Rz is
H or Cl1-4al kyl; RSUMMARMOFRPHESINWENTIOMere R10 is H
or Cl-4alkyl, or R8 and RO are taken to <g?et her with

t hei r TRednventioadratiies aranapernsolfornuia M5 NR7 R R6
15n nis lor 2, mis 1or 2; n+tms2or3;, R2 are,

i ndependently, H, F, d, Br, I, Cl-4alkyl, Cl-4alkoxy,

- C3- 6¢cycl oal kyI 20 - OC3-6cycl oal kyl, -OCH2Ph, - CF3,
- OCF3, BSCF& , -(CO Rk (wherein Rk is H,
(N—

463 Ky NerR , benzylI)phenet hyl or

Bdlg' Y(CCORK (where Rt is Hor
Cl- 4arkpl), ) S2C1- 4al kyl , -(S=(O) p)-Cl. 4al kyl
(wherein p
wherein

B and B" are C or up to one of B and B may be N;
Y is O, S or NH;
Zis O, S or NR?, where R? is H or Cy.salkyl;

R®is Hand R%is J\/&NRW, where R is H or Cq.4alkyl, or

R® and R® are taken together with their N of attachment to form

nis 1 or2;

mis 1 or2;

n+mis2or3;

R? are, independently, H, F, Cl, Br, |, Cy.4alkyl, Cq.4alkoxy, -Cs.scycloalkyl,
-OCs.scycloalkyl, -OCH,Ph, -CF3, -OCF3, -SCF3, -OH, -(C=O)Rk (wherein R¥is
H, Cy.salkyl, -OH, phenyl, benzyl, phenethyl or Cq.salkoxy), -(N-Rt)(C=O)Rk
(where R'is H or Cq.4alkyl), -(N-R)SO.C.salkyl, -(S=(0)p)-Cr.4alkyl (wherein p
is 0, 1 or 2), nitro, -NR'R™ (wherein R' and R™ are independently selected from
H, Ci4alkyl, phenyl, benzyl or phenethyl, or R' and R™ taken together with the

nitrogen to which they are attached, form a 4-7 membered heterocyclic ring
3
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is 0, 1 or 2), nitro, -NRERm (wherein R and Rmare
i ndependently selected from H, Cl-4alkyl, phenyl,

woemayk200 phenethyl, or R and Rm taken toget ReT/UsR0B/027461

the 25 nitrogen to which they are attached, forma 4-7
menbered heterocyclic ring 3 WO 2004/ 022060

Wﬁ/d@@%b%ﬁéﬁﬂete%étbn% éﬁleéteé%@rﬁ @@'NH@N@W)
eCtﬁ@? romoO , or NC1_4al k SC2NRI Rm

-$O=AIR R(ﬁ? @MB "ocyphe ay bhenylew éegﬁ@n;{)ﬁbﬁpyl afralkyl or

Butealil mofetial PeabredtBhgis oftorsy Bl e ety gupstipted

ilvnﬁrt%t\?veéﬁ bISémd genbstitieherssidetbd droneT3alkyy Ihaldyayaroxy,
hydr oxy, am no, and Cl-3al koxy; R3 and R4 are,

aﬁde@eamiaﬁn 53lkoXy; C1-4al kyl, C3-6cycl oal kyl ,

R HETIBEATN) o e ERa O o,

m@alkWelp@cgylatEmlkw) s:ybmt-élﬁfx ) ERpai 460YQR’, -CH,NRPR? or
c oa C3- |_oal k
HEROR GH RN yﬂ“d gAY SR faB bt ealkyl

X‘L‘#Ey(ﬂg%@f ég@h ¢Qa 3’? 2! eéytt?dalsa/lf b%tgtz?%%eﬁéiﬁw 8r Rp and

ter ocy ri addi t1 onal
\;Ifﬁttakmtogathashﬂmﬂmjmlrcrfgan t0) wm‘s;hl melly(ﬂre tiacbad kfﬂrm add
er or. a t
FespgeadtsaseiCriag i BF 1 SRRk e Babht foiaeled Srom
t |
g)l :’%arl@raytdwmﬁ %allé},‘l‘daﬁjr \gﬁémgﬂ%} Egé‘ﬁyﬂ o?%ll?ﬁb?d{élbélikyl mm%y of

dinel faR8gaing, is bptienaltydand %ﬁepend%nttmswtlk;ted vath @,twqena1 and 3

SpBSyRy sl ed M i P B C g e cR AR

P SRyRP apd Hudieperfa%nYWeHer@yG@luyp radi cal or phenyl,

ere the heterocyclic radical is attached at a

(RarIBOR aFoRT a-Ri Qtﬁ}t@"i% NGRS)(&F), ovhese RiHs ¢ cyano,

R EIRT AT AR & R GITlkehil Tockji0aiog,

|C$4 7hefer8eydiivIradieabsr SierBh| wiesre!the <, 7We’&31’ecm|0|radlcal is attached
8al kyl ene or C2 b5al kenyl ene, \@g E 3

@é@warh@@gamam %Dﬂiﬁm@Pﬂ@aﬂfl@’l , or eoﬁﬂ\(yl and optionally an

FRIaL A fvhc,rivon o 5P 009 e grgastng

43178at@m@cbbmlleerq¢mm ivthare ] isiGohalkytene ora@gialkemaéne,

iﬁé‘%}ifﬁ%ﬁaﬁ% E5h roiePeBBRINY b CoyelShCRyred LLipeproioalky
BEER drRBhCaTb en SRR i ey ar
fateched, fdainkay#-7 ha@inered heterocyclic ring with 0 or 1 additional
heteroatoms selected from O, S, NH ‘or NC4.salkyl, and where any phenyl or
alkyl or cycloalkyl moiety of the foregoing is optionally and independently
substituted with between 1 and 3 substituents selected from C4.zalkyl, halo,
hydroxy, amino, and C.zalkoxy;

alternatively, R’ may be taken together with an adjacent R* as well as their
carbon and nitrogen of attachment to form a 5, 6 or 7 membered heterocyclic
ring, with 0 or 1 additional heteroatoms selected from O, S, NH or NC.alkyl,
and optionally and independently substituted with between 1 and 3 substituents
selected from C4.zalkyl, halo, hydroxy, amino, and C.salkoxy;

4
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hydr oxy, am no, and Cl-3al koxy; alternatively, R7 may
be taken together with an adjacent R4 as well as their

wGQomaeiem and nitrogen of attachment to form aCBUS8006/027461

7 menbered heterocyclic ring, with O or 1 additional
heteroatons selected fromO, S, NH or NCl-6al kyl, and

ARt icRAtibihets Hihstepimneieird/ platasddeuticaity mdpt@@lévms and
| and 3 substituents selected from Cl-3al kyl, halo,

eptareiigreaisi no, and Ci1- 3al koxy; 4 WO 2004/ 022060

/ 3/. ! nd enantioners, diastereoners and
ﬁ‘%thgf(glg} 'Bglpl éé"ept able salts and esters thereof,
WatRY faéenttow musmbe\H were Riaidjdenath dcisratheothiin H, and
nmust pe H where R4 adj acent to N ther t

an H d .
thatiit camnot herhanzeyl weap epe oA b?r mﬁ&hﬂﬁ@dﬁhe °§%er Is
Fgg {%Jr and the other is hydrogen. The invention al so
a s phar maceuti cal conpositions containing such
Jherinventtipredido et cetspldrmeentcalicompasifiarss cordaimingsuch
the treatnment o vention of H4-npdi ate i sease
SRR star@ﬁ@e{fm%q?aﬂrmw sBeoSTehS I hegraditegt or
- ' Ltﬁ@s herei
BB R P ABLPARI 828 ] cPOTBIE{ par OB R nerlr
K is debsablpriefantaddinize theadgra®epiore C. 15 Pr eferabl y, Y

is NH Preferably, Zis 0. Preferably, ROis Hor
methyl. Preferably, nis | and mis 1. Preferably, R2

are, independently, peTrAMEDY JESORIPTHQN oup consi sting
of 20 H -F -d, CH3, - OCH3,

Br, -1, -,CH3, -CH2CF
- OCH GeferalopHB @) B ake/Glass apgy be Nycl obut yi

E:)(/:clélso;mnt!% éfefglﬁbé%%@cj ycI g?g%®@y&ohexyl ,
- COOH prefdrsdl ghvnyN,H C(O) benzyl, -COOCH3, -COOCH2CHS,
- NHCOCHS3,

, -NHSO2CH3, - NCH3SORCH3, - SOCHS,
-sozchﬁ;eferNQlez, Zigf R, - NHCH3, -N(CH3)2, 25 -N(CH2CHB) 2,

oy agdhlramR, KT B AR L0

Preferably, n |s 1and mis 1.

Preferably, R? are, independently, selected from the group consisting of
H, -F, -Cl, -Br, -l, -CH3, -CH2CHga, -OCHs, -OCH,CHgs, -OCH(CH?3)2, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, -Ocyclopentyl, -Ocyclohexyl, -CF3, -OCFs3,
-SCF3, -C(O)CHa, -C(O)CH,CHs, -OH, -COOH, -C(O)phenyl, -C(O)benzyl,
-COOCHj3, -COOCH,CH3, -NHCOCHS3, -NCH3COCHs3, -NHSO2CHj,
-NCH3S0,CHs, -SOCH3, -SO2CH3, -NO2, -NH2, -NHCH3, -N(CHz)z,
-N(CH2CHs),, -pyrrolidin-1-yl, -imidazolidin-1-yl, -pyrazolidin-1-yl, -piperidin-1-yl,
-piperazin-1-yl, -morpholin-4-yl, -thiomorpholin-4-yl, ~-SO2NHz, -SONHCH;,
-S0,N(CHs)s, -SO2N(CH2CHa)z, -SO2pyrrolidin-1-yl, -SOzimidazolidin-1-yl,
-SOypyrazolidin-1-yl, -SOgpiperidin-1-yl, -SOzpiperazin-1-yl,
-SO,morpholin-4-yl, -SOsthiomorpholin-4-yl, -C(O)NHa, -C(O)N(CHj3)z,
-C(O)NH(CH3), -C(O)N(CH2CHj3),, -C(O)pyrrolidin-1-yl, -C(O)imidazolidin-1-yl,
-C(O)pyrazolidin-1-yl, -C(O)piperidin-1-yl, -C(O)piperazin-1-yl,
-C(O)morpholin-4-yl, -C(O)thiomorpholin-4-yl, -CN and phenyl.
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- pi perazin-1-yl, -norpholin-4-yl, -thionorpholin-4-yl,
- SO2NH2, - SO2NHCH3, - SO2N(CH3) 2, - SO2N( CH2CH3) 2,

wo30Rm2asol i di n-1-yl, -S02i m dazolidin-1-yl, PCT/US2003/027461

- S02pyrazol i din-1-yl, -SQ2piperidin-1-yl,
- S02pi perazin-1-yl, -SOZrmrphoI in-4-yl,
- SC2t Mdﬁ‘mw’@ﬁébljﬂ R2 site, indelpahtieRtly - S@(l@)’télﬂ@di}r)ﬂ:e gfbup

c&(%’m g’gggsqirpsenr msinyl trlfl@@pﬁlcﬁow {lﬁr)fﬁlt 'igﬁﬁroron%thoxy, nitro,
2
B MRER b, EABTRRERR prdeiq st one g oof R

piRe Nt hycﬁ'oM@q2004/ 022060 PCT/ US2003/ 027461 Most
preferably, ndepe dentl sel fro he
grouppé%ﬂ?;f@@v’l 'ﬁgaBF' F#ﬁf?o gPend 'i’ﬂM seﬁarq'iqcfﬁgprb QTWP
'EEBEQ@’EF Hg Of:rl fluoronet hoxy, nitro, chloro, fluoro and

benzoyl~ Further, it is nost preferred that one or two
of R2a)&h,e not hydrogen. 5 Preferably, R3 and R4 are,

P By e R ch@@g@ga@#3ygg(@gf gt Sliy,
n- ble: C}/él?ﬁl‘dig)yi ,cgblbbéhWI :cyC Q?’ICL(DHEQQ%prOpyI
cycl opéenty h opr o

-CHzeyotopardyl ;ﬂ:Hzcmlqzw&l o(aax@cyclomnqp@ﬁyekla@pw?pentyl

tyl, -CH2Qcycl ohexyl, d) cyano, e
t%&‘}%&Bﬁ%ﬁﬂ / f) (C;oglNHz, -{C=O) ¥\|HC>1/ 4al kyl),
(C—O}jl)l@%nélal kyI )2 - (C=0) NHphenyl , 15
-(C0 yrrolldln -yl (C—O)lmdazolldlnlyl
(C_O)ewrnfamomtwla yl,'  -(C=Opiperidin-1-yl,

{ COP S ok BRIy (c-onsprens
(e SRl © opam ),

G ERRITIGN TY CHEDPE B AL iy 1(C=O)morphBT A,

B SR

CI—QHIg)pﬁO]CDH HYOCH3; EEROCHGHH RGO, -GQObenzyl,

OB BHERIF. “CHoNIC alkyT, RN (Caalye, -GHNHphenyl,
-CH,NHbenzyl, -CHapyrrolidin-1-yl, -CHzimidazolidin-1-yl, -CHzpyrazolidin-1-yl,
-CHapiperidin-1-yl, -CHzpiperazin-1-yl, -CHamorpholin-4-yl,
-CHathiomorpholin-4-yl,

i) -CH,OH, -CH2CH,0H, -CH2CH,CH20H, -CH,0CH3, -CH,OCH,CHj,
-CH,OCH,CH,CHj3, -CH2OCH(CHj3)2, -CH20-n-butyl, -CH20-i-butyl,
-CH,0-t-butyl, -CH,Ophenyl, -CH,Obenzyl and -CH2OCH:cyclopropy!.

Most preferably, R® and R* are, independently, H or -CHa.

Preferably, R® and R® are, independently, selected from the group
consisting of H and methyl.

Most preferably, R® and R® are H.

Preferably, R” is selected from the group consisting of

a) H, -CH,CH,0H, -CH,CH>CH20H,

b) cyano,
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- CH2OCH2CH2CH3, - CH2OCH(CH3) 2, -CH2O n- butyl,
-CH2O i -butyl, 25 -CH2O-t-butyl, -CH2Ophenyl,

wothR@ezwayl and - CH2OCH2cycl opropyl . Mbst pr eCemakiog/p27461

R3 and R4 are, independently, Hor -CH3. Preferably,
R5 and R6 are, independently, selected fromthe group

consi @51 @ENHI, g(g}i:@mm 4aIMS(C1909N$(EﬁJ@IIWI)2, R$CaadNRphenyl,

are 30 Prief er I's_sel ected om t he grou

c(&n@)@wrﬁgdloﬂ-yh)((}a@)mm@m@r yleHEa@omeaaqli dwﬂ-y

Q@%m%z‘%@ e P A

oA 4= GF G- OINI AOLICRO)NHC, 4alkyl
édzfg-lpén d%fg;kgfﬁ;,pﬁ/(cz@bc%p% Zﬁiﬁlz'ig'yﬁ pyrtolidin-1-yl,
SR Ty i SRR QMg 4V

-@-la((o.‘;@wﬁéﬁndurlzﬂagydwolﬂg(c-oaﬁupmmm@ue@ﬂz(o =0)morpholin-4-yl,
o= dazol i di n-1-yl ,
%é%-—(gt HP?B ‘P'ﬁﬂnﬁ - QHZC% @%}E p:flod: nI 2 yl?/
Le
SRR RGN
@HH@HQOGSQDNNBDheayIksGHsz@@mXMO)IN@ -yhal kyl ) 2i

1@@%&@@?‘0& 3(-y1 GH2CHz0(C=0)pyrazolidin-1-y,

%gﬁ% @:@?p@bﬁ@m W'—OH}CMEO(C O)piperazin-1-yl,

razol i din-1-

~CHaCH3 @;@ympmmrmu 9H20H20 C=0)thiomorpholin-4-yl,

wgﬁ%&’é@ﬂ%’?ﬁﬁkﬁ%—%xwz)

O)Gmu(nﬂ@;)L@h@CHaomgyJCH(d)Hsr)g(rFMrt)/( Iwuzl}yl t-butyl,
@H@&l@@g %JeQHzOPE-bQHM -CHzCEszQGHzCl‘bﬂiz@mocm,

EERAERy, AR o SRR o

f) -CEF@-H:CHQI—IZIEII—EIEH&HQ) cycl opropyl, cycl opentyl,
Do CUHBRIAPY HOISBRP B ResHl F oGy TRTOpY,
éﬁzmrﬁill‘?E@HE&S}dohe’Xmé@WaSﬁwpyl, -CH,CH2Ocyclopentyl,
-CH>CH2Ocyclohexyl,
h) pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl,

morpholinyl, thiomorpholinyl, -CHzpyrrolidinyl, -CHzimidazolidinyl,
-CHypyrazolidinyl, ~-CHzpiperidinyl, -CHgpiperazinyl, -CHamorpholinyl,
-CHsthiomorpholinyl,

i) -CH2CH2NHa, -CH2CHoNHC . salkyl, -CH2CH2N(C1.4alkyl)z,
-CH>CH2NHphenyl, -CH>CHapyrrolidin-1-yl, -CH2CHzimidazolidin-1-yl,
-CH,CHapyrazolidin-1-yl, -CH,CHapiperidin-1-yl, -CH>CHapiperazin-1-yl,
-CH>CHomorpholin-4-yl, -CH>CHathiomorpholin-4-yl,

j) phenyl, benzyl, phenethyl and benzyloxymethyl.

Most preferably, R is selected from the group consisting of H, -CH3z and
-CH2CHs.
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h) pyrrolidinyl, imdazolidinyl, pyrazolidinyl,
pi peri dinyl, piperazinyl, norpholinyl,

wohbarmzgehol i nyl , - CH2pyrrolidinyl, -CH2i m dazeCraismpB/p27461

- CH2pyrazol i di nyl, -CH2pi peridinyl, -CH2pi perazinyl,
- CH2nor phol i nyl 25 CHchlonDrphollnyI 1)

- CH2 CrgNelho - [RHKER éalvithtlan ad}b@éﬂﬂaﬂ 88 widll deythpi? carbon
CH2CH2NthenyI - CHz pyrrolidin-1-y

acHzirogen dhatachmentiarg| pyrrolldjnzbﬂzﬁyma%ml@ﬂw 2-yh |

B Rt a1 A OB BB Tl ke 244,
Jrﬁor?hﬁmé:!l \5- 9%Wd/thlomlbqﬂﬁﬂlh54 ,5a0d benzyl oxymet hyI Mbst
g; eHerI\Aalqgtgp’rg@grel S@%@%ﬁt ggef o i E@b%og&tclg‘pgé S\/’vtell % their
P S A

AR S A B 3oyt
at t ac mhieﬁ‘bharrﬂawwtrcallly dicoeitaBleydaltsiandiegters thiemedf; pefel fo

bwf'c})%@ééﬂ od Ssiapions pRihezamacuits ofthisisaent invention fhat
cg Eb(ﬁ%raﬁ’%ﬁll tbné ﬁa%ac&ti&%hé’rﬁ@tq d. eﬂHoB@, théﬂ@@ non-toxic
t oget her

an adJ acent R4 as well as their carbon
aumd that woglkeinfavbradly affectdhe paaanpwkloeﬁmpmp_ermeg/of said

Saio g L sbe Presanl MEierton. TS sofhb BRI Brale
?)‘ﬁ%%a&@l(lﬁétl@f)rdﬁ@hé@%md%asﬁarbhetd)ﬂ%s@ﬁérmwe%balcnhemlst
be apparent to the pharmaceutical chem st,

u ee thosmm; are @DnstOéICrﬁmiﬂ’lakp@SseF@ ieh phesmagekingtic properties

BRI Sl B b2 R, ER PO AR B R anc

GEXERAIBNI SOty fadtofsa iedrapracticah i natueithet ae aaso mepoftast in the
woul d be apparent to the pharnmaceutical ¢he

iselectiontase €oshaf rayy matenials.gase @chHYSEtﬁE'FaM%%IQ sigbiity.

e f
BUBLIRERIETad 1BUABRY, b the e PGB ICaRIY, IhEon, 1
Je%cepmbm siﬁlts oftdreoxylatasdnsludesodiym godtbssilin, catwitm ramd
ﬁra%mé%u@m?ﬁén’w@gé’gfgﬂftablééﬂf‘?nlp%%et‘éﬁﬁclﬁ% BydrobRSic]’
ﬁéﬂp(? #)H h%d H[?‘?ﬁcﬁ&:cﬁldéig s@Rstid, nenefl \‘drﬁﬁrl@fméhﬁ tartatic,

fion, acceptable salts of
crnirlbp!xsnzm(asnan«tdalm meﬁbdmesqlfopm, di)s!droﬁ’tha@eﬂtdﬁoum, and

::[fgg\ggs' S CE’IIC % allc(::3 Spammc%%%%'h%éigrtﬂesou onlcS l ‘Eo?uen%%wgﬁc
cyclohexanesulfamic and saccharic. Examples of suitable esters include such
esters where one or more carboxyl substituents is replaced with
p-methoxybenzyloxycarbonyl, 2,4,6-trimethylbenzyloxycarbonyl,
9-anthryloxycarbonyl, CH3SCH,COO-, tetrahydrofur-2-yloxycarbonyl,
tetrahydropyran-2-yloxycarbonyl, fur-2-uloxycarbonyl, benzoylmethoxycarbonyl,
p-nitrobenzyloxycarbonyl, 4-pyridylmethoxycarbonyl,
2,2,2-trichloroethoxycarbonyl, 2,2,2-tribromoethoxycarbonyl,
t-butyloxycarbonyl, t-amyloxycarbonyl, diphenylmethoxycarbonyl,
triphenylmethoxycarbonyl, adamantyloxycarbonyl,
2-benzyloxyphenyloxycarbonyl, 4-methylthiophenyloxycarbonyl, or
tetrahydropyran-2-yloxycarbonyl.



20 hydroi odic, hydrochloric, perchloric, sulfuric,

mal eic, fumaric, malic, tartatic, «citric, benzoic,
woandak20s) met hanesul f oni ¢, hydr oet hanesul f oni @CT/US2003/027461

benzenesul foni c, oxalic, panvic,

2- napht hal enesul foni c, p-tol uenesul fonic,

cycl ofmpegstesidbt e ®ased onareliard © fifkkasbligdn ek least one
sui tabl e esters include such _esters where one or nore

cantpexyd reasting theesnesificatioapoheagh wrevises

p- met L I . :

Denzy oS FRERETPSERIT R mta fulrb bl o Heseibertif.
Exahipldy d—48fandrSéherhex 64, artband seleeteddrdmdhe greuyp eonsisting
n-2-yl oxyca rbo nyl, fur-2-ul oxycarbonyl,

®&nzoyl met hoxycar bonyl,  p-ni trobenzyl oxycar bonyl ,

yridyl met hoxycarbonyl, coMPOUND
,2,2-trichl oroet hoxycarbonyl,

2,2,2-tri bronpet hoxyca nyl 0 t-butyl car bonyl.
1 2y 1SRG BERG A0 PR ety RORG b Ry et arione,
tri phenyl met hoxycar bonyl , adamantyl oxycar bonyl,

22 be ng\H-Beyahinig bzaly2-yhibefinyl-piperazin-1-yl)-methanone;

4- et hyl t hi ophenyl oxycar bonyl, or tetrahyd ropyra

N3 2- y [ 1PpeMzb A bzolR2 -V (30RhORZIPE faZ-TAER{EIRAREHE 6 1

The provisos are based on a failure to find activity

i pat , ' A i .
Acn (VRS EARP Y4 TREIRA g R-RBRR o BRRore:
made as described in_ Exanples 1-45 and Schenes 1-
ahd aflél-@@m@amﬁaql%mﬁﬁl@o@ﬂleﬁﬁldc%m%nw aioa; bigyCiof2. 1]oct-
COVP A W-arfide ! | |
enzorm dazobl - 2-yl ) - (4- net hyl - pi perazi n- 1-yl ) - met han

ope; (RChloro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
H Benzoi m dazol - 2-yl ) - (4-et hyl - pi perazi n-1-yl)-net hano
ne; 3 . _ 3 .. oov\oni a4\l .
(?H— B 5n§; (glll%riod1af%l gle_n 59%"9%%!-2%'2 ;/ple-rgiZIBQr glzrinrc]a zchla_n;)ln)e_, nmet h
apone; 1 - . . )
BenkS IR Hibengpimigazols- Wy ety piRgisi My mptanone:
thanone; 5 1 H Benzoi m dazol e-2-carboxylic acid
g 8- ngFD'ﬂuamﬂ birhareosnigazold-ybH(4-rsetfivl-pieramn-1ayl)-

5- Qro-1 .
H ben@gihﬁr@ﬁol -2-yl)-(4-nmet hyl - pi perazi n-1-yl)-net han
ofte;  (5,6(DiIGBtRN A-Henzoimidazol-2-yl)-(4-ethyl-piperazin-1-yl)-
H benzoi m dazol - 2-yl ) - pi perazi n-1-yl - met hanone; 8
( 5- Chmgthgnone;

21;112?” %@b%ﬂgﬁ@q Ffa%ér%zpirﬁfd'é%lt‘ﬂ-lyr)[{bprﬁéﬁﬁ/il-Bihb'ré(iiP\-‘1r1ﬁ§-h an
H b,enﬁ@itrm'n,tﬁml -2-yl)-(4-nmet hyl - pi perazin-1-yl)-
12 (5,6-Difluoro-1H-benzoimidazol-2-yl)-(4-methyl-[1,4]diazepan-1-yl)-

methanone;

13 5,6-Difluoro-1H-benzoimidazole-2-carboxylic acid (8-methyl-8-aza-
bicyclo[3.2.1]oct-3-yl)-amide;

14  (6-Chloro-5-fluoro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone;

15  (6-Chloro-5-fluoro-1H-benzoimidazol-2-yl)-piperazin-1-yl-methanone;



met hanone; 10 (5,6-Di fluoro-1

H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazin-1-yl)-
worbhianzwe; 11 (5,6-Di fluoro-1 PCT/US2003/027461

H benzoi m dazol - 2-yl ) - (3- et hyl - pi perazin-1-yl) -

met hanone; 12 (5,6-Di fluoro-1

H‘Gben@cmdié@ﬂu&‘oﬂBlbéﬁz@’ﬁilbdiol{zlylﬂ@na?é‘thplam A digzEpan-1-

nmet hanone; 13 5,6-Difluoro-1
l—l—bervi)onwﬂmfmee 2-carboxylic acid (8-nethyl-8-aza-

cyc)?. %tﬁoé- ﬂ]ug% 1%[Béﬂzoﬂmo%§olelf carboxylic acid (8-methy!-8-

H- bﬁr&@.myl@lé[ﬂzajgﬁtés-ﬂl)’tgnﬂé]yl pi perazin-1-yl)-

nmet hanone; oro

msben(z‘igch;aza;mezhxmﬁ %@la&q?a?oi Y )-fstnetdrRiperaginglyl)-
2004/&]@%%%% gCT/ US2003/ 027461 16 (6-Chloro-5-fluoro-1

H benzol W 0azbl - yl)-(4-methyl -[1, 4] di azepan-1| -

W) - nE3-Caluros- ranh;ﬂ-1(Ehbenm|5Hdazmd>-r29yl)I:plperazm 1-yl-methanone;
H benzoi m dazol e- 2- carboxylic acid (8-nethyl-8- a za-

?8 C?étc:)ro- -Ilm-ﬁeﬁZ&i”ﬁd%‘é'ylytg‘"ﬁhﬂ%ipél%zm-1—yl)—methanone;
:2;3? ﬁgﬁ‘gﬁiﬂy ‘%&(@%&hi g{p’gi_gnn%bWi/:lﬂlif%%{)%iidg'zél'—é{-ly?):methanone;

H benzoi m dazol - 2-yl) - pi pera2| n-1 K - met hanone; 20
(22- Me(éhMemyl -1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;

H benzoi m dazol - 2-yl ) - (3- et hyl - pi perazi n-1-yl ) - et han

Q3e; @MdtHylEtf%bnmmﬁdammw)-plp)erézsnmsylhmbthahone
H ben20| m dazol - 2-yl ) - nmet hanone; 22 (4- Met hyl -

F4beng( 3\@5?’%@ %&1236@1@%%0@@;&.%%&@9@ LEwi @- r%emymr@gehan

one;
H- ber mmo]o&-@yl)-amlcteram n- 1-yl - met hanone,;

(2'@“”25%\%%&?’2@5%0@%&%%% Zoaltane 'c’gsiﬁ;sar%'ﬁﬂwés -

5- Met Ly e- 2- car boxyl ic acid

(8-me t?%?l %']}/Qi is’ ]oct-3-yl)-am de; 26

(2B l\/b(&MethylHM@nmolmldamHZ—ﬂ) y4 )ne(thylpm'pal;azin-1 -yl)-methanone;
pi perazi n-1-yl)-net hanone; 27 (4-Methyl -pi perazin-1

-rgéﬂt ?qég%h/géth{/ll-piﬁel%&m-ﬂnyﬁt(BycHﬂu&oﬁ&ﬁ?lzﬂﬁlﬂeiﬁ@éﬁhidazm@-yl)—
methénone;
28  Piperazin-1-yl-(5-trifluoromethyl-1H-benzoimidazol-2-yl)-methanone;

29  (5-Fluoro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
30  (4-Ethyl-piperazin-1-yl)-(5-fluoro-1H-benzoimidazol-2-yl}-methanone;
31  (5-Fluoro-1H-benzoimidazol-2-yl)-piperazin-1-yl-methanone;

32  (5-Fluoro-1H-benzoimidazol-2-yl)-(3-methyl-piperazin-1-yl)-methanone;

33  5-Fluoro-1H-benzoimidazole-2-carboxylic acid (8-methyl-8-aza-
bicyclo[3.2.1]oct-3-yl)-amide;
34  (3H-Imidazo[4,5-b]pyridin-2-yl)-(4-methyl-piperazin-1-yl)-methanone;

35  Benzooxazol-2-yl-(4-methyl-piperazin-1-yl)-methanone;

10



28 Piperazin-1-yl-(5-trifluoronmethyl-1

H benzoi m dazol - 2-yl ) - et hanone; 29 (5-Fluoro-1
weékbwanzzicon dazol - 2-yl ) - (4- et hyl - pi per azi n- 1- yPETroSR (0027461

one; 30 (4-Ethyl-piperazin-1-yl)-(5-fluoro-1

H benzoi m dazol - 2-yl ) - net hanone; 31 (5-Fl uoro-|I

*Zalg bg lﬂ(ZiOM@th%%@hzaoxézbi Pipeiamictyl-piperaginbapneethddone;
uor o-

Se: "EAR R coRaA B TR eI - dhemBRbRE]
%&”ﬁ%%@ﬂ%{l%ze%zamaﬁ?'a&h Qﬁme}éﬁ@'%@%w1—@1?"—;5@@@%!*&;

yl ) - met hanone;
Benzolaaza:thlazoyﬂ-qu methyltpipéeematiyh-rbetnanomet hanone;
10 WO 2004/ 022060 PCT/ US2003/ 027461 36

net A {?g%énﬂ%ﬂﬁ‘mbéﬁiﬂmﬁdéﬂda(ﬁ) -pehiathylipipsraginl nyf= y1 ) -
( 5- Menétnanbeezooxazol - 2-yl ) - (4- et hyl - pi per azi n- 1- yI)

th - - _
- a&ﬁ(}‘ﬁl%ﬁ%eﬁaé%mdﬁﬂ'? remety-aipgariss -y msthnone:
th
« ggnzg?‘l?lp/;iwl mo@rrazmﬂ st Apitrerl hebanzaimidazcl-2nd)-methanone;
40 (5-Benzoyl -
H3ben(’mjﬁ\f’fiiﬁl@-ZIH—bénzdit)ﬁdaﬁtoﬁetyhy(4~mwwl@i;beraiin-y-w)-methanone;
mst hanone; 41 (4-Chloro-1

b SR Bpa BermiolA Mk BThiubolls DL @Zh S YfobraZA 1041

one pi perazin
H bennethandazphn@- yl ) - net hanone 43 (4- Amino-1

2%26”60 %ﬁgbﬁgg%@%ogﬁ ”e&E ) 8' Eera Iypplpe¥a2|nqeylpan

H be Iéyl) (4- met hyl - pi perazin-1-yl)-

nmet hanon and 2 C (5-Chl oro-1

H- benzoi ni dazol - 2- yl)-C (4-nethyl - pi perazin-1-yl)-

met hyl epneam ne. Addi,tional preferred un 0 .

For mADTRa refeied soBtaurRs 415 oriuie YRR AR Hccording to
Ré BORheft hétABEs bltlinea WS%hérr%sa’flﬁB @rﬁ@ afebeletrd fomrthe
the “group consisting of: EX COWOUND 46

i mm;lat(lzlmg)olf.L 2-yl)-(4 [ 1)
nzoi m dazo y azin-1-yl)-
:E%ﬁanone 47 (4 Met hyI p:‘mégam n- W/I )-(5-nitro-1

H benzoi m dazol - %/ - et hanone ) )
( 96F| lﬁéﬁ;thhJ@g@-ﬁ(ﬂ qnzmmldazol 2—yl) 4- methyl-plperazm-1-yl)-

H- ben%ﬂéf?}‘aﬂgﬁgj -yl)-(4-nethyl - pi perazin-1-yl) -
47  (4-Methyl-piperazin-1-yl)-(5-nitro-1H-benzoimidazol-2-yl)-methanone;

48  (5-Fluoro-4-methyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone; and
49  (5-Bromo-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-

methanone.

Other preferred compounds of Formula | are made according to the
synthetic methods outlined in Schemes 1-3 and are selected from the group

consisting of:

11



10

met hanone; and 49 (5-Bronp-1
H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazi n-1-yl) -

worbhianzwe. 5 Ot her preferred conpounds of For rRQTASk003/027461

are made according to the synthetic nmethods outlined
in Schenmes 1-3 and are selected fromthe group

cpRrsi sting of: 11' WO 2004/CQRMEOUNOT/ US2003/ 027461
EX COVPOUND 50

(o0 S bRORATIREIR A AR ALy b 22

H- benmtmadaﬁgl -2-yl) - (4 nmet hyl - pi perazin-1-yl) -

nmet hanone; 52 (5

Fﬁ@eniﬁﬂwwﬁ%tbﬂ B Pz ol v eretbyhiiperagn-1-v:

et hapone. 33 5- Met hoxy- 1 ‘

H ben20| m Hazol 2-yl)-(4-nmethyl -piperazin-1-yl)-

m&2hafseeDindathyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
(5-Cnl ortggbenzooxazol -2-yl)-(4-nethyl - pi perazin-1

-yI) MeeNEABRe; 55
( §3E' gg\geﬂﬁssa%q@ssér%r%rddzbt-fz"wmtnwlthwpn%razmm Iyl ) -

( 6- FI umoethabengooxazol - 2-yl ) - (4- met hyl - pi perazi n-1-yl ) -

(87 %ﬁﬁﬂewﬁgm&s@z%wﬁw?the/hpwg{%in-1a('}s@}eé%fﬁoqe'
t

)(/E%Nenﬁﬁyﬁall&;%;@ergppxaaol;ﬂ-ybﬁmeﬂwl—mem Aodymsthsnniies

zol - 2-yl)- nethanone; 59

( B6ChI (8RB Avonzgdl-RylH(3 méthmepnbwazﬂn ne pariethdnore);
-rret hanone; and 60 (4-Methyl -pi perazin-

1
f857t bh‘fuo LARBS 0P8R @hﬁ%ﬂfvl\ﬁﬁ) %n-ﬁ{)-@ﬁé‘tﬂ%ﬁone;

1"'ow ng errrs are defi

usage thro out sur ' | u

s@sg. 4ﬁtM@%§Pwp§wnmy ALRetTRp et nab?f%oﬁ’% st
5 one Q¥ r‘aﬁgﬁg renoved to forma radical group. Al kyl
groups i nc e met hyl ethyl, propyl, isopropyl,

b59yl (5+G,rdbm-benzctth||azob/2-,yl)a(4ﬂ'eetiwl pmnglzm 1p3§hm&thanone and
i sopentyl,

60 (4-Methyl-piperazin-1-yl)-(5-trifluoromethyl-benzothiazol-2-yl)-

methanone.

The following terms are defined below, and by their usage throughout
the disclosure.

“Alkyl” includes straight chain and branched hydrocarbons with at least
one hydrogen removed to form a radical group. Alkyl groups include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, 1-methylpropyl, pentyl, isopentyl,
sec-pentyl, hexyl, heptyl, octyl, and so on. Alkyl does not include cycloalkyl.

“Alkenyl” includes straight chain and branched hydrocarbon radicals as
above with at least one carbon-carbon double bond (sp?). Alkenyls include
ethenyl (or vinyl), prop-1-enyl, prop-2-enyl (or allyl), isopropenyl (or 1-
methylvinyl), but-1-enyl, but-2-enyl, butadienyls, pentenyls, hexa-2,4-dienyl,

and so on. Alkenyl does not include cycloalkenyl.

12
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sec-pentyl, hexyl, heptyl, octyl, and so on. Al kyl
does not include cycloal kyl. "Al kenyl" includes

wero@iogieo chai n and branched hydrocar bon radi caCs/U82003/027461

above with at | east one carbon-carbon doubl e bond
(sp2). Alkenyls incl ude 10 et henyl (or vinyl),

pr op- 1ARBYY" m@lU@@s & sﬁ ht(dh%un’ibi tanchid @iikyp grsug witha términal
met hyl vi nyl) but - 2- enyl, but adi enyl s,

psygemijniing H@(alkzl guroapéﬂwe resi o the Mstecule. k‘élhg?xy tigkides

B0 sfipos FidB. RioRe, Hilrd Eoloxy g andisg on

E‘Aﬁnﬂiﬁp{,’edthﬁé{m{r g,tnﬁuBuMmr:ylal?yIE ﬁremn?lbgousgfalkbxyl,mpgacmg
e a roup to the res e nol ec
thﬁ:mﬂ@yéa Q%%fﬁﬁgﬁom ﬁbﬁwctwgypﬁgg(gw\llg) ) and SO,.
butoxy

i oty 'u%’efﬁ"?%@?ﬂ PROIgRY SARRERl Ky clonexy

aydxlohgptyt eqybhmctyg dnd $eeoher mi nal oxygen at om of al koxy
W th, .respect

voycl odpley ||nc||1'1(¥eéi MSHE@ST% M%W? anaﬁqq}%mreferably fluoro or

%Mgrgpent yl, cyclohexyl, cycloheptyl, cyclooctyl, and
so on. "Hal o" includes f1 uor o, chloro, brono, and _
i odo, “Batiend! of &audigal” includes nnammsis sueh agdunrens anmd animals

r "subject" include mmal s such a .
parsicets. fapeds otk E0HTR B, il g BiRASs ffthoeo of
RBBcRAIBA, BXpeithest) treBtniGRbrPrevemtidr Maldndection with the
experl rreni treat nent or gejeventl on in connection with

rélevantdigeass ottenditien. diretasabiyi trtﬁqpatmiﬁﬂ%aMr@an t he
'8 gfn')f.niip @H@%Hﬁg&lﬂﬁgo%ﬂ %dgtfrcggl i n@ﬂgﬁﬂ%%g%cﬁfeﬁq%ltedlents in

G 8péLifdd afmaLNts ag weledd ams protjucp thed meatultsfmteotlgmhmd;rectly
directly or indirectly  from conbinations of

Srose combinationscitae spesified noredients ﬁnébeaﬁPﬁeﬁlﬁé an‘r%nts
o oo aqIEEedRpATIE 20 BEacRICSEERE gy BIRaRE LGBty

eocadsesdvittin the skitt bé theesart and/onthatpdresdaseabed o trtej\sciTemes
nds, herein, starti

b h
AR SR et e | SRRIBNaE YedPhy AR Harein, starting
%Pl?% rﬁ‘al?%te' ér‘rl@l'&&éd tﬁé’c%@rthg%lf rpatdly 883@&1‘@@&’[%&’&3

or w protectron as appropriate. ~ Alternatively,
|thowgiytPcaereaeheB sahgmeovitnpt withoutrprotestiphaseapifroptiate.

t el desired substltuent bl e y
Alriaiew, B8V et auo Bbby o a0 g Ry
[RRIred 8% bastudRB LRkt e gMiuphthbh maasd 6é¥i||e§ thedughiBBtreaction
scheme and replaced as appropriate with the desired substituent.
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25 13 WD 2004/ 022060 PCT/ US2003/ 027461 SCHEME | ~B~
NH2 OH+ B *B~ OH 2 P." Ro-4 B~ + x /pH30 Ro-4B

wa 2004/02B60 NH2 HO v ~B H Al oxidant 1) coupl i RQTAIS2003/027461
chlorinating B B~ NOagent 2 B~ 04 04 ~i CN °
10 R RB 13 HNRO 2) HNRBRO BBB HOH R8 ClL Bl 5
Referring to Schene 1, th@HEKE fli scl osed the
foll owing notes and additions. The starting materials
and HNRBRO are commercially available or their

synthesi g is whthin thg skill of the art. SCHEMEZ 10

i N2 WA M B R G411 -cOR R 0,4- B B)
i R —

NHZ 79 CCLB B A A2 sglorent™ T N QN 04—
~pi NH, HO

N N
B B N
Al
l oxidant
1) coupling or
B o chlorinating 5 \ o
~x—N agent B N
B Z _p9 ~ OH
SBETN TR o) iR 8"
R
Cl B1
5 Referring to Scheme 1, there are disclosed the following notes and

additions. The starting materials and HNR®R® are commercially available or

their synthesis is within the skill of the art.

SCHEME 2
10
B
B NH 7 N
- 2 NH B
R ——'BI— h + — R \>—CCI3
il B\B1/ N
~BY ONH,  Meo CCls H
A2
wet solvent B/B\ N o)
> R%0a—— I \>—4 o
HNRER® B<g” N N—R
H F|{8

Referring to Scheme 2, there are disclosed the following notes and
additions. The starting materials and HNR®R® are commercially available or
15  their synthesis is within the skill of the art. Starting materials are condensed to

produce benzimidazole A2. The chlorine atoms of benzimidazole A2 are
14



2B\/ 9 H\R8 RO R0o-4 BB~ NNRHR8 B2 Referring

to Schenme 2, there are disclosed the foll ow ng notes
wana4/azdot i ons. The starting materials and HNRERIS208/027461

commercially available or 15 their synthesis is

within the skill of the art. Starting materials are

paIHess Byl chAdenstiopavilieths séstntahearkine With cohlcenitaat

atonms of " benzinmi dazole A2 are 14 WD 2004/022060

hgrivalysi® essuttinois formpatipmeterppours Ben Laped Mields af ¢gnapound

C r : e ;
FEY R AigR Widrd S NBERALS pati; G288 icElddation
BAdMrdigsis beadtiond. \Brétablamiid atjuegue baseb ase 2NsKpGOg, 2N
in the condensation and hydrolysis reactions.

5 #laHGEsd-ANINeQGuEus bases are 2N K2C08, 2N 5 NaHCOB,
0.1 N NaCH, etc. SCHEME 3 B, - CNH2 Bi NO R2 0-4 B
+ (MeO) 30002Me R20-4 B >40W ~B YH B Y A3 Y=S,0 0, BN
O HNRBRO R20-47-ii- \% sS@EAEMBBR8 B3 10 Referring
to Schenme 3, there are disclosed the follow ng notes
and additions. The starting materials and HNRBR9 are
com“rerm}”g |y Amail able or their synthesi SBI/SB\WItNI n o

t he,skigl Bf th t. 2 B
%20-4_5:81 Hg <E‘l{/leO)g,CCOzl\/'Ie —> R0-4{3: j:\>—<

7y ~g” Y OMe
A3
Y=8§,0
89 R 04— I >—<
HNR'R B g Y N—R®
Le

B3

10
Referring to Scheme 3, there are disclosed the following notes and

additions. The starting materials and HNR®R® are commercially available or

their synthesis is within the skill of the art.
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15 WD 2004/ 022060 PCT/ US2003/ 027461 SCHEME 4 ,B CNH2
NH 2 g~B~ N R20-4---41- \ + Ro 4 n CC3 B~Bg NB

wOl4e106CCI 3 H A2 H N R8 RO g N NRZ 30- R 2 8C#/US20MBp27461

Bl-~-B1 NNR9 HRa B2 Referring to Schene 4, there
are disclosed the follow ng notes and 5 additions.
The starting materials aresclgpgnged to form

benzi m dazol e A2. The chorine atons on benzi m dazol e
A2 are replaced by condensation with a secondary

am ne with concomtant am nolysis with a @ri y am ne
to foraPeheNteonpoundyHB2. For goods_yi & dsS ompound
Bﬁ%o_‘,}-%e sgcondary anijne shourd e %G@' bej or I3
pri maky 'n?_[ 10 T xpressi on of the W4 re ptor in
i mune” Bel | &2 ¥eQdi ngCEbrre | eukocytes and frast
cells, establishes it as an inportant target for A2
therapeutic intervention in a range of inmunol ogi cal
and i nflammatory di sorders (such as allergic,

chronic, or acute inflanmation). Specifically H4
recq_q)NQBRbi gands are o e d t NRfe useful for the

t reatnent—ok prevefitipn of varidus mammalian 15
d! serﬁ tates. Thus,B fng tR—td¥e invention, the
di scl 8s conmpounds, where pantagogi sts of the H4

receptor, and conpositions are useful for the
anel i orati on of synBRons associated with, the

treat of the prevention of . .th ] ow

condi tRORETEHS Sres 4o rRrs kel iey R el kg Hts and
arddiiBhs. 2EhdSRfHirRP inBteridls AFREehderednbifbirh benziraitakoleeA2.
colitis, Crohn's disease, inflammtory bowel dise

nhe chnrinesatosrsoen bengimidazple A aierrgplasedy @?rymsa%gr? with a
rs'?aicr(])%ial%f amine with concomitant aminolysis with a primary amine to form the
compound B2, For goods yields of compound B2, the secondary amine should
be added before the primary amine.

The expression of the H, receptor in immune cells, including some
leukocytes and mast cells, establishes it as an important target for therapeutic
intervention in a range of immunological and inflammatory disorders (such as
allergic, chronic, or acute inflammation). Specifically Hs receptor ligands are
expected to be useful for the treatment or prevention of various mammalian
disease states.

Thus, according to the invention, the disclosed compounds, where
antagonists of the H4 receptor, and compositions are useful for the
amelioration of symptoms associated with, the treatment of, and the prevention
of, the following conditions and diseases: inflammatory disorders, asthma,
psoriasis, rheumatoid arthritis, ulcerative colitis, Crohn’s disease, inflammatory
bowel disease, multiple sclerosis, allergic disorders, allergic rhinitis,
dermatological disorders, autoimmune disease, lymphatic disorders,
atherosclerosis, and immunodeficiency disorders. The disclosed compounds
may also be useful as adjuvants in chemotherapy or in the treatment of itchy

skin.
16
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der mat ol ogi cal di sorders, autoi mune di sease,
| ynphatic disorders, atherosclerosis, and

woOrmmurezhebi ci ency di sorders. The di scl osed conpouugs003/027461

may al so be useful as adjuvants in chenotherapy or in
the treatnment of itchy 25 skin. 16 WD 2004/ 022060

PCT / USQ@@@dtQ%Tﬂﬁalmvéamﬂr&lLMe (ah@ pharatzceQificAldnstssition

har maceuti c onposi tion conprising a conpound
3%?’%9&1 qqrylpow?f? eh‘t%rmu l3y{d) OF PNErUrPREE RiGHpHet gempounds as

d

cﬁ?ﬁ"’&?eﬁ obfid ftierfhRgBliERRHLdePRI ARFEIY Fackaged
pdmgrmnmmisnmgim )ca)pbalshac'e:uhicabmrpnpsmnm gonprisingnal compoaund of
fP % n am%gargaﬁleutl ca acce tabl carrier,

alegm eticallyaaceRiAN S FaNrieh: f'n§t&|'<‘d'°ns for
cm@r%wsg@t.aﬁroftsam &6rﬁab§'iﬁ8ﬁ f&*th@&l%‘é%%h?ﬂr s&i@@nbﬁ of an Hy-

medi at ed di sease or condition. The invention
pmediated dsease lmpdonditionr eat i ng an H4- medi at ed

dit t d | Si .
adni ni LR gl BlseaioyictS d methe! fon dARtba i Bamepiated
e¢drifidn/R aﬂﬁawéﬁt §éld&ném%nﬁbﬁ§hg¢aaﬁfm§!éﬁi@|g% the patient a
conmpound of  fornula (1) and other disclosed or

mf@rmaceatl@ajwpﬁffﬁﬂiwe graeurs el it ampesiton camgrisingna compound of

R A TR Bt SRR, By gramoe, e

adveﬂitidﬁ featurgs tometidomr treating ahhﬂi{ meeRiéd eahdtition in a patient,
effective H4-antagoni zi ng anount of a conposition

3P Mmethag campsisisLadmatistening foheupationt g phareaseugieally
S BN AL 4% BEAISRn g Y rnpund o

cforrpulm(di)to actlvely turn off a receptor that

di sp nstitutive aCtIVI nstitutive activity

can bgfl.ed% etiafen antageast Sia o a\PéOfﬁamd by PAdaVarse agonist.
r

e B e A confbURER} actiely B offa

beceptoa thatidigplays epustitativegactivity.e Cinstitudive activibiPcare belidentified

3o 'Bls Brerae Tean eetn ofSannedbe Huhdh @@3@%@?@9
VEbhstRiiRR ativitp\wah b"e“t%a%ﬁﬁé@' 15y é‘iérﬁfnlﬁ IRels or by

treat ment than non- expr essi ng cel gC)Jorrpoun ds t hat
beRaswinga Fﬁpca’gefrgaftessamsﬂivedoscé\l\&l I@@t@ aﬁehaltspatmmt with a

ey I ORI G RN
weképides @illigingsiagd edweycAMP levels after forskolin treatment than non-
expressing cells. Compounds that behave as H, agonists will dose-
dependently lower forskolin-stimulated cAMP levels in Hs-expressing cells.
Compounds that behave as inverse Hj agonists will dose-dependently
stimulate cAMP levels in Hy-expressing cells. Compounds that behave as H,
antagonists will block either H4 agonist-induced inhibition of cAMP or inverse
H,4 agonist-induced increases in cAMP.

Further embodiments of the invention include disclosed compounds that
are inhibitors of a mammalian histamine H, receptor function, inhibitors of
inflammation or inflammatory responses in vivo or in vitro, modulators of the

expression of a mammalian histamine H4 receptor protein, inhibitors of
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stinmul ate cAWP | evels in H4-expressing cells.
Conpounds that behave as H4 antagonists will bl ock

weizbdagr2déd agoni st-i nduced i nhibition of CAVP 8CT/US2003/027461

i nverse H4 agonist-induced increases in cAWP. 30
Furt her enbodi nents of the invention include disclosed

E)BIW%PBHénGHéér le@k6cyt8 RicEVAtRSTSinOfivao M Witb] éncombinations of
i stam ne H4 receptor function, inhibitors of

the abeyatanshcasrespendingnmebiodsrefdpraigest.infophylaxisr ane

vitrao, . modul at. 0 j f manmal i an
s matrise it boe S s RO pBind o1 o
2004/ Q2396 QkMAed/iNGZOaRAMIR BéGble fotyteamire mecoriig to known
| eukocyte activation in vivo or in vitro

ceptbpadtthemppsapriate dosaae &or 3 Ratieny T«aé%rpﬂaiﬁ]&q? rﬁscwtﬁaa@rs such
; ot . \ . FEs

oh AT, oo AT RN e ARG ARRSRISHERIRY $48fom. anc

e ﬁm;jsldncbﬁ)f olther rhedi_dati@msgi Imegerearab adiefpctive lanwyuntvill be

Betwsis bslinend 1000 mo/ka Be dak Bigerod thvegaHE AR 3Ub mark

rl‘)%ﬁkftwrbi%ﬁth 8n# segﬂ%%ségé@gﬂn@e b8 10 aht SROERY foR8A adult

the’pre 0 t medi an

ence her cations. In general,
slibjsct of roanaluweighi. | Capsulesdabletsonoiber deraulaionsipuel as

Rehighnaflirecated Wk FESnpe or aMes e P 2andRE ks as 1,
&2 5|f 90, ¥ 2slgs 5@9%@,@{) Btd, Pld TOU ARY anEtahbe drpisigtesd

tablets or other formul ations (such as |iquids and
faccordingtaethet diptlesed maihods of bet ween 0.5 and 200 ny,

muEh st ke b Bl B W,

digrieb0s eRdinzedsoudetdEolutivng drney sispensiondeahd plaedrsteral
capsul es, ﬁl||s, powder s, aranules, 15 aqueous and

isohigns nackaged inseoniainers adapted fopswkdivigion igipyindividual doses.
t | uti in_cant ai .
ERLRE5i o pHARRISE 0 55Ut M 8P flovaton

finclo8ingadnéoied bsieastafiratliftivnsy sucivas sobtitadeoas implants.
adm ni stration i ncl udi ngqjcontrol | ed reL&@?gvenous

siminisitationgnetood in@ude BEal« RtRl RATERITA

mrﬂ@&ﬂ?ﬁ '(s%BcGFaBQB%) ikt di@c@rr%ﬂ,%traﬁ?@ﬁé‘l', intraperitoneal,
parenteral 'Cintravenous, I nt ramuscular,

Indpavesicet dosil, (drops; poinsiess, rmihtments rgalagr negam), and by inhalation

i ntraperitoneal, ntravesical, l|ocal (drops, powders,
d?rﬁ%ﬁﬁ%‘ﬂ”?@%p@y&cream, and by inhalation (a

buccalpgg féﬁ‘él%rrﬁﬁ[a%?\ inci @ pRadhadeticHiphEGdtable aqueous or
i ncl ude pRar naceut | ca ?y accept abl e aqueous or

nonaqueous solutions, dispersion, suspensions, emulsions, and sterile
powders for the preparation thereof. Examples of carriers include water,
ethanol, polyols (propylene glycol, polyethylene glycol), vegetable oils, and
injectable organic esters such as ethyl oleate. Fluidity can be maintained by
the use of a coating such as lecithin, a surfactant, or maintaining appropriate
particle size. Carriers for solid dosage forms include (a) fillers or extenders, (b)
binders, (c) humectants, (d) disintegrating agents, (e) solution retarders, (f)
absorption accelerators, (g) adsorbants, (h) lubricants, (i) buffering agents, and

(j) propellants.
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nonaqueous sol uti ons, dispersion, suspensions,
emul sions, and sterile 25 powders for the preparation

wohew@matoco Exanpl es of carriers include water, PerhanmB/p27461

pol yol s (propyl ene glycol, polyethylene glycol),
vegetable oils, and injectable organic esters such as

et hyl Gain@@és%or@ Miadidlso eatalteadiBiantaisuer dyprebBing avetting,
of a coating such as lecithin, a surfactant, or

emulsifiing, rancdippensing eeenisa anfimicsobipb agertssuckras payabens,

P BB Skl bh bk 5] 89 e o

s68ins ch|6ﬁ)1eS@bsdrpﬁmmpectlenghagsagehts) suetba@ aRfrmiaom
accelerators, (g ? adsor bant s, | ubricants, (i)

maasteargieges gelatighand @bfomt@ﬂe@n%ﬁ‘@ﬁ"g agenip

2004/ 022060 PCT/ US2003/ 027461 Conpositions may al so
contai n adjuvants such as preserving, wetting,
emul si fying, and di spensi EXAMRLES; anti m crobia
agents such as parabens, chlorobutanol, phenol, and
sorbic acid; isotonic agents such as a sugar or

%{{_{;ﬂ B%Sé?fnhéﬁal absor ption-prol ongi ng agents such as

nonost earate and gel atin; and
absor MMBrspentrawmrag)tagleadsan mmmmer anal HPX400 (400

GHIELL T b il B S, B e SO e

%%?d%/& {9 'Eﬁbﬁf' cal Ehﬁt f’\odrifﬁtdoWn fidle oighé\wﬁ'aﬁﬁétﬁylshﬁh@\‘efeﬁence

chem cal” shif pm down fi el
t(emitmheltmaoypllmeon@taatémbiz integratign). ci ty, coupling

const t J in,Hz, int 0 t :

cbt ai AEEscrPeReApIeo R L4 ABRREEAES 1 BISD using
| &SIspraY RMiZaidh 1EB81)IR dithSt positive ot hegaﬁxmsniddé%wmdlcated
negative ‘node as indicated. The "mass cal cul ated" for

d heolneass ealcylatet) for a malerulaniosnyls isihe merRajseiepio@ass of the
Rever sed- phase HPLC 20 Reversed-phase HPLC

Cg’ﬁg?ﬂ%gjh times are reported in mnutes, using the

met hod descri bed below. Instrunment: Glson 215 Mbile

Phase: Acetonitrile (0.05% Trifluoroacetic Acid,

wed-ahasg biRbSD, TEA)

Reversed-phase HPLC retention times are reported in minutes, using
the method described below.

Instrument: Gilson 215

Mobile Phase: Acetonitrile (0.05% Trifluoroacetic Acid, TFA)/Water
(0.05% TFA)

Flow rate: 25 mL/min

Gradient:

1) 0.0 min 2% Acetonitrile, 0.05%TFA

2) 18.0 min 98% Acetonitrile, 0.05%TFA

Column: YMC ODS-A (5 pm, 30x150 mm)

Temperature: 25°C

Wavelength: Dual detection at 254 and 220 nM.

Normal-phase Silica Gel Column Chromatography
19
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25 Flow rate: 25 nL/mn Gadient: 1) 0.0 mn 2%
Acetonitrile, 0.05%FA 2) 18.0 mn 98% Acetonitrile,

wO0 208%@2E80 Col um: YMC ODS-A (5 m 30x150 mm BOT/US2003/027461

Tenperature: 25 C Wavel ength: Dual detection at 254
and 220 nM  Nornal -phase Silica Gel Columm
Chr onifopgERPRYsd SoMRRORbhZB8EPh Y G B Ihédalsing 1ISCO

Nor mal - phase col unm chr omat ogr aphy was acconpl i shed

ngmgoomcaawﬁédoa@syssﬂ@s @nmlwmgmes@/fsth@rf@llowmg

an 0 [ I
PRI Bl 20 idble Phepadey R B SRR Gh 20 (5 0% Biotaoe
of |ISCORENIFEP ERIASH 0B, 12(@ B5 @24099, @5120 g0 g, or 120
g). 5 EXAWPLE 1 CcX ~ (1
H Benzoi m dazol - 2-yl ) - (4 rret hyI pi perazin-1-yl)-nmethan
ral Procedure 1: 10 A 2-Trichl oronet hyl -
en20| m dazol e. Methyl 2,2,2-trichloroacetimn date
@ 22 mmol ) was added to a solution of
|amne (1.0 g, 9.2 mol) in acetic acid (30
vbhl cz:JT s then stirred at roomtenperature for 1

h. vattbr n.) was added to the m xture, and the
resul t ant cipitate was collected. The solid was
washed with water (2 x 30 nL) and dried under 15

\A9BERZoMmRIEZOKE2-yD- @%@tﬂyﬁﬁ?@er@ima-yly “edthanomet hy| -
H benzoi m dazol e, whi was used w t hout further

Ganeralqoceauravk (ESI) mass cal cul ated for

&. II—EEEE %ég%g@f j ? B% I d‘nﬁ’iﬁ %’# 3@991% E?‘% ;rl?ﬂi%eﬁﬂ‘%)ate

(1.89- rﬁL3@ZQrmmbl'))wa§adeedilto Brsotugidnraf phienylenediamine (1.0 g, 9.2
mmol) in acetic acid (30 mL), which was then stirred at room temperature for

1 h. Water (20 mL) was added to the mixture, and the resultant precipitate was
collected. The solid was washed with water (2 x 30 mL) and dried under
vacuum to afford 1.90 g (88%) of 2-trichloromethyl-1H-benzoimidazole, which
was used without further purification. MS (ESI): mass calculated for
CgHsCl3Na, 233.95; m/z found, 235.0 [M+H]". "HNMR (400 MHz, CDCl): 13.45
(brs, 1H), 7.73-7.65 (m, 2H), 7.39-7.30 (m, 2H).

General Procedure 2:

B. (1H-Benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)}-methanone. To a

suspension of 2-trichloromethyl-1H-benzoimidazole (100 mg, 0.42 mmol) in 3:1
acetonitrile/water (4.0 mL) was added N-methylpiperazine (0.93 mL, 0.84
mmol) followed by 4 M K,COj3(0.30 mL). The reaction mixture was stirred for
24 h and was then diluted with satd aq NaHCO3; (3 mL) and extracted with
dichloromethane (3 x 5 mL). The combined extracts were dried (Na;SO,) and
then concentrated under reduced pressure. The crude product was purified on
silica gel (10 g; 4% methanol/dichloromethane) to afford 54 mg (52%) of the
titte compound. MS (ESI): mass calculated for C13H1N4O, 244.13; m/z found,
245.2 [M+H]". "H NMR (400 MHz, DMSO-ds): 13.2 (s, 1H), 7.74 (d, J = 7.3 Hz,
2H), 7.53 (d, J = 8.3 Hz, 2H), 7.34-7.24 (m, 2H), 4.45-4.42 (m, 2H), 3.71 (t, J =
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20 B.
(1H Benzoi m dazol - 2-yl) - (4-net hyl - pi perazin-1-yl)-neth

wanen®22060 a suspensi on of PCT/US2003/027461

2-trichloronet hyl - 1H benzoi m dazol e (100 ng, 0.42
mmol) in 3:1 acetonitrile/water (4.0 nlL) was added

thEH?lmﬁszﬂl@ﬁn aH932 m; (s B 13@rm>MR {400 rawed DS @-ds):
K2CO3 %3 tion m x was stirred
168.1, A45H5, @ Baid Ret2dil| 144, \M?QH EPLES 28-NHdcbet§ 8, 49.5,
) and extracted with 25 dichl oronethane (3 x 5 nL).
e ‘conbi ned extracts were dried (Na2SO4) and then
concentrat ed under reduced pressure. The crude product

o frbﬁ%m%’#%éé&hiﬁ%gc?%é@%%ﬁ?@w%w of the
, itk OXyH m?ﬁﬂ)&ﬁ‘bﬁ%&h?méﬁ mldazole (6.75
(rwrael)l\ﬂ‘dis adﬂ&ﬁaﬂﬁ)‘lasﬁﬁoﬂta{mng lnoH)vaté.r (28 ngld). A H\INa&COrs

gﬁutlog (ﬁg?ﬂﬁi) Wwas @ﬁ#ﬁgg,lb) th%repftlf)p mlgrwré %F@ﬁa&ea(ﬁll 10-12,
%W%B@Q@df@ﬁ/ &WQ@Q ?-21704ﬁ11=noI§ ?hé‘?eaé’t@n m&t&% waéhen

Biewed ta 45y for H25 B Tir@shozt soitgmnlwas_ﬁlzewd _azd tne filtrate was

SRBIRHATRRR e isiaitBiee { Ride 40 oS 4o DN e pr

365@*\6‘6 8az of fe estatirpPwitité 9re¢kﬁp|ﬂate was collected by filtration and
2- Hydr oxynet hyl benzi m dazol e . ) was added to

AnebasRtRles AT EINADIO Gbieleyhe AMennieTmAdiatRr RS EeB): mass

SR il e FohE 5810 DB MR (00

HMALACD;0D):eh )7. 55’*@@1 REHCT Ay, %Xmurzei)was then 10
allowed to reflux for 0.5 h. The hot slutlon was
B.1 ¢1d)-Benzainidaral-2-y(4-npethylRipeazi-4z 10

BN 3 AR o Bt o
warb@olie dchly(3.59 mraol),00-(Frazabennsteidzol-t -yl ) NN, Afrd

araeLDuToNBm bereReaspphasthetn (AT B. S rmadet-pydlos-7-
%ﬁ'&;@éé‘%&ikﬁ%&ﬁ 3.80 Wihol) ERPPmethyidipérazine P.0& Mmol) in
(CINVAF E86 riz o) dejlazmIaeﬁely h')lxt@KB was ljlowpd e istiv ahropny tgmperature

TG St T e
MY dolufidrt Fral3fngiEaokitth 420 HGH; ¥t -y NaNCOY and brlne It was

tetramet hyl uroni um hexaf | uor ophosphat e (HATU,

rthein iried {NedBOx) filteral, apdisongentraigd dp @ btaindre cgicm)product as a
r{/TlrsDcJu‘s oalngvh:llch walé%lu?hgg ﬁzéulb% ée% 49 gﬂgDHé)% fhethanol (2 M

NH3)/dichloromethane), yielding the title compound (1.68 mmol, 47%).
Elemental analysis: calculated for C13H4sN4O, C 63.91, H 6.60, N 22.93; found
C 63.76, H6.79, N 22.87. The MS and "H NMR data matched that of the

sample prepared above.
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DMF (0.5 M. The reaction mxture was allowed to stir
at roomtenperature overnight. The sol vent was

woeomezhsd and t he resi due was di ssol ved i n Et GAcT/USTI8/027461

sol ution was washed with 1 N HCl, satd ag NaHCO3 and
brine. It was then dried (Na2SOQ4), filtered, and
cXAMMPLESt ed to obtain the crude product as a 25
vi scous oil, which was purified on silica gel (40 g;

NYYet pranol (2 M NH3) / di chl oronet hane), yi el ding
@ e conmpound (1.68 muol, 47% . El enental
anal y akcul ated for 013H16N40 C 63.91, H6.60, N
22.93; ((_[ C 63.76, H6.79, N 22.87. The M5 and 1H
NVMR dat a mat'thed that of the sanple prepared above.
30 21 WD 2004/ 022060 PCT/ US2003/ 027461 EXAMPLE 2 NO
N ON H
(HBReapinidadalz2lyl)A4yethylpiperaain-1pi)peethanene. yi ) - met ha

ABRapartin BB it gestrtbaHiadiesERilissfit 2bsing 2-
*rhé?#&éméfhﬂaﬁ%%n&mdﬁme 5Exé@9|enu 10D #, mmz racil ahe N-

et hyl pi perazi ne (0.1 Purification
attiyipinewnzire (10 mJ%O 8 rime)). PUflﬁ@a')&ih@ﬁQW@ NsmaEdye) of the

%@ésgc %ﬁ?itﬁgﬁkm%o%ate §4H1}5§14809?§q’5 miz found,
12)59 7! I\&?I-lgd 1|—UNMI‘8%4DO‘M£IZ££D®I;;) 1150 ((2hd,s aH, gisa (glzJ =18.0 Hz,
('r'ﬂ) Zﬁﬁ (d2J6=38§ o 1(’?'1% 745739 (08 %ﬁ,}‘ 4ﬁi4$%é(9nmzﬁab%§ﬁs.95
o 21 2 63258 (/. ), 34 (o, VTR 2RI (UM Aoz ),

H Benzoi m dazol - 2-yl ) - ( 3- et hyl - pi perazi n-1-yl ) - et han
one. 15 The reaction was carried out as described in
EMELER ocedure 2 using 2- trichl oromet hyl -
enzQei m gazole (Exanple 1, 100 ng, 0.42 mol) and 2-
\

(1H-Benzoimidazol-2-yl)-(3-methyl-piperazin-1-yi)-methanone.

The reaction was carried out as described in General Procedure 2 using 2-
trichloromethyl-1H-benzoimidazole (Example 1, 100 mg, 0.42 mmol) and 2-
methylpiperazine (84 mg, 0.84 mmol). Purification afforded 55 mg (54%) of the
titte compound. MS (ESI): mass calculated for C13H1sN4O, 244.13; m/z found,
245.2 [M+H]". "H NMR (400 MHz, CDCl3) a mixture of rotamers: 12.1 (br s,
1H), 7.80-7.52 (m, 2H), 7.33-7.31 (m, 2H), 6.02 (d, J = 12.9 Hz, 0.5 H), 5.93 (d,
J=12.9 Hz, 0.5 H), 4.78-4.73 (m, 1H), 3.44-3.37 (m, 0.5H), 3.21-2.88 (m, 4H),
2.67-2.62 (m, 0.5H), 1.18 (t, J = 6.8 Hz, 3H).
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nmet hyl pi perazine (84 ng, 0.84 mmol). Purification
afforded 55 ng (54% of the title conpound. MS (ESI):

warssi/eziseul at ed for CIL3HI6NAO 244.13; m z foRa@jusS2003/027461

245.2 [M+rH +. 1H NWR (400 MHz, CDCI3) a m xture of
rotamers: 12.1 (br s, 20 1 H), 7.80-7.52 (m 2H),

E)é’@VIﬁ‘L@M(m 2H) 6.02 (d, J = 12.9 Hz, 0.5 H), 5.93
(d =12.9 Hz, 0.5 H), 4.78-4.73 (m 1 H),

37 ‘?m 0. 5H) 3.21-2.88 (m 4H), 2.67-2.62 (m

@ H 6.8 Hz, 3H). 22 WD 2004/ 022060
/U 00 461 EXAMPLE 4 C NO N ON H
(1H— Benzo@té\ézol -2-yl)-(4-nmethyl-[1, 4] di azepan-1-yl) -
nmet hanone ~reaction was carried out as descri bed
r ' [ 1

(SRR E et P e 633N aRENSE G
ﬂ&fehﬁébb@cb@ﬁﬁa@&faﬁtﬁe@ euf 26 degeridddoid Gemenal PRusedure 2tushng 2-

af forded 25 2399 _of the title c ound. M (
ma@ﬁor@m%tbyla@cbqr@plr@ﬂazm%ﬁéam@b% 11 né)mgz 0. 4%mmol§and N-

ﬁéh%[?&)%pg{@%ﬁﬁ%@gﬁé 9 g%mgﬁ[)?l%}frcai ﬁl)%‘ffz) @%dsé?‘mg (23%)

bf theédtithe Eampbubll, NS YESB: Massmalculaded f8r 84:HkN.Q0258.45; m/z

Sourd 25932 %1*“%&5 g ‘E@M]th%%éégfi"z@%éf M, 21597 32-7.30
Rk AR AR b= el 4t s

-JB= 8ZaHhj thi} 1 2296-287 [ract H;B 2183-2 &hi{rde1HTH26Y €463 (on2H), 2.41
S C i ed t Cri in General Procedure 2
1‘/@%5 Ff%ﬁgﬂr gngﬁﬁ %?‘ﬂr benzoi ni dazol e (Exanpl e

1, 100 ng, 0.42 mol) and 8-

nmet hyl - 8- azabi cycl o[ 3. 2. 1] oct - 3-yl am ne
d&EXAMPOLEND ori de (172 rrg 0.84 mvol) 20 in

tetrahydrofuran (THF, 3 nlL). Purification afforded 10
the t|t| e conpound. MS (ESI): nass
0, 284.16; mz found, 285.2

te
[V 1H“ MHz, CDCI3): 11.70(br s. | H).
8.10 (d, J8O

C

1H-Benzoimidazole-2-carboxylic acid (8-methyl-8-aza-bicyclo[3.2.1]oct-3-yl)-
amide.

The reaction was carried out as described in General Procedure 2 using 2-
trichloromethyl-1H-benzoimidazole (Example 1, 100 mg, 0.42 mmol) and 8-
methyl-8-azabicyclo[3.2.1]oct-3-ylamine dihydrochloride (172 mg, 0.84 mmol)
in tetrahydrofuran (THF, 3 mL). Purification afforded 10 mg (10%) of the title
compound. MS (ESI): mass calculated for C1sH20N4O, 284.16; m/z found,
285.2 [M+H]*. "H NMR (400 MHz, CDCl5): 11.70(br s, 1H), 8.10 (d, J = 8.0 Hz,
1H), 7.76 (br s, 1H), 7.43 (br s, 1H), 7.35-7.33 (m, 2H), 4.37 (q, J = 7.1 Hz, 1H),
3.25-3.23 (m, 2H), 2.49 (s, 3H), 2.39-2.33 (m, 2H), 2.23 (s, 3H), 2.23-2.18 (m,
2H), 2.02-1.96 (m, 2H), 1.97 (d, J = 14.4 Hz, 2H).
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30

q
wae4/02260 (s, 3H), 2.3

(br s, 1 H, 7.35-7.33

1 H, 3.25-3.23 (m

, 9- (m 2H), 2.23 (sPCBS2003/027461
2.23-2.18 (m 25 2H), 2.02 96 (m 2H), 1.97 (d, J =
14.4 Hz, 2H). 23 WD 2004/022060 PCT/ US2003/ 027461
BEXONREEG C! NO NN~ HON (5-Chloro-1

H benzoi m dazol -2-yl)-(4-nmethyl -pi perazi n-1-yl)-met han
~® tion was carried out as described in

1 H, 7.76 (br s, 1 H)
(m 2H), 4.37 ( J =

, 7.43
7.1 ,
2.33
02-1.
4/ 02

dure 2 with 5 commercially avail abl e
5 ch ro rh'l | oronethyl - 1 H benzoi m dazole (100

ny, 03 and N-rnet hyl pi perazine (0.08 nL, 0.75
nmol ) . Pur|f| ion afforded 65 ng (63% of the title
compound. M5 (ESI): mass cal culated for C13H15CI N4O,

25 & H¥dro- m(-lzbefrizonﬂldaﬂlgz-?l {(Mrhithyl-pidetddih-(14@d P mdtaanone.
DMSO- d6): 13.29 (s,

The rgaction wigs cairied out a%')d@ﬁcfr'bm)' Ji@n%rag @qqeduv'ie 2%&'“5

i AR gk, e BT 6o e,

18- 32 mamolriadd2¢imethylp)perazina @08 mlnd Xbummobf Ruriffdation-

ortaogiree (R Bf e e erthasnd MS Bl eafs belthiatad for

r X 1l Xt -
LIRS, 278 DR [ 2ho 2Nt L kol o

cda)udlén!tg &, eldH NPBBH br anaH),tha3 (@shFt8.6dizs @H)d4.51e4.48 (m, 2H),

AR I R

used in Step B without further purification. 20 B.

5-Chl oro-1 H-benzoi m dazol e-2-carboxylic acid. A
ALTERNAFIVE RREPARATION. Ob EneAMALES (BCHENE et hanol

¢ B EDUCATI ol SRR T P oty

rﬂen@énéat zlrd)amﬂﬁiée(s 68??)J||nt4 NCHO] ¢4ioune ) Wes tlwé@@vlﬂhq?lyl&ﬂlc acid

and then filtered. Theflltrate was coo
t(is mlgoxﬁ%metm iprveategrand leduxed fRn 2h. vide mikturer was egoled

ac'dolllih‘.:ergéj_I The filtrate was then neutralized with concentrated NH,OH, and
the resulting solids were collected by filtration and dried under vacuum to give

the title intermediate (6.59 g). This material was used in Step B without further
purification.
B. 5-Chloro-1H-benzoimidazole-2-carboxylic acid. A mixture of (5-Chloro-1H-

benzoimidazol-2-yl)-methanol (3.8 g) suspended in 2 N sodium carbonate (110
mL) was treated with a solution of KMnO, (4.935 g in 310 mL of water). The
resulting mixture was heated to 100 °C for 2 h and then filtered. The filtrate
was cooled to room temperature, and the solution was adjusted to acidic pH,
via addition of 3 N acetic acid, to afford a precipitate. The solid material was
isolated by filtration, washed with water and dried under vacuum to give the title
intermediate (2.910 g). This material was used in Step C without further
purification.

C. (5-Chloro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone. 5-

chloro-1H-benzoimidazole-2-carboxylic acid (0.197 g) in DMF (3 mL) was
24
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25 via addition of 3 N acetic acid, to afford a
precipitate. The solid material was isolated by

woizbadroaracon, washed with water and dri ed under PCa®SAUB/027461

to give the title internediate (2.910 g). This
material was used in Step C without further

Bléatdd Gthi O -c&bohﬁdﬁhld&&@ Dl 0.163 g) at room temperature, and
H benzoi ni dazol - 2- 4- et - pi perazi n-1-yl)-met han

dinee Mixturg wasttisied- t{zr mh(@ eh® rﬁ?ﬁl&iﬁﬂ)lﬁ@(mtec\é(% seplecwitbilt
Aol DY b 24 M 208805 ature for 16 h.

This nﬁﬁulﬁé)ﬁmbdhemfdtﬂlﬂédlvﬁtf(\ﬁéler (50 1913 4nd ektraicdemwﬁh
tenperature and the mxture was stirred for 1

dichloromehang (& x20s )+ TBacemtiedh exiragls mrg,vwrgg W brine,

(o RS AR BB IR Bt o s

WE:T*ab putifieacde dilich igel B Ollg o0 5% 0n®(hlaanle(2(fﬂ NH2ichlprorigthane) to

conmbi ned extracts, were shed, wi brine, ried

GRS SamPoNah s GLBR Pl 10 8). TEaNEE H NVR data
on silica gel (10

%&%ﬁéﬁrﬁ%tﬁgﬂéﬁakg @InNI—B??%:érgh% Odr?\%ﬁ’et hane) to give

the title conpound as a white solid (0.160 g). The M

%@BL@B@ data matched that of the conpound prepared

EXAMPLE 7 CI NO ~ NN H~ NH

(c5
m oI 2-yl)-pi perazi n-1-yl - net hanone. The
rea ried out as described in General
ProcedurEH 2 15 commercially avail abl e
5 chl or o- 2- trm or onet hyl - 1 H-benzoi m' dazol e (100 ny,
37 mmol ) and pi perazine ( I% in THE (3
rfﬁ Chlpgg-{ rfa%naoaﬁldeapk%wawpqr@zwg1(yhmth%rﬁo %e title

T . Sk
%@nedﬁally Akil28le 5-chibrédR-trichierorbthyd- 1 H2bnzoimBazots (100 mg,
|.Cb37 m,qpoi) A 1plgg@%?r(eﬁ(6ﬁ}pénb Z%;%n'é)omar,_l];& (é @@H%%gatlon
afforded 10 mg (10%) of the title compound. MS (ESI): mass calculated for
C12H13CIN,O, 264.08; m/z found, 265.2 [M+H]". "H NMR (400 MHz, DMSO-
de): 13.29 (s, 1H), 7.67 (br s, 2H), 7.33 (d, J = 8.6 Hz, 2H), 4.50-4.47 (m, 2H),
3.71 (t, J = 4.6 Hz, 2H), 2.41-2.39 (m, 4H), 2.22 (s, 3H).

EXAMPLE 8
RS
VAN
§fNH

(5-Chloro-1H-benzoimidazol-2-yl)-(3-methyl-piperazin-1-yl)-methanone.

The reaction was carried out as described in General Procedure 2 using
commercially available 5-chloro-2-trichloromethyl-1H-benzoimidazole (100 mg,
0.37 mmol) and 2-methylpiperazine (74 mg, 0.74 mmol). Purification afforded

41 mg (40%) of the title compound. MS (ESI): mass calculated for
25
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Cl DX HPNH
(5-Chl oro- 1H benzoi m dazol - 2-yl ) - (3-net hyl - pi perazin-1

woybjp/mmshanone. 25 The reaction was carri ed 8ar/U82003/027461

described in General Procedure 2 using commercially
avai | abl e 5-chloro-2-trichl oronet hyI 1H benzoi m dazol e

@9@15@1\1 0 237,091l foand, 2792t [IMAHIT P &iH NNMRe(4004VIRig, CDCl3) a
. ) Purification afforded 41 ngy % _ of the

ibiiEs Gbrasamets: A JE88 b Mrdbb. a7l doe Bride. 249, Gesb (. J =

ﬁ?%%ﬁﬁ%qqkﬁé%ﬁ%%ﬂm%oo ! el 1e-3.16 (m

0i5H 362 pD. g (rayv ) 2.68-8557(n5,20.6H),m 22H)17'(m23H()d J =
8.8 H, 2H) 600(d J= 12.6 Hz, 0.5 H), 5.89 (d, J
= 12.6 Hz, 0.5 H), 4. 75-4.71 (m 1 H), 3.19-3.16 (m

%@WPL%@J 2.88 (m 4H), 2.68-2.65 (m 0.5H),
(m 3H. 5 EXAWWLE 9 FNO FNN~ H\___ N

DN uor®- 1
H- oi iix—d%zol 2-yl)-(4-nmethyl - pi perazi n-1-yl)-met han
¢HTE~ATNS 6- | uoro-2-trichl oronet hyl -

H-benzoﬂ'r‘n dazole. The reacti on was carri ed 10 out as
described in neral Procedure 1 with
4,5-di fluoro-1,2- phenyl enedianine (1.00 g, 6.94

gl:‘sfgtmrﬂuliﬂﬁmﬁb&&ko%wz@l 2@/1)9(4V¥ﬂ§tﬁyl bgjb“réilﬁdl ~yMintdthanone.

hl or onet hane (3 hexanes (3 x

Mwmvkw%emﬂlmiﬂazelm | Ehe reaction was carried

elL & @éﬁﬁé d '%&F‘E%”’ﬁ?é&ﬁ'ﬁﬁ %$@§%'§HFB£%14?' 1H NVR

%ﬁ@ﬂyl@Hédna@ﬁ?ﬁbliD:ﬂ 0;)]% 604 iinmél) FDThechrleH @‘éc(pﬁldte was triturated
avithi dicbloremethanenzos H HMJP”%NG;‘A' Py @@X?@%{Z’r Xﬂuopmk)aéq give 890

mgq%gépﬁ%o@nlg’rtegm%‘? (}%23{’% éggl)\"ﬂﬁ?‘é?agélﬁgtea%r 83H5Cl5F2N,,

diebl IRz Zoting c2T DO dReH]Y | TH NIR 1200 i idaz0DE]):11m0 (g, 1H),

Q.37 nmol) and N-
7.65 (dd, J =10.0, 7.3, 1H), 7.32 (dd, J = 9.8, 6.3, 1H).

B. (5,6-Difluoro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone. .

The reaction was carried out as described in General Procedure 2 with 5,6-
difluoro-2-trichloromethyl-1H-benzoimidazole (100 mg, 0.37 mmol) and N-
methylpiperazine (0.08 mL, 0.75 mmol). Purification afforded 42 mg (40%) of
the title compound. MS (ESI): mass calculated for C13H14F2N4O, 280.11; m/z
found, 281.2 [M+H]". "H NMR (400 MHz, CDCls): 11.9 (br s, 1H), 7.56-7.31
(bm, 2H), 4.78-4.75 (m, 2H), 3.95 (t, J = 5.1 Hz, 2H), 2.58 (t, J = 5.1 Hz, 4H),
2.37 (s, 3H).

EXAMPLE 10
F. 0
H Q——_N»
)

(5,6-Difluoro-1H-benzoimidazol-2-yl)-(4-ethyl-piperazin-1-yl)-methanone.

26
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nmet hyl pi perazine (0.08 ni, 0.75 mml). Purification
afforded 42 ng (40% of 20 the title conmpound. NS

WwOBESl4j02206mss cal cul ated for CL3HL4F2NAO 280. 1BCTMK2003/027461

found, 281.2 [MtH +. 1H NMR (400 MHz, CDCI3): 11.9
(brs, 1H), 7.56-7.31 (bm 2H), 4.78-4.75 (m 2H),
Jhebretatctiod wascatriett ouRés degcriifed in, GénerabPloddaiurd B)using 5,6-

2. 37 5 EXA ~ ~
@glwgg[}tr@g%omethyl-1M}gnzlo?m'i:dalzole %“Esx%mri):le 9, @tgp%\'mo mg,

038 Ry o D o7 SR bl LS fflon  F M EBA I Bforded

\M;smga(%%ad)fd)m tits cdepounde S (ESEnmvasls daladatddrfer 2

ing 5,6~ difluyorg-2-trij thyls; .

NP aRei1a: T fonich 285 LMY MR, (400oMgts. CDCL):
e I e [ 1 [/ 92

gﬁﬁql@}?ng& Z@ ggdqﬂ 17131&)93 @Hmacx 794%%%)4) 3.96-3.
o Rb)n.64NE6RESI, YiH )B4 (q.aU@uT at@a ZI-d)) 151 Ec(tmmzmm 3H).
294.13; mz found, 295.2 [ M+tH +. 1H NWR (400 MHz,
CDClI3): 11.70 (br s, 1 H, 7.61 (br s, 1 H), 7.31 (br
% M 78-4.76 (m 2H), 3.96-3.92 (m 2H),
2.64-2.62 (m 4H), 2.49 (q, J = 7.2 Hz, 2H), 1.15 (t,
J Nz, @H). EXAMPLE 11 F ~CC NO F NpN HH 10
(5, l@ f DooKo- 1
H-"bedZzoiMi dgdoh- 2-yl ) - (3- et hyl - pi perazi n-1-yl) - met han
one. THhe r&gactdon was carried out as described in
General Progediife 2 using 5, 6-
di fl uoro-2-trichl oronet hyl - 1H benzoi m dazol e (Exanpl e

% 6D#RiIofe- 1Jrﬂﬁerﬁli‘!blm|dé26l22¥§lﬁ)043)-n1@ﬂ1$/|~2)1mhhwFyb&n@m'anene
, 0.37 mmol). Purification afforded 15 30

(Fiw)ea@tlon WEE, ¢arrled euha® daacribas m@,ﬁwer%&@c%r@ l% Wgig o,6-

e oS P bne o o SRR 1 o

.31 nhhol)énﬁl@-ﬁ)e&ﬁylpipmam (745rr@9 0(317, mingl).1Pufifitdtion afforded
30 mg (26% orghe Ko somipundh NS (58HY Mase GApUASAdR b 63
@HOBNL0, 288 %11 mi8 1duRd, 2:2 [M+H]". "H NMR (400 MHz, CDCl3) a
mixture of rotamers: 11.6 (br s, 1H), 7.35-7.27 (bm, 2H), 5.99 (d, J = 12.6 Hz,
0.5 H), 5.88 (d, J = 12.6 Hz, 0.5 H), 4.69-4.66 (m, 1H), 3.19-3.16 (m, 0.5H),
3.04-2.67 (m, 4H), 2.67-2.63 (m, 0.5H), 1.20-1.18 (m, 3H).

EXAMPLE 12
F 0
10

N N

R
N\

(5,6-Difluoro-1H-benzoimidazol-2-yl)-(4-methyl-[1,4]diazepan-1-yl)-methanone.
The reaction was carried out as described in General Procedure 2 using 5,6-
difluoro-2-trichloromethyl-1H-benzoimidazole (Example 9, Step A, 100 mg,
0.37mmol), and N-methylhomopiperazine (84 mg, 0.74 mmol). Purification

afforded 29 mg (27%) of the title compound. MS (ESI): mass calculated for

C14H16F2N4O, 294.13; miz found, 295.2 [M+H]". "H NMR (400 MHz, CDCl5):
27
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20 EXAMPLE 12 FNO ~-CCF NNHN-~ (5,6-Dfluoro-1
H benzoi m dazol - 2-yl)-(4-nethyl -[ 1, 4] di azepan-1-yl)-ne

wohaemonzed The reaction was carri ed out as desecTisehoBm27461

General Procedure 2 using 5,6 25
di fl uoro-2-trichl oronet hyl - 1H benzoi m dazol e (Exanpl e
91 = 9“1I—@W4M40Qb1$172h19 3.92¢389 (m, 1H), 3.87 (t, J = 6.0 Hz,

B 98-8 9rim. G )os G 4@?@3@9‘)‘%’58%87 () aH), 2.83-2.81

cut at

SRR 67128 fith 2GR (i oS Y kRS TR A D

CDCI3): 27 WD 2004/ 022060 PCT/ US2003/ 027461 11. 12

br 7.47-7.40 (bm 2H), 3.92-3.89 1H), 3.87

XASMPLEE% He, 1 H)( rsnggH) 97 (m 1 m,(ms.gzb(t J =
6.3 ke, H)®2H;90287(mll—|) 2.83-2.81 (m 1 H),

2 2

2.41 (d, J = 3.5 Hz, 3H), 2.13-2.10
N ENOFNHN,.. N H
,6-DifIHJoro-1 zoi m dazol e- 2-carboxylic acid
(8-net hyl - 8-aza- bhMcyclo[3.2.1]oct-3-yl)-am de. The
reaction was carried out as described in Ceneral

ﬁn@'&fﬂml’@jW@ﬂﬁ@iﬁﬁd@dq@-@arbp&ﬂm@d (-1athyrEazeny | -
HAASZgREs - AfeRP! © 9 Step A 100 D,

gﬁgﬂ'fde@th%l?\l\@éa%dﬂﬂ@d’ olipdSd@sdimset indGyheral Fl’ec]zcedure 2 using 5,6-
i hydrochl ori rifigation
siffusreed m@&wloieﬁ 6¢n%m@ldaml%(%@m@sr% Stg A, 100 mg,

O %m@%ﬁ%g%ﬁy% Lol By SORE HoEhAYIadife dhifichioride (157

(hag, A.74 rBmidl), Rurificatidn affofded 25 nHj21%) Gthe tBi2 dampdiind. MS
SEBD): mass: claalen on el aN;0, 930, Pt 35f 2 R+H. 'H
NMR (400 MHz, CDCls): 8.04 (d, J = 8 Hz, 1H), 7.41 (br s, 2H), 4.37-4.32 (m,
1H), 3.25 (s, 2H), 2.40-2.34 (m, 5H), 2.26-2.22 (m, 2H), 1.97-1.95 (m, 2H),
1.88-1.85 (d, J = 12.0 Hz, 2H).

EXAMPLE 14
F. 0
T
cl N N
H

-

\
(6-Chloro-5-fluoro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-

methanone.
A. 6-Chloro-5-fluoro-2-trichloromethyl-1H-benzoimidazole. The reaction was

carried out as described in General Procedure 1 with 4-fluoro-5-chloro-1,2-
phenylenediamine (1.00 g, 6.25 mmol). The dried precipitate was triturated
with dichloromethane (3 x 10 mL) followed by hexanes (3 x 10 mL) to give
1.09 g (59%) of 6-chloro-5-fluoro-2-trichloromethyl-1H-benzoimidazole. MS
(ESI): mass calculated for CsH3ClsFN2, 285.90; m/z found, 287.1 [M+H]*. 'H

28
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1.88-1.85 (d, J = 12.0 Hz, 2H). EXAMPLE 14 F N~ )ON
Cl NHON 20 (6-Chloro-5-fluoro-1

weékbmanzzicon dazol - 2-yl ) - (4- et hyl - pi perazi n-1 - pCYTAIS2003/027461

met hanone. A. 6-Chl oro-5-fluoro-2-trichl oronet hyl -

H benzoi m dazol e. The reaction was carried out as

mRr(nbscleHﬂ Sooe):a 0.2 ees e 715 d, v = 5.6, 1H 7.31 (d, J=9.0,
-fl uoro-5-chloro-1, 2- phenylenedlamne(lo g, 6.25

ﬁi‘r‘dl) The drled precipitate was triturated 25 wth

iEf]i JI%VI?W%&MVI'E&&%%& N

%éthbﬁél@e 5Thbu@a@teras clafrte"docbtmdwdies’brlbed in General Procedure 2
H benzoi m dazol e.

ORI hIRD5 fzsyogotncmozom@mwiﬁeﬁi‘&%f&ﬂq% meis O

G RPA I BY R385 JELSHL, QM i, Netrin i Biorge 52

P (56%) bl theBitle compound. MS (ESI mass calculated for C43H14CIFN4O,

20Reh ole onno, AR DHRE" NI 100 Bt SOCRITT Lk o,

r Wit

A 87 Pl S AL A Ao MR 07 B Pcho iz 24, 2,8-2.57
(A0aH)p2.33.(853Hrol ) and N- et hyl p| peraZ| ne (0.08 ni,
0.70 mol ). Purification afforded 58 ng (56% of the
title conpound. M5 (ESI): nass cal cul ated for

NGO, 296.08; miz found, 297.2 [MH +. 1H NMR
400 MHz, CDCI3): 7.71-7.69 (br s, 1 H, 7.39-7.37
( I N, 265-4.63 (m 2H), 3.87 (t, J = 4.5 Hz,
57 10 (m 4H), 2.37 (s, 3H . EXAWLE 15 F

-G

(6-Chloro-5-fluoro-1H-benzoimidazol-2-yl)-piperazin-1-yl-methanone.

The reaction was carried out as described in General Procedure 2 using 6-
chloro-5-fluoro-trichloromethyl-1H-benzoimidazole (Example 14, Step A, 100
mg, 0.35 mmol) and piperazine (59 mg, 0.70 mmol). Purification afforded 10
mg (10%) of the title compound. MS (ESI): mass calculated for C12H12CIFN4O,
282.07; m/z found, 283.1 [M+H]". "H NMR (400 MHz, CDCl,): 7.77-7.67 (m,
2H), 7.46-7.37 (m, 2H), 4.72-4.68 (m, 2H), 3.91-3.85 (m, 2H), 3.07-3.02 (m,
4H).

EXAMPLE 16
L
cl E @
N\
(6-Chloro-5-fluoro-1H-benzoimidazol-2-yl)-(4-methyl-[1,4]diazepan-1-yl)-
methanone.

The reaction was carried out as described in General Procedure 2 using 6-

chloro-5-fluoro-2-trichloromethyl-1H-benzoimidazole (Example 14, Step A, 100
29
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(6-Chl oro-5-fluoro-1
H benzoi m dazol - 2-yl ) - pi perazi n- 1-yl - met hanone. 15 The

woeartiiezad was carri ed out as descri bed i n Genepal/uS2003/027461

Procedure 2 using 6- chloro-5-fluoro-trichloronethyl -
H benzoi m dazol e (Exanple 14, Step A, 100 ng, 0.35

10.38REnd1) BRd ARhthylsdm e@az'n'ﬁ)e 0 !t Porificati
g@orded 1%)3%)100 ﬁof ?E‘ (T®hg, OO hirhe P@lhl ication

e title co nd. M
mﬁfggde,chlza MG ot thextitlecamppung. N@s&pﬁﬁ mags ca@ul?aed for

5O So 10 0N fellR, Wi MR HiNRE (40d/MHE cDCL)

3. 193 @r é354!-( . 72|-(br s31la)7 734020 s 1H ) )6 4-ERANRL B H)p 3588 (t, J =
€61 7 40, BIPILT Gt AR B (rika Sl Ha. §H) 2 BT R840 1)
24%@las d br%%?dé? r%r%eﬁﬁ{]%lq?lgr% gdd{ijrag%y ﬁlgl ng ,6?.4'7[2.‘?@ (m,

@M)or o-5-fluoro-2-trichl oronethyl -1 H benzoi m dazol e
(Exanple 14, Step A, 100 29 WO 2004/022060
PCT/ USZOOS/ 027461 nyg, 0.35mmol) and

?W pyopi perazine (79 ng, 0.70 mmol ).

ri |cat|on afforded 29 ng (27% of the title

corpend-N MS @ ESI): mass cal cul ated for Cl14H16CI FN4O,
@ m und, 311.2 [M+H +. 1H NMR (400 MHz,

3 ~NL 1. HNn( NHy, 7.72 (br s, 1 H), 7.41 (br
s,lH) M. 64-4.61 1H),388(tJ=561Hzl
H, 3.93-3.91 (m 1VH), 3.88 (t, 6.1 Hz,

%_@Ekéo- -f|L26(FO 1}‘-! @e}gzq@n}_égz@%@c%ﬁlﬁcid %8 @ﬁe XE@ a8l

B AR B. 21 T]okct-BLyD)-dshids. HN, . - H 10

The reaction was carried out as described in General Procedure 2 with 6-
chloro-5-fluoro-2-trichloromethyl-1H-benzoimidazole (Example 14, Step A, 100
mg, 0.35 mmol) and 8-methyl-8-aza-bicyclo[3.2.1]oct-3-ylamine dihydrochloride
(149 mg, 0.70 mmol). Purification afforded 35 mg (30%) of the title compound.
MS (ESI): mass calculated for C1sH1sCIFN4O, 336.12; m/z found, 337.2
[M+H]". "H NMR (400 MHz, CDCls): 8.01 (d, J = 8 Hz, 1H), 7.71 (br s, 1H),
7.52-7.38 (m, 1H), 4.37-4.31 (m, 1H), 3.24 (s, 2H), 2.39-2.32 (m, 5H), 2.26-
2.22 (m, 2H), 1.96-1.95 (m, 2H), 1.86 (d, J = 12.0 Hz, 2H).

EXAMPLE 18
0
T
cl N N
H

-

\
(5-Chloro-6-methyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-

methanone.
A. 5-Chloro-6-methyl-2-trichloromethyl-1H-benzoimidazole. The reaction was

carried out as described in General Procedure 1 with 5-chloro-6-methyl-1,2-
phenylenediamine (1.00 g, 6.41 mmol). The dried precipitate was triturated
30
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6- Chl oro-5-fl uoro-1 H benzoi m dazol e- 2-carboxylic acid
(8-nethyl -8-aza- bicyclo[3.2.1 Joct-3-yl)-am de. The

woeartiiezad was carri ed out as descri bed i n Genepal/uS2003/027461

Procedure 2 with 6-
chl oro-5-fluoro-2-trichloronethyl-1 H benzoi m dazol e

(Alﬁh&ﬂ@lﬁl@rolfﬂeth%@%& 1@@@) fdlfowan b&)haﬁam@m(@x a0dnL) to give 950

8- net % -aza- bi cycl of IW%)OCt
i (aE% Lol theitile lotﬂ@eﬁgateo (RRbI maSS@alqula,ta@I.f@thHeCth,

APy A s, £ i,

3(57'2&[1M5l—|]+1HNI\/R(400I\/Hz CDCl 3) : 801(d J =
8%

Iﬁé %@{%ﬂié""ﬂ%ﬁ]@o&%é&%&ﬁbd ||Jr @éﬁ(rgl' Prl)cedure 2

Mﬂth@lbblwo-ﬁ-mietHWIZ-tmchloromethyl 1H-ben201m|dazole (100 mg, 0.35
H benzoi m daz t perazins1.-vyl) -
FRDARK EWREN-met gs'p@%a%laééoﬁgﬂn ) 071 ma) Q?Wﬁfﬁtyﬁ’#r‘-a%?orded 36

PhORRAA B teABleconthuidafld (SINas: asé?éélbhl%@ed)far @iHCIN,O,
rib ner a Pr oce u
592m10rm)’-269umﬂ 1283.2 [lg+Hph erlri'NMﬁM%MIréz @DOB):gl 1.5 (anis, 1H),

Tobu! 5250 BoTenos aaon S et e gt v 54 e

>,g“_|’l)02r,1;|8-()g §g?|p ¢s,@Hexanes (3 x 10 m-) to give 950
{53%" of the title intermediate. M5 (ESI): mass
caI cul ated for COH6C 4N2, 281.93; mz found, 283.0

%ﬁ,:d_zl NVR (400 MHz, CDCI3): 7.70 (s, 1 H), 7.52

B. (5-Chl oro-6-nethyl -

| -2-yl)-(4-nethyl - piperazin-1-yl)-

e reaction was carried out as descri bed
cn Ge dure 2 with
5-ch| oroJ'B- th | -2-trichloronethyl -1 H benzoi ni dazol e
(100 ng, 0.3 NHTDI) and N-net hyl pi perazine (0.08 i,

5 GrBR oot iR oL 96 R R Bntord®

G aetiol ®Was carried out as described in General Procedure 2 using 5-
chloro-6-methyl-trichloromethyl-1H-benzoimidazole (Example 18, Step A, 100

mg, 0.35 mmol) and piperazine (60 mg, 0.71 mmol). Purification afforded 8 mg
(8%) of the title compound. MS (ESI): mass calculated for C13H15CIN4O,
278.09; m/z found, 279.1 [M+H]*. "H NMR (400 MHz, CDCl3): 7.75-7.28 (m,
2H), 4.72-4.69 (m, 2H), 3.85-3.82 (m, 2H), 3.03-3.00 (m, 4H), 2.49 (s, 3H).

EXAMPLE 20

o

(4-Methyl-1H-benzoimidazol-2-yl)-(3-methyl-piperazin-1-yl)-methanone.
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10 292.11; miz found, 293.2 [MrH +. 1H NVR (400 Mz,
CDCI3): 11.5 (brs, 1H), 7.71-7.32 (bm 2H), 4.74-4.72

wOmo42eR060 3. 97-3.94 (m 2H), 2.58 (t, J = 5.1 PeT/US4ddp/027461

2.48 (s, 3H), 2.38 (s, 3H). EXAVVLE 19 NO C ~ N NH
15 NH (5-Chl oro-6-nethyl -1

it beh LzlarlordméibyiPi peeaZbimidaxle "FhBaBABSoN WAS carried

reaCti on was carri e ou as €SscCri pe In CGener al

pLibas deserizediini Ggneral Procedure 1 using 2,3-diaminotoluene (1.19 g,
ro- 6 nethyl;tri i, d

B e 580 Riethi 2% Bl A idafertod B %P famo

nggatzdm@n Gfiearsal (40 ?M@%tEtbAcﬁ’hekéﬁasabiﬁord@i 880 degl (31%) of

89 f the tit d. MS (ESI):
o e inteamedintoed BEST NICHSs SeUlgka foF BokbGial 24%97; miz

SO0 paoc P WMEE gk, Colppr o 4R i o s, 11,
FA7 (K. A97(4 8. BHE, THRANPLE, 26 ™ He, NH), 2184Nid, 3B.
et ik methykpinerazing1-yl)-methanone.

. hdnMethyl-1 AL be TLmply CNL
FleyerElaf el amef bt as Uk e R il Prtedie 2 g +

ngeahylgmtrichimoqmthylem-beumiaﬁdMer(il(b@mg, 19.42 nenal) and 2-
rocedur e ' 2, 3-di am not .19 . . 9.7
S e 260 g 558 e THEREr T BfReatdflarcea 27
o o
%?%ﬁ%%é%ﬁ&ﬁ%ﬁ”&?ﬁ%%&;'gﬁ“@'?-'3'2?@593%“‘:%”&?%‘2*??‘?14?18“‘40’
iZﬁBe‘lrﬁmanefoand,l\EQ(.Eﬁl/l)FH] mads NMR (40 @ Midez, feIp CY erraixing, of
coermers: 1541088 Ty f15;, 788 5t T, 07 V24733 {1 210 @
%‘7.1%%,( Zﬂ)wgthh $'J|25E8147(rﬂ|,71 Ki§.4.933.67 @mHeH), B.4D (ddd,GA= 603,
H%ﬁéaiawma,a&.aHg,z:S.ﬁBa&q 3 (mefl )i 3.30%86£mn 315 Hl),)2.4BtHh4d (M,
UH): 1.80 (brs, 1H), 1.17 (d, J = 6.32 Hz, 3H).

o)

EXAMPLE 21
>—_<N
=

Cx

(4-Ethyl-piperazin-1-yl)-(4-methyl-1H-benzoimidazol-2-yl)-methanone.

Iz _Z

The reaction was carried out as described in General Procedure 2 using 4-
methyl-2-trichloromethyl-1H-benzoimidazole (Example 20, Step A, 100 mg,
0.40 mmol) and N-ethylpiperazine (0.10 mL, 0.80 mmol) in THF (3 mL).
Purification afforded 67 mg (62%) of the title compound. MS (ESI): mass
calculated for C15H2oN4+O, 272.16; m/z found, 273.2 [M+H]+. "H NMR (400
MHz, CDCl3): 10.89 (s, 1H), 7.64 (d, J = 8.6 Hz, 0.5H), 7.33 (d, J = 8.6 Hz,
0.5H), 7.22-7.18 (m, 1H), 7.13 (d, J = 7.4 Hz, 0.5H), 7.10 (d, J = 7.4 Hz, 0.5H),
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The reaction was carried out as described in General
Procedure 2 using 4- 10 nethyl-2-trichl oronethyl -
weékbwnzziéo dazol e (100 ng, 0.40 mol) and 2 PCT/US2003/027461

met hyl pi perazine (80 ng, 0.80 mml) in THE (3 ni).
Purification afforded 27 ng (26% of the title

28 0-4. (i Lgsas@@ ner2 2.63-
A - Tkl e 11 s (400 R o or): 20
2[&6(31)1 4H)ri2d2f® 165H), 2 brbot 73 Figa2H, 584 (inJ am) Hz, 3H).
7.68-7.57 (m 0.5H), 7.24-7.18 (m 1 H), 7.10 (d, 15 J
=7.1 Hz, 1 H, 6.18-5.84 (m 1 H, 4.73-4.67 (m 1
ExAMPEE dddd, J = 3.03, 12.6,14.15 Hz, 0.5H),
3.18-3. 13 (m 1 H, 3.10-2.86 (m 3.5 H) 2.70-2.45
(m 4H9 80(brs 1H, 1.17 (d, J 6.32 Hz, 3H).

; NN~ HQN 20

}—l gg;yam n-1-yl)-(4-nethyl -
' ™~ 2-yl ) - et hanone. The reacti on was
ied out as described in General Procedure 2 using

44 Mﬁh?M I-Zl-behlzomindazmrﬁayl)-)(ﬂ-fﬁetHylempzmmn-d agpiresthanone.
e 20, Ste

hé: Mot bas SPHAPd DU HESCihesln ngral RIcRAE e 2 Hsing 4
f
T T
yarziy ﬁﬁnolbrbldfl‘d}mejhylah’em’zme/l(@-lpg miLHD.BARINOH0 Pwification

BPuied 5§ (36%) phtne thleigmpdiiich S, Sy Fgsg palctated for

’
Ty S?:Tﬁguézoos%%gw 3 RSO0 N, GICL)

A1G88 (orzg 11 7.64Hy, J 3 §3-Hz,90510)n7.324(d, b=E63 015FEDW 25-

& 1Al A (D475 82 18y, 25l Eaflal & a7 @t H,

3'\{1)5'3'92$m 2H), 2.66 (s, 1.5H), 2592542m 4H), 2.50 (s, 1.5H), 2.36 (s,
Met hyl - TH Benzoi ni dazol - 2- yI ) - ( 4- mathyl pi perazin-1

3,H)) met hanone.

ALTERNATIVE PREPARATION OF EXAMPLE 22 (SCHEME 1)
A. (4-Methyl-1H-benzoimidazol-2-yl)-methanol. A mixture of 3-methyl-

benzene-1,2-diamine (3.77g, 30.8 mmol) and glycolic acid (6 mL, 70% solution
in water) in 4 N HCI (30 mL) was heated to 100 °C for 2 h. The warm mixture
was allowed to cool and was filtered. Neutralization of the filtrate with
concentrated NH4OH resulted in the formation of a solid, which was collected
by filtration, washed with water and dried under vacuum to reveal 0.95g (19%)
of the title intermediate. MS (ESI): mass calculated for CoH1oN20, 162.08; m/z
found, 163.1 [M+H]". "H NMR (400 MHz, CD;0D): 7.35 (d, J = 8.1Hz, 1H),
7.10 (dd, J = 7.3, 8.1Hz, 1H), 7.00 (d, J = 7.3Hz, 1H), 4.88 (br, 3H), 2.55 (s,
3H).

B. (4-Methyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone. To

a suspension of (4-methyl-1H-benzoimidazol-2-yl)-methanol (0.84 g, 5.18
mmol) in water (10 mL) was added 2 M NazCOj3 (10 mL). To the mixture was

added dropwise a 0.1 M solution of KMnO4 (1.4 g, 8.8 mmol). This mixture
33
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The reaction was carried out as described in General
Procedure 2 using 4-

waorbdayk2d@et ri chl oronet hyl - 1H benzoi m dazol e ( Erampuisen03/027461

20, Step A, 100 ng, 0.40 mmol) and N-net hyl pi perazi ne
(0.09 nm., 0.80 mmol ). Purification 10 afforded 51 ngy

(N%%%ea%d tch@ob I°U f@r OBy Was then (ifSied wmpésﬁop @Inatthato@@led
for C14H18NAO, 258.15; niz found, 259.

RitrRte 0e6 awdlflefd:mﬁh@ N aceticswid.br he resuliipg [SQllcdl_ﬁua,wgcp collested by

?Matli)n,_yvaslg}_qu %\t\ﬁgtfg gng déleﬁj.lr%fl_%ﬁcglﬁl% Tr}{s géﬁ’j’@ rgm %0 56 g,

|6)2%)4N3§u§e&' fn & arhidd) coupﬁn@&l&oaﬁfdﬂherwmcétlcﬁﬁ Te a
H, 2.59-2.54 (m 4H), H?__236(
3 perzs_qrERf\ma a¢id PRERARAG Qﬁmmzimm - 43 mlsmzwgd@?d CDI

fi\%% 05 81 i) RRA ARG Wi fobrelP B0~ 70 gty

Hipdrazia8dval theal ddieaic@a (L9, ahd tl‘@ﬂéasﬂbnknl&mre%s stirred 16 h
water) in 4 N HC_(30 nlL) was heat ed to 100 C for 2 h.

B E0QA tempeKature Tméméhurr%m@é ROIre@ H1to Ayt mL) and

@g‘hég{??q%f'tgféhm@ﬂ% esr%lnt E&% Lﬁéoi %@ﬁ%‘t%e ff:oncentrated

%mUedredMaﬂedfprmmghh@m@chSIdh;e Wabtpluafledmn siticzhgel (wmg; 1-8%
unaer va umto reve
Pthenol (2 MK idih iaFasno hENE S TPV e L2481 L7 Sebadt pathite

%%H%Omﬁg M%%@ W%Q%f%&%f&%d S ok thé/'t)}'_g)ductjodfblh'yﬁaabove

(dd, J—73 81HZ 700(d J = 7.3Hz,

%)SAESMEEE 2.55 (s 3H) B. (4-Methyl-1 H-ben20|
2z?’yl) (4- et hyl - pi perazin- 1 -yl)-nmethanone.

a sugpensi on of
hyI 1 ben20| m dazol - 2-yl ) -nmet hanol (0.84 g,

in water (10 nL) was added 2 M Na2CQO3
@ NH T m xt ure vvas added dropwise a 0.1 M
S0 i on of KI\/hO4 (1.4 g, 8.8 mol). This mxture 33
4 060 PCT, 03/ 02746 to 100 C
ety im'm#@ﬁsﬁfwﬁ@l%ﬁaﬁﬁ {PReEAGR- e
Cﬁ’@ Rectibh WasLriv@oubas debtrisbdint Gederd Pesdddure uking 4-
The resulting solids were collected by filtration

waethyb2-tiichorgmethylahd-benzetmidagele (Ea@m@m 2¢n8tepr 00 mg,

4l rBipapStner B2 18 s o/, R aREl BicReeq ¢ mo

3D/cq o&%%%uge ecmp@uﬁa rmsl(ESI)nmagE daﬁcuiéhte%j fon€, AtigNgO, 244.13;
RSk TRUT NI %q(4oo Wt Soll 348 86185 m), 7.65 (d, v

= 8.3 Hz, 0.5H), 7.34 (d, J = 8.3 Hz, 0.5H), 7.24-7.20 (m, 1H), 7.15 (d, J = 7.3
Hz, 0.5H), 7.11 (d, J = 7.3 Hz, 0.5H), 4.80-4.78 (m, 1H), 4.75-4.73 (m, 1H),
3.03-2.99 (m, 2H), 2.67 (s, 1.5H), 2.54 (s, 1.5H).

34



10

15

20

25

pi perazine was then added (80 L), and the reaction
m xture was stirred 16 h at roomtenperature. The

waiadamzenas poured into water (50 nL) and exPcawmiSem®3/ 027461

wi t h di chl oronet hane. The conbi ned extracts were
concentrated 10 under reduced pressure, and the

r EXiAdleL @t purified on silica gel (10 g; 1-8%

nmet hanol (2 M NH3)/di chl oronet hane) to reveal 124.3 ng
(76% of a white, solid. The M5 and 1H NMR dat a

mat ched that for | He pr oduct obt ai ned above. EXAMPLE
230 NdA H (4-Methyl -

bengo daz |) - pi perazi n- 1 yl - met hanone. The
=Y n s cdfried out as described in General

pedte 2 using 4- methyl-2-trich | o ro methyl-
yeénzoi m dazol e (Exanple 20, Step A, 100 ng, 0.40

L ti
R g e e L R ]

naisyclofd.2 dletteByl)amide3HI6NAO, 244.13; m z found,

Zﬁl@% r?%c%?:] was gagﬂq’i2 lgtga%gq_ﬁscnl?egmnejé%%%g&ﬁrze 3 u'él?n’g 4-
Orr@tﬁyl 27tr%ﬁfo?o%tﬁymI-ﬂ-béhzon?ud]a'%o(éj(Exbmplé ), St8p A, 100 mg,

05,711m$ 3 Hz, 0.5H), 0-4.78 (m 1 H),
4049-mmpd) 2 8-1m99hyl 8@2@91@0@@3 2;-;11]0@51;\ -3-amire d[hydrochlorlde

P@?pﬁgogéﬁ@m& é%ﬁ%@%ﬁ%@ﬁ%? of tips fitle compound.

4M|83@F_?B’ID rihabt balkakited ﬂﬁ@#yﬁzzi\h@mx‘b@ lrﬁ/zaféudd 299 3 [M+H]
(8- e - 8-aza- _bi CXC| o[ Joct-3-yl)-ani de,

ré’é&M%r“‘QﬁM"éér@D@& @uleggedgggﬁa,nwg 1 6ée‘hbﬂﬁl(m 1H) 8.12-
fuRe Qg(%(gmewy%%)tg BBQQOJ%B%H 12,0.4H), 7.24 (¢, J =

n&dll)iz artd), 8- tee(dhy = 8-3akiapd @H)] DM3. (a 1]=OZB&H123}4H1) ne34 (quin, J

Ot 808 e Tl 435 (abss 2l ois AT 200 5. B 58 T, 51,

2.24-2.20 (m, 2H), 2.02-1.96 (m, 2H), 1.87 (d, J = 14.4 Hz, 2H).

EXAMPLE 25

N @)
\©: \>_<
N HNuee
H
N\

5-Methyl-1H-benzoimidazole-2-carboxylic acid (8-methyl-8-aza-
bicyclo[3.2.1]oct-3-yl)-amide.

A. 5-Methyl-2-trichloromethyl-1H-benzoimidazole. The reaction was carried

out as described in General Procedure 1 using 3,4-diaminotoluene (1.33 g,
10.88 mmol) and methyl-2,2,2-trichloroacidimidate (1.33 mL, 10.88 mmol).
Purification on silica gel (40 g; 40% EtOAc/hexanes) afforded 980 mg (36%) of
the title intermediate. MS (ESI): mass calculated for CoH;CIsN2, 247.97; m/z
found, 249.0 [M+H]". "H NMR (400 MHz, CDCls): 9.77 (br s, 1H), 7.60 (br s,
1H), 7.43 (br s, 1H), 7.19 (dd, J = 1.3, 8.6 Hz, 1H), 2.50 (s, 3H).
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M5 (ESI): mass calculated for C17H22NAO, 298.18; m z
found, 299.3 [MtH +. 10 "H NWR (400 MHz, CDCI3) a

waizadamzeof rotanmers: 11.65-11.46 (m 1H), 8. 1P€TAS®003/027461

(m 1 H, 7.64 (d, J =8.1H, 0.6H), 7.36 (d, J = 8.1
Hz, 0.4H), 7.24 (t, J = 81H, 1 H, 7.14 (d, J =
7B 3 5Hileti)-q b‘h)—beﬁzolmlc(a:tolelZ—'anb@(\AhE acl %etl‘ﬂvl%élaieﬂu' n,

, 3 23_(br s, 2.68 (s,
[ n#\e gﬁctlonglv@chrr@@l qqﬁasgcﬂgscrlbed in
2@9@%%&@2%&&%8%1&9 %%éﬁW-%—tﬁgﬂﬁé‘}ngﬁxya?Hlben]z%lmldazole (100
ngeﬁzl@ nmmbi)zarhdaS%eﬁuybaaqzbbccyabl[:iﬂﬂf}emte?o PleimiBe alttydrochloride
S10BnG1 80 Pio b, PR GERIE Aifersiesl 12 ey 0%) of the
"tﬁfé}cédrff?ﬁot‘.ﬁ*?d5 Y gE§I§’ m é'é cél%u%??&fdrt@?H' %@WB""# E{g/z found,

Pr ocedur e I sl n I am not ol uene
RA9.2 [Mrdl] metHhNMR (20Q MH, d}mersaxam 85 mmtmx 8.(237196, (m, 1H),

e B AEs L Hesseg Bl 008 %o, 7.5

t f
ST SR S G, SR SR, 20
b9 g5, 319), 2/39-8r3%(m,12H), 2.28 r283-2.18Hm, 2H)423.q1bt.95 (m,

%}1% (50087695089 Pt uso08) 027481 B

5-Met hyl -1 H benzoi m dazol e- 2-carboxylic acid

(8- net hyI 8-aza- bicyclo[3.2. 1] oct-3-yl)-am de. The
AMFF %8s carried out as described in General
Procedure 2 using

5-met hy].- 24t ri chl or omet hyl - 1H benzoi' m dazol e (100 ng,
0. 40 and ™

8- N aig@m:\ycl o[ 3. 2. 1] oct - 3-yl am ne

di h chloride 5 (170 ng, 0.80 mml) in THE (3 nl).

dg%f%t'ﬁa:( 1H ﬁ%r?gs%rd%%ghéél)g(grreeﬁa/g-ewerégﬁéﬂtﬂ%@one

3 s ol B QB MREL 0 0o
Jnethgl- Z—thlzhlomrﬁéﬂHyl,-1 A-tEz6midazole. (E&ai)nplé 25,28’(eqh AJ160 mg,
EBEO Eﬂ@QB d}-}gj metbyérypq&gzmg (Q,?)Q I:DZQ 8@ hlégr&(’[gati%n
afforded 36 mg (35%) of the title compound. MS (ESI). mass calculated for
C14H1sN40, 258.15; m/z found, 259.2 [M+H]". "H NMR (400 MHz, CDClg):
11.24 (br s, 1H), 7.69 (d, J = 8.3 Hz, 0.6H), 7.60 (br s, 0.4H), 7.39 (d, J = 8.3
Hz, 0.4H), 7.29 (br s, 0.6H), 7.18 (d, J = 8.3 Hz, 0.4H) 7.13 (d, J = 8.3 Hz,
0.6H), 4.81-4.77 (m, 2H), 3.95-3.93 (m, 2H), 2.59-2.55 (m, 4H), 2.49 (s, 3H),
2.36 (s, 3H).
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10 2.49 (s, 3H), 2.39-2.33 (m 2H), 2.23 (s, 3H),
2.23-2.18 (m 2H), 2.01-1.95 (m 2H), 1.88 (d, J =

wa406k/0kmeo 2H) . EXAMPLE 26 0 N H H N, 15 (5- ReThghe03/027461

H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazi n-1-yl ) - et han
one. The reaction was carried out as described in

S@anrlEProcedure 2 using 5-
methy! - 2- ”' chl oronet hyl -1 H benzoi ni dazol e (Exanpl e

gc Sl::zep 100 mg, 0.40 mmol) and N net hyl pi perazi ne

. mol ). Purification afforded 36 ny
(350 e tjtle conpound. M5 (ESI): mass cal cul ated
for 20 Cl4H1 0\ 258.15; mz found, 259.2 [M+H +. 1H
NVR (400 MHz, 3): 11.24 (br s, 1 H), 769(d J =
8.3 Hz, 0.6H) \60 (br s, 0.4H), 7.39 (d, J =

%@eth'ipoolgeﬁaz m1§i§@6§9§lu%mﬁéﬂyﬁ1é %Z@Ir@lg}_%p& %—iyh)methanone
ficROréMetyib-t nzluélr%rﬁéth I31'PI ben%or%@idé%le?’*‘bhe %@cﬁ@n was
@ahilel‘d @ut aN; descrrbed |n General Procedure 1 usrng 4- (trlfluoromethyl) -1,2-

HsevBEAPmB (15 i 5 o atmaane melti 3 e iefiprogcidmidate
& 70%hL 25 68 r‘f1h1d|')0rlﬂur"ﬂc%*tlbbf lon sHida @élr(zlg '(?1"4@% E&@Ac/'ﬁe&anes)

reacti on was carried out as describ al
Riffocdaetl©30 ]:ngu(ﬁ%) af thertitlel interoediaig) M3 (BSI): mass calculated for

P 7% PRl haP IR G199vR,(40g gz, COCk):

o] 0 5brF§ur1IH)I 838 (bR s00.55H)] 7.984Bt d( 4& 108 4H¥00.5H), 7.83 (br s,
Et OAc/ hexanes afforded 30 ng (54% of the title
|Qﬂ45iﬂh€d7h?é5 WB ”(é!Si) mass cal cul ated for

DY YU ettt LpbNSSlridazdt
Qn@tﬁbhoné %e(r’@ac‘@bn \il/as o&rr@i dylztaé)d&d)rrbed |B33é|heraBE’rocedure 2
using 2-trichloromethyl-5-trifluoromethyl-1H-benzoimidazole (100 mg, 0.33

mmol) and N-methylpiperazine (0.07 mL, 0.66 mmol). Purification afforded 42
mg (41%) of the title compound. MS (ESI): mass calculated for C14H15F3N4O,
312.12; m/z found, 313.2 [M+H]*. "H NMR (400 MHz, CDCl3): 8.01 (br s, 1H),
7.74-7.70 (m, 1H), 7.58 (dd, J = 1.3, 8.6 Hz, 1H), 4.78-4.76 (m, 2H), 3.96-3.94
(m, 2H), 2.60-2.56 (m, 4H), 2.37 (s, 3H).

EXAMPLE 28

o
N\

T

NH K/NH
Piperazin-1-yl-(5-trifluoromethyl-1H-benzoimidazol-2-yl}-methanone.

The reaction was carried out as described in General Procedure 2 using 2-
trichloromethyl-5-trifluoromethyl-1H-benzoimidazole (Example 27, Step A, 100

mg, 0.33 mmol) and piperazine (57 mg, 0.66 mmol). Purification afforded 6 mg
(6%) of the title compound. MS (ESI): mass calculated for C13H13F3N4O,
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0.45H), 7.71-7.63 (m 1.5H). B.
(4- Met hyl - pi perazin-1-yl)-(5-trifluoronethyl-1H benzoi

waoieEneo6@- yl ) - nmet hanone. The reaction was caPCTAS2@8/027461

as described in General Procedure 2 using
2-trichloronethyl -5-trifluoronethyl-1 H benzoi m dazol e

Q@@OI m@n/z%@ﬁc)i 120grepi-Hgth o' HNNIER Md)@wnez LOHOR): (11 @17(brs 1H),

Purlflcatlon afford

tBth tares, 8. @dhﬁia%ébr Ve). (=SB 6%@51@51 cﬂll@tnga&f(m, QH 3.89-
found, 313.2 [ M H NVR
?i%%%ﬁ+§ﬁ§8iﬁ?§§53é%oinEr s 1 H. T T o (m 1
, 7.58 (dd, J = 1.3, 8.6 Hz, 1H),4.78-4.76(m
2 " 396394 (m 2H) 2.60-2.56 (m 4H), 2.37 (s,

BEEB&WPLE 28 0 - NNE F3C\ / NH ~, NH
Pl pera2|n yl-(5-trifluoronethyl -

H benzagj m azoI 2-yl) - met hanone. The reaction was
carrle scrlbed in General Procedure 2 using
hyI 5-trifluoronethyl -

|mdazoe(ExarrpIe 27, Step A 100 nmy, 0.33

N&w@gﬁ /é@w@%%%g@ﬁ PrmalngCBRRs i hasel ot
foffet %ﬂ%ﬁﬁ%%ldé’%lm ﬂ@%é&?{ﬂpﬁ/@s carrled

oun
rdIURa(sﬂe@ched iroGenajal Pmceﬁiw(ekirusng 7- fﬁgqro ‘82 Me@uien@dlamme

2@%,}5 {25esbB aondé@%w Eﬁ-tr@%@%gl% c{%’rfr% (hé)n?]ﬂ 8:152mmol).

Whgn%ﬁ théresul reki ltafﬁ‘bffoﬂ&ed(525|gu(@0%)10f the title

H benzol m dazol - 2-yl) - (4- et hyl - pi perazin-1

4W)mmmnM&(EW) mass$ galcolated farGurbCiedian b1 £4; m/z found,

FB LA HARIR IS0IBRS Cradf Haf S, ), P14 @F s, 1H), 7.07

‘(df uop @71 9P henyHgnedi anmi ne 10 (1. O g, 8.12 mml)
and msthyl-z22tr|chloroaC|d|mda (1.0 m_, 8.
rgm(S-Fluoro- 1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)- methanone

The reaction was carried out as described in General Procedure 2 using 5-
fluoro-2-trichloromethyl-1H-benzoimidazole (100 mg, 0.39 mmol) and N-
methylpiperazine (0.09 mL, 0.79 mmol). Purification afforded 28 mg (27%) of
the title compound. MS (ESI): mass calculated for C13H15FN4O, 262.12; m/z
found, 236.2 [M+H]". "H NMR (400 MHz, CDCls): 11.55 (br s, 1H), 7.74 (br s,
0.5H), 7.46 (br s, 1H), 7.19-7.17 (m, 0.5H), 7.09-7.07 (m, 1H), 4.79-4.77 (m,
2H), 3.95-3.92 (m, 2H), 2.59-2.57 (m, 4H), 2.37 (s, 3H).

EXAMPLE 30

o)
N

)
F_@NH K/Nj

(4-Ethyl-piperazin-1-yl)-(5-fluoro-1H-benzoimidazol-2-yl)-methanone.
The reaction was carried out as described in General Procedure 2 using 5-

fluoro-2-trichloromethyl-1H-benzoimidazole (Example 29, Step A, 100 mg, 0.39
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Trituration of the resulting precipitate afforded 1.20
g (60%9 of the title internediate. M5 (ESI): nass

woabewbziced f or C8HACI 3FN2, 251.94; m z found, PCRPAR2@®3/027461

[ MeH +. 1H NI\/R(4OO MHz, CDCI3): 7.64 (br s, 1 H),
7.31 (br s, 7.07 (dt, J =2.27, 9.09 Hz, 1 H).
Hm8) aner ﬁlelﬂ érdﬁrﬁ?@(@ o0 whld &z pH ndmyl)) Audificatioy bffprded 30

perazi n- net ha none. The reaction was carrije

b (?aswu@fsma lecsampaunr WS ERIsenasECRcURh 1o CubnFN.O,

N R PTIL LARBFTRYHESBcL00 B8 ors, 1)

rmm br égla)fﬁlfl) c7a46 (bT saﬂl—k)rl‘léé (BBsn@S(—??%ch(gr sf 1id),t4.80-¢.76
oun H15FN4Q
251@ 5196,5.88 (modhb 2 362 B {0 AL 260 (b GG AW, 114
5 (br s, 774 br 0.5 7.46
Ebr @H_?[]%BI? 7.19-7. 17 (m 0. 5H)( 7. 89 7.O7H%m 1 H),
4.79-4.77 (m 2H), 3.95-3.92 (m 2H), 2.59-2.57 (m
E'—XD/'WI%LE é 3H). EXAMPLE 30 O - NN-r-"-N--) F\
5 (4-Ethyl -piperazin-1-yl)-(5-fluoro-1

H benzoi m @azol - 2-yl ) - net hanone. The reacti on was
carr| edNout as descri bed in General Procedure 2 using
r| chI oromet hyl -1 H-benzoi m dazol e
A, 100 ng, 0.39 38 WD 2004/022060
003/ 027461 mol ) and N-ethyl p| perazi ne (0.10

Rjﬁgqurprgqgo&%iama (%/gl?lggﬁjneraffo d f’?ﬁﬂgﬁ%d(fg:@ of

EF%H%EEW was?c7a5ﬂédlouffé§ dE8etisbd i217(§'e|'4’er{aNPl'd}cbdu1é'|2NMﬂ19 5-
CDCl 3 62 (brs,

ﬂuaeo eﬁrlcblorqm V- 1'H1@ tmgiazglesdﬁyaﬁmlwg( S?G%A 10¢l|)'n9, 0.39
i]ﬁ%%l)zanggp ?8 a'%ne%@ﬁ @3,_@6/’9%;‘3% gnﬁiﬂwatlo% Jaf?t?b 3(9@9 rﬁﬂ‘(?%) of
b titEXOMPTENdL MS (ESNNmass daldulitedy fblr C1oH1sFNLO, 248.11; miz
found, 249.2 [M+H]". "H NMR (400 MHz, CDCl5): 11.26 (br s, 1H), 7.72 (br s,
0.5H), 7.46 (br s, 1H), 7.19 (br s, 0.5H), 7.09 (br s, 1H), 4.74-4.71 (m, 2H),
3.89-3.86 (m, 2H), 3.05-3.02 (m, 4H).

EXAMPLE 32

NS SN
F@ﬁ ngH

(5-Fluoro-1H-benzoimidazol-2-yl)-(3-methyl-piperazin-1-yl)-methanone.

The reaction was carried out as described in General Procedure 2 using 5-
fluoro-2-trichloromethyl-1H-benzoimidazole (Example 29, Step A, 100 mg, 0.39
mmol) and 2-methylpiperazine (79 mg, 0.79 mmol). Purification afforded 17
mg (17%) of the title compound. MS (ESI): mass calculated for C13H15FN40O,
262.12; m/z found, 263.2 [M+H]*. "H NMR (400 MHz, CDCls): 11.45 (br s, 1H),
7.74 (brs, 0.5H), 7.46 (br s, 1H), 7.19 (br s, 0.5H), 7.08 (br s, 1H), 6.57-6.03
(m, 0.5H), 5.94-5.89 (m, 0.5H), 4.72-4.65 (m, 1H), 3.42-3.35 (m, 0.5H), 3.20-
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10 (5-Fluoro-1
H benzoi m dazol - 2-yl ) - pi perazi n- 1-yl - met hanone. The

woeartiiezad was carri ed out as descri bed i n Genepal/uS2003/027461

Procedure 2 using 5- fluoro-2-trichloronethyl-1
H benzoi m dazol e (Exanple 29, Step A, 100 ng, 0.39
! a . osaEi (8, 3188 2086-2069 tnoBH), 1.70r(df I e06.8dHe,
g}.?oérrgegqy@ngwﬂ (hgf ?he titl egpzorrpol_')imd. n§s (ESI):
efds), dal&(d,ak=28.3 Oz, GBEML3FNAO, 248.11; miz 15 found,
249.2 [M+H +. 1H NMR (400 MHz, CDCI3): 11.26 (br s, 1
H, 7.72 (br s, 0.5H), 7.46 (br s, 1 H, 7.19 (br s,
eEXMMPLE. P (br s, 1 H), 4.74-4.71 (m 2H), 3.89-3.86
(m 2H), 3.05-3.02 (m 4H). EXAMPLE 32 0 - NN~ F \
/I "Nl HNH 20 - Fluoro-1
H benzoi m dazol - 2-(\d") - ( 3- net hyl - pi per azi n- 1-yl ) - net han
one. The g eacti s carried out as described in
Gener aly Prloce usi ng 5-
flug -%?Nchl df onet hyl -1 H benzoi i dazol e (Exanpl e
,0@ N, H100 nmg, 0.39 mol) and 2-net hyl pi perazi ne
(79%g, 0.79 mmol). Purification afforded 17 25 ngy

0 i 2501 ) 1 -&a.cul at ed
R i T A U 3 S PR
Kidyc(ofB2. Nbiet-3-gDa@rside. 11. 45 (br s, 1H), 7.74 (br s,

I Poption g Kardan Syt e gdscibetbh GendiabPlagelyEailing 5

ﬂu%?ﬁ-éﬁtﬁéhI()FBméthgb-ilH%e‘i%oﬁni@ézél@ (EXahiple 28, 8f:p3A, Y6D mg, 0.39
2004/ 022060 PCT/ US2003/ 027461 3.14 (m 1

el angi78-methgH-azabiewcl o358 1 Ithar@;%aqpi,neldi'h_ng’ roghlogide (168

6. 3 1.8H). 1 1 = oy J

@g*d_%@mnoa. Pélrécgﬁpnigggrée@oﬁWS/g) Sthe thnJrr?mﬁ%. MS
HEBPN ARSI dé@dﬂét%dzfoﬁ@ﬁ({mzsmklj;@, 302 .d5( Byaisund, 383a@zM+H]". H
bi cyclo[3.2.1 EOCt-S-% ) - am de.

NMR (400 MHz, CDCl3): 12.01°(br s, 1H), 8.06 (d, J =7.8 Hz, 1H), 7.73 (br s,
0.6H), 7.47 (brs, 1H), 7.22 (br s, 0.4H), 7.10 (m, 1H), 4.35 (9, J = 7.1 Hz, 1H),
3.28-3.25 (m, 2H), 2.41-2.35 (m, 2H), 2.34 (s, 3H), 2.28-2.21 (m, 2H), 2.02-

1.97 (m, 2H), 1.88 (d, J = 14.4 Hz, 2H).

EXAMPLE 34
0,
N
H
.

(3H-Imidazo[4,5-b]pyridin-2-yl)-(4-methyl-piperazin-1-yl)-methanone.

A. 2-Trichloromethyl-3H-imidazo[4,5-b]pyridine. The reaction was carried out

as described in General Procedure 1 using 2,3-diaminopyridine (1.0 g, 9.16
mmol) and methyl-2,2,2-trichloroacidimidate (1.13 mL, 9.16 mmol). Purification
on silica gel (40 g; 60% EtOAc/hexanes) afforded 600 mg (28%) of the title
intermediate. MS (ESI): mass calculated for C7H4ClsNa, 234.95; m/z found,
236.0 [M+H]". "H NMR (400 MHz, CDCls): 8.65 (dd, J = 1.5, 8.1 Hz, 1H), 8.32

(dd, J=1.3, 8.1 Hz, 1H), 7.45 (dd, J = 4.8, 8.1 Hz, 1H).
40
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The reaction was carried out as described in General
Procedure 2 using 5- fluoro-2-trichloronethyl -

weékbanzzico dazol e (Exanple 29, Step A, 100 ny, POT@82003027461

nmol ) and 8- net hyl - 8- azabi cycl o[ 3. 2. 1] oct an- 3- ami ne

di hydrochl oride (168 ng, 0.79 nmol ). Purification

&8 f (3 faenhidazofdy 5(blp9fidin2-yIRéed-mdthd-gipemaeimthy ) MaetHdnBink. The
mass . cal cul ated, fo 6H1§) 10, 302.15; niz found,

368C401} KRscarried o Mmé Gengrpblyrocegupa 2using2- 1

bl oS (8 £

(rqeth;/lptpéfratln‘dz(ﬁ 9 ), 0185 gwnad) B PAF (BymRH) Pudfichtiod. fforded 29

(b B of vigtifieorgbbund, MSLESH Rke galiidtod for fipHiaN:o.

&4%’4\3%91*8 40246.2 [M+H]". "H NMR 400 Mz, CD H
3H | mi dazo[ug 5-b]p [rl dl]n- ; '\{I ( 7 CICI>3 : 13.63 (3, 1H),

y&?ilﬁéxuﬁ&r‘fbaélz AH), 815(8 1H), 734 dd J 48 8.3 Hz, 1H), 4.77 (br s,

Sl 22530{"5%%32%%@&% ' T Genera

Procedure 1 using 2,3-diam nopyridine (1.0 g, 9.16
and nethyl-2,2,2-trichloroacidimd ate (1.13 ni,

iXA $5 Purification on silica gel (40 g; 60%

Et QAc/ exapes) afforded 600 ng (28% of the title 25

[ ey e. M5 (ESI): mass cal cuI ated for C7HACL3N3,

234955 m ound, 236.0 [MtH +. 'H NVR (400 Mz,

CbCl 3): 8./65 fYdd, J = 1.5, 8.1 Hz, | H), 8.32 (dd, J

= 1.3, 8.1 , 1L H, 7.45 (dd, J = 4.8, 8.1 Hz, 1 H).

40 WD 2004/ 022060 PCT/ US2003/ 027461 B.

Hlmd 4. 5- bl i di n-2- = (4- et I- 1-
eCTe S S e R G e
dqessérabPfoddtiueBer al Procedure 2 using 2
trichloronethyl -3Him dazoL4 5- b] pgrl di ne (100 ny

A strreshspiutionof R-aminapeppp&082nge2 6. omak). inhB|62 2,2-

%h%%‘yaﬁﬁgté (9B tig, s st BLE firede (e, 928

framoDlLaHakidhe, (1 Gﬁﬂ.)lﬂas h"ééteﬁcw ri‘éflu>24§ftér 5 Mﬂ:ﬂe“ ml)lturé\lwas
(400 MHz, CDCI3):. 13.63

S
igooled, @nd fgefgeglgnatf wWas cqﬂeﬁed aad djled AI(I’@ crgdg qqild was
@uspéndgd iPfolGene (56 mL), and N-methylpiperazine (1.5 mL, 13.7 mmol) was
added followed by 2-hydroxypyridine (26 mg, 0.28 mmol). The mixture was

heated to 125 °C in a sealed tube for 4 h. The resulting yellow solution was
concentrated under reduced pressure, and the residue was purified on silica
gel (12 g; 2% methanol/dichloromethane), yielding 320 mg (48%) of the title
compound. MS (ESI): mass calculated for C43H5N30,, 245.12; m/z found,
246.1 [M+H]". 'H NMR (400 MHz, CDCls): 7.83-7.79 (m, 1H), 7.66-7.65 (m,
2H), 7.47-7.41 (m, 2H), 4.19 (t, J = 5.1 Hz, 4H), 3.88 (t, J = 5.1 Hz, 4H), 2.55-
2.52 (m, 4H), 2.35 (s, 3H). "*C NMR (400 MHz, CDCls): 156.1, 154.6, 149.9,
140.1, 1271, 125.3, 121.3, 111.5, 55.3, 54.6, 46.9, 45.9, 42.8.

41



10

15

20

2H), 3.96-3.93 (m 2H), 2.58 (m 4H), 2.36 (s, 3H). 10
EXAMPLE 35 NO O N~ ~N

weenmamaxwaol - 2-yl - (4- met hyl - pi perazi n- 1-yi ) - mePOamusmm®3/027461

General Procedure 3: A stirred solution of

2-am nophenol (300 ng, 2.75 mmol ), methyl 2,2,2 15

EXAMPhexymcet ate (902 ng, 5.50 mmol ), and ytterbi um

triflate (170 ng, 0.28 mol) in toluene (10 nL) was

"0 \{oyreflux. After 5 h, the mxture was cool ed,

p eci pitate was coIIected and dried. The crude
N_yfpended in toluene (5 nL), and

et hyl pi\pey/azine (1.5 nmL, 13.7 muvol) was added

foll owed by 2A-hydroxypyridine (26 ng, 0.28 nmol). The

m xture was 20 heated to 125 Cin _a sealed tube for 4

147 -Metbyl-benzadxagoly2y)dérraethyt-piperaa-1-ybmeshanenad

SHEGeroH Sl R ERHS SonRALodtht SRR Sl Rldtdaure 3

)élt&’tlﬁg REth32AnmiBo-64%%h a@?hbh@l B00Img, Z48pamot). Mrification
(ESI): mass cal cul ate or CL3HL5N302, 245.12;

orded 430800 (G0bHpHhe iienaampaids -\ (ESRirBpss Calculated for

Z:nﬁ"' @ LY 1& m/6f07u gép?[h&@]*z%ggﬂnﬁ 340?7M_H324%1DCI3)

266 4d)J = Bﬁﬁz 2H527 431(34113) 722336:lc{,sl 8H), 1.0LBI2, NMR 4.22 (t, J =

149 0 13
6, 4604385 (o= 5.1 8, 4752252, 7ib 538 e D). 25C NMR
‘(“ﬁ)(?%ﬁé@%@ 612 Uﬁ?@@%@@%“ﬁa oA R8T MO0 6 ‘N"I 5,
= - VBt hyl -benzooxazol y - pi pera2|n 1
58.4,-5%6h4b.0n46.0THR2.8,24c2.i on sequence was carried out
as described in General Procedure 3 5 starting with
2- arri no 6- met hyl - phenol (300 ng, 2.43 mmol).
4pn afforded 410 ng (65% of the title
corrpoun M5 (ESI): mass cal culated for Cl14HL7N302,

%i z(Pound 260.2 [M-H +. ' H NVR (400 Mz,

N
\

(5-Methyl-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone.

The reaction sequence was carried out as described in General Procedure 3
starting with 2-amino-4-methyl-phenol (300 mg, 2.43 mmol). Purification
afforded 212 mg (34%) of the title compound. MS (ESI): mass calculated for
C14H17N302, 259.13; m/z found, 260.2 [M+H]*. "H NMR (400 MHz, CDCls):
7.47 (s, 1H), 7.40 (d, J = 8.3 Hz, 1H), 7.16 (dd, J= 8.3, 1.7 Hz, 1H), 4.08 (, J =
5.1 Hz, 4H), 3.76 (t, J = 5.1 Hz, 4H), 2.43-2.40 (m, 4H), 2.38 (s, 3H), 2.24 (s,
3H). "®C NMR (400 MHz, CDCl3): 156.5, 155.3, 158.5, 140.7, 135.5, 128.7,
121.3, 111.2, 55.7, 54.69, 47.2, 46.3, 43.2, 21.8.
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7.66 (d, J =8.1Hz, 1 H, 7.43 (s, 1 H, 7.23 (dd, J
=8.1, 1.0 Hz, 1 H, 4.22 (t, J = 5.1 Hz, 4H), 3.88

woORpo4bh22068. 1 Hz, 4H), 2.54-2.52 (m 7H), 2.35 eT/USR03/027461
13C NWR 10 (400 MHz, CDCl 3): 156.2, 154.4, 150. 2,

138.0, 137.9, 126.7, 120.6, 111.5, 55.4, 54.6, 46.9,
FXAMPRR. 38 21.9. EXAWMPLE 37 ccx q 15
(5- Met hyl - benzooxazol - 2-yl') - (4- net hyl - pi perazin-1-yl) -
me{ hanone. The reaction sequence was carried out as

‘ ed, ®n General Procedure 3 starting with

] nmet hyl - phenol (300 ngy, 2.43 mol).
PU|f|%at|'8 afforded 212 ng (34% of the title
compound. \M5 A ESI): mass cal culated for Cl4H17N302,
259.13; nfz Nound, 260.2 [MH +. 1H NVR (400 Mz,
CDCI3): 20 7.47 (s, 1 H, 7.40 (d, J = 8.3 Hz, 1H)
14-Methyleberizooxazd:-2-yl){4-+rethyl- pip;aramm}a Y- -mejhanor®.1 Hz,

%?e rgﬁjztlor}g%fu?gce wgwarrﬁ@%,ﬁ%éﬁ%‘%ﬁﬁg %ré—g F’ro%eaﬁre 3

2
%ﬁﬁ’uﬁg v\étg@7 %mlﬂ@% @eth:}ﬁghénoll(éﬁo%g 1?8%11@01)4]Pl&mcatlon

2affondex) 296 m@@mwmbmg/ttbl@mmmw&(@) Nnass calopigted for
CasNeOp. 359130 lz fquns: 2692 (VL JH NMIR (400 MHz, GCL):

VTE:B‘.thlQﬂfS 1 Flze1H¢wcszJ&eauaﬁze1 MRY. tRa(d,ikd 80‘UHza$H) 412
descri bed i n General Proc dure 3 5 starting wt

At ahit Rl Bzl hyd- Bbﬂedc‘rl Oécb@‘%) 25048, vl 445~ 324 (m, 4H),

R | oR 0) (.3 o] e

2o e e R dACP ) i PIoA B30l Aap 0, 1oz

ZQ&Z,&;ZG]@,ZWQJW@B 7260.9247 18t HB3, 432N\ ( 400 MHz,

CDCIS) 7.37 (d, J =8.1 H, 1 H, 7.27 (t, J =8.1
7.13 (d, J =8.1 Hz, 1 H, 4.12 (t, J =5.1

281 (t, J = 5.1 Hz, 4H), 2.56 (s, 3H),
%ﬂglfﬁ?m 4H), 10 2.28 (s, l?:DH). 13C (I\Ii/R(IA:I)OO MHz,

@?w 7, 154.6, 150.1, 139.9, 132.3,
, S N

=

\
Benzothiazol-2-yl-(4-methyl-piperazin-1-yl)-methanone.

A. Benzothiazole-2-carboxylic acid methyl ester. A stirred solution of 2-

aminothiophenol (1.70 mL, 15.9 mmol), methyl 2,2,2-trimethoxyacetate (3.93 g,
23.9 mmol), and ytterbium triflate (620 mg, 1.59 mmol) in toluene (10 mL) was
heated to reflux. After 1.5 h, the mixture was cooled, and the solvent was
removed under reduced pressure. The crude oil was purified on silica gel

(40 g; 20—100% ethylacetate/hexanes) to give 2.00 g (66%) of the title
intermediate. MS (ESI): mass calculated for CgH;NO,S, 193.02; m/z found,
194.1 [M+H]", 216.0 [M+Na]". "H NMR (400 MHz, CDCls): 7.58-7.54 (m, 1H),
7.37-7.35 (m, 2H), 6.95-6.87 (m, 2H), 3.37 (s, 3H). 3¢ NMR (400 MHz,
CDCl;): 164.82, 162.5, 156.9, 140.7, 131.9, 131.4, 128.6, 126.5, 57.0.

B. Benzothiazol-2-yl-(4-methyl-piperazin-1-yl)-methanone. A mixture of

benzothiazole-2-carboxylic acid methyl ester (100 mg, 0.52 mmol), N-
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127.2, 126.0, 109.1, 55.7, 54.9, 47.3, 46.3, 43.2,
16.8. EXAMPLE 39 C NO CS Q 15

waenaakticazol - 2- yl - (4- met hyl - pi per azi n-1-yl ) - neChas2w8/027461

A. Benzot hi azol e- 2-carboxylic acid nethyl ester. A

stirred solution of 2- am nothiophenol (1.70 nL, 15.9

mgfh pip@PAZING (B28 AL 2. BMMQMMQ&’&)@M)@ dme ﬁ52r$1990 .05
, and ytterblumtrlflate (t620rrg .

mm@ iretaluener() 5 welo wareheaigdiia h%ml@r@waxfetteﬂ?p fpr 10 min.

THE PR litlo Selg sl R dradihcenfialet Htr 1RBced ohEERIE fand
fid festd@eas (pAffied ba@ea@@@dqﬂmbmameumgaﬁemg (19%) of the

hytsmnd e RTS8 oo o -

ggg‘é}s. 1%?3‘78#[7% 2@;}0‘? 85 [;M;a;ﬁl}*%@)ld 40@ 1NE, 4H),

6,855, 87, iz, 2H), 2352150 m, 2H), 2 FSCAND) NMIE (4QTBMHz,
AT @%%%%%g;ﬁ%%‘.&’gﬁ%s.?; 126.8P2¢ 5, %5’3‘.6?‘12%%% 585, 54.7,

ﬁsngkﬁb - 2-yl - (4- et hyl - pi perazi n-1-yl) - met hanone.
m’xtur'e 0 benzot hi azol e- 2- carboxyl i c acid net hyl
ester (100 ng, 0.52 mmol ), N 43 WD 2004/ 022060
@ﬁ§ﬁg9§{027461 nmet hyl pi perazine (0.29 nL, 2.59
2- hydroxypyridine (5 ng, 0.05 mmol) in
toluege (1.5 nL) was heated in the mcrowave to 170 C
. yhedesulting yellow sol ution was
ndér reduced pressure, and the residue
, y er sed- phase HPLC, yielding 50 ng
(19@6 of the ftl 8 conpound as the trifluoroacetate
salt. 1H NWR (40 , CDCl3): 8.11- 8.08 (wl 1Iﬂ
7.97-7.96 (m ZFD X 55-7.45 (m 2H), 4.45 (t,

2.
5‘5@@ - y%benz AR ot eth%&?'?}z'” ievi?m%%bo%
- InethanbneSA rhixture of
(3,4-diamino-phenyl)-phenyl-methanone (4.28¢, 20.16 mmot) and glycolic acid
(5 mL, 70% solution in water) in 4 N HCI (40 mL) was heated to 100 °C for 2h.

The warm mixture was poured into water (350 mL) and allowed to cool.

Neutralization with concentrated NH4OH resulted in the formation of a solid,
which was collected by filtration, washed with water and dried under vacuum to
reveal 4.99g (98%) of the title intermediate. MS (ESI): mass calculated for
C1sH12N202, 252.09; m/z found, 253.1 [M+H]", "H NMR (400 MHz, CD30D):
8.02-7.99 (m, 1H), 7.79-773 (m, 3H), 7.66-7.62 (m, 2H), 7.56-7.51 (m, 2H),
4.90 (br, 4H).

B. (5-Benzoyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone.

To a suspension of (2-Hydroxymethyl-1H-benzoimidazol-5-yl)-phenyl-
methanone (2.0g, 7.9 mmol) in water (250 mL) was added 2 M NaxCO3;

(10 mL). To the mixture was added dropwise a 0.1 M solution of KMnO4 (1.9
g, 12.0 mmol). This mixture was heated to 100 °C for 2 h and was then filtered

while hot, and the cooled filtrate was acidified with 3 N acetic acid. The
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HHO (5-Benzoyl -
H benzoi m dazol - 2-yl ) - (4- net hyl - pi perazi n-1-yl ) - net han

woneed/082060 2- Hydr oxynet hyl -1 PCT/US2003/027461

H benzoi m dazol - 5-yl ) - phenyl - ret hanone. A m xture of

15 (3, 4-di am no- phenyl) - phenyl - net hanone (4.28g, 20.16

fi‘ﬁ@uliln'\iglégllcﬂsl W@ﬂi C@Ileaﬁé(ﬂ by fifiration, Wa¥hed Withi water andairigsd) under
was heated to 100 C for 2h, The

WECHUM. xthe @rud@sa%m 64 g, @@&W@%HS@@mhﬂa}mmﬁjcouplmg without

L RRD0R' 1'% MO bERCASE (A0 38! QB mel n P
q@Irhiepwas alisledl GDIr(@RIDmMg, @eEslhminmlb tamdvatsemivdoe: was etirred for
under vacuumto 20 reveal dg@glg 98% of the title

i ‘e \Nrengithyl pipavezineayas thepsad | t)eang ghe reaction mlxture

Wao 53[9%)% qup%lr%@'eﬁggg (hmz'ﬁie f_rﬂitwlgeﬂyés %Wﬁnto water

350) ,ml_é) éi‘é"d é)ét‘ﬁéf'ctémlwﬂll-ﬂlchlﬁrcﬁﬁefhaﬁé (The Ghbined. &Qrachs were
enzoyl -

w%ﬁawawmrrédwqd ?@Sﬁﬂt%ﬂndahﬁé%tgvﬁ was,pyrifiack e Filica

f 0
(108 1RSI BTNy enH TR B fol 73 8 o (45%)
mfujn) off-whitetselid ( 268 (EB)): msaxdadtadiatéd womzduaam@g 34|8)16 m/z

o 3408 T3 RS 400 B Bt - 0a T keat §ib Bi-a.22

J(ﬁrQ o¢5|f|?>,f7 §§ B e gnW@%H h?@3f7 V@%ﬁﬁQH)Wdzw Bet m airm 7.51-7.46
t'hé cool’ed aci d t
doh, ®H)THB344. mt()rmmﬂ)/ emwsmr/abszemz@m(m 2H) 2.56-2.53 (m,

UE&Q£8$%§hids were collected by filtration, washed

' d dried under vacuum The crude acid

(0.63 g, 30% was used in the am de coupling w thout
further purification. To a suspension of the acid
(EXBNW“ﬁ£41O 45 mol) in DMF (3 nl-) was added CD
(8243 ng, 0.51 mmol ), and this m xture was stirred for
h. N-net hyl piperazine was then added (55 L), and
sactipon m xture was stirred at roomtenperature
6 h. \The m xture was poured into water (50 nlL)
and exFrac ed\ Wi t h di chl oronet hane. The conbi ned
extrac ﬁ concentrated under reduced pressure,
and the residue was purified on silica gel (10 g;
1- 8% net hanol (2 M NH3) / di chl or onet hane) to revea
7(4 @hloyp- (1&sbgnzpmmrazahzcyﬂH%metrefl«@marazmv@yk)mtﬁanﬁa@s

) v ﬁé’ I’Qpc{ ﬂf\ZWaslcarrled

feﬁ%sﬁbdé’s%rlb(gg?n} @éﬂé)ral ﬁro%lﬁ_l)dﬂre%\nﬁtm3 &%IBH) -1,2#pR8énylei@diamine
(647 mg, 4.52 mmol). Afger 1.5 h water (10 mL) was added, and the precipitate
was collected by filtration to give 1.04 mg (86%) of the title intermediate. MS
(ESI): mass calculated for CgH4ClaN2, 269.9; m/z found, 271.0 [M+H]".

B. (4-Chloro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone.

The reaction was carried out as described in General Procedure 2 with 4-
chloro-2-trichloromethyl-1H-benzoimidazole (1.04 g, 3.86 mmol) and N-
methylpiperazine (0.39 mL, 4.25 mmol). Purification afforded 594 mg (56%) of
the title compound. MS (ESI): mass calculated for C13H15CIN4O, 278.74; m/z
found, 279.5 [M+H]". "H NMR (400 MHz, CDCI3): 12.3-11.19 (s, 1H), 7.71-7.40
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(m 2H), 4.83-4.73 (m 2H), 3.96-3.93 (m 2H),
2.61-2.59 (m 2H), 2.56-2.53 (m 2H), 2.36 (s, 3H).

WaR0EAMELE 41 CI NO N N~ H ON (4-ChloroP@T1/US2003/027461

H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazin-1
-yl )-nmet hanone. A. 4-Chloro-2-trichl oronethyl -

tnbeR3,07. B dazpke.8 HE 1H)AZ2BqH, Wes? . BEHIZ 164}, 4%2 QT2 (@s, 2H),
described i'n General Procedure 1 with

3.96:8 &Bdim., 2H ) R 2 &5 Ath e 37 64y, 4.52 mol ).
After 1.5 h water (10 m -) was added, and the
precipitate was collected by fiItration to give 1.04
BXAMBRE 4f the title internediate. M5 (ESI): mass
cal cul ated for C8H4C14N2, 269.9; mlz found, 271.0

B. (4-Chloro-1

bi m@azol - 2-yl) - (4-net hyl - pi

'Myl) nmet hanon e. 25 The reaction was carried

aN de bed in General Procedure 2 with 4-
chl ord2-€ri ¢hl or onet hyl -1 H benzoi m dazole (1.04 g,

3.86 mmol) \d N- net hyl pi perazine (0.39 nL, 4.25
nmmol ). Purification afforded 594 ng (56% of the
41\ éthg I etdth-1B-@EStrb- 1%%az©|ahda{icﬂt23yl)-frmthanone

13H15CI 0, 278 4 rdz found 279 5|7£ )&MHN 4 out
raactiongvas; caged ou

Niep-2-
égéf%ﬁgﬁ%%?ﬁﬂ 8%15’ @%(Qrgéé@%yﬁévgh &'Zn?ntr% t%-‘ph} gger%%]ajﬂlpe (g,
B4 mriolP6AReP3. 5(h‘nwa%i) (102mBEPwas FeldethartHhe [Zedipitats was

@E%%pﬁﬁy_f@rgg}rhtg giyq_1y’|§ n@@#i%)rqﬁae title intermediate. MS (ESI):
th RENZALNLARZRE TIHYELNIBL EPAS- m/z found, 281.2 [M+H]',

B. (4-Methyl-piperazin-1-yl)-(4-nitro-1H-benzoimidazol-2-yl)-methanone. The

reaction was carried out as described in General Procedure 2 with 4-nitro-2-
trichloromethyl-1H-benzoimidazole (1.18 g, 4.20 mmol) and N-
methylpiperazine (0.70 mL, 6.30 mmol). Purification afforded 801 mg (66%) of
the title compound. MS (ESI): mass calculated for C13H1sN503, 289.29; m/z
found, 290.3 [M+H]". "H NMR (400 MHz, CDCls): 11.36-11.24 (s, 1H), 8.29 (d,
J=7.8Hz, 1H),8.17 (d, J = 7.8 Hz, 1H), 7.45 (t, J = 7.8 Hz, 1H), 4.71-4.68 (m,
2H), 3.92-3.89 (m, 2H), 2.58-2.54 (m, 4H), 2.37 (s, 3H).

EXAMPLE 43
NH,
0
@”\M
N

Iz

-

(4-Amino-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone.

To a solution of (4-methyl-piperazin-1-yl)-(4-nitro-1H-benzoimidazol-2-yl)-

methanone (640 mg, 2.21 mmol) in 1:1 THF/ethanol (10 mL, with a few drops

of ethyl acetate) was added 10% palladium on carbon (640 mg). The reaction
46
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A. 4-Nitro-2-trich oromethyl- 1H benzoi m dazol e.
The reaction was carried out as described in General

wénom@adense 1 with 3-nitro-1, 2- phenyl enedi am nePC1/U§2003/027461

6.54 mol). After 1.5 h water (10 nL) was added and
the precipitate was 10 collected by filtration to give

%liﬁlr@!ha%q&}%e&ﬁn@ém birh g draeRy iR e, eThd/Pediifihg mixture was
mass cal cul ated for C8HACI3N302, 280.49; nfz found,
Jierez! threughrdiagymaceous earth, and the filtrate was concentrated under

e T L
Nipaabriastaud it R A e R
RRSCAGIEHI Ghpfr R 20D 31 DVafours. 2SO 1 NMR
BT P A a0

a&g, 8%3 (mt zl 7 Sz, 1|<2)9@ @ {4]VI8I-(h+ 2H)HAMERA (4000N \2k), 3.94-3.92
gi) ](% 29(d,J:7.8Hz,1

i, 2 1%5@0256m 7.45 (t, J = 7.8 Hz, 1

H, 4.71-4.68 (m 2H) 3 92 3 89 (m 2H), 2.58-2.54

(m 4H), 2.37 (s, 3H). 20 EXAWPLE 43 NH2 O O 6N--4

NEXGMMRALEA4A no- 1

H benzoi m dazol - 2-yl ) - (4- net hyl - pi perazi n- 1-yl ) - net han
on To a solution of
thyI pi perazin-1-yl)-(4-nitro-1H benzoi m dazol - 2-

yI) 25 rr\pthat;lone (640 ng, 2.21 mol) in 1:1
@ (10 m., with a few drops of ethyl
af e ded 10% pal | adi um on carbon (640 ng).
The reacHl OQpL 6 WD 2004/ 022060 PCT/ US2003/ 027461
m xture was \plppced under 1 atm hydrogen for 72 h. The
resulting mixtdre was filtered through di at omaceous

Rl A M g
shéihaaogel (40 g; 0-10% nethanol /CH2CI2) to af f or d

T e gPtien of -2 DATAENZOGOIRER Erily (4 GUTTAY BB i)
%@ngaé?‘?%pléé@%% Pmolbﬁlggrgﬁetﬁgné?m L), was
added acetone (0.07 mL, 0.96 mmol) and acetic acid (10 drops), followed by
NaBH(OAc); (203 mg, 0.96 mmol). The reaction mixture was stirred at room
temperature for 16 h, and then was quenched with satd ag NaHCO;3 (5 mL).
The aqueous layer was extracted with CHCI3 (10 mL), and the combined
organic layers were dried (Na;S0O,) and then concentrated under reduced
pressure. The crude product was purified on silica gel (10 g; 0—-10% methanol
(2 M NH3)/CH.Cl,) to give 35 mg of the title compound (60%). MS (ESI): mass
calculated for C1¢H23N5s0, 301.39; m/z found, 302.3 [M+H]". "H NMR (400
MHz, CDCl3): 11.11-11.07 (s, 1H), 7.18 (t, J = 7.8 Hz, 1H), 6.76 (d, J = 7.8 Hz,
1H), 6.37 (d, J = 7.8 Hz, 1H), 4.80-4.65 (m, 2H), 3.92-3.78 (m, 2H), 2.56-2.53
(m, 4H), 2.36 (s, 3H), 1.85-1.81, (m, 1H), 1.32 (d, J = 6.3 Hz, 6H).
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30

| H, 6.53 (d, J =7.8 H, 1 H, 4.82-4.78 (m 2H),
4.43-4.40 (m 2H), 3.94-3.92 (m 2H), 2.56-2.54 (m

wo®e4/022@886 (s, 3H). 10 EXAMPLE 44 "~NH NO NP8IT/uS2043/027461

(4-1sopropyl am no-1

H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazin-1 -yl)-
mxXAMpPpEe5 To a sol ution of

(4- am no- 1H benzoi m dazol - 2-yl ) - (4- net hyl - pi per azi n- 1-
e Neth ne (Exanple 43; 50 ng, 0.19 mol) in

di c e (10 nm), was added acetone (0.07 ni,
0. 96 cetlc acid (10 drops), followed by
NaBH(OAc 03 ng, 0.96 nmol). The reaction m xture
was stlrred a oom tenperature for 16 h, and then
was quenched W|th satd aqg NaHCO3 (5 nL). The aqueous

I8 Chss- 19-beazodiatd st dl2-@HC-@H-nbthyHpiperanait-t-yb-
conmbi ned 20 organic |ayers were dried (Na2SO4) and
Wféthyléﬂﬁ@@m@at ed under reduced pressure. The crude

TR SieneP bl R oReRl 1 ofzoidastie (100 mo
gclﬁéﬁ)n?‘ido(rﬁg@étonme( (&3h).) wanadded N-ogthaylpipefarine (0.04 mL, 0.4

5% %&E @%@pgyas %rrqq?quﬂbmlr( ﬁwenérnp%n*urfsmieltate {29 mg,
6 % m&v@s ()Q}ezi6 Aﬁ'er 1J8 f tﬁe ?eéﬁlonaﬁlxiurﬁ)waédﬁﬁeﬂ QyithJsatd

2H), 3.92-3.78 (m
2096al2CeB ( 10rmL)4 }a)1d theB@x(ractength mcb[;)rgrr@_’[hal*(qT(S 4%mL)

At eoupbipsdexase Wesenact eSS BY RER SRgpyratod ynder

%%&405 plelRkarel- 'ithe crud Cproduc;t was purified on silica gel (10 g; 0-10%
enzol m dazol - 2- 4- et hyl - pi perazin L

methanol (2 M NH3)/d|chIoromet ane) to afford 23 mg (22% oft e title

compound. MS (ESI): mass calculated for C13H16N4O, 277.11; m/z found,

278.2 [M+H]*. "H NMR (400 MHz, CD;0D): 7.79-7.74 (m, 2H), 7.45 (dd, J =

8.6, 2.0 Hz, 1H), 4.23-4.17 (m, 4H), 3.63-3.58 (m, 4H), 3.01 (s, 3H).
Biological Examples
Binding Assay on Recombinant Human Histamine Hy4 Receptor

SK-N-MC cells or COS7 cells were transiently transfected with pH4R and

grown in 150 cm? tissue culture dishes. Cells were washed with saline

solution, scraped with a cell scraper and collected by centrifugation (1000 rpm,
5 min). Cell membranes were prepared by homogenization of the celi pellet in
20 mM Tris-HCI with a polytron tissue homogenizer for 10 s at high speed.
Homogenate was centrifuged at 1000 rpm for 5 min at 4 °C. The supernatant
was then collected and centrifuged at 20,000 x g for 25 min at 4 °C. The final
pellet was resuspended in 50 mM Tris-HCI. Cell membranes were incubated

with 3H-histamine (5-70 nM) in the presence or absence of excess histamine
(10000 nM). Incubation occurred at room temperature for 45 min. Membranes
were harvested by rapid filtration over Whatman GF/C filters and washed 4
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15

met hyl eneam ne. 5 To a suspensi on of
5-chloro-2-trichloronethyl-1 H benzoi m dazole (100 ng,

wO0.26804/002mbD) in acetonitrile (4 nL) was added PCT/US2003/027461

N- et hyl pi perazine (0.04 nL, 0.4 mol). The m xture
was stirred for 10 m n then ammoni um acetate (29 ng,

QindsE WM lide-4E18 aﬂMTnéﬂ—t@r FilGerd vt«ére then@m'ednrrmed witle
was diluted with satd

sxintifanteandceuntad far @d&a?aﬂr«i% eSt<3NsMQcpfrﬁi‘))S?l@llﬂ%pressmg

ST P10 T B350 e Sy of b o
PRSI E0 S, A oty Py puneing

(tRE Upovd-dekeribed reactionrmpthanpreskBeé BSVarionmssncentrations of

[l S BePRdgenbiety g Shon Biting s oin
HGRslse vl wre Gafbuldteybechy oy S elapre ey

BictchiniBe A5G a0108 oR8 GTahE aig dﬂdfmihddnﬂhﬂﬁhm%%\/l according to
Receptor 20 SK-N-MC cells or COs7 cells wer

t¥.dhsClheng and Vi fRuseff (Riacheprthasmacol AGVA, 23(285099—
Cel | hed with
sal |8>1 Rsyzllc%f’u*@ul ﬁ%@ lgthd W th Z \(I:V:Irle \ggfagerwand

col | ected by centrlfugatlon (1000 rom 5 mn). Cell
menbr anes were prepared b enization of the cell
pellet in 20 nMTr BN $§A %%ﬁ Teh tissue
homogeni zer for 10 s at high speed. 25 Honmpgenate was
centrifuged at 1000 rpmfor 5 min at 4 C. The

super@dat ari; (nkBs t hen cdX ectKaQnMQld centrlfuﬁ_d at Ki (nM)
20,000 x g for_25 mn at wﬁ final ég?t was 4,
resusﬂended i 250 mM Tri 8 9 merrbrane wer e

i ncubgted wyph 3H hi stam ne (5 536 NM in thgopresencggo
or absence of excess histamne (10000 nM. |ncubation
occur Bed at B86m tenperatfure foR285 nin. MenBfanes 30833

e harvest by rapid tra over Watgpn G-/ C
(Tl et woatiflont " 5 4o 20800825060 35 620
PCT/ U§2003/ 02g461 timesppoM th ig¢ggcol d 50 mvkgri s HCH200
Filters were then dried, mxed with scintillant and

count 8d for r28ioactivit3l SK-NBE or COS7 céfls 1300
expressing h n histamne H4 rggceptor wereyysed to

neasure the a ?Hnlty ofngo?ndi ng gf 3 ot her cgﬁpoundsmoo
and tieir abgbpty to di 28 ace H{85gand bi ndi Bg by 810

i ncub%tl ng o8 24 270 40 8000
10 620 25 613 41 57
11 355 26 528 4% 1o
12 807 27 1 46 o
13 380 28 420 47 158
14 53 29 26 48 23
15 216 30 370 49 o1
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5 the above-described reaction in the presence of
various concentrations of inhibitor or conpound to be

woesi@d2066-or conpetition binding studi es usi ngPCT/US2003/027461

3H hi stam ne, K; values were cal cul ated, based on an
experinmentally determ ned KD value of 5 nMand a

|Ma§tf?©el¢®h@ﬂﬁt§téﬂ“siMagf 5 nM according to Y.-C
ruso (Bi ochem Pharnmacol . 1973

M@atssellmmmma@q@gy mugos3l|epibefia is a wallthnovkoyharacteristic of

HRYbeh R nd el Fractuellt eyt Cbrigge JOK) of aore size

8B3m Wedto0atél v&i&D@O@ELQﬁG 00 BhLHurhak fiBfonetdn és?naé) for2 h
21 468 37 1300 7 87 22 31 38 1600 8 300 23 135 39

gatgoom iegnperatire. Adtegoemovalmfdhe fiRprertind606 pl of RRFEwith 5%
28 45 110 12 7 46, 64 420 47
B8R 1M prasenss a0 el istestiBe s Afted 18 e bsliag hgmber.
/
AR LR DO it ie B! (AT Shic ot TSt dior 1 M
vedllitidarsooirthe Hestaanepowstdsowerfe addddcetogihe topiamkjtbcﬂtom dhambers.

Jia8 Cas (RIE el S Patctorba the Hpmbss 7eiataere

fihBhIR8a 63 hHB®IC f Frarkvitl v@érerr@Prleb@ ”9ﬁ<‘.‘1 ?ﬁé’ [:§Hs in hthe

After renoval of the fibronectin,
SyottaBSahamber ierg ey ete@le‘ooslxn;oSmﬂdssxmg aélomv\aﬁoar@di@d
to the bottom chanber.

10 uM HR Antagonist (uM ): Binding
Histamine 10 1 Assay
EX % Inh Stdev % Inh Stdev Ki (nM)

9 97 72 11 28

6 97 1 84 5 25

7 101 1 8 15 87

25 27 75 66 12 613

Cell-type Distribution of Hs Expression

RNA was prepared from the different cells using an RNeasy kit (Qiagen,
Valencia, CA) according to the manufacturer’s instructions. RNA samples

(5 ng) were run on an RNA gel and then transferred over’night to a nylon blot
(Hybond, Amersham Pharmacia Biotech, Piscataway, NJ). The blot was pre-
hybridized with ExpressHyb solution (CLONTECH) for 30 min at 68 °C. The Hy
receptor DNA was labeled using the Rediprime Il kit (Amersham Pharmacia
Biotech). The blot was hybridized for 2 h at 68 °C, followed by one wash step
(23 SSC and 0.05% SDS) of 40 min at room temperature, and a second wash
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To test the various histam ne receptor (HR)
antagoni sts, 10 pMand/or 1 pM solutions of the test

woanpands were added to the top and bott om chaabaiss3/027461

Mast cells (2x105/well) were added to the top chanber.
The plates were 10 incubated for 3 h at 37 C
Totap$0BI SSCearel 0.4POBOS) cﬁﬂl@ mireatcsd tG. Mhetllet whokekposed to

harrb vvere coun for SI seconds usi_n a flow
§§/ aat-7q ogmtfm Sqrﬁm OVesNigH

I—,lqédﬂgne 10 1 Assay %Inh Stdev % | nh StdevK
97 72 11 28 6 97 1 84 5 25 7 101 1 8 15 87
ZEhéZIXIoﬂﬁeﬁﬁBm rédufts iddichte thaé tha bl redeptonis exprésbed on bone

TRV cmars ety BRINE ] atieneal mast ripednERpsinophils.
am‘éyedgxs@t.\iéarésﬂﬂs S BbRSIE e With thé%&bﬁ&ﬁé@ﬂ%r}atwe .g. Oda et

sanples (5 gg) were run on an RNA
tal afNguyeneat aby andi Wﬂseteib ah imyhe Babkgroundiggstionl). However, the

C?ﬂiaiwé Porg i P RPrR oy AR ERCHh g e iy

o nfsastiPable fewidls SBHQreﬂiﬁoHélx&@sééE Bﬁ‘h@htr@bﬁls differ

vvas | abel ed using the Rediprine I'l kit
Fieaneaatfromitbe ebrye |ltﬁﬂétllﬁ$ eﬁmdms; ﬁrm rrmyzlwemalr@drby the

. n
S LU AT ARA 43P0t K25 356 AR 5Pafcie
HifeMfe@ 08522 e dTERé PYHABDAI Gﬁéréﬁﬂerlsﬁw pf &ergit hbfiis and
and 0.1% SDS) of 40 min at 50 C.. The bl ot was exposed
tasthmay a%‘“f"? rgeertopexpressirntisimited dadhesa or)l 'fé/@%e'ﬁs receptor

I r I

AL UEE P BT IRE iyl Hhe dolsie in
masponsalter Imstaﬂnmasﬂ\ddaatidmal (rﬁ’lﬁwﬁgathaenriaymlmblan&sﬁwese issues.

lls, and |no hj | ese pasjtiye resul are
e feoBiito fble it s GalnsRe s sbulion oF th Eypressionby
Northd¥auygh et al., and Morse et al. in the Background
section). However, the negative results of the
Nort hern Bl ot experinent, such as the finding of

apparent | _ \
expr essed bysﬁgéiggophl l's, di féglrl Type Ha

Human Eosinophils T+

Immature Dendritic Cells -
Mature Dendritic Cells -
CD14" Monocytes -
CD4" T Cells -
CD8" T Cells -

B Cells -
Neutrophils -

Mouse/(Rat) Eosinophils +
Peritoneal Mast Cells (Rat) +
BMMC +
BM Derived Macrophages -
Peritoneal Macrophages -
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10 somewhat fromthe above literature findings. This
may be expl ained by the different nethodol ogi es used.

waéeowmrabi on of mast cells and eosi nophil s i NPCT/US2003/027461

affected tissues is one of the principal
characteristics of allergic rhinitis and asthma.
Since H4 receptor expressiogpD4s TCall§ed to these cell
types; H4 receptor signalling is likely to nediate
the infiltration of mast ceII%GﬁlﬂSeosi nophils 4in 15

response
also clarify these issues. The follow ng table
EROLhbifdiPof Bbiinb¥hEsRhSé it fstdifina) RSSbORY DY

fim gﬂge Dénditi IIs I\/atur Dendriti Cells -
4+ Monocytes - CDA+ T [ls - + T Cell B Cel |
Eaginanhiaaausulatign, ”@ﬁé%%%'lew ﬁf%@ﬁés F \@%@k%\ﬁ@m >

, R r
ISE ARl BN oGBS eRbRmSis
P@g@gﬁf@ﬁﬁk@@éﬁgﬂan@@ﬁmisﬁ ﬁm bb&(&hé:shgpe clbege response in
I nhi biti on of. Eosi nophi ape .Cha H st am
R BpSnAR b B3PS e 0 TS BTN a AR LGl Pia G
?Pagﬁ\é[téﬁ&!ccth%??l?éde%s'e‘bsﬁ‘\o‘bﬁh'chléﬁﬁﬁ@xié'}. characteristic

ergic rhinitis and asthma. This exanple
ddetbodsrat es that histam ne H4 receptor antagonists

53 50 b BED 055 TRBAEG ARG bRan B Bl uegiont. The
Fe8®lda 8&lls were lysed with 5-10X Qiagen lysis buffer at room temperature
for 5~7 min. Granulocytes were harvested and washed once with FACS buffer.
The cells were resuspended at a density of 2 x 10° cells/mL in reaction buffer.
To test inhibition by specific histamine receptor antagonists, 90 pL of the cell
suspension (~2 x 10° cells) was incubated with 10 uM of one of the various test
compound solutions. After 30 min, 11 pL of one of the various concentrations
of histamine was added. Ten minutes later the cells were transferred to ice
and fixed with 250 pL of ice-cold fixative buffer (2% formaldehyde) for 1 min.
The shape change was quantitated using a gated autofluoescence forward
scatter assay (GAFS) (Byran et al., Am. J. Crit. Care Med. 2002, 165:1602—

1609).
Results - Histamine Mediates Eosinophil Shape Change Through H4 Receptor

The change in shape of eosinophils is due to cytoskeletal changes that
preceed chemotaxis and thus is a measure of chemotaxis. The data in the
following table show that histamine induces a dose-dependent shape change
in eosinophils. Histamine receptor (HR) antagonists were used to sort out
which histamine receptor is responsible for the shape change. Antagonists
specific for the histamine H4 receptor (diphenhydramine) or the H, receptor
(ranatidine) did not alter the histamine-induced shape change. However, a

dual Ha/H4 antagonist (thioperamide) and a specific histamine H4 receptor

52



10

15

characteristic that precedes eosinophil

Met hods

tenperature

aintia
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n 1 C50 of

e of
gesl.Ohat
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S ch
a%ggoni
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ranati di n
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Byr
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lange———
1.00

how

anggeogo
Sts

i s
1.00
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wever,
1.00

V1)1 96

1.5 and

0. 27

respectlvely Fol d Change Hi st amne 10 1 0.1 0.01 O
('Me InNQb {_' on of EOSII’]O%%H Ehemo]tams by I-(i)lstamlne H, Receptor Antagonists

Eosinophil accumulation in sites of allergic reaction is a well-known

characteristic of allergic rhinitis and asthma. Eosinophils are purified from

human blood with standard methods. Chemotaxis assays are carried out using

transwells (Costar, Cambridge, MA) of a pore size 5 um coated with 100 plL of

100 ng/mL human fibronectin (Sigma) for 2 h at room temperature. After
removal of the fibronectin, 600 uL of RPMI with 5% BSA in the presence of

histamine (ranging from 1.25-20 uM) is added to the bottom chamber. To test

the various histamine receptor antagonists 10 pM of the test compounds can

be added to the top and bottom chambers. Eosinophils will be added to the top

chamber whereas histamine or chemotactic factors will be placed in the lower

chamber. The plates are incubated for 3 h at 37 °C. Transwells are removed
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Ant agoni st 10M H4 1.09 1.05 1.05 1.01 1.00 Antagoni st
10M1.08 1.05 1.01 1.04 1.00 Thiop 10 p m1.63 1.50

wa.208/022068 1.00 Diphen 10 M1.64 1.49 1.21 1.8dT1TAS2D3/027461

Ranat 5 The Inhibition of Eosinophil Chenotaxis by
Hi stam ne H4 Receptor Antagonists Eosinophil

aRE YRR it dfitels irethedottdnh ehgimber ean thieasburedfor 60 s using a
wel | -known characteristic of all er(gl c rhinitis and

Howrmiometssi avgan be oxpstitsted by H8ing GiamsasamNIng.ood

wi th standard net hods. Chenotaxis assays are carried

out using 10 transwells (Costar, Canbridge, MA) of a
FeednhibitrbofZinasad nduchd Faditbnitié in Mide by Hidtamime i,
flbronectln (SlgS ) for 2 h at roomtenperature. After
Reesdlar AMageRists bronectin, 600 L of RPM with 5% BSA

[ ' f

o BaFRdled BLehREIARCMARRLD RS bok the
Ipiesitcmnusmdueee M/myrrmstaagwhiczht is th® indobfble pelysascharide

Somound T 15,ey e e e, LoB S0 BOLAE: cormonly
%Q@H"P@'ﬁn%ﬂ%‘%{} ﬁélﬁoﬁl't@'iﬁmlé@aﬁ(ﬂ a%BSHPé ’@Cédt% hags s selvddpendent

be pl ace I ower nber. The plates are
imanrizat €brhipouddshottheresentinvention ¢an be éestedirv sdch ganodel to

Erianstiate RPtues oneORaBep ey gt A E R i are aiven

ShipbuRd dr PRECHtINR.€lor 6. FHtedEminiAss Idtet estibsouse
using G ensa st ai ni n(gSj The I nhi bition of
8

T9erivesm 1 Imaayeesead (Siame) spi 1 he micerrersastifigethéd hHatergand

Al
TR B R T h PR Sy R L TS gy Yo EDTA
A ibér 6f ml'gwtwdebko@&wi%adetewhlneb bystakhn@ amalidudil(¢00 pL)
pol ysacchari de nmponent. on _the c nep q)
o8 i evanp s aed STNGG 4107 s Sobiibniy 1% savptabviolet in
%@%(é%%??a&’ig Q*Hggs%trﬁﬁle%%tr@?\%cﬂ'@é@f 8nd 9039 of thePstained cell

solution is placed in a Neubauer haemocytometer. Differential cell counts are

performed using a light microscope (Olympus B061). In view of their chromatic
characteristics and their nucleus and cytoplasm appearance,
polymorphonuclear leukocytes (PMN; >95% neutrophils) can be easily
identified. Treatment with zymosan increases the number of neutrophils, which
is representative of an inflammatory response. Treatment with H, receptor

antagonist will block this incease.

Inhibition of Mast Cell Chemotaxis by Hs Receptor Antagonist in_an_Animal
Model of Asthma and Allergic Rhinitis

An animal model will be used to test the observation that mast cells

accumulate in response to allergic inflammation, and that this can be blocked
by H, receptor antagonists. Compounds of the present invention can be tested
in this model to demonstrate their use as treatments for allergic rhinitis or
asthma. Mice will be sensitized by intraperitoneal injection of ovalbumin/Alum
(10 pg in 0.2ml Al(OH)3; 2%) on Day 0 and Day 14. On Day 21 through 23
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10 manner. Conpounds of the present invention can be
tested in such a nodel to denonstrate their use as

wanbvid4/nieh ammat ory agents. At tine O mce are gCVYAIS2003/027461

conpound or PBS, either s.c. or p.o. Fifteen mnutes
| ater each nouse receives 1 ng zynosan A (Sigma) i.p.

Thiee Wikt BeahalleRgsd by P8BS 4r bvalbumin, smddsadrifieeg@uiH afieethe last
cavities are washed with nL of PBS containing 3 qii)\(/led i

3
ehallenaesoriaytmharsestionioh ihe Bacheawdcie eampyed and

I N i . j . . .
FERPRRIE. TRl RARER R PigBhainaledtiohingr frathoas will be
(Perdtifedrigidvaéd bi stathingrof masi¥%ells etithcohddidg bldéeAlternatively,
E%rggl es are then vor and 10 plL of the stai

cagul beiftarendn WG 50 reral SeRioRins, RAITBSysalad L be

AR g N 9 S o s
2pitbbhal alepeniditg as theidotation withinl each taachesy sepliers nExposure to
ARy e e ST DL EPRIIE FSLERI 1A ip offect
K/Mﬂr%fﬁloél{&f%ﬂ??eé ofd¥agbnidis neutrophil's, which is

representat i of an Inflammatory response. Treatnent
wWihehferitunes @t axtvantagesgefrihe invantiontsire @pparend o woeafcrdinary

25. 1.nhj bi t f, Mast. Cell Ch ' .

AR dnR et oo SR Mia oclasint. BROALE Y AT Bpfied
%@'sehbﬁ&a,%ﬁacﬂgfdmid, BRARbIeY, bhditse8né of bedihakyhskill in the art
observation that mast cells accunmulate in response to
avill segahle tomakermedifisationsiand agdapiations kg vadoys eenditions and

TRadtn; FHfERR & o AR BRE HeTe oy SHBRHDRed by r¥ference in their
t MreRetdibér embodiaserits @né aisot withinthektepg o€ the invention.

rhinitis or asthma. Mce wll be sensitized by

i ntraperitoneal injection of oval bumn/Alum (10 g in

0.2nml AI(OH)3; 2% on Day 0 and Day 14. On Day 21

t hrough 23 54 WD 2004/ 022060 PCT/ US2003/ 027461 m ce

wi Il be challenged by PBS or oval bum n, and sacrificed

24 h after the last challenge on Day 24. A section of

the trachea will be renoved and fixed in formalin.

Paraf fi n enbeddi ng and | ongi tudi nal sectioning of

tracheas will be perforned followed by staining of

mast cells with toluidine blue. Alternatively, 5

trachea will be frozen in OCT for frozen secti oning,

and mast cells will be identified by IgE staining.

Mast cells will be quantified as sub-nmucosal or sub-
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epithelial depending on their |ocation within each
tracheal section. Exposure to allergen should

wonoewu@azeot he nunber of sub-epithelial mast cePCsUSa0d/027461

this effect wll be blocked by H4 receptor
ant agoni sts. 10 The features and advantages of the
VONSIE ickimaiddsapparent to one of ordinary skill in
the art. Based on this disclosure, including the
§ummr°y00f6@t>ﬁn¢ ebforgeda:():pt i on, background, exanpl es,
and cl ai nms, one of ordinary skill inthe art will be
able to rrake nodi fi cati ons and adaptations to various
condi tions and Zusages. Publications described herein
are in poNat ef]l by reference in their 15 entirety.
eséBot N§r Bpbodinrert s are al@o within the scope of
t %‘ﬂ@ve oy, 583WD 2004/ 022060 PCT/ US2003/ 027461
What iSBElainmed is: 1. A conmpound of formula (1): z
e '\r~NROI ) R0O-4B 1/ YR8 B 5 wherein B and
Bl are Cor up to one of B and B1 may be Ny Y is 0, S
hdiHa, where Rz is Hor Cl1 4a| kyl; ZisOorS; 10 R8 is
Hand RO is NR 10, where R10 S H or Cl- 4al kyl, or R8
FhankB ' are G aken i epe kB and Bh Maehe NN of att achnent

tYolsf(gr@fgﬁ]R hf%gilévliér@' Raflkyt R6 nis 1 or 2, ms

ZisOorS;

R®is Hand R%is Af&NRm, where R" is H or Cy.alkyl, or

R® and R® are taken together with their N of attachment to form

RS
R4
\N m
7
RS NR
RG
n ;
nis 1 or?2;
mis 1 or2;

n+mis2or3;
R? are, independently, H, F, Cl, Br, I, Cy.4alkyl, C14alkoxy, -Cs.scycloalkyl,
-OCa.¢cycloalkyl, -OCH,Ph, -CF3, -OCF3, -SCF3, -OH, -(C=O)Rk (wherein R* is
H, C1alkyl, -OH, phenyl, benzyl, phenethyl or Cy.salkoxy), -(N-R')(C=0)R"
(where R'is H or Cq.4alkyl), -(N-Rt)SOZC1-4aIkyI, -(8=(0)p)-C1.4alkyl (wherein p
is 0, 1 or 2), nitro, -NRR™ (wherein R' and R™ are independently selected from
H, Cy.salkyl, phenyl, benzyl or phenethyl, or R' and R™ taken together with the
nitrogen to which they are attached, form a 4-7 membered heterocyclic ring
with 0 or 1 additional heteroatoms selected from O, S, NH or NC4.salkyl),
-SO,NR'R™, -(C=0)NRR™, cyano or phenyl, where any phenyl or alkyl or
cycloalkyl moiety of the foregoing is optionally and independently substituted
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R2 are, independently, H F, d, Br, I, Cl-4alkyl,
Cl- 4al koxy, -C3-6cycloal kyl, -0OC3_6cycl oal kyl,

woeQuHARM60 - CF3, - OCF3, -SCF3, -OH, -(C=0 Rk (werermismnoBk27461

is H, Cil-4alkyl, -OH, phenyl, benzyl, phenethyl or
Cl- 6al koxy), -(NRt)(CCORk (where Rt is Hor

Gathisdtivekeh, 1 afdN3RuBeRibniasdlgtied-fidr (Cup)kyChada | hydroxy,
(wherein 20is 0, 1 or 2), nitro, -NRIRm (wherein Rl

anynenang E>113ﬂ86%§\éndently sel ected from H, Cl-4alkyl,

h k
PO R; SR fdefindenf) Ty Eraalklt, Lot 2o
&I1t4alidyt(d:3 Géw]loallwl)f}cyane rﬁﬁﬁ’rges((]&)f\&pﬁt?yf(CQjOang)Hyw RR® or
opﬁk@% Suheg K bR Sp ks T 3917189 dien B Cralkyl
Y&Ioawle pRefflY- @&%Wl(arecy"’dldféﬂkylfrbe%'f_ZderCﬂ)r%Hé'tMill or R” and
foregoing i s optiona and
|R?de|selm¢tmﬁthqr witib the nifnogen t6 avhieh ﬁwﬂrem@@bed form a 4-7

S DBt Pl in For T SRl peraiehs SgRkd from
.- §GNHQ?HNC ll@)]‘dar%“fwﬁéﬁb ahylgﬁamp R(%or Hycloalk | moiety of
CI- 4al kyl 6¢ycl oal kyl Cl_4al kyl

6 I k )
éb@f@‘egomggs optiomINRIR | lnd.e @m;i@q:tly sut@(l.m.mwcyc 3 t\Aga)én 1 and 3

S SR el B el BuRSZBS @térﬁ Gypalkony

%@Rﬁhkéqﬁdmmykbﬂ'dr&tb@wl or phenet hyI or RP

Rg t n et her th the nitro vvhlchthe
aﬁn’gsaRtg aﬁ?gg dSTRJz;OM'J%M N%Mﬁ’g) a¥heret %n'éé'§&Y%°r| ng Y

LTRSS C RBRVET kst Ll ikt
@&hetﬂrb@ohmadmyl orfphéhw hﬂhérertbgdIMeterooyuhccradiclayls attached
o eR ST e FURP i 18 S By Aoy
@%ng?rlﬁil &Néglaémgfmn riﬁasaﬂ'@ &% 8 7. mérﬂﬁéPﬁWfé‘ré'RP isH
meaaﬂwma( @d@z salkemyderiy wrserel Recny eﬁpczalkyle(r@:(m Q¥R keuyjene,

HAGER NGRS 8% PRC IRRogIoDl ph Sy harakend Cosbycioalky

ﬁmﬂ VB 0P RF dridRY %‘V(bﬁ%gétfﬁeﬁb\ﬂitﬂQhé%ltr@ikenatoﬁﬁh iBARhey are
contai ns one of 0, ,

@tteicbad] foymam4- 7am¢|nnbemd|haWO@vclmm%wmm of] haﬁdhtigaalof

%f ! ﬁ@%ﬁgﬁ%@%@e Rgr ng%N%f%(yﬁlé%égYw%?S aMy phenyl or

@%ﬁ@r'@ ﬂbbl&?ﬁno@é@@f me%r@gtﬁn{g?tih @ptﬁnmyland independently
endent | 1. 4al k C2 4al keny

s atinetzeon FihpiibsUeRis SaRCted from Sr-salkyl, halo,
th%%)ap rith harlid“& Qél%)%gen to which they are
alternatively, R may be taken together with an adjacent R* as well as their
carbon and nitrogen of attachment to form a 5, 6 or 7 membered heterocyclic
ring, with 0 or 1 additional heteroatoms selected from O, S, NH or NC+.salkyl,
and optionally and independently substituted with between 1 and 3 substituents
selected from C4_salkyl, halo, hydroxy, amino, and C4_salkoxy;
and enantiomers, diastereomers and pharmaceutically acceptable salts and
esters thereof,

with the following provisos,
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attached, forma 4-7 nmenbered heterocyclic ring with O
or | additional het eroatons selected fromO, S, NH or

woleho4Batdsyl , and where any phenyl or al kyl or PCT/US2003/027461

cycl oal kyl noiety of the foregoing is optionally and
i ndependently substituted with between I and 3
ﬁhgtSRP bojiebAt ’@ﬁ“&'ﬁ%ﬁdae‘ H@/ﬂéﬁé_&%‘aécfiabenﬂtall‘bisl oth&r than H, and
roxy, amno, and Cl-3al koxy:, alternatively, R7 )
Eéat Rkeanneida henzam whearpr@o?fa%"eﬁ@é RA '%lgl%vharuﬂsthqr@%?f Is
ﬁ@ﬁ99 @nd nitrogen of attachnent to forma 5, 6 or 7
10)

ered heterocyclic ring, with O or 1 additional
het eroat ons selected fromO, S, NH or NCl 6al kyl, and

Fand theSappund it Begn Luntiarng anbth Sie Sonly Majiion.

hydr oxy, am no, and Cl-3al koxy; and enanti oners,

di astereoners and pharmaceutically accept able salts
@hd eBteecampbendof clahthwherein Bl andBngreCovi sos, 57
WD 2004/ 022060 PCT/ US2003/ 027461 that R6 adjacent to
N must be H where R4 adjacent to Nis other than H,

and  thd cHRpeand of cRembenkemin Wismiene of R4 and R6
is methyl and the other is hydrogen. 5 2. The

conpound of claim1l wherein B and Bl are C or Bl may

N 3. . T f J: N1 erein B and Bl are
S %eeC%@ﬁsﬁﬁ%*’gﬁ%ﬁawﬁngféﬁZé%S?-n Yis NH 10 5.
The conpound of claim1 wherein Zis 0. 6. The
conmpound of claiml wherein R10 ;s H or ne%grl. 15 7.
The cohhpoempPerng PACIAIm lawbeesin A issHoramethiis 1. 8.
The conpound of claiml wherein R2 are, independently,
selected from the group consisting of H -F, -d,
-Br, -The eéirpounid? Cldin 1 WhkRin NGEHARIBM is-10CH( CH3) 2,
cycl opropyl, cycl obutyl, cycl opentyl, cycl ohexyl,
- Ccycl opentyl, 20 -Ccycl ohexyl, -CF3, -0OCF3, -SCF3,

%(( 8% ﬁ%g?&%%im'mher%q@em‘ iﬁﬁ%@l{i‘@éﬁ‘ﬂy, selected from
-theigaaresnsistiBSePIBHE,, -ONGBBSC2OHB, -CIIgLH3, -OGdR A%, H2CHa,
RS SlerpyeioprOPYT; ALY GrieASTiv 6/EibRexyl, -Ocyclopenty.
-Ocyclohexyl, -CF3, -OCF3, -SCF3, -C(O)CHjs, -C(O)CH2CHjs, -OH, -COOH,
-C(O)phenyl, -C(O)benzyl, -COOCH3, -COOCH,CHj3, -NHCOCHj,
-NCH3COCHS3, -NHSO2CHj3, -NCH3S0,CHs, -SOCHgs, -SO2CHa, -NO», -NH,
-NHCH3, -N(CHs),, -N(CH2CH3)2, -pyrrolidin-1-yl, -imidazolidin-1-yi,
-pyrazolidin-1-yl, -piperidin-1-yl, -piperazin-1-yl, -morpholin-4-yl,
-thiomorpholin-4-yl, -SO2NH3, -SO,NHCH3, -SO2N(CHa)z, -SO2N(CH2CHs)a,
-SO,pyrrolidin-1-yl, -SO.imidazolidin-1-yl, -SOzpyrazolidin-1-yl,
-SOpiperidin-1-yl, -SOzpiperazin-1-yl, -SO.morpholin-4-yl,
-SO,thiomorpholin-4-yl, -C(O)NHz, -C(O)N(CHs),, -C(O)NH(CHz),
-C(O)N(CH2CHz3)z, -C(O)pyrrolidin-1-yl, -C(O)imidazolidin-1-yl,
-C(O)pyrazolidin-1-yl, -C(O)piperidin-1-yl, -C(O)piperazin-1-yl,
~C(O)morpholin-4-yl, -C(O)thiomorpholin-4-yl, -CN and phenyl.

58



10

15

20

25

30

-pyrazolidin-1-yl, -piperidin-1-yl, -piperazin-1-yl,
-nor pholin-4-yl, 25 -thionorpholin-4-yl, -SO2NH2,

WO 3aRNeild®, - SO2N( CH3) 2, - SO2N( CH2CH3) 2, PCT/US2003/027461

-S2pyrrolidin-1-yl, -SQimdazolidin-1-yl,
-S02pyrazolidin-1-yl, -S2piperidin-1-yl,
gsmplm@r@mpswnd/bf clafArwtgrail RPare )ilhdependently, selected from
- SO2t hi onor phol i

1w gyouR( @l@stlnG@(@dyWM@%%yl mfmw%%ﬁﬁhﬂxﬁ Jl
t@% %I pw 'lfn fﬂ(%& Bagﬁej%éz?ﬁ?ﬁo;: di n-1-yl,

C(O)m)rpholln4y| O)thlom)rpholln4yl -CN and
phen I 58 WO 2004/ 022060 PCT/ US2003/ 027461 9. Th
é')npoJm quew?cﬁpflcmr 1evhergin gpe or "H‘aegéﬁéﬂt"%hy&oge“-

sel ected from the group consisting of hydrogen,
nmet hyl, trifluoromethyl, nethoxy, tri fI uor onet hoxy,
Hitt r o,T_I"er“d:cunpourid ubc|aimr1d~hemm§zi’ ang RitareTinslependentiy

of cl ai erein one, of R2 are not hydrogen.
ff.'ecjf?fépe GUBTCOE'ISQ \PD\/\herel n R3 and R4 are,

[ ndeped}qqant ly, selected fromthe group conS| sting of
a) H -CH3, -CH2CH3, -CH2CH2CH3, - CH3) 2
n- but yd), CHsb-tﬁNiQH;t, ~BtbGH-CHo) W@h&ﬁz,d}abutw i-butyl, t-butyl,

cycl o |°¥§8HE %}Mﬁl gﬁc&,é?ml %ﬁf@%locéa%d?pm%'pyl

SRFNLTH,oC dc@l&@yc beyolbpropyl, cEanacydbpenty!
I uororre? * y N@ y?iceg)%l—lm 4al gyl PR
@@b@pm@mexndl kyI ) 2 (C—O) NHpheny!

-(C0O yc& Réldln yl, -(C=O)irridazo|idin-1-y|,
-(COpy ézﬂdin-l-yl, -(C=0) pi peridin-1-yl,
- (C=O))itpfucraimetiylyl , - (C=0) nor phol i n-4-yI ,

esms gl °”"M’£‘5g' iy MC@@&@ (G rONIG SRy 4C=OINHpheny,
@Egﬁg/]rro‘falr}q— - i InHII‘:}“I-)y?’-(CQJWF'Qf@Wﬁ-d-yI
(EEDDplﬂeJthdyln (D%O)plpe@&@ipwr-wz 0@ marphblin-4-yl,

BB by TepPEr e

g) -COOH, -COOCHS3;, -COOCH2CHgs, -COOphenyl, -COObenzyl,

h) -CHaNHa, -CH2NHC4alkyl, -CH2N(C1.4alkyl)2, -CHaNHphenyl,
-CH,NHbenzyl, -CHzpyrrolidin-1-yl, -CHaimidazolidin-1-yl, -CHzpyrazolidin-1-yl,
-CHapiperidin-1-yl, -CHzpiperazin-1-yl, -CHamorpholin-4-yl,
-CHathiomorpholin-4-yl,

i) -CH20OH, -CH>CH>0H, -CH2CH>CH20H, -CH,OCH3, -CH,OCH>CHj,
-CH>OCH,CH,CHa3, ~-CH,OCH(CHj3)2, -CH20-n-butyl, -CH20-i-butyl,
~CH,0-t-butyl, -CH2Ophenyl, -CH,Obenzyl and -CH,OCHzcyclopropyl.

12.  The compound of claim 1 wherein R® and R* are, independently, H or
-CHs.

13.  The compound of claim 1 wherein R® and R® are, independently,

selected from the group consisting of H and methyl.
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25 i) -CH2OH, -CH2CH2OH, - CH2CH2CH20H, - CH2OCH3,
- CH2OCH2CH3, - CH20CH2CH2CH3, - CH2OCH( CH3) 2,
wothR@mebut yl , - CH2O i -butyl, -CH2O-t-butyl, PCT/US2003/027461
- CH2Ophenyl, - CH2Ooenzyl and - CH20CH2cycl opropyl . 12.
The conpound of claim1l wherein RS and R4 are,

iade pemessrhpourtt of claffl 1-vahBreirl R’ ahieRtampaund of
claim1 wherein R5 and R6 are, independently,

selected fromthe group consisting of H and nmethyl. 59
20

Bl m TGO Ee! RN AMATERER (5 celgfeR SOTRANR QR

Toasistidg oifier ei n R7 is seI ected fromthe group

consi s |ng m - CH2CH2CH2OH,  b)
cyano@ b4al kyl ,

(C=0 al kyl ) 2, C=0) NHphenyl
(C—O)Hgl(cgrgﬁl di % )1 (-(C)—O Pm dzlzol idin

(oca)qoyc@e@)wz n(O.-Q)NHC1 " RNl (C=O)NHphenyl,

%@w e gﬁ(@%ﬁ‘?ﬁ irzgai.dm ™
/ X wol4-yl,
ggﬁ“&ggg@% T%ﬁH{(QFO))ﬁ&M R eS¥il 1&!‘%@@@ 1yl

g@@@@ew)ﬁ Frpo=OEbe AT Ry,

s usean |
F@ﬂ@g'@érwlb ?@Ha( G})plperam%s% A CHpO)mgrpholln 4y,

@htz

BRI oc-oN,
G%OP@Q(@O)N!F@%&W GI-MCHzo(C=O)N(C1-4aIky|)z,

S e =R RReE, neRGH:0(C=0)pyrrolidin-t-yi

B OC=0)aTBraRALINC i, CR D) R NR)
--CHCHBIIC =) bipeyidin-i-yhuOy12CHOfGeP)piperaipdHA0 CHa,

B e S S PR RSt S L LS R
F) - O Cot=NHFN G @ C(=NH)(NH),

e) -CHj3, -CH,CHa;, -CH;CH,CHa, -CH(CHs)2, n-butyl, i-butyl, t-butyl,
-CH,CH>0OCH3, -CH,CH,OCH,CHs, -CH,CH;OCH>CH>CHa,
-CH,CH,0CH(CHj3)2, -CH2CH20-n-butyl, -CH2CH0-i-butyl, -CH2CHO-t-butyl,

f) -CH=CH,, -CH,CH=CH_,

g) cyclopropyl, cyclopentyl, cyclohexyl, -CHzcyclopropyl,
-CHacyclopentyl, -CHzcyclohexyl, -CH>CH2Ocyclopropyl, -CH2CH2Ocyclopentyl,
-CH>CH;Ocyclohexyl,

h) pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, -CHzpyrrolidinyl, -CHzimidazolidinyl,
-CHapyrazolidinyl, -CHapiperidinyl, -CHzpiperazinyl, -CHamorpholinyl,
-CHsthiomorpholinyl,

i) -CH2CH3NH,, -CH2CH2NHC.4alkyl, -CH2CH2N(C1.4alkyl)a,
-CH,CH>NHphenyl, -CH,CHapyrrolidin-1-yl, -CH2CHzimidazolidin-1-yl,
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25 g) cycl opropyl, cyclopentyl, cyclohexyl,
- CH2cycl opropyl, -CH2cycl opentyl, -CH2cycl ohexyl,

woCthR@e@eycl opr opyl , - CH2CH2Ccycl opent yli PCT/US2003/027461

- CH2CH2Ccycl ohexyl , h) pyrrolidinyl, imdazolidinyl,
pyrazolidinyl, piperidinyl, piperazinyl, norpholinyl,
LC'I—Q(l‘Hzpmlzer’h 1-y|CHZHy0:H9¢1pémdml1-yl- @Hb@l—l@@péf&lzﬂi nwl,,
CH2pyrazolidinyl, -CHZpi peridi nyl
@#tzﬁﬂamoa@hwm-4-yl cﬁﬂz&&aﬂu@mﬁmholm 4y,

- %Eﬁkﬁ%ﬁ%@"%ﬁf%[p“.e@affé'ﬁﬁg%%f)ﬁyﬂeﬁiy'-

- CH2CH2NHphenyl , CH2CH2pyrroI idin-1-y
- CH2CH2i mi dazol i 1- 2004/ O 2060
HET/ Ué'it?o%?fﬁEWB‘g @%Mb@rﬁﬁ@ '%l?‘ﬁ'eﬁ f?om the group

{ | CH2pi per azi n- 1 yl,
C%%Eﬁ %[1 FkH] al.'dy GHZ CH2t hi onor phol i n- 4- yl, j)
phenyl, benzyl, phenethyl and benzyloxynethyl 5 16.

e SRS o8t bR YRS e R Wy} b oot R
%‘WQIPBQ tiir E4Rom élnd/\ﬁl%?éﬁ oREttbé‘%Krﬂ@n’é steb;lz\%ndmh tp- ?ﬂ

adj acent R4 as hei r carbon and nitrogen o
dmidazofidint1,2r\d, ipyidazalidin-i,5tyl2pyrazolidin-1,5-yl, plperldln -1,2-yl,

ThBERA BN, oo BLHARA U B Se5-y.

pi perazin-1,2-yl, nDrphoIin 4,5-yl and
thlonnrpholln 4, 18. The coppound of claim1l

o o HieoomaRaRd ob gaim e WhpTein R takgmisietaev it an agiacent R
5 W bl 16 BboP i pOET Of BltaPh BRDERTbyRRinet 2-v1 and

qﬂmq«tmn-d Bdl.claiml selected fromthe group consisting
EX COWOUND 1 (1
H- Benzoi ni dazol - 2- yl ) - (4- et hyl - pi perazin-1

)
b h e B8 ng of laim  ssipsted from the proup consisting of,
ne; 3 (1

?nim(rln dazol - 2-yl)-(3- ne(EBXAP(QURI‘H azi n-1-yl)-methan
H Benzoi m dazol -2-yl)-(4-nmethyl -[1, 4] di azepan-1-yl)-ne
t ﬁlanol(fb"'l-Bi%rIlZOi-lmiH@lZQbJ?-ryi)e{éﬂ‘ﬁeﬂwﬁpw@zjﬂyﬂ yld-nmihanone
(8-nethyl -8-aza-bicyclo[3.2.1 Joct- 3-yl)-amde; 6

(- C""(PFIIBehZOImIdazoI 2-y1)-(4-ethyl-piperazin-1-yl)-methanone;
H benzoi m dazol - 2-yl ) - (4- met hyl - pi perazin-1-yl) - met han

03¢, (1H-Benzoimidazol-2-yl)-(3-methyl-piperazin-1-yl)-methanone;

4 (1H-Benzoimidazol-2-yl)-(4-methyl-[1,4]diazepan-1-yl)-methanone;

5 1H-Benzoimidazole-2-carboxylic acid (8-methyl-8-aza-bicyclo[3.2.1]oct-
3-yh)-amide;
6 (5-Chloro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;

N

(5-Chloro-1H-benzoimidazol-2-yl)-piperazin-1-yl-methanone;

8 (5-Chloro-1H-benzoimidazol-2-yl)-(3-methyl-piperazin-1-yl)-methanone;
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7 (5-Chloro-1
H benzoi m dazol - 2-yl) - pi perazi n- 1-yl - met hanone; 8

WO 3@ 60- 1 PCT/US2003/027461
H benzoi m dazol - 2-yl ) - (3- et hyl - pi perazi n-1-yl ) - et han
one; 61 WO 2004/ 022060 PCT/ US2003/ 027461 9

(8, 6- (,B-Difuerck1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazi n-1-yl) -

net haM&Hanan®; (5, 6- Di f | uor o- 1

e SRR 1A cf DSBS Sdrath 1)
I—I-benmelthiardﬁml -2-yl)- (3 nmet hyl - pi perazin-1-yl)-

t ha 6-Difl
Ef%engﬁgnﬁnﬁla@m hi-benzoi mldﬁzt)ﬁ%wyl )i(@-mpthvkpinssazin-ipyl)-
met hapRMsanohe: 9, 6- Di fluoro-1
H benzoi m dazdl e- 2- carboxyli ¢ acid (8-nethyl-8-aza-
bizy c (o paDRlubrd-6 tiberapinidaaok?2-yl)4(4-methyl-[1,4]diazepan-1-yl)-
(6-Chl oro 5-fluoro-1
H benPGHRERRLSS| - 2- yI ) - (4- et hyl - pi per azi n-1-yl ) -

Ry hasogLeyifidoro (4 %h%lﬁﬂ@aidlé@[c%rﬁoxyhc aC|d (8- methyl 8 -aza-
Hbenzoi m dazol - 2-yl) - pi perazi n-1-yl - hanone;

( 6- Chbisydop3.2|1]eete-gl)-amide;
4 iREs rl el by Dk A RER Bipkrazin-1-1)-

H- bengeitiastiweg! e- 2- car boxyl ic acid (8-nethyl-8-
aza-bicyclo[3.2.1 Joct-3-yl)-amde; 18

(B Ch|(@1(31I@rq1@1ﬂn9ro-1H-benzmmldazol 2-y|) piperazin-1-yl-methanone;
H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazi n-1-yl) -

Mg haiie:Glob95flaofdi Ariserfroimidaybk-2-yl)-(4-methyl-[1,4]diazepan-1-
H ben20| m dazol - 2-yl ) - pi perazi n-1-yl - met hanone; 20

( 4- MeYlinpnethanone;

e STMABE oL B ARk o o kA
H benam-bldyalnp:ls 22t|gtty3-yhiamaidene; 22 (4- Met hyl -

Y ) M e (TR

H-ben e | -2-yl)-pi perazi n-1-yl - net hanone; 24

4- Met hyl'-1 H Benzoi m dazol e- 2- car boxylic acid

(‘88 nme(hydhidoaG-methylelfdibeh2oitidaiae-yl3-piporazint tgl-methanone;
5-Methyl -1 H benzoi m dazol e- 2-carboxylic acid

(F methyhetByR¥A-bpiz6 it aES-2yl-(3 PeéthrYiberin-d8jl)-methanone;

21  (4-Ethyl-piperazin-1-yl)-(4-methyl-1H-benzoimidazol-2-yl)-methanone;
22  (4-Methyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
23  (4-Methyl-1H-benzoimidazol-2-yl)-piperazin-1-yl-methanone;

24  4-Methyl-1H-benzoimidazole-2-carboxylic acid (8-methyl-8-aza-
bicyclo[3.2.1]oct-3-yl)}-amide;

25 5‘-Methyl-1 H-benzoimidazole-2-carboxylic acid (8-methyl-8-aza-
bicyclo[3.2.1]oct-3-yl)-amide;

26  (5-Methyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
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26 (5-Methyl-1 H be

nzoi m dazol - 2-yi ) - (4- et hyl - pi perazi n-1-yl ) - met hanone;
wW6200M022804/ 022060 PCT/ US2003/ 027461 27 PCT/US2003/027461

(4-Met hyl - pi perazin-1-yl)-(5-trifluoronmethyl-1

H benzoi m dazol - 2-yl ) - net hanone; 28

Ri7per @Métﬂylydl?él‘éztrf-i Hyl)uertafimdroynethill-1H-benzoimidazol-2-yl)-

H benzoi m dazol - 2-yl ) - net hanone; 29 (5-Fluoro-1

H benRethan@agsl - 2- y1 ) - (4- net hyl - pi per azi n- 1- yl ) - net han

2 B P B i 40 v
% beni%b:gl Zﬁ-l—bengoi?n_ié)ailﬁ)? ﬂ ?4 m&hyl%?;ggrgg%n‘? -yl) -methanone;

H- benzoi m dazol - 2-yl ) - ( 3- net hyl - pi perazi n- 1-yl ) - met han
@de; (BEtHylFiperazini-Wiielorod dhbenzoimideamobdxyHnethariane;
(8-nethyl -8-aza- bicyclo[3.2.1 Joct-3-yl)-am de; 34

(3?1H | (8- $R7Rb4 fibbhf’é’l‘md’ézﬁ& Vi-pipefaARHylmeine@oasi n- 1-

yl) - met hanone;
%] Zo%ﬁuorozll-y lbeﬁ%onﬂﬁcﬁg%l DR PES. ﬁ‘FétHyI]p Hér)azﬁﬁeﬁ %r}ﬂ@ﬁanone,

- Met hyl - benzooxazol - 2-yl) - (4- e erazin Zy
haﬁ goro 4Hl-benzoimidazoOle-2- carboxyllc aC|d (8-methyl- -8-aza-

(5- Nbﬁgﬁélo&e%é?ﬁ-%zﬂ aﬁné’é) (4- met hyl - pi perazin-1-yl)-

met han

(3% NE(IBMIHWZZID@E&Z]WHOHH-}E -Y)1)-(4-rmathiypip piazer-aai )amethenone;

met hanone

Bgn%BJ(?z%l&l-yl((ﬁ -ABthYNpipRERAR-A ) RmktiAdodEet hanone;
?@b i‘ghg]etﬂalz Oeltrlgoe%g%qlo’z Xlsna rP?(e‘ch?lI 8 Srenaa in- 1-y|)yn~?ethanone

H-benzoi m dazol - 2-yl ) - (4-net hyl - pi perazi n-1-yi) - nmet han
@e; (FMgthypenrpoxpreiel-wi(4rmetpylpiparazin-igdlimethanone;
H benzoi m dazol - 2-yl ) - net hanone; 43 (4-Anm no-1

%doenwmtﬁwmnz%oxaiol(mylmméthpl-meaezmm1Jywm)etmmm

one; 44 (4-1sopropylam no-

peng) H‘ﬁ%ﬁyl@)@é@r@ﬁ)@’%n@'1%5 AdRaond;) -
?&bﬁSF&e@a%%ﬁ& Hrshal ! o By B 3pe s Al

nd of claim1l selected fromthe group
conS| Qﬁt‘rﬁ F EX COVPOUND 46 (4,6-Difluoro-1
H=’ben1(4\4011Iclra)zbH—tIén;zbimiCiAZmiEﬁ-W-l(4ﬂhﬁé\lyblziiparajzily-l’l)yl)'methanone;

42  (4-Methyl-piperazin-1-yl)-(4-nitro-1H-benzoimidazol-2-yl)-methanone;
43  (4-Amino-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;

44  (4-lsopropylamino-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone; and
45  C-(5-Chloro-1H-benzoimidazol-2-yl)-C-(4-methyl-piperazin-1-yl)-

methyleneamine.
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met hanone; 47

(4- Met hyl - pi perazin-1-yl)-(5-nitro-1H benzoi m dazol - 2-
wehdosrerdsanone; 48 (5-Fl uoro-4-nethyl-1 PCT/US2003/027461
H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazin-1 -yl)-

met hanone; and 49 (5-Bronp-1

obenZpicnistagaindol/tihing 4-gurédigd ﬂ@npﬁ’feagrtdmp]cqrislstmg of:
net hanone. 21. The conpound_of claim |l selected from

t B& group consisting of: EOWHEMMD 50
(5, 6-Di chloro-1

H4BenZ4jeabDiflanm-4 %bér)zo(mlrdmbhwy{)p(mpaewl-pipbraiih-1 -ylb)-
nmet hanone; 51 (4, 5-Di nethyl -
H benZR#thARAR®) - 2- yl)-(4- et hyI pi perazin-1-yl)-

ngtha Q'Rﬁetgglzplf)é&a(} %% m@: H-benZOImldazoI 2- yl))rr_lethanone;

H ben oi m thy pi perazin-1

P Boa S oyt ﬁ@r@%énm%z%%g Fi-methyl-gipgrazin-1-yl)-
et hanQfgansfe;

(5-Cnhl oro- benzooxazol 2-yl)-(4-nethyl -piperazin-1

- D) - fetBranmndH-bedEoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
(5- Fl uor benzooxazol 2-yl)-(4-nmethyl -pi perazin-1-yl)-
net hafgHE2NoBey
(6- Fl uor o- benzooxazol - 2-yl ) - (4- net hyl - pi perazi n-1-yl) -
nmet hanone; 57
(5, 7-Di fluoro-benzooxazol - 2-yl) - (4-net hyl - pi perazin- 1-

ygj) wewﬁtﬁ&agogﬁg%‘ﬂ%‘ggﬁc'i‘m&} |1)s_e(l gctpd ifq‘qn& g}eo uIﬁ’o SbStmgooxa
zpi-2-yl)- methanone; 59 COMPOUND
(5- Cnhl or o- benzot hi azol - 2-yl ) - (4- net hyl - pi perazi n-1-yl)

. 58! h3B ¥Bichtte-118HeboirfEH 2200 REHhWSARO3AZ14H!
(4 I\/btrh@rﬂhapbpe,r azin-1-yl)-(5-trifluoronethyl - benzothi a
g LRV s M R RS T

R 0- 4 héthanone;
52  (5,6-Dimethyl-1H-benzoimidazol-2-yl}-(4-methyl-piperazin-1-yl)-
methanone;
53  (5-Methoxy-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone;

54  (5-Chloro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
55  (5-Fluoro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
56  (6-Fluoro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
57  (5,7-Difluoro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;

58  (4-Methyl-piperazin-1-yl)-(5-trifluoromethoxy-benzooxazol-2-yl)-
methanone;

59 (5-Chloro-benzothiazol-2-yl)-(4-methyl-piperazin-1-yl}-methanone; and
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B Bl~ YRS 5 wherein B and Bl are C or up to one of
Band B1L may be N, Y is O, Sor NRZ where Rz is H or

wQedkakbogh; Z is Oor S; 10 RB is H and RO i s RRLWS2003/027461

where R10 is H or Cl-4alkyl, or R8 and RO are taken
together with their N of attachnment to formR3 N Ra M

SR | BraAnH -AY-(5 fF“o?orh MyPbeAzotRiEFoOR2
RZGNar e(4ER|A§gIngIr? (rentn }QL( 3 er ,y ? Cl4al kquy])?,

C1- 4alrrethanones- 6cyc| oal kyI - OC3- 6cycl oal kyl
- OCH2Ph, -CF3, - QOCF3, -SCFS, -OH, - (GO Rk (vvherein Rk
is H, Cl..4alkyl, -OH phenyl, benzyl, phenethyl or

Ql’z.ﬁaméewbmacédﬂcat ¢drivp63itén c()nta@lﬁlﬁ%&cdrﬁ &ured of formula (1):
ClL..4al kyl), -(N-R)SO2CL- 4al Kyl (O p)-CL 4al kyl

(wherein p 20is 0, 1 or 2), nitro, -NRRm (wherein R
and Rm are indegendently selected from H, Cl1-4alkyl,

phenyl , ben phenethyl, or R and Rmtaken

to et@ér % np§rogen to }é\?ichthey are

ar arr:hed f or 7 menber ed h erocyclic ring wth

0 or iTional Riet er oat ons sel ect ed fromO, S, NH

or NCI 4al kyl), 65 WD 2004/ 022060 PCT/ US2003/ 027461

-S02NR Rm - (C=O NRIRm cyano or phenyl, where any

R}gﬁ i or al kyl or cycloal kyl noiety of the f oregoi ng
%"] onally and independently substituted wth

[Rane B! dreahdr BptvlsiidfBans B ehagbed;f rom C1_3al kyl ,
hal o, hydroxy, ~amno, and Cl.3al koxy; 5 R3 and R4

¥ 80 ﬁd@rﬂ@ﬁdé’\‘m@ R He Hear @ah%}' C3_6cycl oal kyl ,
ZisOorS;

R®is H and R® is W&NR“’, where R'is H or Cyalkyl, or

R® and R® are taken together with their N of attachment to form

nis 1 or2;

mis 1 or 2;

n+mis2or3;

R? are, independently, H, F, Cl, Br, I, Cyalkyl, Cy.4alkoxy, -Cs-scycloalkyl,
-OCjz.6cycloalkyl, -OCH2Ph, -CF3, -OCF3, -SCF3, -OH, -(C=O)Rk (wherein R is
H, C1-salkyl, -OH, phenyl, benzyl, phenethyl or C.alkoxy), -(N-R)(C=0)R*
(where R'is H or Cq4alkyl), -(N-RYSO,C1alkyl, -(S=(0),)-C1.salkyl (wherein p
is 0, 1 or 2), nitro, -NRR™ (wherein R and R™ are independently selected from
H, Ci.salkyl, phenyl, benzyl or phenethyl, or R' and R™ taken together with the
nitrogen to which they are attached, form a 4-7 membered heterocyclic ring

with 0 or 1 additional heteroatoms selected from O, S, NH or NCq.salkyl),
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Cl_4al kyl (C3_6cycl oal kyl ), cyano, -CF3, -(CO NRPRI,

-(COOR, -CH2ZNRPRQ or -CH20Rr; where RP, Rp and Rr
wanedinzhependent |y sel ected from H, Cl_4al kyl, PCT/US2003/027461

C3_6cycl oal kyl , phenyl, -Cl1. 2al kyl (C3_6cycl oal kyl ),

benzyl or phenethyl, or RP and RQ taken together with

tBEO),NR'RBI40= ogNN'Rr& fbytaha}brmwt tvmine@ny eimwaoﬂalkylld}

menber ed heterocyclic ring with I itiona

Iycloatian mmetwfl&q fregeibmis opﬂ@almr& Inﬂen?eegeww subgtiguted
}%@ﬁ{e g%@%nf’ﬁsmf 3 ﬁfbﬁ?ikd@ﬂts géleaa'eq 3k gla;ﬁyl e\’iéﬂ?]o Yﬂrégf

opt’iona ependen subs
vmmmobghmrgan(oaygd 3 subst ituents selected from

3al kyl, hal o, dr ox am no, and C1. 3al koxy; R5
a%saarné raée 'Pﬁ%@ﬁﬁ!‘é [V“yC1+4ra'5V' Ep- ?Wﬁa\ 15 K is R

Rty r L PR

cya‘h ﬁ(‘&a{' Q:CE(E% Eﬁg(?ﬁﬁi 10 Ik ?HENR RYor

GEI—PQG‘J ewhbrel&& god lakgfindepéndéh‘rdé)t eelectpdlfr@ﬂrl-é,oﬁ)cmlkyl
ic radica

B B DAY DMEN T ST G e SEA reTSbhE BRp Sy or RP and
@ %‘keﬁ'%?é*ﬁbkwth tRE ﬂltﬂtgjénqw/{/lh&h ey évédétta&{é@i chH'n ar4-7

In rings of or 7 rnenbers, where
|membefad Balekqdmﬂe rw:ag vith 8@ Headditionsl hatrrpataras rsglected from

Cﬁﬁ \“E‘yo%@ﬂﬁa W n%éﬁg&hen@oqékﬁ%ﬁé&glo ﬂwﬂn%lety of

Qﬁe%bé@bﬁ@ llsxdpnoﬁallpaﬁ@Mdepyndaau@@dbadutte@wm bepesdret and 3
he nitrogen to which they are attached, forma

ﬁubsﬁme@és selepteddramyeidalw.i o idRoxy, @minoqaad Giealkexy:

TRerae i AR BeBEARnl. BOp B P oal kT ol 2ty of
tm%sz eataextﬂﬁmg ReSOOIRT oomﬁ N{R%)gm" quemmt Bt gyano,
sSups ut ed

el R ClrPONIy e syl 4t orih & ey 3Reoly

a%‘]t Acent 'C}\@Cﬁ’gd&%,' FIPE 'ff‘){{t RRER HRASL %ﬁgeky&@ﬂéd.cm s attached

elr ~carbon a trogen
aattaacdimentatom drat cotains dheof @, BeNibborekslcnaalkyloaydlqpctlonally an

rasfiarn att pNGy SR Bt 0{@%585 DRk e Ris
i UBWH L, §élFéﬁ¥IéHé e\ﬂhé‘ﬁet Re B@{ﬁﬂ{yléné‘BQC  galkenylene,

tituents from Cl_3al dr oxy,
anhere, Raand & axalelachynd@EmbnﬂWbﬂ/maU@D Co. 4alkenyl Ca-scycloalkyl

TR RS L0 BB TR SR L R SR
WiitdbHeRerdr & aur RebrRb&nddSRsterocyclic ring with 0 or 1 additional
heteroatoms selected from O, S, NH or NC1.¢alkyl, and where any phenyl or
alkyl or cycloalkyl moiety of the foregoing is optionally and independently
substituted with between 1 and 3 substituents selected from C1.salkyl, halo,
hydroxy, amino, and C1.zalkoxy;
alternatively, R” may be taken together with an adjacent R* as well as their
carbon and nitrogen of attachment to form a 5, 6 or 7 membered heterocyclic
ring, with 0 or 1 additional heteroatoms selected from O, S, NH or NC+.salkyl,
and optionally and independently substituted with between 1 and 3 substituents

selected from Cy.zalkyl, halo, hydroxy, amino, and C.zalkoxy;
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that R6 adjacent to N nust be H where R4 adjacent to N
is other than H and 5 that R2 cannot be benzoyl when

woneo4ok20ed and R6 is nethyl and the other is RgdUSy®E/027461

23. A nethod for the treatnment or prevention of
H4- nedi at ed di seases or conditions conprising the

SArRPe@intRinerdl 8i8tdrB8micPs and phaffbcéitioaflg hcebpaifdisaldand

treatnment or prevention a pharnmaceutical conposition
ceniersithgrend, ef fecti ve anount of a conpound of fornul a

(1) 0z - R ...B~B1 Y R wherein 15 B and Bl are C
o"é’&mﬂ‘%@?ﬂi}\%’%@ﬁ&?d Bl my be N Yis O, Sor NW
what R® BdjdcenttooN rdstdsd KywhereZRSadjacentB N $s bthanthd?oH, and

is NRIO, where RLO is H or Cl-4alkyl o or R8 and R9 )
dhat Rarannetdrbaazoyhinhenons of R 8pd & tia sretbik and theopther is

?ﬁld?ggrer{\lM 5NR7AR 20n nis lor 2, mis 1 or
;) n+m’'s2or3; R2 are, independently, H F, d, Br,

I, Cl_4alkyl, Cl_4al koxy, -C3_6cycloal kyl, 25

%%83:0? %%Wf}é} wﬁ%&ﬁ%@%ﬁ%ﬁ%@ Fbeases or
SRRAHEEIRG theSicior Ritlstsrpid g EPE0Y in gt ouon

Hreatm@ht 4abkguention (@\p R BERELLidall dophposition containg an effective
AN Qo eEPAUR OSIITRIAe | nependent | y el ect ed

from z

B N
Ve
S0 2 ~ T
- 11
B ¥ Y R8
B
wherein

B and B are C or up to one of B and B' may be N;
Y is O, S or NR?, where R* is H or Cyalkyl;
ZisOorS;

R®is Hand R%is ANR”, where R is H or Cy.salkyl, or

R® and R® are taken together with their N of attachment to form

R5

nis 1 or2;

mis 1 or2;

n+mis2or3;

R? are, independently, H, F, Cl, Br, |, Cq4alkyl, Cy4alkoxy, -Czscycloalkyl,

-OC3s.scycloalkyl, -OCH2Ph, -CF3, -OCF3, -SCF3, -OH, -(C=O)Rk (wherein R¥is
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H, Cl_4al kyl, phenyl, benzyl or phenethyl, or R and
Rm t aken together with the 5 nitrogen to which they

waneodanrmehed, form a 4-7 menbered heterocycli eCriusgno3/027461

wth O or 1 additional heteroatons selected fromO, S,
NH or NC1_4al kyl), -S2NRIRm -(C=O NRIRm cyano or

Wmmblkyv\h@w pﬂi@hyD%%hzyl pher&éthyﬂorqm 6atkmlyt))aJ(NyFRt)(C O)Rk
noi ety Of f or egoi s optionally
|(Whélf59elﬁdl§rh! By Coaplsyiy: UReRIS OHG tralahrksalpkaalyl (wherein p

i% S bt E?% ige} g@%:ﬁ@hfe%mqg]anaj#kﬂe Hb%'p%nd@%fl&/ 8&¥cted from

am no’
mdmen@g enyl, Ben&y. d’adﬁeﬂeihw;brﬁ%)aﬂcblai“kaken together with the

chalrs%a WOTRIBRPREE BHACHES, SR 8 4rf, B! Q%e'\%ﬁ%cyﬁhc ring

|
GCQEFO"&%W “ﬁ%ﬁé?‘b SOIEERH Trorko. 8, M or NCalky)
h8ANR'RFT, p@e@@NR&R a\mnall?r@ihenstlS\Am@re ahyﬁhdteogbmmwl or
t t R
Boibali iy of B tadedang s bPiRhalh ardhaBPeRaefl iistuted
&ﬁﬂ%é’cﬁfe@ﬁﬁl 884 %Célﬁfétufdéhfﬂ@ sélect%d ho'ncm Jélﬁél,d,&adlésyhydr@kw

ere any phenyl or alkyl or cycloal kyl noiety of° th
faoningoamdy Civsalspxy;onal |y and i ndependent |y substitut ed

X R R ofelofrnel): Cant R, Caad ikl v oxy- 20 rs

%alﬂ@l(@%@cydléﬁihﬂ?@@ﬁb'%ﬁ, @O)ﬂR‘Wl k(xzjo ow LGHgNﬂaqu or
N(Rc) (Rd)’, wher e

cGhhOR'; wh@'ﬂdRRﬁ(Fp‘{;wdqat) are @@QWQW sel@qteﬁggpmﬁ C1-4alkyl,

G SR e e AT AT b Gy S

&?"ttéﬂéle@bgeihelawﬁhltlb@hltatg@mtammmmﬂ‘taﬁ ave atteched, rnSa 4-7

reRbersLRproyslis PGl 0 8r 4radgit e e abeRY B fom

% S50 kD s Bl oSt i of

d¢he Iforlegdrﬂgaedmhbhallﬁnd:hd@lehglentlmublstitlktedymth between 1 and 3

SRt RBR s e Eeisgrarb Ll Pais, hyRBS L Briifeand BIeaRgky:
é% ﬁ@ﬁb%@qnaéb@ﬁd&}f@' H%H(EP&IWIW 0 or 1 additional

) etero%torrs sel ect S, NH or NC1_6al kyl,
didswRar-R Riy-RoROART 0oR® N(H’()}GR drwiesrel Raisky Cyamoet y of

tﬂﬁ OMEPUS G- @E@(h@éﬁ oY g GrRIEVE by earlih o

AReferadpdlieadidapbe diaee, thard Nheterody it radldabisyattached
68 WO 2004/ 022060 P / U 2003/ 027461
at a carbon atom and contains one of O, S, NH or NC4.salkyl, and optionally an
additional NH or NC4¢alkyl in rings of 5 or 6 or 7 members, where R®is
C+.salkylene or Co.salkenylene, where R® is Ca.salkylene or Czsalkenylene,
where R® and R® are each independently H, Cq_salkyl, Ca.4alkenyl, Ca.scycloalkyl
or phenyl, or R® and R taken together with the nitrogen to which they are
attached, form a 4-7 membered heterocyclic ring with 0 or 1 additional
heteroatoms selected from O, S, NH or NC_salkyl, and where any phenyl or
alkyl or cycloalkyl moiety of the foregoing is optionally and independently
substituted with between 1 and 3 substituents selected from C4.zalkyl, halo,
hydroxy, amino, and C1.zalkoxy;
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alternatively, R7 may be taken together with an
adj acent R4 as well as their carbon and nitrogen of

wabkv@ohoent to forma 5, 6 or 7 nenbered het er 8Cyaisea3/027461

ring, with O or 1 additional heteroatons selected from
0, S, NH or NC1-6al kyl, and optionally and
Iaﬂ't@ﬁﬁﬁﬂ@%ﬁ@may Ibsttiaken eshethétwitiebweiadera Rt & well as their

substituents sel ected from Cl-3al kyl,_hal o, hydroxy

LABR aaﬂ@ﬂ@g%pk@tiqp el 16 fir AGd @' 7 drersberasisietocyclic
1 SO S AREBLPGTEAEA SipaLTR, S3UAGR NG

t@d\bpsnmtallp@nbl mﬂepmd%tl&dqubsﬁhuted withl bed;weednerartdwalsublstituents
benzoi/{wwhen one of R4 and

Aot 50 Faqlivh Radh row oo ViR TR Y
rﬁﬂ“@rﬁ’anﬂferﬁér@' B?a%ﬁar% efér And pﬁaﬁﬂaeaﬂio%ﬁn %c@éﬁ@%{@sé]fs and

condition is ect ed e group co S|st|ng of
iestérartheemfy di sor ders, asthma 15 psori asis,

rhﬁgg%tefohd arthritis, ul cerative coliti S, Crohn' s

! OlIPWIGRNISIPY  bowel disease, nultiple
%ﬁbﬁRﬁ’édj%ceﬁ’c {&N%Gstddéﬁrvﬂﬂiré R“aédjg&éhmrmmms than H, and
der mag ol ‘ogi cal di sorders, autoimine (di seas

IthapRacaenefi kpbeeray) whentneRidR eand iR is mﬁthyl and the other is
ﬂ%&gfl ci ency disorders. 20 25. The nmet hod of claim

in the H4-nedi at ed di sease or condition is
sel ected fromthe group consisting of cancer or itchy
skin and t he conPound is adm nistered and an
- uv afte method of claim 23 wherein the Hy-mediated disease or condition is
selected from the group consisting of inflammatory disorders, asthma,
psoriasis, rheumatoid arthritis, ulcerative colitis, Crohn’s disease, inflammatory
bowel disease, multiple sclerosis, allergic disorders, allergic rhinitis,
dermatological disorders, autoimmune disease, lymphatic disorders,

atherosclerosis, and immunodeficiency disorders.
25. The method of claim 23 wherein the Hs-mediated disease or condition is

selected from the group consisting of cancer or itchy skin and the compound is

administered and an adjuvant.
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