WD 20041022060 PCT/ US2003/ 027461 HETEROCYCLI C COMPOUNDS Fi el d of the

I nvention The invention relates to novel, pharmaceutically active, fused 5
het er ocycl i ¢ conpounds and met hods of using themto treat or prevent

di sor derWOZAYWRYKAi t i ons nedi ated by the histam ne H4 PEDES2003/0274Backgr ound
of the Invention Histamne was first identified as a hornone (G Barger and
HH Dale, J. 10 Physiol. (London) 1910, 41:19-59) and has since been

denonstrated to play a maHETEROEYCLIGOCOMPEWYNDS physi ol ogi cal processes,
including the inflammatory "triple response” via H receptors (A S.F. Ash
and H. O Schild, Br. J. Pharmac. Chenother. 1966, 27:427-439), gastric acid

secretion via H2 receptors (J. By %lfgr‘?ﬂrﬁlbn%n’ Nat ure 1972, 236: 385-390),
and neurotransmitter release in ?ﬂe central nervous systemvia H3

receptors (J: The inveatign etlatds to idviel) iphatra@sdeuticliy H8%e Faged (f or revi ew see
S.J. HII et al., Pharmacql Rev. 1997, 49(3):253- 278). Al three histam ne
receptdr B66QGyslc ﬁ%WOHBBﬁ aaér%ﬁépi?%?éas' g'them tedrastios psevatte superfamily

U s A 1ofiEoEY 3hE Coakenk héyiston yshiRbnihe HorBESBrrL  imcor . 1000
55(6):1101-1107; M Yanmashita et al., Proc. Nat!. Acad. Sci. U S A 1991,

88:11515-11519). There are,cﬁg ver, aﬂgition | functions of histam ne that
have been reported, for whi round.ok he INeNYen i dentified. For exanple,

in 1994, Rai blg; . i : . | hi stam ne
coul d acti vat eﬁ%@ﬁgﬁﬁﬂﬁqﬁé@?}gﬁ ai%n %@a@%@iﬁ%@%ﬁa@d% (E Ejlg?al bl e et
al ., 1tr)<|m ﬁ’h}d/ﬁglsﬂlahndog)é 1910041 d 9MBd) aridBas sﬁwﬁgﬁéﬂbﬁdé@mﬂstrataghemymsponses
wer e oCcKe t, e -rec or, anI agoni st thio eram,de. wever ,

. et FTHraiai auvaticty of BhydipRaice Sraces eSS dRaNgInGHER INanvARIaNE. i ch

was' not ¢ ' pr head t OMD BC @Dt P, es.
Ther ef or e?ﬁ%g?%ﬁeﬁnes}[@’ g’Pj Hh%‘@ﬁ@?@é‘%{pﬁ ﬁ‘gﬁem st 'en'(t%crg 'gp'n'g\ﬁa hi 1sﬂtoam' ne 30
recept or Ghemo#iaropDe6, 27 A2AT—-429), gastriciacidrsecretion viadyeceplors ¥, recently

T I MRACTC PIPI N e pNe IR TS

Phar ms ol cordfl) hervtis Bystem VS B; recepfdre (§LVEIArranPét al PingtiRCdg3, 2001,
302:832-837) (for review see S.J. Hill et al., Pharmacol. Rev. 1997, 49(3):253—
278). All three histamine receptor subtypes have been demonstrated to be
members of the superfamily of G protein-coupled receptors (I. Gantz et al.,
Proc. Natl. Acad. Sci. U.S.A. 1991, 88:429-433; T.W. Lovenberg et al., Mol.

20  Pharmacol. 1999, 55(6):1101-1107; M. Yamashita et al., Proc. Natl. Acad. Sci.
U.S.A. 1991, 88:11515-11519). There are, however, additional functions of
histamine that have been reported, for which no receptor has been identified.
For example, in 1994, Raible et al. demonstrated that histamine and R-a-
methylhistamine could activate calcium mobilization in human eosinophils

25 (D.G.Raible et al., Am. J. Respir. Crit. Care Med. 1994, 149:1506-1511).
These responses were blocked by the Hz-receptor antagonist thioperamide.
However, R-a-methylhistamine was significantly less potent than histamine,
which was not consistent with the involvement of known Hs receptor subtypes.
Therefore, Raible et al. hypothesized the existence of a novel histamine

30 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):36781-36786; 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



1 WD 2004/ 022060 PCTI US2003/ 027461 59(3):434-441; K L. Mrse et at., J.
Phar macol . Exp. Ther. 2001, 296(3):1058- 1066) have identified and
charactewé%\ a fourth histam ne receptor subtype, the H4 receptor. This

r ecept or 034/§§@60am no acid, seven-transnmenbrane, G prRSTAROGSHIMoEd
receptor with approxi mately 40% honology to the histamine 5 H3 receptor. In
contrast to the H3 receptor, which is primarily located in the brain, the

H4 recept 059(B$434&p4%§étl Morse etalg . Péasngco/nExpuThen 2004, 2961(31):51@58—cel l's,
anong oth s .r.epor Mar s see above nts t hat
o ottt nel O naNaad R et e B sia Thngh ristiins rRneRoran bRl di ng
trauma), Of@IH, Cr@be?ﬁdrmrhﬁstﬂe%éptdr"g sgboca?mne%d @é%h%r%émb%r% gn 10
body. The i1 nflamm response is characterized by pain, |ncreased

t enper at ur@ pro’@dheszspleémeptugmtln appmmmatalmw%homolmgydortbe histamineof t hese.
Many cqnditions h as, al ron c Q&a’tructed Irmnary

di seas® ( CHRIICEPIAM, § 6oRrastG e FEraSSion i BiGelbdecaiegan uik
rheunat oi thrajfi, it Hj, Fecdifor Igl@*?reé%ﬁ P aer RivereR r’R%ﬁtF‘d;ﬁ%%‘nHﬁBQ& Pf ol onged
can provi

15 inflanmation. Inhibition | eukocyte recruitment e significant
t her apeut |¢ellsaamengldﬂﬁeraoeﬂalas wm@d&eﬁlome etndll teeenabbove)redi at ed di seases

"hf ammad i on. Aneprih gt et i nfiRiarmasity foptse Metide bRusicA R miaton | o o' ©
(exocyt osi fichhdiRg fralifhad, rbné?ﬁ:bar%fﬁﬁméuoﬁ qAfRRA6R, ardirvadion By atsreigi tial |y

characterized by a hi stam ne- nodul at ed wheal and flare reaction. A w de
vari eth) ofbadyau infananatory kpsponse isr characterizes by pain dogreasdd

non-i nmun | (e, chem,cal he.,.act] atlon

ecr ut ¢ mederbesature Fologss, A, fedicel ubetRRY of ALFombinBuds o fiseon

i ni t i at es Mahy ebAdiiond;Isuch ! é“é?@ié@ra/sthﬁﬁﬁﬁm obétngdted bulHbRagause t he
recruitment o 25 other effector cells that further contribute to the

i nf | ammat oligeasss(§ARP), atheroscleresis,rand-autpkampnediseanss, mdau@agt ric acid

Ththe cotBUhaldf 2B BhE b Busts, g ERRIERI R bR SRBRGRSL ot o
i nf | amsat i igfamitdtiofe |dh|b|t:oﬁaifueuko@mb recriitmieistr comnprovitfd ggnmtcanm Basi c
Principles and Cinical Correlates, 3rd 3Q Edition, (Lippincott WIlliams &

W | ki ns, HRerapgutipnakve. 19@@)1matorysilqu%&;dnﬂ@mmatlon -mediated diseases
or conditions include, but are not limited to, acute inflammation, allergic

inflammation, and chronic inflammation.
Mast cell de-granulation (exocytosis) leads to an inflammatory response
20 that may be initially characterized by a histamine-modulated wheal and flare
reaction. A wide variety of immunological (e.g., allergens or antibodies) and
non-immunological (e.g., chemical) stimuli may cause the activation,
recruitment, and de-granulation of mast cells. Mast cell activation initiates
allergic (H4) inflammatory responses, which in turn cause the recruitment of
25 other effector cells that further contribute to the inflammatory 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"
30 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




Jakubovsky and 1. Hulin, "Inflammtion and Fever", Pathophysi ol ogy

Princi pl es of Di seases (Textbook for Medical Students, Academ c Press,
1995); q WO 2004/ 022060 PCT/ US2003/ 027461 al., Textbook O

Medi ci ne, %?P’H ’éﬁ?ﬂtlon (WB. Saunders Conpany, 1988): X6A/USH34AHEhs Medi cal
Dictionary. SUVWARY OF THE | NVENTION 5 The invention features a conpound of
formula (1): z 2 BRNRO (I ) is i 1y Ra wherein 10 B and Bl are C or
up to one af, TexthewkFOf Medicine, N8" Editien (). Sauridérs Cdmpany,d988),MREl wher e RZ
is Hor Cl.4dalk nd R9 is NRLO, where RID is H or Cl4al kyl, or

R8 and R9 tF@df'éP(?M?@ﬁ%t[S@& OR@¥h their N of attachment to formR3 R4 Nin
NR7 Rs 15 nis | or 2, mis | or 2; n+ms2or3; R2 are, independently, H,

F, d, Br, I, CL 4a| kyI Cl. 4al koxy, -Cntydoal kyl, 20 -0OC3_6Cycl oal kyl
- OCH2Ph, -CF3, - -SCF@UMMARYGED*E(IN\)OEMTI@N Rk is H, C1.4alkyl,

- OH, | t Cl. Rt) (C=0 Rk wh Rt i
H or IOC éelg%/kyl )eﬂ'\%ﬂ&gﬁt}%{%é?drga%%gmp&e@f@%u@l&m %<§/I (\)/\/nerei( n Sre -

0—4 n I%N_Rg (I)

: wherein
10 B and B are C or up to one of B and B' may be N;
Yis O, S or NH;
Zis O, S or NR?, where R* is H or Cyalkyl;

R®is H and R%is ANR"’, where R™ is H or Cyalkyl, or

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

RS

15 n ;
nis 1or2;
mis 1 or2;
n+mis2or3;

R? are, independently, H, F, Cl, Br, 1, C14alkyl, C14alkoxy, -Cs.scycloalkyl,

20 -OCj;scycloalkyl, -OCH.Ph, -CF3, -OCF3, -SCF3, -OH, -(C=0)R* (wherein R* is
H, C14alkyl, -OH, phenyl, benzyl, phenethyl or C4.salkoxy), -(N-Rt)(C=O)Rk
(where R'is H or Cy_alkyl), -(N-R)SO,C1alkyl, -(S=(0),)-C1alkyl (wherein p
is 0, 1 or 2), nitro, -NRR™ (wherein R'and R™ are independently selected from
H, Ci4alkyl, phenyl, benzyl or phenethyl, or R'and R™ taken together with the

25 nitrogen to which they are attached, form a 4-7 membered heterocyclic ring

3




iIs 0, 1 or 2), nitro, -NRIRLl(wherein R and Rm are independently sel ected
from H, CL.4alkyl, phenyl, benzyl or phenethyl, or R and R taken together
with the 25 nitrogen to which they are attached, forma 4-7 nenbered

het er ocy ™A 004492300 3 WO 2004/ 022060 PCT/ US2003/ 027461 PGEMUS2@3(927451
additional heteroatons selected fromO, S, NH or NCl-4alkyl), -SO2NRIR n,
-(CCONR Rf, cyano or phenyl, where any phenyl or al kyl or cycl oal kyl

moi ety of witheO foorl eagidliticnal hetgroaionsd $elected framl€h S)dHIIrING ek, uted with

bet I d bsi.i | ected f 1. 3al kyl, hal o, hyd , b

et e g SNBSS SRS P hchGbi Aty phersl ey

C3_6 I Aal = :

- (ﬁzgso%y%m,f’ﬁ%@ Jf%@éifd‘lﬁ\gﬁ%all&%ﬂﬁd%ﬁ%n&@é%ﬁ@ﬁ% y sel ected
fromH, Cwittebétpeen 1 88d 8csubistihielnis selpttedyffom Gikalkyl, hald, E8deoxf, oal kyl ),

benzyl _or phenethyl, or RP and 10 RQ taken together with the nitrogen to
whi ch ?hefp@PQ' %’E'ggdﬁ@&?x)f’orm a 4-7 nenbered heterocyclic ring with 0 or 1

addi ti onal 6 ,.E)gng rem Cl - eal kyl , and where any

phenyl or %T%‘fho?}%ﬁ?%% yl 2b$é?§4%%l’ téﬁeedy?!ﬁk oing is optionally and

iC EdgpfEd?arﬂﬁ\jalMﬁahgdéydmdbylmcyan@,eﬁlgegfoguﬁm& —(@6136)25; BHINRRA a@rct ed from
. 3al kyl , r roxy,.An na, an : XY an re,

i ndependeﬁPﬂ‘@bﬁJ w%e@lé‘\éﬁ%n& Rrarg 'QdSP%Of?Q’@Fé'eé%f @"Pzgeéﬁiﬂﬁ@fl\l( R) (Rd),

where Ra i = 1 ) b

C2. 8al keny?w%sgg(ggpggijﬂ;}l@) %@!(?ﬁ'ét%peq%%%ﬂw?‘r&g‘dﬁ c%q&poe;th%ﬁéﬁp;l ?m\j/\her e the

C4. 7hé0er Rtaken togethemwith theaniraghe do whichetheyrase mttached Aflodmcpdi7ai ns one of

(i ngs o SvamPerealeipitc 80 BT ofs Bafoedf elgatBms otsdTameny ene.
where Re ig %ﬁedm\vctg%ﬁ,rar@waé}éw‘;ﬁ&% or ¥I§1 8r IEsﬁcyulaémyﬁﬂowoﬁach

i ndependent’ly H, Cl-4 C2- 4al keny _6cycl oal'k or phenyl, or R
and Rd t akbe foregeingds optionaltyrendchindepgrdently subistituted aithdbaiweantban@d, form a

Lo e n ARG S o S, R o RS R ERSEL T o
cycl OQBKWRS@A@R?a?é, ihdEpdrifell9] HDriGy salkyi;onal |y and i ndependent |y
substituted with between 1 and 3 substitients sel ected from Cl.3al kyl, halo,
R"is -R?, -R"R", -R*-0-R® or -R*-N(R")(R"), where R" is H, cyano,
-(C=O)N(R°)(Rd), -C(=NH)(NH,), C1.10alkyl, Co.galkenyl, Czscycloalkyl,
Ca.7heterocyclic radical or phenyl, where the Cy.7heterocyclic radical is attached
at a carbon atom and contains one of O, S, NH or NCy4alkyl, and optionally an
20  additional NH or NC.salky! in rings of 5 or 6 or 7 members, where R® is
Ci.salkylene or Cz.galkenylene, where R® is Ca.salkylene or Ca.galkenylene,
where R°® and R® are each independently H, Cq4alkyl, Cs.4alkenyl, Cs.scycloalkyl
or phenyl, or R® and RY taken together with the nitrogen to which they are
attached, form a 4-7 membered heterocyclic ring with 0 or 1 additional
25 heteroatoms selected from O, S, NH ‘'or NC1salkyl, 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 C4_zalkoxy;
alternatively, R” may be taken together with an adjacent R* as well as their
30 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 NC4_salkyl,
and optionally and independently substituted with between 1 and 3 substituents

selected from C4.zalkyl, halo, hydroxy, amino, and Ci.zalkoxy;
4




hydr oxy, am no, and Cl_3al koxy; alternatively, R7 may be taken together with
an adjacent R4 as well as their 30 carbon and nitrogen of attachnent to
forma 5, 6 _or 7 menbered heterocyclic ring, with O or 1 additional

het er oat SYR2¥#2880%d from 0, S, NH or NCl-6al kyl, and REFVYBMHRH6aNnd

I ndependently substituted with between | and 3 substituents selected from
Cl. 3al kyl, hal o, hydroxy, am no, and Cl. 3al koxy; 4 WD 2004/ 022060

PCT/ US2003zmb2aaitionerd, diastereomers andiphatreaesutically acdeplablensaitsuariccal | y
accept abl e s(alt aer(l)g esters thereof, wth the follow ng provisos, that R6
adj acent t%sﬂshtﬁgf e H where R4 adjacent to Nis other than H and 5 that

R2 cannot \pgn BRIEAYW viegg of R4 and R6 is nethyl and the other is
hydrogen. The Lnventi al so features pharmaceutical conpositions containing
such conptbahBS adjatentton dsustibeiwhere RadjacenidotN isnathenthameHt amdit nent  or

preventd on, of b¥- nedi,at ed di seases and. cpndi tisons rticul ar those

Cher oi 1 5 0net R Gagag e, By SRR Aot 2 A ROAE Fiathiasd theiithds beo

DESCRI PTI q\\i,drgq@{_erably, B and B1 are C or Bl may be N. Most preferably, B
and Bl are C. 15 Preferably, Yis NH Preferably, Zis 0. Preferably, R10
i s H or nefhginventioralsodbatures phamiacewdical campositiors containing Backar e,

I ndependent | selected fromthe.group consisting.o OH -F -d, -Br,
TP e, Casfrdinds S neth B S aifl SUibh rpRReSHORE s BRgmentelci obut yi
cycl opent yhrevestid SNMaxitediatel Hid<2i@8 and, corfdiiisO particularlythdse wHereln - SCF3,
-C(O CH3, -C(O CHCH3, -OH, -COOH, -C(O phenyl, -C(O benzyl, COOCHS,
- COOCHECH3 is-desirablacto amtEg@UEHS: He RSIRQH3, - NCH3SORCH3, - SOCH3, - SCRCHS,
-NO2, -NH2, -NHCH3, -N(CH3)2, 25 -N(CH2CH3)2, -pyrrolidin-1-yl,
-imdazolidin-1-yl, -pyrazolidin-1-yl, -pipeadin-1-yl,

DETAILED DESCRIPTION

Preferably, B and B* are C or B' may be N.

Most preferably, B and B" are C.
15 Preferably, Y is NH.
Preferably, Z is O.
Preferably, R is H or methyl.
Preferably, nis 1 and mis 1.
Preferably, R? are, independently, selected from the group consisting of

20 H,-F, -Cl, -Br, -l, -CH3, -CH,CH3, -OCHj3, -OCH,CHa, -OCH(CHjs),, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, -Ocyclopentyl, -Ocyclohexyl, -CF3, -OCF3,
-SCF3, -C(O)CHa, -C(O)CH,CHs3, -OH, -COOH, -C(O)phenyl, -C(O)benzyl,
-COOCHj3, -COOCH,CH3, -NHCOCH3, -NCH3COCHj3, -NHSO2CHa,
-NCH3S0,CHj3, -SOCH3, -SO2CHs, -NO, -NHz, -NHCH3, -N(CH3),,

25  -N{CH2CHs),, -pyrrolidin-1-yl, -imidazolidin-1-yl, -pyrazolidin-1-yl, -piperidin-1-yl,
-piperazin-1-yl, -morpholin-4-yl, -thiomorpholin-4-yl, -SO2NH;, -SO,NHCH3,
-SO2N(CHa3)y, ~-SO2N(CH2CHa)z, -SOzpyrrolidin-1-yl, -SOzimidazolidin-1-yl,
-SOzpyrazolidin-1-yl, -SOgpiperidin-1-yl, -SO.piperazin-1-yl,
-SO,morpholin-4-yl, -SOthiomorpholin-4-yl, -C(O)NH,, -C(O)N(CHs)2,

30 -C(O)NH(CHs), -C(O)N(CH2CHa)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.



- pi perazin-1-yl, -norpholin-4-yl, -thionorpholin-4-yl, -SO2NH2, - SO2NHCHS,
-S2N(CH3) 2, -SO2N(CH2CH3) 2, -S02pyrrolidin-1-yl, -S021m dazolidin-1-yl,
- S02pyrazol idin-1- 0yI - S02pi perl di n- 1- yI , -S02pi perazin-1-yl,
- S02nor pAYP 2404/822060 - SCpt hi omor phol i n-4-yl, -C(O) NH2, -ROIOJSHY@H3)481 30
-C(O NH(CH3) , C(O)N(CHZCHB)Z -C(Opyrrolidin-1-yl, -C(Oimdazolidin-1-yl,
-(Q pyrazolidin-1-yl, -C(Opiperidin-1-yl C(O pi perazin-1-yl,
- C( O nor phol i n- Moaﬂ pref@@bi)yt RB@mnpdqbendemtlyJ selecddramhegybup 5 WO

2004/ 022060 P /| 02746 f d dently,
sel ect ed f?cmﬁ %?Wé[?%g‘%tpybs%'ﬁre %ﬁgﬁgﬁéth%yﬁyﬁuol v en 3 Kyl
met hoxy, téhl&i&ﬂﬁ@l@éﬁ@bénzdylt Fgrthercl'tl lghibst‘blré!‘éh‘é dt Bﬁ@%?lsﬂh%of Pther, it

is nost preferred that one or are not ro en re erably, R3
and R4 ar eareindéydragent | y, sel ect ed fromthe group consi sting of a) H, b)

cgl:?l?)op- opilaﬂcﬁ'%lg%’@ y% W%ﬂ@(wdep%aé g‘élsﬁhﬁ‘gﬁé)ﬁoﬂg’ %}‘é@ycl opentyl ,

- CH2cycl orwyg,stm qTIZOcycI opropyl, -CH2Ccycl opentyl, -CH2Ccycl ohexyl, d)
cyano, e) trifl uor onet hyl, f) (C-O) NH2 -(C0 NHC, - 4al kyl ,
-(C=O N(Gi - 4al k8)H2, - (C=0) NHpheny! , -(C=Opyrrolidin-1-yl,

éoé’agﬁ oi per azi LY yéH&%f’n%ﬁ%ﬁ’:ﬂm%(éﬁéz wwﬁ%ﬂaﬂgﬁﬁgﬂ' vy
- CH2NHC, 4al o 4aIkdeg§h CHZN henH IG 0 2NHbenzyI

- CH2pyHQr ol Qizt;ymogentyk @tbwwmyl dCHg@cyclg)pmoMz pw-b@@yclopanm yl,

- CH2pi peri di,n-~1- 2pi perazin-1-yl, -CH2norpholin-4-yl,
- CH2t hi onot qyﬁ‘ozyeggy% _CH2OH, - CH2CH2OH, - CH2CH2CHROH, - CH2OCHS,
- CH20CH2CH3, d) cyano,

e) trifluoromethyl,
f) -(C=0O)NHa, -(C=0)NHC1alkyl, -(C=0)N(C1.4alkyl),, -(C=0O)NHphenyl,

16  -(C=O)pyrrolidin-1-yl, -(C=0)imidazolidin-1-yl, -(C=O)pyrazo|idin-1-yl,l"
-(C=O)piperidin-1-yl, -(C=0)piperazin-1-yl, -(C=0)morpholin-4-yl,
-(C=0)thiomorpholin-4-yl,

g) -COOH, -COOCH3;, -COOCH,CHj3, -COOphenyl, -COObenzyi,
h) -CH,NH,, -CH2NHC4.4alkyl, -CH2N(C44alkyl),, -CH2NHphenyl,

20 -CHzNHbenzyl, -CHpyrrolidin-1-yl, -CHzimidazolidin-1-yl, -CHopyrazolidin-1-yt,
-CHgpiperidin-1-yl, -CHypiperazin-1-yl, -CHmorpholin-4-yl,
-CHathiomorpholin-4-yl,

i) -CH2OH, -CH,CH,OH, -CH,CH,CH,OH, -CH,OCHj3, -CH,OCH,CHj3,
-CH,OCH2CH>CHa, -CH,OCH(CHs)z, -CH20-n-butyl, -CH,O-i-butyl,
25 -CHyO-t-butyl, -CH2Ophenyl, -CH2Obenzyl and -CH,OCH,cyclopropyl.
Most preferably, R® and R* are, independently, H or -CHs.
Preferably, R® and R® are, independently, selected from the group
consisting of H and methyl.
Most preferably, R® and R® are H.
30 Preferably, R is selected from the group consisting of
a) H, -CH,CH,0OH, -CH,CH,CH,0H,
b) cyano,



- CH2OCH2CH2CH3, - CH2OCH(CH3) 2, -CH2O-n-butyl, -CH2Oi-butyl, 25

-CH2O- t-butyl, -CH2Ophenyl, -CH2Obenzyl and - CH2OCH2cycl opropyl. Most

pref erab (ﬁ% nd R4 are, independently, Hor -CH3. Preferably, R5 and R6
are, | ndé%%ﬁ ﬂﬁf}% sel ected fromthe group consistind @ US0BAA746kt hyl .

Most preferably, R5 and R6 are H 30 Preferably, R7 is sel ected fromthe
group consistin - CH2CH20H, - CH2CH2CH2COH, K)‘lti‘z‘t cyano,

2004/ 022060 PCTS U@’B@MUZ?@EO)M“&@@KD) HRA=ON(C-g) EaO&NHPheﬂyi

(o ot AR R T ORI R s i -1 1

c=0 e " - = hol 4- |
RIS ﬁﬁzm"’c’ﬁ‘i"'@’& LS Qi”EM G0 Q(_)ﬁ'é'?ﬁq’mp otin-4-y
(=0, Mcgﬁ@atmomomuwpﬁwcr@)m NG ol aazol i di n- 1-y1

$§§ g_'58; o gjz‘lt)ﬂlklgbmamyl)@%égggl%@hﬂ%ﬁ)ﬂd' J(C3L|C))pyrrolld|n -1-yl,

- CH2( C=O) t [gHyro=0hiet - Ptiin-1GH2CH2Q( C=0) NHGi . 4al kyl ,
-ng:Hzo%c_o}%O 0945?%&'(’“{ ;ggo céLO) Nll—?ph?rll-ll A9 Y

- CH2CH2 O CE£dy r%ptpqnwnii-yl -CHe(@iQm@(@mﬂrnh cﬁlzlziﬁ-@)ﬁ:qrppolln4-y'

" crocroo| O SEIBIroBpIN v S EGRRICIRGT 1 1

- CH2CH2Q CERON NHGY- byl -0, CHEO(OEDIN) el 0520l = =NH) (NH2) , 15 )

-CH3, -CH2CH3, -CH2CH2CH3, - CH( , n-butyl |-but£ t-butyl,
- Gre o CH HECHEX0F N s henyL, fﬁb’@&é@?ﬂm' din-tb cH2 0cH( CHB) 2,
- CH2CH2O ndw

- CHRCHECHZ, g%tdﬁ OéF?Sﬁopy%b'é&y?@ﬁﬁééﬁWﬁ?@¥W?"@'&ﬁzx§%ﬁﬁby|, 20

- CH2cycl opxﬂmg\ﬂHZO(CHZ):)m;ienuwy-lyl -CER Ty O)pipergzn-1-W.CH2CH2Ccy cl opent yl
- CH2CH2CQcyct ohex . . .
-CH.C H2>6(C=O)morpholm-4-yl, -CH2CH,0O(C=0)thiomorpholin-4-yi,

d) -C(=NH)(NH>), -CH2C(=NH)(NH>),

15 e) -CHa, -CH2CHj3, -CH2CH2CHs, -CH(CH3),, n-butyl, i-butyl, t-butyl,
-CH,CH,0CH3;, -CH,CH,OCH,CH3, -CH2CH,OCH,CH2CH3,
-CH2CH,OCH(CHa)z, -CH2CH20-n-butyl, -CHCH,O-i-butyl, -CH,CH,O-t-butyl,

f) -CH=CHz, -CH2.CH=CH_,

g) cyclopropyl, cyclopentyl, cyclohexyl, -CH,cyclopropyl,

20 -CHacyclopentyl, -CHzcyclohexyl, -CH>CH.Ocyclopropyl, -CH>.CHzOcyclopentyi,
-CH,CH2Ocyclohexyl,

h) pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, ~-CHpyrrolidinyl, -CHazimidazolidinyl,
-CHgpyrazolidinyl, -CHzpiperidinyl, -CHapiperazinyl, -CH2morpholinyl,

25 -CHsthiomorpholinyl,

i) -CH2CH2NHg, -CH,CH2NHC 1 4alkyl, -CH2CH2N(C14alkyl),,
-CH,CHy;NHphenyl, -CH,CHopyrrolidin-1-yl, -CH2CHszimidazolidin-1-yl,
-CH2CHapyrazolidin-1-yl, -CH2CHzpiperidin-1-yl, -CH2CHapiperazin-1-yl,
-CH,CHzmorpholin-4-yl, -CH,CHathiomorpholin-4-yl,

30 j) phenyl, benzyl, phenethyl and benzyloxymethyl.

Most preferably, R’ is selected from the group consisting of H, -CH; and
-CH2CHa.




h) pyrroiidinyl, imdazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl,

nmor phol i nyt, thi om)rphol i nyl, -CH2pyrrolidinyl, -CH2i m dazolidinyl,

- CHZpyra | di % - CHZpl peridi nyl, -CH2pi perazinyl, -CH2norpholinyl, 25
M P4y

-Cl-t2thi i) -CH2CH2 NH2, - CH2CH2NHC1_4al kyRCT/US2003/027461

- CH2CH2N( C14al kyl )2 - CI-lZCHZNthenyI - CH2CH2pyrrol i di n-1-yl,

- CH2CH2i m dazolidin-1 ¥ - CHZCHZpyrazoI I di n- 1RIX-| - CHZCHZpl peridin-1-yl,
-CHZCHZpl per aziffreferyed R iaik&i[d&geﬁqnhnﬂhanadmlcent 26 hasotheindasbem- 4- yI | 30

LL) beted raghiitaen s elecamentf B aitin X e ika=tidnatidl. 7 o 2004/ Bizogo
PCTI US20034f82AMdin T g}ue,wrgsolraznhaekguapwaatMrzw blpeRizigdagent R4 as vell

as their carbon and trogen of attachnent are
i mi dazol i dnarpholiny,5-yi andihomomhoim—ﬂafawj, pyr azol i di n- 1 5 yl,
pi peri gin-1, 2-

| i
t hi omophol i n- XNQS{H g;eag,?q\%g{ g‘%eéﬁgg?tggr @ﬂta&@wa%ﬂé h@? "W"tahs WRiradj acent R4
as wel | ascdrben éndfimféwm @mttéurﬁﬁé}ﬂ@ae pyrrafidiicn IR and pipéhidin-q12-gi n- 1, 2-yl

and pi per| di n- %/ "pharmaceutiCally acceptabl'e salts and esters
t hereof " refer Thﬁ nh‘xasmasamhcad{mceepfablefsﬁltssarm esﬂees tfmrpoﬁmelfertﬁ t he present

i nvention that to the ph maceut iC e., those
that are hﬂs? 3§mﬁé'ndﬁ§P%{rfa Rﬁ f CRPPYR 3 9113188@? %Pﬁacokl netic
properti esy@fid bl éb;?d?éﬁﬂértﬁé ﬁhfanhﬁéelﬁf@éﬁémidwieé‘t ttﬁi&e tﬁﬂpér@ HotRRiLNds

havi ng favorabl e ‘pharnmacokinetic properties woul d be apparent to the

phar néfeutanskihat wehidstavorably affectibe pharmecekinetio prapsties ehehidhat possess

beor bt ortortpatineRe RRset HsrivGny TR S SobHA LT B RR: of . o e

pr act i cal phanmakbkifetié PRopetlies foar berapparent td thd pPRarnfeRieetitalghepist, cost  of
raw materials, ease of crystallization, yield, stabili tK hygroscopl city,

and f | owatia.ithgsethatiase nesdoxicrandiiekpessegs suchaharmasekinetie pEgneriies sal t s

of Sui tabi 2 RSB REMIEh PRt AbRTRILE, QSR ARtabdAnGd O Beamp es

15 excretion. Other factors, more practical in nature, that are also important in the

selection are cost of raw materials, ease of crystallization, yield, stability,
hygroscopicity, and flowability of the resulting bulk drug. In addition,
acceptable salts of carboxylates include sodium, potassium, caicium and
magnesium. Examples of suitable cationic salts include hydrobromic,

20 hydroiodic, hydrochloric, perchloric, sulfuric, maleic, fumaric, malic, tartatic,
citric, benzoic, mandelic, methanesulfonic, hydroethanesulfonic,
benzenesulfonic, oxalic, pamoic, 2-naphthalenesulfonic, p-toluenesulfonic,
cyclohexanesulfamic and saccharic. Examples of suitable esters include such
esters where one or more carboxyl substituents is replaced with

25 p-methoxybenzyloxycarbonyl, 2,4,6-trimethylbenzyloxycarbonyl,
9-anthryloxycarbonyl, CH3SCH>COO-, tetrahydrofur-2-yloxycarbonyl,
tetrahydropyran-2-yloxycarbonyl, fur-2-uloxycarbonyl, benzoylmethoxycarbonyl,
p-hitrobenzyloxycarbonyl, 4-pyridylmethoxycarbonyi,
2,2,2-trichloroethoxycarbonyl, 2,2,2-tribromoethoxycarbonyil,

30 t-butyloxycarbonyl, t-amyloxycarbonyl, diphenylmethoxycarbonyl,
triphenylmethoxycarbonyl, adamantyloxycarbonyl,
2-benzyloxyphenyloxycarbonyl, 4-methylthiophenyloxycarbonyl, or
tetrahydropyran-2-yloxycarbonyl.




20 hydroi odic, hydrochloric, perchloric, sulfuric, maleic, fumaric, malic,
tartatic, citric, benzoic, mandelic, nethanesul fonic, hydroethanesul fonic,
benzenesul foni c, oxalic, panoic, 2-naphthal enesul fonic, p-toluenesulfonic,
cycl ohexdHR3WHP2A¥L and saccharic. Exanpl es of suitabl PCIsEs20es/62iMsl ude such
esters where one or nore carboxyl substituents is replaced wth 25

p- met hoxybenzyl oxycar bonyl, 2,4, 6-tri nethyl benzyl oxycar bonyl ,

9- ant hr yl oxycar Dloaprovis3$3&EH24380 on & ailuné ol finél actidity incaty eastiomey | |

t et rahydropyran-2-yl oxycar bonyl . fur-2-ul oxycarponyl,

benzoyl net %%%éﬁﬂt%gﬁbeﬁp#@mmfﬁ?&ﬁrﬂf%§9; 4- pyri dyl met hoxycar bonyl ,
2,2,2-trichlor ‘ W’I A ﬁ'@ﬁ‘ . 30

t - but yl oxycar bgﬂile%?gﬁ%&g%y ox?ggr%ﬁgﬁﬁ"%ds’g eny%ﬁgi%%%g%{j)h% ,

t ri phenyl nExamplesat-kifngmd SeHamesttydoand aréseldcted from the group consisting

2- benzy oxg_henyloxycarbonyl, 4- et hyi t hi ophenyl oxycar bonyl, or tetrahyd
ropyra ‘- 2-‘§I oxycarbonyl. 8 WO 2004/ 022060 PCTI US2003/ 027461 The provi sos

are based pg a failure to find acti vbpmpOURND ! €ast one conpound meeting the
specifications of each proviso. Preferred conpounds of Fornula | were nade

QL Lpcalan: les 1-4 S 1-4 lected fromth
or oup_ conailst | H4H BRI aZe R iperazih-C) rithaneng: ¢ 11 O™ L1

H Benzoi m dazol - 2- A) - (4- net hyl - pi perazi n-1-yl ) - net hanone; 2
( 1H- Benzoi @ da{tH-Beryzoimidazet-Byi)-(dretbylepiperarin iy metiarone; 3 (1
H Benzoi m dazol - 2-yl ) - (3- et hyl - pi perazi n-1-yl) - met hanone; 4

(1H Benzoi iy dazok-Bendoimidhzor2 N (SlrhethylbdeeRAA-1-yl metABAwaone; 5 1

H Benzoi m dazol'e- 2-car boxylic acid (8-nethyl-8-aza-bicyclo[3.2.1]oct-

3-yl)-amdeg; 6 - . )

(5 Chi or o~ i b AT PeRRRIEZ- S - ARtV AasPasy TP aRRP Ranone; 7
(5-Chloro-1 H-benzoi m dazol -2-yi ) -pi perazi n-1-yl| - met hanone; 8 (5-Chloro-1

H benzoi ni @azo|1«FkB¢n)zomda@Qla;a¥cqmp&ﬂ@zamﬂ (8-ynethtdraradicyclaid 2s1lecti f | uor o- 1
H benzoi m dazo'.’ﬁﬁ)'—é’“de('d" met hyl - pi perazin-1-yl)-

6  (5-Chloro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl}-methanone;
7  (5-Chloro-1H-benzoimidazol-2-yl)-piperazin-1-yl-methanone;
8  (5-Chloro-1H-benzoimidazol-2-yl)-(3-methyl-piperazin-1-yl}-methanone;

9  {5,6-Difluoro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone;

10  (5,6-Difluoro-1H-benzoimidazol-2-yl)-(4-ethyl-piperazin-1-yl)-
methanone;

11 (5,6-Difluoro-1H-benzoimidazol-2-yi)-(3-methyl-piperazin-1-yl)-
methanone;

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-yi)-
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 perazi n-1-yl)- nethanone; 11

(5,6-Di fluoro-1 H benzoi m dazol -2-yl)-(3-nethyl - pi perazi n-1-yl)- nmethanone;
12 (5, 6- MY PUYPHIC H benzoi ni dazol - 2-yl } (4- net hyl - [ 1, 4 ROTARSHBI2M6Y | ) -

met hanone; 13 5, 6-Di fl uoro-1H benzoi m dazol e- 2-car boxylic acid

(8-nmethyl -8-aza- bicyclo[3.2.1 Joct-3-yl}am de; 14 (6-Chloro-5-fluoro-1

H benzoi mi &l@zol(ﬁfil}lbm-ﬁiﬂum H#ﬂ-bqﬂzp(mldalZﬂl-Z-yibi-()’r-maﬁlyhﬁhé}daazepan -1-

(6-Chl oro-5-fluQro-1 H benzoi m dazol - 2-yl) - pi perazi n- 1-yl - net hanone; 9 WO
2004/ 022060 P 88P8S7461 16 (6-Chloro-5

fI'uoro-1H b}enzQwhﬁﬁé@-ﬂ@omlﬂH-bénfaHnézoﬂé-zﬂdaibameaéhd Es ‘Hlethyi®g-hanone; 17

6- Chl oro-5-fluoro-1 H benzoi m dazol e- 2- carboxylic acid (8-nethyl - 8-

aza CE: cycl o[ 3. aza-bjaycto[3-2y1]velr3-y-anide; ) |
5-
et hanone: 1o (SXPEHBTRRRYE e See Bt A Wi Emo i BaRa iamh

-yl - met hanone; mefRaddhdvet hy!l - I H benzoi m dazol - 2-yl ) - (3-net hyl - pi perazin-1
-yl)-methanone; 21 (4-Ethyl-piperazin-1 -yl}(4- n'ethyl-

H benzoi ni #@zol(5Ehiblo-Gaoeihyle benzqmudazsmf%yﬂ)ﬂperazm- -yl-methanone;

H benzoi m dazol - 2-yl ) - (4- net hyl - pi perazi n- 1-yl) - met hanone; 23 (4- Met hyl -

H benzoi m 2@z ol4 3 r-Panérﬁéld‘iidézoléd- I3 AeEBpEDi 8ﬂazm1 [}methanone;
4- Met hyl -1 H—ber(120| rrt:hgazo | e- 2- car boxyl ymm d ?lepp Ey-)aza- bi cycl o[ 3. 2. 1

(8- methyl -8l az i Eﬁﬁxwﬁ%@@ %l%?ﬁ%%%%ﬁﬂ@%%mﬁﬁwaﬁ%g

H benzoi m dazol - 2-yl ) - 54 met hyl - pi perazi n-| t¥||) met hanone;

(4- hl\/bt hy! - 82 pe4Nethyl-1Ktbenzoimidazelw-Winkd-methy mpgtzazzrbwl)d@@marmn,a)
t hanone;

" 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-yi)-amide;

25  5-Methyl-1H-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;

27 (4-Methyl-piperazin-1 -yl}-(5-trifluoromethyl-1H-benzoimidazol-2-yi)-
methanone;
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-|l-yl-(5-trifluoronethyl-IH benzoi m dazol -2-yl } et hanone; 29

(5- Fl uoro-1 H benzoi m dazol - 2-yl ) - (4- net hyl - pi perazi n-1 -yl } met hanone; 30

(4- Et hyl -&p('ﬁ)erazi n-1 -yl}(5-fluoro-1 H benzoi m dazol -2-yl)-net hanone; 31

( 5- Fl uor &A2%20%0i i dazol - 2- ylI ) - pi per azi n- | -yl - met haR6TAIS2BHOLBSE| uor o- 1
H benzoi m dazol - 2-yl ) - (3- et hyl - pi perazi n-1-yl)-nmet hanone; 33 5-Fluoro-1

H-benzoi m dazol e- 2- carboxylic acid (8-nmethyl-8-aza- bicyclo[3.2.1

] oct - 3-yI )3t (EMethylictanzooxazeld-y)-#-pathylrpiperazingd ylmethanene; pi per azi n- 1
-yl)-nmet hanone; 35 Benzooxazol - 2-yl - (4-net hyl - pi perazin-1 -yl)-nmet hanone;

10 WO 20043702250 dthyi bénidoRasad- 29} (4-Afethyl-piperazin-1-yl)-methanone;
(7-Met hyl - benzooxazg- 2-yl)-(4- rretﬁ?l-)(/l - pi p)ér%gi n-1- yly})rre'?hanone; 37

(5- Met hyl -penzop: -1 - o) Bl s pi Rengzi 0= 1- vk ) . 38

( 4- Mot hyl - enzg‘g@w%’ﬁ%’g‘%ﬁd@?m %%‘fﬁsgféé%#ﬁ J}‘?”P%ﬂﬁﬁ'ﬁ@%e 39
Benzot hi azol - 2-yl - (4- net Byl -pi perazin-1 -yl)-nethanone; 40 (5-Benzoyl-1

H benzoi m%ﬂazoﬁéﬂzﬁwa?@i' net(fynethybripgrazin-1-y-methanangaone; 41 (4- Chloro-1
H benzoi m dazol - 2-yl } (4- net hyl - pi perazi n-1-yl ) - met hanone; 42

(4- Met hyl -40 pe(&-Bemzdylyl fHbénaoimidadold-yip(k-mathyepipéra2ing et hanone; 43
(4- Am no-1 H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazi n-1-yl) - et hanone; 44
( 4- 1 sopr opy! anmgthananshenzoi m dazol - 2-yl ) - (4- net hyl - pi perazin-1 -yl )-

C (5l or T T EhlorocAH begeoigidazol2-yly(4-meloyi-piperazin;1-ymofhanone;

met hyl eneam ne.  Addi tional preferred conpounds of Fornmula | were nade
accor di nig 43, (%ﬁjebtpwrma?na@ﬁw&yﬁddsnwWh@ﬂzq'ml@avfr&nﬁ}me@meare sel ect ed
fromthe group consisting of: EX COMPOUND 46 (4,6-Difluoro-1

H- benzoi ni48az o(4-Amihp-1{H-bentdimidaiob2rr)k(4riktlyypiperazinahyl)enethanone;
(4- Met hyl - pi perazin-1-yl)-(5-nitro-1 H benzoi m dazol - 2-yl) - nmet hanone; 48

(5- Fl uor o-4l me{fydoptopyiBRITERH1 PLEEZBIMBaYbl-2 4y f)-(AEhEtHyI-Bipeea A 10y1L- V1 ) -
methanone; and
45  C-(5-Chloro-1H-benzoimidazol-2-yl)-C-(4-methyl-piperazin-1-yl)-
methyleneamine.

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

EX COMPOUND

46 (4,6-Dif|uoro-1 H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone;
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-yi)-
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;
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net hanone;
nmet hanone.

group ~cohQpW

and 49 (5-Brono-1H benzoi m dazol - 2-yi)-(4-nethyl -pi perazin-1-yl)-
5 Gther preferred conpounds of Fornula | are nmade according to
the synthetic nethods outlined in Schenes 1-3 and are selected fromthe

PFIOBf . 11° WD 2004/ 022060 PCTI US2003/ 02 2ABUS2B0/2BAPOUND 50

(5, 6-D chl oro- 1H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazi n-1-yl)- net hanone;
51 (4,5-Di nethyl-1 H benzoi m dazol - 2-yl) - (4-net hyl - pi perazin-1-yl)-
met hanone; BX (5, 6-Di nethyl -1 H benzGONBELIND 2-y1 ) - (4- net hyl - pi perazi n-1
-yl)- nethanone; 53 (5-Methoxy-1
H benzoi ni dsgol (5%6%Diéhl6|‘b-mﬁiﬂanhomhiﬂQt@l@-pt)—"(ﬂhéthf@ﬁbﬁéﬁﬂq;ylﬁ4

-y

(5- Chl or o- benzooxazol - 2-yl ) - (4- net hyl - pi perazi n-

nmet hanone; 55

( 5- Fl uor o- benzo®edhanong; y| } (4- et hyl - pi perazi n- 1-yl ) - net hanone; 56

zo | - 2- VI - Bk -pi Renazi n- 1-vl ) - net.hanone; 57
85 1:) b@ﬁ@@&‘&ﬁ&f"%@?ﬁ%ﬁ&zﬁb‘%& éémgin%pk—e&;%m%ylﬁ'anone; 58 .
(4- Met hyl - pi per gyetianbngt ) - (5-trifl uoromet hoxy-benzooxazol - 2-yl)- nmet hanone;
59 (5-Chloro-benzot hi azol -2-yl)-(4-nethyl -pi perazin-1-yl)-net hanone; and 60
(4- Met hyl - phder Gz0-Rimethy)-1HEbenzoimigazohetyhy(4-methmbpinesazgn-12yiH ) - net hanone.

( 6- Fl uor o-
(5,7-Diflu

The follow ng t
di scl osure.

at | east

i ncl ude met hyl
1- net hyl propyl ,

10

" Al

r are defined below, and by their usage throughout the
Waﬂ%& udes straight chain and branched hydrocarbons with

S5 ne(NStBG H-b@ﬁ!@ﬁjié@zélfﬁ-ﬁ?%-h?&hﬁadipﬁaﬁﬂm -yALkyl groups

54

55

56

57

58

59

60

et hyl [ propyl, isoprop
nane; i sopentyl,

(5-Chloro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)}-methanone;

buty | sobutyl’,” t-butyl,
(5-Fluoro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
(6-Fluoro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
(5,7-Difluoro-benzooxazol-2-yl}-(4-methyl-piperazin-1-yl}-methanone;

(4-Methyl-piperazin-1-yl)-(5-trifluoromethoxy-benzooxazol-2-yl)-
methanone;
(5-Chloro-benzothiazol-2-yl)-(4-methyl-piperazin-1-yl)}-methanone; and

(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




sec-pentyl, hexyl, heptyl, octyl, and so on. Al kyl does not include

cycl oal kyl . "Al kenyl" includes strai ght chain and branched hydrocarbon
radical s _as_above with at |east one carbon-carbon doubl e bond (sp).

Al kenyl s WR204822960 0 et henyl (or vinyl), prop-1-enyl, RGRUS20039274610r
allyl), isopropenyl (or 1 nethylvinyl), but-1-enyl, but-2-enyl, butadienyls,
pentenyls, hexa-2,4-dienyl, and so on. Alkenyl does not include

cycl oal kenyl . TAlkuxy? iriciided staigbiréchisa @ dracheshalkylAroop with atéradeal a

a1 Kyl “or oupoggrinsielbe e Bt 58 Rst biahedngShiler ek fhdesy . of hoxy.
propoxy, i sREEROSho yb@bb lisGBtbpexy, XUy, enfiXy a gRal kyl ",

“thioal kyl", an ""sul fonylal Kyl ™ are -anal ogous to aPony, rnedsfaam ng 5 the
term nal oXAngiseabyBnitbicalidyk oand teulfonylaikyp are ianalogousio (atkoXyRyeplasingnd  SC2.

! I Kyl " .incl I | obut yl tyl, I,

cyel oheht yie teffinkBren siaR Qoo Wiy 8beerel B TRRENRY, S i B8 By o,
d . d , d s . . n H " n H tll

e e e R U T

rabbits, neysighapdyl; oycleocty; andseon.i n need of observation, experinent,
treatnent or pr nfion in_connection Wwth the releyant. disease or
condi ¢ on. _Pr of a0 S AR, Eflors brbnig, e ooyt Brére fidoires o
product cogfeiosi Ng the specified ingredients in 15 the specified anobunts as
wel | as any product that results directly or indirectly from conbinations
of thellspeci fi etPatient’«afi“suhject’ indudesspaaimals sughwsrhumans and @npvalsds as

descri bed e y. b arding to SS wi t hin e.skill of the
art, and/ or(%?)aé'_c céﬁehqgg%seggﬁly{s? H@g%crf%}?_ﬁg%%grﬂfﬁ?gﬁ?)lnegeé(ﬂgf follow To
obt ai n t heobysdriatith, EXPEAMBHE tR@EARA ospravehtich “lcdiietibawithie be enpl oyed
that carry the ultimately desired substituents though the reaction schene

with or w feleyant diseaseor sandidonpirelpyiably, she palientis athweay. it may be
i tabi ¢ ar oup GtPoso ey 8 SRoanclatirrsY fielsnesifed FasdBakah ool ace
as approprihatspedified drheunteisiwell a¢/aaY produtt that results directly or indirectly

from combinations of the specified ingredients in the specified amounts.

The compounds as described above may be made according to
processes within the skill of the art and/or that are described in the schemes
and examples that follow. To obtain the various compounds herein, starting

20 materials may be employed that carry the ultimately desired substituents
though the reaction scheme with or without protection as appropriate.
Alternatively, it may be necessary to employ, in the place of the ultimately
desired substituent, a suitable group that may be carried through the reaction
scheme and replaced as appropriate with the desired substituent.

25
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25 13 WD 2004/ 022060 PCT/ US2003/027461 SCHEME | B NHz O ,B N OH Rzoa B,,
~~{ OHHW a B~ BNz HOBH A 1 oxidant 1) coupling or chlorinating N
BNO Ré@g&%%&gl?zoanMB ~Bl Hi R9 2) HNRR B~-B1 HOH G 5
Referring ? there are disclosed the foll owi W&Tﬁ%izé@/“éml
additions. The starting materials and HNR8BRO are commercially avail able or
their synthesis is wthin the skill of the art. SCHEME 2 10 Rzo-all- NHz +
NH ~ Rzo -CCl3 1~ B~gT ~fV B CNH2 $EHEMEN3 H A2 wet solvent i 0 HNRSBR9 Bf
- HR8 B2 Referring to Schenme 2, there are disclosed the follow ng notes
and additions. The starting material s and HNRSRO are conmerci al | y avail abl e

or 15 their syntbBgi SNHp Wi thimthe skill Qf the art BStaNtlngdmterlals
are condenseﬂztoB s\]: B~ I
A
#

+ ——> R?
OH o4~ 11
B p
~g™ “NH, HO ~s™ N
Al
l oxidant
1) coupling or
o chlorinating
o agent
RZM'%‘BI N o -€ 0—4 u I H
~s” N EB_R 2) HNRPR® B’
C1 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

8P NNH,  Meo Cl

wet solvent B
- R20-4—3‘— M
HNR®R® —R°
B2

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



produce benzi m dazole A2. The chlorine atons of benzim dazole A2 are 14 WO
2004/ 022060 PCTI US2003/ 027461 repl aced by condensation with the secondary
amne with concomtant hydrolysis resulting in formation of conpound B2.
Good yi eMR2WH0RE%hound B2 nay be obtai ned where a ni IRCEHI0M74ASE | S
used in the condensation and hydrolysis reactions. Suitable mld aqueous
bases are 2N K2C03, 2N 5 NaHCO3, 0.1 N NaOH, etc. SCHEME 3 2 BA~ NH2 2 B~ \
R 0-4 6r -+eplaeddnocaidentation withBhelsecahidafydminglvithveshd@Bitard HNRSRO RZo- a

B~1B-" Y i_- R 10 ferri Sch 3 . di scl dth
Fol | owi ng. WEPOYSArasalingm FREtoRTE comRAA 2 POPASISOR o CPRRMar o
comer ci al by b 8hlingd wheREhmEY B4 ARl Mshiin e cakiibhsdiont e ar

hé
15 WD 2004/ 022060 PCTI US2003/ 027461 "SCHEME 4 NH2 A RZO 4-i- Y
+ R a a ~iand hgflolysis-resctignsf Suitableonitl aquaius-bases aNRK,C(R, 2NN NRZ

5 NaHCOs;, 0.1N NaOH, etc.

SCHEME 3
2 B/B\ ak 2 Q/B\ A P
R%.4—— + (MeO)3;CCO,Me —> Rouii— >—<0
\B( YH B\B( Y’ Me
A3
Y=§,0
A,
S SR
89 R4
HNR"R \B( v N—R®
ke

B3
10
Referring to Scheme 3, there are disclosed the following notes and
additions. The starting materials and HNR®R® are commercially available or
j their synthesis is within the skill of the art.

15




H2NRZ Bf Nry-Rg H Re B2 Referring to Schene 4, there are disclosed the
follow ng notes and 5 additions. The starting naterials are condensed to
form benzi m dazol e A2. The chorine atons on benzi m dazole A2 are repl aced
by condeNEQeM0¢M2#% h a secondary amine with conconit arRCTAR2MH02%46E Wi th a
primary amne to formthe conpound B2. For goods yields of conpound B2, the
secondary am ne should be added before the primary am ne. 10 The expression
of the H4 receptor in imune cells,SChiME4ng sone | eukocytes and nmst
cells, establishes it as an inportant target for therapeutic intervention
in a range of immunol ogi cal and inflammatory disorders (such as allergic,

chroni c, acu | an mmation). Specifically HA rpgcept | i gands are
expect ed to be NBor t he NMeat ment or ﬁﬁvealtl various manmmal i an
15 di sease Ré II hus,+accorlgi ng o the i nvditfon, Sd &4 osed
conpounds, the H4 receptor ah/d rrpositions are

useful for the anelloﬁatNSh of tons associated with, the treatnent of,
and the prevention of, the follow ng conditions and di seas®s: inflamuatory
di sorders, asthma, 20 psoriasis, rheumatoid arthritis, ulcerative colitis,
Crohn's disease, inflamatory bowel disease, nultiple sclerosis, allergic
di sorders, allergic rhinitis, dermatological disorders, autoimmune disease,

| ynphatic di spnge®, at heroscé.e'?’ angNRnmmrunodef i ci ency di sorders. The
di scl osed eenaeeu-nd-s—nsay al réy_pp—uséfu adjuvants in chenotherapy or in
t he treatnent 'sprth chy 25 sklﬂ\B 20 060 PCT/ US2003/ 027461

Aspects of the 4nvention incl ude (a) B phag(rgaceut I cal conposition conprising
a conmpound of forrmula (1), or one or nore ef erred conpounds as descri bed
herein, and a phar nmaceuti cal B2 acceptable carrier; (b) a packaged drug

compr 1S 19, (1) AGRIRITIEEHLRAL SESROTL QMR BBt ASHBERACLOT 5 e
for 5 additions. The starting materials are condensed to form benzimidazole A2.
The chorine atoms on benzimidazole A2 are replaced by condensation with a
secondary 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.

10 The expression of the Hy 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 H4 receptor ligands are

) expected to be useful for the treatment or prevention of various mammalian

15 disease states.

Thus, according to the invention, the disclosed compounds, where
antagonists of the Hj 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,

20 psoriasis, rheumatoid arthritis, ulcerative colitis, Crohn’s disease, inflammatory
bowel disease, multiple scleresis, 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

25  skin.
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the adm nistration of said conposition for the treatnent or prevention of an
H4- nmedi ated di sease or condition. The invention also provides a nethod for
treating an H4-nediated condition in a patient, said nethod conprising

adni ni stWP2MY/RW6 he patient a 10 pharmaceutical ly ef fREVPROURIML of a
conposition conprising a conpound of fornula (1) and other disclosed or
preferred conpounds. For exanple, the invention features a nethod for
treating an H4 Aspicis ofithednuentiasmincivde (ahe pbarmaceutiaal nenipodltlonnprl sing

adm nisterjn pat i en a |1 eff ctive agoni zi ng
amount of %@Bﬁ%@?tqo %‘f{)?@fg afag{ﬁcghégéﬁanﬁ}re q“fﬁqﬁﬁ"ﬁ ‘ié e effect
of an ant ageyribbd WeYeid! ﬁda%lﬁrﬁ(ééé@ﬁbalﬂy a%@e tahRy éé’méﬁcg!}) at ackbgé(d”se

agoni sm descri bes the property of a corrpoun to activel rn o

recept or ttmug ansmismgs(w@wamamqeut;cal@pmnqsylommmpnsmgwmrapomnd of/ can be

I dent i fd

' lls . th t h been f t H4
recept f?ﬂhﬁ?n@)t?ris%? |pv@"Q%g?e%@{)éﬁger@gglﬁe%ﬁ%/reé‘n@%%miﬁuﬁp Eal\/g | evel s
or by ”Eathérddhﬁin%tr‘é%ﬁbf 8hidIIMp St fdrYl‘ié’éréaﬁ'ﬁéﬁ orgeldntirt Gfa@HEf eat ment
with a cAW-stinulating agent such as forskolin. Cells that over-express H4

recept or s metiater dpbase bbmndlthVP | evel s after forskoli n treat ment than non-
expressing cell t hat. behave agpni st I e 25
dependently | ov@?e ng %o&rpwgpggéae@% nggf%q PA 9?&% sing cells.
Conpounds édiﬁﬁhd?ﬁh%’ﬁaﬁé‘nt' £8i8 misthbd céﬁfﬁﬁisﬁfgsadmidlstéﬁﬁgt&ﬁféeﬁﬁ%ﬁ ay

stinmulate cAVP levels in H4-expressing c Conmpounds that behave as H4
ant agdf stmamaceutx@ajly effactive anmm@oﬁammpmﬂmucompnwng |a3®0mt>0m/9f or

i nver se ncr,eases I\/P 30 F t her e i mrents of the
i nvent i on%ﬁ@ﬁ%u@ CLB‘?‘ §gs W&Trﬂfgfeﬁﬁgt W%’qq'?m bPh Gfam ? emam*ral i an

hi st ami ne jWeritRsielbiired anpbitdd for fHBaiMd ah H,dhediatdd sonditibpih Qrpat:éﬁﬂ ammat ory
responses invivo or in vitro, nodul ators of the expression of a manmal i an

hi st ani ne $aid method emprisingi adminigiering toribegratient aphzomacontically

vitro, or e AL SedRERGRINGTT  HISGH EphintRhy febhotlger” 1"

treat n@nt , fophalNY). axi s, and
The effect of an antagonist may also be produced by an inverse agonist.

Inverse agonism describes the property of a compound to actively turn off a
receptor that displays constitutive activity. Constitutive activity can be identified
in cells that have been forced to over-express the human Hy receptor.

20 Constitutive activity can be measured by examining cAMP levels or by
measuring a reporter gene sensitive to CAMP levels after a treatment with a
cAMP-stimulating agent such as forskolin. Cells that over-express Hy
receptors will display lower cAMP levels after forskolin treatment than non-
expressing cells. Compounds that behave as H4 agonists will dose-

25 dependently lower forskolin-stimulated cAMP levels in Hy-expressing cells.
Compounds that behave as inverse Hy agonists will dose-dependently
stimulate cAMP levels in Hs-expressing cells. Compounds that behave as Hy
antagonists will block either Hs agonist-induced inhibition of cAMP or inverse
H4 agonist-induced increases in cAMP.

30 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

17




di agnosi s conprising the use of a disclosed conmpound. Those skilled in the
art will be able to determne, according to known 5 nmethods, the appropriate
dosage for a atlent taking into account factors such as age, weight,
general MEQRIM/023060. { ype of synptons requiring treat merRCT/U§RH03/02/61 pr esence
of other medications. In general, an effective amount will be between 0.01
and 1000 ng/ kg per day, preferably between 0.5 and 300 ng/ kg body wei ght,
and daily potyagnphmﬁddledrdeddmayt&aacﬂ\mtiandn Yvo®rig vitno, oacoathihatioh® ofubj ect  of
nor mal sul.es, tablets or, other fo nmul.atio ch as Iliquids and

P11 ot clPR 2B 87 FayreBBORANG SRGISBHE &1 BoaMPmoD VIS AeG 1, 3. 5. 10
15, 25, 35gj Oggcgib kOO ,s@mee%{,ﬂ%@@m nistered accor di ng to

t he dlsclose nmet ho sage un|t orms I nc tabl ets, capsules, pills,
powders, granul €bose &lﬁlledm'ethesarhwdl bmah@decdsntemmae smncmdmgrte kao@n

t I | ut t d d f
Subdi vid: ofietids. RifupapipapteAealie PpasIENG IRkng AU LR TB S0shapt o
f f
or mit at | 00 202 ARehE TSR Tepo of Sy fE rERang reBinbft RS | e uae

f orul ati ons, “suc ut aneous tion nef
oral , rect tie pneserce of aﬂhe( nlﬁmeatmmusln géﬁerah,taraerﬁectMeaamoaubmllttzmeous)

LB&AZ‘?;“eBﬁwﬁb wolke 5 davs PrSToT e PaM RN . ans 208 RS Saont
spray). #e’dh fé}{&&é»&ld eusnmln%@eoé%\nééﬁ%%ﬂds@éqSIO”S%ata?oane agqueous

or nonaque S'S utlons SIOﬂ suspensi ons sterile 25
powder 40 f osub;aet qfrrmmahwecghtx Iﬁ‘eapsufes tablets o otludr formulations (stmhme wat er,

Ll Rl Sl AR G o 8 SRR b b R . >
mai nt ai nedgby 1(5 h, 9§e39f5@m§3@0'rﬂ SHE 008G 8Rl cBh'be §d|§tH‘|“§téFéoa”t or

mai nt ai ni ng’ appropriate particle 3ize. Carriers for solid dosage forms
i ncl ude (agcdardingrto the disclasedemsthods) 30 bi nders, (c) hunectants, (d)

chsi 29" 2t 10 BEAS1f Fhmchothle@ o< 195 ea e OIRLR: RS 12t 0
18 VO $90449de8f0aitf R ohER R sBtai6diutions and suspensions, and parenteral
solutions packaged in containers adapted for subdivision into individual doses.
Dosage unit forms can also be adapted for various methods of administration,
including controlled release formulations, such as subcutaneous implants.
Administration methods include oral, rectal, parenteral (intravenous,
20 intramuscular, subcutaneous), intracisternal, intravaginal, intraperitoneal,
intravesical, local (drops, powders, ointments, gels or cream), and by inhalation
(a buccal or nasal spray).
Parenteral formulations include pharmaceutically acceptable aqueous or
nonagueous solutions, dispersion, suspensions, emulsions, and sterile
25 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)
30 binders, (c) humectants, (d) disintegrating agents, (e) solution retarders, (f)
absorption accelerators, (g) adsorbants, (h) lubricants, (i) buffering agents, and
(j) propellants,

18




Conpositions may al so contain adjuvants such as preserving, wetting,

emul si fying, and di spensing agents; antimcrobial agents such as parabens,
chl orobut\Q@ol (Bhenol, and sorbic acid; isotonic agents such as a sugar or
sodi um chYQ2W 42206 or pt i on- prol ongi ng agents such as aPGRUNMIER7461

nonost earate and gel ati n; and absorpti on-enhanci ng agents. EXAVPLES

CGeneral Experinmental: 10 NVR spectra were obtained on either a Bruker nodel
DPX400 (400 MHSompodiiomsonay s eaptaingdidvanisrstieh aspresévingawediing,he 1H NVR

data bel ow is...chem cal. shifit i [: the tetra | sil ane
ref erence \g{@?'{ﬁ’ﬂﬁﬁﬂdﬁyss%ﬁﬁﬂ Pﬁ&%%gﬁﬁﬁfé@gi %;«%Lts sf"ﬁP@&rpﬁrgﬁ%g.( Mass
spectra weichlobbiataRed pRBndiNangisbfbit asiel isotorid @geMesutH a9akdgal 6€t r ospray
ionization (ESI) in either positive or negative node as indiCated. The

"mass cal c§pdiusichiptdesabasrpiion-grolengingegents sueh amabiniounpi ¢ mass of the

conpound. Reversed-ph . - . HPLC retention tinmes are
reporteg i ﬁr??ﬁorﬁi?%@?e %’i‘?ﬂg&'ﬁhég%%%ﬁﬁﬁgg?ﬁﬁgﬁgwgb@%&kﬁ Instrunent: G son
215 Mobil e Phase: Acetonitrile (0.05% Trifluoroacetic Acid, TFA)/Water
(0.05% TFA) 25 Flowrate: 25 nmn Gadient: 1) 0.0 mn 2% Acetonitrile,

0. 0594FA 2) 18.0 min 98% Acet oni t rEXKAMRLESoFFA Col utm: YMC ODS-A (5 m
30x150 mm) 30 Tenperature: 25 C Wavel ength: Dual detection at 254 and 220
nM  Normal - phase Silica Gel Col umm Chromat ography 19 WO 2004/ 022060

PCT/ US2003/EshetallExperinietaphase col utm chromat ogr aphy was acconpl i shed using

' S0 10 NMR spectra were obtained on either a Bruker model DPX400 (400
MHz) or DPX500 (500 MHz) spectrometer. The format of the 'H NMR data
below is: chemical shift in ppm down field of the tetramethylsilane reference
(multiplicity, coupling constant J in Hz, integration).

Mass spectra were obtained on an Agilent series 1100 MSD using
15 electrospray ionization (ESI) in either positive or negative mode as indicated.
The "mass calculated” for a molecular formula is the monoisotopic mass of the

compound.

Reversed-phase HPLC

20 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)
25 Flow rate: 25 mL/min
Gradient:

1) 0.0 min 2% Acetonitrile, 0.05%TFA
2) 18.0 min 98% Acetonitrile, 0.06%TFA

Column: YMC ODS-A (5 pm, 30x150 mm)
30 Temperature: 25°C
Wavelength: Dual detection at 254 and 220 nM.

Normal-phase Silica Gel Column Chromatography
19




Foxy 200 or 1SCO OPTI X 10X systens enpl oying one of the foll ow ng
commercial ly avail abl e prepacked col unms: Bi otage 40S (Si 02 40 g), Biotage
or |1 SCO Redisep (Si02, 10 g, 12 g, 35 g, 40 g, or 120 g). 5 EXAMPLE | N N
H ON (1 P8R Yazol - 2- yl ) - (4- et hyl - pi per azi n- 1- y| )EGRAUSAAWING461 Gener al
Procedure 1: 10 A. 2-Trichloronethvt-1 H benzoi m dazol e. Met hyl
2,2,2-trichloroacetimdate (1.63 nL, 9.22 nmol) was added to a sol ution of
phenyl enedi anm nNofrhalplipsedcalummnelirpmiatogiaphy waa@cdorplished usingi ISCQvas t hen
stirred at _roo e t 1 h, Water, (20 nL S ded to the m xture,
and the reSOKY gbn{) ngﬁéapég’ i{%q&éssysmﬁ grgl[pgg/_lngrﬂg Qm%l‘aq%&y'%shed with
water (2 x i | k@(}f&k NS ] ( f
2-trichlor 8%?‘%%’@?@‘6@?%?% azoleé,%OWhi ch@%ﬁgg%qﬁ?%&g)’f%r%ﬁggf
purificati onlSOE Red#op (Si@:s1@ gl t2igaBeg, #01g, oCIRO@)3N2, 233.95; mz found,
235.0 [M+H +. ' HNMR (400 MHz, CDCI3): 13.45 (br s, 1H), 7.73-7.65 (m 2H),
7.39-7.30 (m 2H). General Procedure 2: 20 B.
(1H Benzoi pixgagml g 4- VI ) - (4- et hyl - pi perazi n-1-vi)-nmet hanone. To a
suspensi on of 2-trichloronethyl '1H benzoi m dazole (100 ng, 0.42 mol) in
3:1 acet oprrgN /
nol ) foll & M K2C03 (0.30 nL). The reaction m xture was stirred for
£ ed with satd ag NaHCG3 (3 L) and extracted with 25
di chl oronet hane (3 5/mL). The conbined extracts were dried (Na2SO4) and
then concentrated u reduced pressure. The crude product was purified on
silica gel (10 g; 4% net hanoVdi chl oronethane) to afford 54 ng (52% of the
title conp nh@n(i&&dléz-m&mhw%ipé@dirf-myl)ﬂihathhﬁma. 244.13; mz found,
245, 2 [ M+tH[ +. 1H _NWR (400 , DMO-d3): 13.2 (s, 1H), 7.74 (d, J = 7.3 Hz,
30 2H), 7.Senewl Pyoeedyirg iz 2H), 7.34-7.24 (m 2H), 4.45-4.42 (m 2H), 3.71

(t. I A 2-Trichloromethyl-1H-benzoimidazole. Methyl 2,2,2-trichloroacetimidate
(1.63 mL, 9.22 mmol) was added to a solution of phenylenediamine (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

15  vacuum to afford 1.90 g (88%) of 2-trichloromethyl-1H-benzoimidazole, which
was used without further purification. MS (ESI): mass calculated for
CsHsCl3N,, 233.95; m/z found, 235.0 [M+H]". 'HNMR (400 MHz, CDCl3): 13.45
(br s, 1H), 7.73-7.65 (m, 2H), 7.39-7.30 (m, 2H).
General Procedure 2:

20 B._(1H-Benzoimidazol-2-y)-(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 K2CO3(0.30 mL). The reaction mixture was stirred for
24 h and was then diluted with satd aq NaHCO3; (3 mL) and extracted with

25 dichloromethane (3 x 5 mL). The combined extracts were dried (Na>S0O;) 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
title compound. MS (ESI): mass calculated for C43H16N4O, 244.13; m/z found,
245.2 [M+H]". 'H NMR (400 MHz, DMSO-dg): 13.2 (s, 1H), 7.74 (d, /= 7.3 Hz,

30 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 =

20




20 WO 2004/ 022060 PCT/ US2003/027461 5.2 Hz, 2H), 2.42-2.40 (m 4H), 2.22
(s, 3H). 13C NWR (400 MHz, DVMSO-de): 158.1, 145.5, 142.3, 133.2, 124.1,

122. 4, 1%%{11, %&ﬂ‘fp 55.0, 54.4, 46.0, 45.5, 42.3. 5 ALTERNATIVE
PREPARATIER#4 LE 1 (SCHEME 1) A. Benzi ni dazol e- 2-RGHERMOI246Ac d.

2- Hydr oxynet hyl benzi m dazole (6.75 mml) was added to a flask contai ning
hot wat er g25 rrL%. A 2 NﬁNg-a(ZCCB sol uéﬁi Bgu;(e%m was added to the reaction
m xture un®id HZi2ihZederd 4IHmotH)h 2.22 (5, d GINMBIA0 diHz DMGEAsY - 10

mmol ). The Chj tur. I I f ) . The hot
sol uti on W;égﬁ Tﬁ?gr%ég]&gr:cﬁ? \FII%SI%[“ Pﬁﬁaztbgd'\?‘)adg) 'coo%‘e’oIé?g)’ %'cl)lmg’p é(rgrﬁtg’r'éa]tt ure and
3 N acetic42@8.d was added until the pH reached 3-4. The resulting white
precipitate was collected by filtration and rinsed with water and ether to
obtain the title intermediate. M5 (ESI): mass cal culated for C8H5N202,
162-04:5, 1 &) FERMATEEPRERARATION OF BIRMHQS 1 S HIEMESHPOD) - 761755 (m
H- Benzoi m AaRBenzimidaroled2-wattrouviio Apitl. 22-Hydioxymethpibeanaidazole (6.75

Di | sopropyl et hxl am ne ( &T&% was, added to sol ution of benzi m dazol e- 2-

car boxyl i cMEeel W@§.35@eﬁﬁt-ﬁl2’=) ontaip gt vater (4 mby A AININRECRs -
h ' . i . -
azabangot | FAVERR (i HBIEP RARRTAGIA bthne il iFeRlohed BHOYGAZIY ) 2D

DVF (0. E\ MollﬁWed byeadxil iﬁmoﬁKMn@ﬂ%sngxbl)ﬁm teagﬁbh rmialu(;e ms:thendrper ature
over ni ght . e solvent was renpved, and_.the resjidue wa I ssol ved in Et CAc.
The sohtiﬁi&"ﬂ%ﬂit ' éd‘o(/\ﬁm-r?hﬁﬁl@ ,S&EH?@I“@& M"Eﬁ@' Hrale was was t hen
dried (Na2 ' I ; ' ; product as a
25 ui scous Pd t FodtefpeRittre ARG SN aBbialia AR B4ied DRYSREERL Dl Manol (2 M
NH3) / di chl macined8adeTheyesulting gvtiitecprecipitatecwap cothectéd by Siltnation ard’ %) .

Found & cangest with vaidr &g Shves 1o Obtai the Bk mterreitea ME B ambisha: of the
sanpl e prepacERtetP R TaHiRLB3, 162.04; m/z found, 163.10 [M+H]". 'H NMR (400
15 MHz, CDsOD): 7.61-7.55 (m, 2H), 7.44-7.38 (m, 2H).
B. (1H-Benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone.

Diisopropylethylamine (2.2 mmol) was added to a solution of benzimidazole-2-
carboxylic acid (3.59 mmol), O-(7-azabenzotriazol-1-yl)-N,N,N’,N*-
tetramethyluronium hexafluorophosphate (HATU, 3.00 mmol), 1-hydroxy-7-

20 azabenzotriazole (HOAT, 3.00 mmol), and 1-methylpiperazine (2.00 mmol} in
DMF (0.5 M). The reaction mixture was allowed to stir at room temperature
ovemight. The solvent was removed, and the residue was dissolved in EtOAc.
The solution was washed with 1 N HCI, satd aq NaHCO3; and brine. It was
then dried (NazS0,), filtered, and concentrated to obtain the crude product as a

25  viscous oil, which was purified on silica gel (40 g; :\3—10% methanol (2 M
NHs)/dichloromethane), yielding the title compound (1.68 mmol, 47%).
Elemental analysis: calculated for C43H4gN4O, C 63.91, H 6.60, N 22.93; found
C 63.76, H 6.79, N 22.87. The MS and 'H NMR data matched that of the
sample prepared above.

30

21




WO 2004/ 022060 PCTI US2003/ 027461 EXAMPLE 2 NO '":N N~ HON1 (1

H Benzoi m dazol - 2-yl ) - (4-et hyl - pi perazi n-1-yl)-nmet hanone. The reaction was
carried (r)#ih 33 gescri bed in General Procedure 2 using 2- 5 trichloronethyl-1
H benzoi Y 3428%2 %k anpl e 1, 100 ngy, 0.42 mmol) and N- BEHYSIHET46L ne (0. 10
m., 0.84 mol). Purification afforded 16 ng (15% of the title conpound. M
(ESI): mass calculated for Cl4H13N4AO, 258.15; nfz found, 259.2 [MH +. 'H
NMR (400 11.60 (br s, I H, 7.82 (d, J =8.0 H, 1H, 7.54

AMIPIF 2) -
(d, J =8.0 : 7.35-7.30 (m 2H), 4.82-4.80 (m 2H), 3.97-3.95 10 (m
2H), 2.63- (\’1 , 2.48 (q, J = 7.2 Hz, 2H), 1.14 (t, J = 7.2 Hz, 3H).
EXAMPLE 3 p HH (1

H Benzoi m dazol +2-y}) - §3- et hyl - pi perazi n-1-yl ) - net hanone. 15 The reaction
was carried out as Neggribed in CGeneral Procedure 2 using 2-
trichloronethyl-1 Hb%ZOi m dazol e (Exanple 1, 100 ng, 0.42 mmol) and 2-

met hyl pi perazi ne (84 , 0.84 mmol). Purification afforded 55 ng (54% of
the title. ¢ ound., M5 (ESI|) ; s.cal cul ated for CIL3HL6N4O, 244.13; nlz
found, 246§ %Wﬂfm(.’aéqu Q@%‘M@Qraéﬂdl‘ﬁ -MERANPRRe of rotamers: 12.1
(br s, 20 , - : = 12.9 Hz,
0.5 H, 5. 3’?’3(8?“%3‘ Vﬁa%?'g’%qz@@%gﬁﬁbéd %G%' i%‘%?ﬁ n?cédﬁ)%,é g.s'ﬂé-zs_. 37 (m
0.5H), 8. 2{rchidiBmethylAH-benzbimidazofe?(Examle 3t)100Imds0.42 mrhob) andBNFz, 3H) . 22
WO 2004/ 022060 PCTI US2003/ 027461 EXAVPLE 4

ethylpiperazine (0.10 mL, 0.84 mmol). Purification afforded 16 mg (15%) of the

titte compound. MS (ESI): mass calculated for C14H1gN40O, 258.15; m/z found,

259.2 [M+H]'. *H NMR (400 MHz, CDCl3): 11.60 (br s, 1H), 7.82 (d, J=8.0Hz,

1H), 7.54 (d, J = 8.0 Hz, 1H), 7.35-7.30 (m, 2H), 4.82-4.80 (m, 2H), 3.97-3.95

10 (m, 2H), 2.63-2.59 (m, 4H), 2.48 (q, J = 7.2 Hz, 2H), 1.14 (t, J = 7.2 Hz, 3H).

EXAMPLE 3
N 0]
\
@NMN
N
§—‘NH

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

15  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
title compound. MS (ESI): mass calculated for C43H1gN4O, 244.13; m/z found,
245.2 [M+H]+. "H NMR (400 MHz, CDCl3) a mixture of rotamers: 12.1 (br s,

20 1H), 7.80-7.52 (m, 2H), 7.33-7.31 (m, 2H), 6.02 (d, J = 12.9 Hz, 0.5 H), 56.93 (d,
J=129Hz, 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).

22




OCX HON (1 H Benzoimdazol-2-yl)-(4-nethyl-[1, 4] di azepan-1-yl)-net hanone.
The reaction was carried out as described in General Procedure 2 using 2- 5
trichlorao ZBQ/ %{RL benzoi m dazol e (Exanple 1, 100 ng, 0.42 mml/) and N

net hyl ho Q0e (96 nmy, 0.84 mmol). Purification aPEBUSHNAYey (239

of the title corrpound M5 (ESI): mass cal cul ated for Cl4H16N40, 258.15; mz
found, 259.2 H]; HNI\/R 400 MHz, CDCI3): 7.66-7.64 (m 2H), 7.32-7.30
(m 2H), 4. MPEE 4 m 1 4 63 (t, J= 6.3 Hz, 1H), 3.99-3.97 (m 1H), 3.94
(t, 10 J = 63 I—ﬁ JOH) 2 90-2.87 (m 1 H, 2.83-2.81 (m 1 H, 2.67-2.63
(m 2H), 2. 3.5 Hz, 3H), 2.13-2.10 (m 2H). EXAMPLE 5 010:5; N O
N HNn.. N~ N3 ':'Nl Bijzol m dazol e- 2-carboxylic acid

(8-rrethy|-8-aza-m)ic clof3.2.1 Joct-3-yl)- am de. The reaction was carried
out as described i n\Gengral Procedure 2 using 2-
tri chl or omet hyl - 1H berzom dazol e (Exanple 1, 100 ng, 0.42 mol) and 8-

t hyl - 8- 2 0. 84 |
ety & SdapabRapol bopl Wy aEI L aneancAg2 T 0,54 o)

title conpdereactien wasicarriemhout a&de&nr@eddnﬁﬁnmbmwe 28sINge2- nf z f ound,

For 2 e igomglhy fAb S Exgmokt ot mg: a2 Bineh fa o ° "2
7.1 Hz, 1 Hheth mo&%&azm(gehh% 62841%&1@2 stcé’h&?aﬁoﬁﬁedm 3%). 503 (s,

3H), 2.23-
WO 2004/ ozzﬂeslme mtacmspooadom&&SI)mwsglcg?ated for C&IMH18N4O 258 15; m/z

found, 259.2 [M+H]". 'H NMR (400 MHz, CDCls): 7.66-7.64 (m, 2H), 7.32-7.30
) (m, 2H), 4.72-4.69 (m, 1H), 4.63 (t, J = 6.3 Hz, 1H), 3.99-3.97 (m, 1H), 3.94 (t,
10 J=6.3 Hz, 1H), 2.90-2.87 (m, 1H), 2.83-2.81 (m, 1H), 2.67-2.63 (m, 2H), 2.41
(d, J = 3.5 Hz, 3H), 2.13-2.10 (m, 2H).

23

EXAMPLE 6

N O
\>_<
@N HN“'.VN/
H

15  1H-Benzoimidazole-2-carboxylic acid (8-methyl-8-aza-bicyclo[3.2.1]oct-3-yi)-
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)

20 intetrahydrofuran (THF, 3 mL). Purification afforded 10 mg (10%) of the title
compound. MS (ESI): mass calculated for C16H20N4O, 284.16; m/z found,
285.2 [M+H]*. "H NMR (400 MHz, CDCls): 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,

25 2H), 2.02-1.96 (m, 2H), 1.97 (d, J = 14.4 Hz, 2H).
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NN HN (5-Chloro-1 H benzoind azol-2-yl}(4-nethyl-pi
perazin-1-yl)-nmethano ne. The reaction was carried out as described in
Gener al P‘&8cedg)re 2 Wth 5 commercially available

5- chl or 0-222P43%Y omet hyl - 1 H benzoi mi dazol e (100 ng, PE/ER20AHRATI61and

N- et hyl pi perazine (0.08 nL, 0.75 mmol ). Purification afforded 65 ng (63%
of the title conEound M5 ( ESI): mass cal cul ated for C13H15CI N4O, 278.09;
m z found, EXAMBLEM-H *. 1H NMWR (400 Miz, DVSO- d5): 13.29 (s, 1 H), 7.67

(br s, 2H),C|7 BB(R| ‘]o 8.6 Hz, 451448(m 2H), 10 3.71 (t, J = 4.6
Hz, 2H), 2.4 4H) 2.22 (s 3H) ALTERNATI VE PREPARATI ON OF
EXAI\/PLE 6 (S -Chl oro-1 H benzoi m dazol -2-)d)-net hanol . A
mxtureofSChIor zne12d|amne(568g)|n4NHCI (40 m-) was
treated with glyco 15 (7 m., 70% solution in water) and refl uxed

for 2 h. The mxture vva ooled and filtered. The filtrate was then
neutralized with concentrated NHAOH, and the resulting solids were

col I ected K5-GhlorortHibenzaimidazalyliitrmethy niperazin-tiylenethanonet | e

bur 11 cat | dnerSatrras fakTed Bids ot 15 SonebalTrsRedytd £ Wil df N M xture
of (5-Qpl Ob@mhlrérci@ﬂgmbnwlé@émamvt ):ndl%r’@?rimhyl(ﬁ-l-%eﬁioﬁﬁlééﬁé]é %35

sodi um carbonate (110 nl) was treated with a solution of Kwh

310 nL of Qed7emmolirand Mm&nyiplngraﬂna@r%m\sm&molt)oPmoca:thmr 2 h and

Soi ut i on v bie (6P For R WRRBHENE. MGTESTARG S Hfualitoroci o, 10

afford a pOsgHRCINGG, 27@@95@72@@279 aipvwag’. 11s alMRgdoO Wi, DIKISIO-oN, washed
with water and dried under vacuumto give the title internmediate (2.910 9).

This mat er ida). 1329 (5sdH)i H6Bt(bps. 2, 7 » FiT Bz, ), i4.5 t4t4%tm, 25),

el or off v Bk b1 B0 AR T 2B G T Ok (5 mh) wes 24 W0

2004/ 022060 PCT/ US2003/ 027461

ALTERNATIVE PREPARATION OF EXAMPLE 6 (SCHEME 1)
A. (5-Chloro-1H-benzoimidazol-2-yi}-methanol. A mixture of 3-chloro-

in

benzene-1,2-diamine (5.68 g) in 4 N HCI (40 mL) was treated with glycolic acid

15 (7 mL, 70% solution in water) and refluxed for 2 h. The mixture was cooled
and filtered. 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.

20 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,
25 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-
30 chloro-1H-benzoimidazole-2-carboxylic acid (0.197 g) in DMF (3 mL) was

24




treated with 1,1'-carbonyl diimdazole (CDI; 0.163 g) at room tenperature,
and the mxture was stirred for 1 h. The resulting m xture was treated with
N met hyl pi perazine (0.111 m-) and was stirred at roomtenperature for 16
h. Thi s W@ 004/02206fas t hen diluted with water (50 nl-) areE/eseooxresd with 5
di chl oronet hane (3 x 20 nL). The conbined extracts were washed with brine,
dried (Na2SO4), and then concentrated under reduced pressure. The residue

was purifi gdated With nq&cgﬁior(yld)mgdaiblé%:mtmae@ 8) al r(MrN drathieyaaget hane)
to give the title conpound as a white solid 160 g The M5 and 'H NWR

data mat cHiaimixiure was stiged 8?prUnJ herrepulting "BL'ESW% Waﬁdf@tﬂmﬁl N-c 1 NO NN

N bl ETIOAT 2SR MR A AR B, 1

comer ci al Thisavibdudravss ﬁreﬂfdlmntédﬁnthlwatéﬂ@m Bnt ekttabseizwitin dazol e (100 g,
0.37 mmpl ) and pi perazi In THE (3 nL Purifjcation

mol
af f or de®| 1dl0ht9r@r_n@¢laar@r(3t>hé0ﬂnls)+ eThﬁﬁ@fBDW&d) wmpre Wﬁgée@wﬂb dréded f or

1350 (s rigg (oo Wi Ehncebirafpe sty rechEpdtibecthy Yiupell, (1)

2H), 20 3was mﬁnﬂéé@n%ﬁca%ﬁl 420@&5%mmm1@mm3¥M|mest@| N 0 N
PNH H (5-Ch] oro-1 H benzoi mi dazol -2 yl}& net hyl p| er azi érCL’i nmet hanone.
25 The reaGtVﬁdhe\ﬂﬁg comnauad asa white so4d (0968 9)n T@@n |Sa¢n¢r|d&‘ﬂ\d t2 using

comer ci al nYat@‘}’ead irh%%f: r%t%g{)@nd?g;erpa &% %808t hyl -1 H benzoi m dazol e (100

mg, 0.37 I per azrne .74 mmol ). Purification
afforde® 41 ng (40% of the title conpound. I\/IS (ESI) mass cal cul ated for

25
EXAMPLE 7

Ci |\l>—<o
L, o

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

The reaction was carried out as described in General Procedure 2 with
15 commercially available 5-chloro-2-trichloromethyl-1H-benzoimidazole (100 mg,
0.37 mmol) and piperazine (64 mg, 0.75 mmol) in THF (3 mL). Purification
afforded 10 mg (10%) of the title compound. MS (ESI): mass calculated for
C12H13CIN4O, 264.08; m/z found, 265.2 [M+H]*. 'H NMR (400 MHz, DMSO-
ds): 13.29 (s, 1H), 7.67 (br s, 2H), 7.33 (d, J = 8.6 Hz, 2H), 4.50-4.47 (m, 2H),
) 20 3.71(t, J=4.6 Hz, 2H), 2.41-2.39 (m, 4H), 2.22 (s, 3H).

EXAMPLE 8
Cl N ©

\
QORa
D
§~NH

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

25 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




WD 2004/ 022060 PCT/ US2003/ 027461 C13H15CI N4O, 278.09; mz found, 279.2
M+H] +. 1H NI\/R (400 MHz, CDCI3) a mxture of rotaners: 7 61-7.52 (b m 2H),
27(d Hz, H)600(d J = 12.6 Hz, 0.5 H, 5.89 (d, J =12.6
, 02%’4’?320&”71 (m 1H), 3.19-3.16 (m 0.5H), FCHUS08HOYHL 4H)
68265(m05H) 121117(m3H) 5 EXAMPLE 9 ; xxx ~ H\ N

6-Di fluoro-1_H benzoi m dazol - (4-net hyl; erazi n-1-yl ) - met ha none.
A5 6 mgamcm&,.mwmmym A hRER T Ao des i,

carried r uge | yaoro-1, 2-
phenyl enedi A%H 81???%31%5{ %eéjbz%nzﬁ@q? Q‘#!Pf g??&idj réé%\‘!q&t ?gﬁegwgéat‘?l turated
W th dl Chl ¢2®Htf’@5<1-ll,% 89 Qd)\!fi)ZBdﬂi COI\B@H)M ﬂse«ane(m (1$-|)X331@-$116)(rﬁ 0 give
890 (? of the title interned - ‘mass cal cul ated for
08H3013F2NQ H)282192.88nm; 4tbuR$8- 226& (m plx#rh] 21r1|47|\m 3Hbo Mz, Dl 3):
100(551H) 15 7.65 (dd, J = 10.0, 7.3, 1 H, 7.32 (dd, J:98 6.3, 1

[
7.
H
2.
(5,

(5 6- D| fl ugxaMPLB®Z0i m dazol - 2-yl ) - (4- met hyl - pi per azi n- 1- vi ) - met hanone. .
The reaction was carried out as described in General Procedure 2 with 5, 6-
di fl uoro- 2-° o ot hyl - | H benzoi m dazol e (100 ng, 0.37 mmol) and N

5
nmet hyl pi pera P08 nmL, 0.75 mmol ). Purification afforded 42 ng (40% of
mz found, 281.2

20 the titFe ¢conp dN'1V§ (ESI'): mass cal cul ated for C13HL4F2N4AO, 280. 11;
: : +/ 1H NWVR (400 MHz, CDCI3): 11.9 (br s, 111),
7.56-7.31 (bm 2H), 4M-4.75 (m 2H), 3.95 (t, J = 5.1 Hz, 2H), 2.58 (t, J
=51 Hz, 4H, 2.37 (s, 3H. 25 EXAMPLE 10 FAN O JI~_ \ FNMN
(5,6-Difluoro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl}-methanone.

A. 5.6-Difluoro-2-trichloromethyl-1H-benzoimidazole. The reaction was carried

10 out as described in General Procedure 1 with 4,5-difluoro-1,2-
phenylenediamine (1.00 g, 6.94 mmol). The dried precipitate was triturated
with dichloromethane (3 x 10 mL) followed by hexanes (3 x 10 mL) to give 890
mg (48%) of the title intermediate. MS (ESI): mass calculated for CgH3ClsF2No,
269.93; m/z found, 271.0 [M+H]". 'H NMR (400 MHz, CDCls): 10.0 (s, 1H),

15 7.65(dd, J=10.0, 7.3, 1H), 7.32 (dd, J = 9.8, 6.3, 1H).
B. (5.8-Difluoro-1H-benzoimidazol-2-y1)-(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 (6.08 mL, 0.75 mmol). Purification afforded 42 mg (40%) of

20 the titte compound. MS (ESI): mass calculated for C43H14F2N4O, 280.11; m/z
found, 281.2 [M+H]". 'H NMR (400 MHz, CDCl5): 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).

25 EXAMPLE 10
F 0
H <——_N>
/

(5,6-Difluoro-1H-benzoimidazol-2-yl)-(4-ethyl-piperazin-1-yl}-methanone.
26




HL N2 (56-Difl

H- benzoi m dazol - 2-

PCT/ US2003/ 027461
Pr ocedur e¥9 204
9, Step A 100 nmg,

uoro-1
yl)-(4-ethyl -pi perazi n-1-yl)-net hanone. 26 WO 2004/ 022060
The reaction was carried out as described in General

02966 6- difluoro-2-trichl oromet hyl - 1H beRFHPPRHPI4E ( Exanpl e

0. 39 rrrml) and N-et hyl pi perazine (0.10 nmL, 0.79 mol).

Purification afforded 31 (289 of the title corrpound VS (ESI . mass
cal cul ated Th@rreect&mwagmw 0@99@ descriped in &anera @@ng{lm@ﬂ-lsmgl NVR (400

. 754,76 (o2 HohBfotetiy MenohgbintBeql (alle 6. g0 Ry1dg e ;

Hz, 2H), 10138 (rtmolﬂand N- étl'iyllplpé?la&me (E)WWHLEO.’FQ rlﬁrriol)/ Puii d‘étloH dffdrdéd

(5,6-Difluoro-1 H
The reacti & ma&%%ﬁoftmamc%p@w%r

enzoi m dazol - 2-yl) yl - pi perazi n-1-yl) - net hanone.
M&Qﬁfﬁlh regse falculted &fure 2 using 5, 6-

di fl 2 | 100 ,
0I 37ucn)’:r§I ) ﬁ i Zlﬁ‘{e @%3‘%&?‘@?958(@9%@%@]57( mTo @Bﬁrj\{"ﬁ caPéoﬂ af f g?ded
15 30 g (3870 (o s ) 7. 6h¢bns1mm>)um1(w6s (B9, 17856 on) Z1), 386130

C13H14F2N40Q, 280

e o Uino Dl 64-2163 6 3.2 49 CH)J L Bhi, 2 et 3k 7. HhBeoky ) = 12,6

Hz, 0.5 H), 5.88

(d, J =12.6 Hz, 0.5 H), 4.69-4.66 (m 1 H), 3.19-3.16 (m

0.511), 3.04-2.67 (m 4H), 2.67-2.63 (m 0.5H), 1.20-1.18 (m 3H). 20
EXAMPLE 12 EXAMPLEMA F / H LN

JCL
F N

10

\
N

H§:N>H

(5,6-Difluoro-1H-benzoimidazol-2-yl)-(3-methyl-piperazin-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,

0.37 mmol) and 2-methylpiperazine (74 mg, 0.37 mmol). Purification afforded
15 30 mg (28%) of the title compound. MS (ESI): mass calculated for
C1aH14F2N4O, 280.11; m/z found, 281.2 [M+H]". 'H NMR (400 MHz, CDCls) 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
20

(m, 4H), 2.67-2.63 (m, 0.5H), 1.20-1.18 (m, 3H).

EXAMPLE 12

BN
E N 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-

25 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; m/z found, 295.2 [M+H]". "H NMR (400 MHz, CDCly):
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H (5,6-Difluoro-1

H benzoi m dazol - 2-yl)-(4-nmet hyl -[ 1, 4] di azepan-1-yl } net hanone The reaction
was carried out as described in CGeneral Procedure 2 usi ng

di f 1 uor o-¥22PMOR2%P onet hyl - 1H benzoi mi dazol e (Exanpl e 9P WW“%‘W‘!@O ng,
0.37mmmol ), and N-net hyl honopi per azi ne (84 ng, 0 74 rrrml ). Purification

af forded 29 279% of the title conmpound . mass cal cul ated for

Cl4Hi16F2n4d 1.1 r§31H}1%14317nﬁ0 (bros2H), [Wﬂ&ﬁQ (m- Nﬂh%&b(ﬁ ME6.0diG1 3): 27 WO

2004/ 02206 0

3.92-3. 89 ?Fﬁﬁ?%@ﬁ‘r %}66%943%6/%9@'['%3”)1? %%5351799%(%) fb%z%j 94 (t, J
= 6.3 Hz, @mH)H)QB?’-Z%@'(m(HH)D&ﬂ(d218$5tl-&13H()rﬂ13-2'ﬂ0§r2| ,8M2.63 (m 2H),
2.41 (d, J = 3.5 Hz, 3H), 2.13-2.10 (m 2H). 5 EXAMPLE 1 ~ N~O N HNC , N
H 5, 6-Di fl uoro- 1H benzoi m dazol e- 2- carboxylic acid (8-nethyl-8-aza-

bi cyclo£3 %&é& gé 1%)-yl )-am de. The reaction was carried out as descri bed

I n General "Proceddre 2 using 5,6- 10 difluoro-2-trichloronethyl -

H benzoi mdfarrpl e 9, Step A, 100 ng, 0.37mmol) and

8- net hyl - 8- a [3.2.1]oct-3-ylam ne di hydrochloride (157 rrg, 0.74
mol ) . Pur gt s# hoede dNZE ng(210/c) of the title conmpound. M5 (ESI):
mass cal cul at ed fdﬁr Cl6H18FM0, 320. 14 mz found, 321.2 [MtH +. "H NWR

(400 MHz, CDCI3): 8.04 (d, JV= 8 7.41 (br s, 2H) 4.37-4.32 (m 15

Hz,
I 8- 1,65 Pd-DfOrgd rbﬁﬁezoné‘wéazog?mwﬁc ARG
Ergt ﬁglng:]g Bicfyl::léf’é - ﬂgbtpg_s}%mgazol 2-yl)-(4-met hyl - pi per a2| n-1-yl)-
‘ The reaction was carried out as described in General Procedure 2 using 5,6-
10  difluoro-2-trichloromethyl-1H-benzoimidazole (Example 9, Step A, 100 mg,
0.37mmol) and 8-methyl-8-aza-bicyclo[3.2.1]oct-3-ylamine dihydrochloride (157
mg, 0.74 mmol). Purification afforded 25 mg (21%) of the titte compound. MS
(ESI): mass calculated for C1gH1sF2N4O, 320.14; m/z found, 321.2 [M+H]". 'H
NMR (400 MHz, CDCls): 8.04 (d, J = 8 Hz, 1H), 7.41 (br s, 2H), 4.37-4.32 (m,
15  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

| \>—{
o,

20 (6-Chloro-5-ﬂuoro-1H-benzoimidazol-2-y|)—(4-methy|-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
25 with dichloromethane (3 x 10 mL) followed by hexanes (3 x 10 mL) to give
1.09 g (69%) of 6-chloro-5-fluoro-2-trichloromethyl-1H-benzoimidazole. MS
(ESI): mass calculated for CgHsClsFNo, 285.90; m/z found, 287.1 [M+H]*. 'H
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A. 6-Chloro-5-fluoro-2-trichl oronethyl -1H benzoi m dazol e. The reaction was
carried out as described in General Procedure 1 with 4-fluoro-5-chloro-1, 2-
phenyl enedj.am .00 g, 6.25 mol ). The dried precipitate was triturated
25 with g‘géﬁ%@g@&%hane (3 x 10 mL) foll owed by hexanesP¢HURMHZHOL o give
1.09 g (59% of 6-chloro-5-fluoro-2-trichloronethyl-1H benzoi m dazole. M5
(ESI): mass cal cul ated for C8H3Cl 4FN2, 285.90; nmlz found, 287.1 [MtH ~. 'H
28 WO 2004NMRE400 Mz, GDGLR N8 Gy s, TRVR/ o400, WD -6chd).35.311(d. $=G%: s, 1 H),
7.57 (d, J4y5.6, 1 H), 7.31 (d, J =9.0, 1H. B

(6-Cnhl oro- % 1 uor o- 1H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazi n-1-vi) -

met hanone. BT6-Chiafd-6duoved Heberidohelidzaadl-29/ W@smethveb-giparatiane Procedure 2
5 with 6-chloro-5-fluoro-2-trichloragnethyl-1H benzoi m dazole (100 , 0.35
mol ) and Keeteangnes; pae reactienwaspearAed oyt 28 dessrihed inGeneead Freeedire s ded 58

296. 08 3 nf P EERHIO;RERPRfichioRmotiyk AR fRaflts PO 7 595" s
% |5-|)91 275391?3&7 ablrN-metByibiperaZite (0.08 nilm 0.26)mmal)8 Putificatiorr affofdedzs8 2H) ,

52{9 4I—31, 2.37 (s, 3H). EXAMPLE 15 :xxx H NH
( 6- Chl or o- 91G (883 )0f thetifle ceBIRUAdz MS AEWI ) massegalstiated for Crad neHNE. 15 The
reaction LA +bag | P u 2 i 6-
Chior o 5- 1 PooVB: e lafid 23T A BFAIL.DE MR AR Bz TR 789885 s 100
ng, 0.35 nmbl))7.3047.87 flersa 2H)e4.654.68 (m) 2H), 31871 (1,.J Pdc5 Hze 2H),an5e4%.87 ded 10
ny (100/8 of the title cors’pound. M5 (ESI): mass cal cul ated for Cl2H12Cl FN4O,
282. 0710 ny &M 4hR-3063 3HF MrH ~. H NMR (400 MHz, CDCl3): 7.77-7.67 (m 20
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 F | Np

EXAMPLE 15

F N\>—<O
cnji)i ” <\:}i

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

15 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 C12H2CIFN;O,
282.07; m/z found, 283.1 [M+H]"*. '"H NMR (400 MHz, CDCls): 7.77-7.67 (m,
) 20 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
O
cl ” D
N\
25  (6-Chloro-5-fluoro-1H-benzoimidazol-2-yl)-(4-methyl-[1,4]diazepan-1-yi)-
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




C NN HNI 25

(6-Chl oro-5-fl uoro-1H benzoi m dazol - 2-yl)-(4-nmethyl -[ 1, 4] di azepan- 1-yl) -

met hanone. The reaction was carried out as described in General Procedure 2
usi ng 6- WRPEEWE2A6P | yor o- 2-tri chl or omet hyl - 1H benzoi mi dBGHUS200EM e 14,
Step A, 100 29 WO 2004/ 022060 PCT/ US2003/ 027461 ng, 0.35mol) and

N- et hyl honmopi per azi ne mg, 0.70 mmol). Purification afforded 29 ng
(27% of tImg, tQp $5mmni)wmhldnewmr(mplpem 08 g} 878dmimol). EmnﬂqaaonFM

0,
710" o s BioRIRE 29 g (21oh) ' the 1 ol dyS{ s TRoge¥ sagaing 18" %5 § P
Hz, 1 H), @1%316@lﬁ‘l4(§f131011¢‘|)m/z3fo§ﬁd£311Q[M+$i(]‘l FMNMRF(Moo%AﬁZ @D%)(m 1H,
2.80-2.78 (m H) ( 2. 41 17-2. 11

(m  2H). ammmmﬁam(bm ), @4 S<1F9146414)6$(m;|1b+)o3$&(nubFo |

oot 591 inf B T RER U B 8P T EG B e T 2R U, Bt

Procedure 2 gp-bly Q(BGSQBQ =Y Qr4|1c Igr:ogqtmz'l;; {{rHazol e
(Exampl e 14, St ep86(,£\n 1 L( QI—? Hﬁabmqm

8- net hy! - 82ka- bi cycl 0[3 2. 1] oct 3-yl ani ne d| hydroch| ori de (149 ng, 0.70
mml ). Purification afforded 35 ng (30% of the title conpound. M (ESI):
mass cal cul ated for Cl6HL6C FN40, 336.12; mz found, 337.2 [MH'. 1H NWR

(400 Mz, @@\mpLEa-pl (d, J =8 Hz, 1 H, 7.71 (br s, 1 H, 7.52-7.38 (m
1H, 4.37-4.31 (m 1 H), 3.24 (s, 2H), 2.39-2.32 (m 5H), 2.26 20 2.22 (m

2H), 1.96- 1@@0 1.86 (d, J = 12.0 Hz, 2H).
| cl N HN""VN/
: H
10

6-Chloro-5-fluoro-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 with 6-
chloro-5-fluoro-2-trichloromethyl-1H-benzoimidazole (Example 14, Step A, 100

15  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 C4sH1sCIFN4O, 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-

) 20 222 (m, 2H), 1.96-1.95 (m, 2H), 1.86 (d, J = 12.0 Hz, 2H).

EXAMPLE 18
4
cl N N
H
-
\
(5-Chloro-6-methyl-1 H-benzoimidazol-2-yi)-(4-methyl-piperazin-1-yl)-

25 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




EXAMPLE 18 ~ NNO N C / NHN (5-Ch| 0r0-6-rrethy|-

H benzoi m dazol - 2-yl ) - (4- net hyl - pi perazi n-1-yl)- 25 net hanone. A

5- Chl oro‘g qg&fbé% % trichloromethyl-1 H benzoi m dazole. The reacti on was
carried otP ‘04 ribed in General Procedure 1 with 5-REVESH0H MLy -1, 2-
phenyl enedia mne (1.00 g, 6.41 nmol). The dried precipitate was triturated
30 WD 2004/ 022060 PCT/ US2003/ 027461 with dichl oronet hane (3 x_ 10 ni)

fol | oned byithdiceromethane (3 110 mb) fnllpwedsy hexanesd3px 9 mu)éogl\tq %50

2550 L N gihe g8 B eUEl U S RSP Gaplisten iRy 115"

(5-Chl oro- anrmhm/zrfdmmﬁmlm[mmam “BENMR (400neHzy CDTIpe 770 (5 HHY) ) -
met hanone. The reactlon was carried out as described in General Procedure 2
with 5-chl hyl 2-trichl oronet hyl - 14 benzoi m dazol e (100 ng, 0.35

| fforded 36
”ng“(&% E:Qéﬂtbﬁ 8%%¥P?H(&r artorde

10 292. 11; methémoms], TR@Bea’btthMchadel‘d\ARaé%chbéd lrﬂﬁﬁhéial Plécédt(rbrzs 1H)
7.71-7. 32 bm ZQ) 4.74-4 ((j 258:g
Hz, 4H), 2"@85—? or%ﬁometbyb%tre@lomethﬂxwmzqm 9@!&(1@ Mg, 0535

(5-Chloro i | ZI The
oacti on wiiereh A it ABBRIIINE S 08 Tl A7 PofEbR FlitikialSHARRASY,
mg (35%) of the title compound. MS (ESI): mass calculated for C44H47CIN4;O,
10  292.11; m/z found, 293.2 [M+H]". '"H NMR (400 MHz, CDCl3): 11.5 (br s, 1H),
7.71-7.32 (bm, 2H), 4.74-4.72 (m, 2H), 3.97-3.94 (m, 2H), 2.58 (t, J = 5.1 Hz,

4H), 2.48 (s, 3H), 2.38 (s, 3H).

EXAMPLE 19

15 Q—_>

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

The reaction was carried out as described in General Procedure 2 using 5-

chloro-6-methyl-trichloromethyl-1 H-benzoimidazole (Example 18, Step A, 100

mg, 0.35 mmol) and piperazine (60 mg, 0.71 mmol). Purification afforded 8 mg
20 (8%) of the title compound. MS (ESI): mass calculated for C43H45CIN4O,

278.09; m/z found, 279.1 [M+H]". "H NMR (400 MHz, CDCls): 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

§_
NH
25

(4-Methyl-1H-benzoimidazol-2-yl)-(3-methyl-piperazin-1-yl)-methanone.
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chl oro-6-nmethyl-trichl oronethyl-1 H benzoi m dazol e (Exanple 18, Step A, 100
ng, 0.35 nmmol) and piperazine (60 ng, 0.71 mmol). Purification afforded 8 ng
20 (8% of the title corrpound I\/B (ESI'): nmass cal cul ated for C13H55CI NAO,
278.09; W&2004032860 279 1 [MHH +. ' H NMR (400 MHz, CDCl RCT/US2003/027488 (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 N O N N~ H NH 25 (4-Methyl -1

H- benzoi ni AladeMethyiRitri¢iiorom imidazgle) -Tinet reactior wasIharhiv!

2004/ 022060 ,PCTI USs2 /027461 . ) ..
Nt o S, wgﬁifméenm'ﬁ hoadyre dLysing 2. 3-AIaIogIalueRe (hd®Gxr ried  out

as descri hedq 'ﬂn@g%{d%e Q@M&%%bmn%a(ﬁaﬁ zmm@t@bu%ﬁml 199, 9.74

mmol ) and met hyl 2, 2-trichl oroaci di m dat

Purificat |anfmat|9n ancmhoga@el((m gg40%§6@&cﬁhexam&)ré@decﬂ BBOdngl(iB%) ofy (34%

247,975 e g ieTnEaGe 555 e R R ot by 2465762, 1

Z 2421 Etsjr Sfouhb%249@[félz-l—ﬂﬂ » 'H NMR (400 f1Hz, 'epCh): .78 (s, 4HY, 9. 52](brs71F¥)HZ 1 H,

(4- Met hyl Z.Wlﬂdnteﬂnﬂlo&id‘lz 2W17-10ddnthZ/thZﬂé1)a2164(s vH)- met hanone. The
:nee?ﬁ;: on sizﬁ_wr{hﬁ;\du_agn r]erar Progcedure 2 using 4- 10

.u?a 26 n .l H .....'..- DNE d 2

met hy! p' per Wéféﬁ%tlﬁﬁ%dﬂbarﬁe@‘@uﬂﬁghbstﬁbéﬂ‘ﬁ Généval Pr@é&dtfré‘?ajdxﬁtg 4af forded 27
(269 of the title con‘goun Sl): mass cal cul ated for T14H18N40,

258. 130 m methyl:@dricliem mw-benzmmmqledmom tinenol and@-ur e of

rot anmers: 11. 58 7.10
(d,) 15 ?tW}PrBerai'"é 600, §5éﬁn81eﬁ EY“‘L'TJ)Q?’ 'l“-i%”é?g‘??ﬂ af}grg%ﬁ‘zj 40 (ddd,
J = 3.03, méi(zé%;/bf% fiffe c&nébmnd 3Ml§(|§s?3mé§s céldhlatéd $@r@148ﬁam,{0 5 H),
2702455 1805() +H) (() .EXAI\/PLE21
58.15; m/z found, 259.2 [M+H] H NMR (400 MHz CDCla)a mlxture of
rotamers: 11.61-11.58 (m, 1H), 7.68-7.57 (m, 0.5H), 7.24-7.18 (m, 1H), 7.10 (d,
15 J=7.1Hz, 1H), 6.18-5.84 (m, 1H), 4.73-4.67 (m, 1H), 3.40 (ddd, J = 3.03,
12.6,14.15 Hz, 0.5H), 3.18-3.13 (m, 1H), 3.10-2.86 (m, 3.5 H), 2.70-2.45 (m,

4H), 1.80 (brs, 1H), 1.17 (d, J = 6.32 Hz, 3H).

EXAMPLE 21
-

& Q

20 /

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

/Z

Ir=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).

25 Purification afforded 67 mg (62%) of the title compound. MS (ESI): mass
calculated for Cy5Hz0N40, 272.16; m/z found, 273.2 [M+H]". 'H NMR (400
MHz, CDCls): 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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NO H NN 20 1 (4-Ethyl-piperazin-1 -yl)-(4-methyl-

H benzoi m dazol - 2-yl } met hanone. The reaction was carried out as described in
General Procedure 2 using 4- nethyl-2-trichloronethyl-1 H benzoi m dazol e

( Exanpl e Y8 2040220 5& 100 ng, 040 nmol) and N- et hyl pi pePEEUR003/0274€) ni, 0.80
mmol) in THE (3 nmL). 25 Purification afforded 67 ng (62% of the title
conpound. M5 (ESI): mass calculated for CI5H20NMO, 272.16; mz found, 273.2
[ MtH] +. 1H4W@4dm W)z 4.806E178)(m, 11(H)89 93s3.90 (M), 2H), BHE (6, 15H), 2.63- Hz

o gt')i) 7 1% fffﬂ(mf .79 Eﬁﬂ @9)5%% b "\2/D7§)%£/%66%|7'U§d%é/96§7467 s

4.86-484(m 1H), 4.80-4.78 (m 1H), 3.93-3.90 (m 2H), 2.66 (s, 1.5H),
2.63- 2.56 (m 4H), 2.52 (s, 1.5H), 2.48 (q, J = 7.3 Hz, 2H), 1.14 (t, J =
7.1Hz,3 MRIMER2E 22 0 N N 6 _ NH (N,

(4- Met hyl - benzo' m dazol - 2-yi ) - (4- et hyl - pi perazi n-1-yl)-nethanone. The
reactlon vvas carrl d out as described in General Procedure 2 using 4-

nmet hyl - -1 H benzoi m dazol e (Exanple 20, Step A, 100 ny,
0. 40 mml |pera2|ne(0 09 m., 0.80 nmol). Purification 10

af f orde 50% the title compound. MS (ESI): mass cal cul ated for

s R B S ST
Ty, M. otk redctan Waspdmpclont dS'destabibd iy GRhieia i FopRHut ¢ Usinidy” . 2 61}
2.36 (s, %%tﬁWz-tnchloromethyl-1H-benzoimidazole (Example 20, Step A, 100 mg,

0.40 mmol) and N-methylpiperazine (0.09 mL, 0.80 mmol). Purification
10 afforded 51 mg (50%) of the title compound. MS (ESI): mass calculated for

C14H1aN4O, 258.15; m/z found, 259.2 [M+H]". 'H NMR (400 MHz, CDCl,):

11.53 (br s, 1H), 7.64 (d, J = 8.3 Hz, 0.5H), 7.32 (d, J = 8.3 Hz, 0.5H), 7.25-

7.18 (m, 1H), 7.10 (t, J = 7.3 Hz, 1H), 4.87-4.82 (m, 1H), 4.79-4.75 (m, 1H},

3.95-3.92 (m, 2H), 2.66 (s, 1.5H), 2.59-2.54 (m, 4H), 2.50 (s, 1.5H), 2.36 (s,

15  3H).

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 (5 mL, 70% solution
20 inwater)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 CgH4oN20O, 162.08; m/z
25 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
30 mmol) in water (10 mL) was added 2 M Na,COj3; (10 mL). To the mixture was

added dropwise a 0.1 M solution of KMnO, (1.4 g, 8.8 mmol). This mixture
33




ALTERNATI VE PREPARATI ON OF EXAMPLE 22 (SCHEME 1) A. (4-Methyl -1
H benzoi m dazol - 2-yfl -nmet hanol. A m xture of 3-nethyl- benzene-1, 2-di am ne

(3.77q, 89@0% and glycolic acid (5 nL, 70% solution 20 in vvater) in 4
N HCl heated to 100 C for 2 h. The warm niB&UPR*003{R2464) | owed to

cool and was filtered. Neutralization of the filtrate with concentr at ed
NHAOH resulted in the formation of a solid, which was collected by

filtrati onWagderted ta 100 viader2 Qrﬁﬂ%ﬁ'ﬁ%ﬂ‘%@tﬂreqdﬂulﬁthtoalﬁ@m%POQle@Sg (19%

o2 25 1 ouliARES FERH w3 ( geebo aBR° VAR RO o fbibey by, O
1H), 7. 10fikrdtion washedwith wiatéizand diigd uid@Ovdalurd. FThé.cihide atidHD.56'g,88 ( br,

3H), 2.55
(ZD Met hyl - é@%)é\f?ﬁdﬁﬁdjlaibe3@'9¢POPHWJQTWW9‘FUHT$@P pefificatiop) YTv@t hanone. To a

o 1 waReR o e bl CRRE M d5% ol DI LG yasadteion . L0

added drOpgloseg %Whﬁﬁblwtammmmhmméésﬂrrgdf@r BhmiHe mefiyis mixture 33
WO 2004/ 022060 P [/ US2003/ 027461 was heated to 100 C for 2 h and was then

filtered wRiperazine wagiben ﬁddedéﬁi%aL) fandithgreaction mbrturer wag stired 16 N aceti c

and dri ea B i-efRhirey IHE finiiie el BRut il WebFCARLIERE T " he am de
coupling Wekﬂrémtadwtdl@mommeﬂmat T cohtbifed e&uamemmfcehtratem d (111.6
ng, 0.63 nmml) in DM (3 m-) was added CDI (108, g&g 67 mmol ), and this

m xt ur ¥0 waynder reduaed pressure, ansethegesigue WﬁSpmrsfmﬁn Qeb{ GgtP%s0 L),

and the re 5 he m xture
as, pour car iy ge 8 MEGYURRIGbMESRhe) o Ryl 1B Mg TR P o The
conbi ned exdiidicThe MS ang SHOYMR datadnatehsd dest forthecpddacesbiatad atwsvet he

resi due was purified on silica gel (10 g; 1-8% nethanol (2 M

NH3) / di chl oronet hane) to reveal 124.3 ng (76% of a white solid. The M5 and
1H NMR dat Exmh,sﬂg@?,t hat for the product obtained above. EXAMPLE 23 0 N

0]
N\

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

15

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 piperazine (69 mg, 0.80 mmol). Purification afforded 4 mg

) 20  (4%) of the title compound. MS (ESI): mass calculated for C13H1sN40, 244.13;
m/z found, 245.2 [M+H]". *H NMR (400 MHz, CDCls): 10.36 (s, 1H), 7.65 (d, J
= 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).

25
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T-"-N---) NH NH 15 (4-Methyl-1 H benzoi m dazol -2-yl) - pi perazin-1

-yl -met hanone. The reaction was carried out as described in CGeneral
Procedure 2 using 4- methyl-2-trichloronmethyl-1 H benzoi m dazol e ((’Exarrpl e
20, St epwﬁ?,zo‘iwz‘%ﬁ 0.40 nmol ) and pi perazi ne (69 ny, PETEH204¥p7 el
Purification afforded 4 ng 20 (4% of the title conmpound. MS (ESI): nass

cal cul ated for CI3HI6N4AO, 244.13; mz found, 245.2 [MtH +. 1H NMR (400 MHz,
cDhCl 3): 10EX@WRLE24)  7.65 (d, J = 8.3 Hz, 0.5H), 7.34 (d, J = 8.3 Hz,
0.5H), 7.24-7.20 (m 1 H, 7.15 (d, J =7.3 Hz, 0.5H), 7.11 (d, J = 7.3 Hz,
0.5H), 4.80-4.78 (m | H)N@& 75-4.73 (m | H, 3.03-2.99 (m 2H), 2.67 (s,
1.5H), 2.54 (s, 1.5H). 25/84 WD 2004/ 022060 PCT/ 1382003/ 027461 EXAMPLE 24 H
O NN H NH H 4- Metthyl 4 b oi mi dazol e- 2-carboxylic acid (8-nethyl-8-aza-

bicyclo[ 3.2, 1 NQ ﬁé“yl pam de. 5 The reaction was carried out as described
i n General C rg 2 using 4- nethyl-2-trichloronethyl-I1H benzoi m dazol e
(Exanple 2 A, 100 ng, 0.40 nmol) and

8- et hyl - 8- azabi cycl o[ 3. 2. 1 ] oct an- 3- am ne di hydrochloride (170 ng, 0.80
mol ) . Pur édtMethyl-0H-ldrizoirikihzbfe-Dwatticdic atidt(Bemethyl-8-azarpound. MS (ESI):
mass cal cul ated for CL7H22NAQ, 298.18; mz found, 299.3 [ M+tH +. 10 1H NWR
(400 Mz, &IS¥c93.2.1osttIryl-amideot aners: 11.65-11.46 (m 1H), 8.12- 8.07 (m

L 1}, 755 R redapfyds ridh Qe deiBpbd inpeyiolecrdlgnb et (1 2
(quin, J wmaéhgd-2drichlorbinetiyl2i3H-bbnzsimidddole EXnple, 20, Step A, 20600ngs, 1. 6H),
St (™ 830 mmolf and smetny-8adabicyciofs. 2. fjoctanta-amine dinydrachloride ~+ T
) (170 mg, 0.80 mmol). Purification afforded 16 mg (13%) of the title compound.
MS (ESI): mass calculated for Ci7H2N4O, 298.18; m/z found, 299.3 [M+H]".
10 'H NMR (400 MHz, CDCls) a mixture of rotamers: 11.65-11.46 (m, 1H), 8.12-
8.07 (m, 1H), 7.64 (d, J=8.1 Hz, 0.6H), 7.36 (d, J = 8.1 Hz, 0.4H), 7.24 (t, J =
8.1 Hz, 1H), 7.14 (d, J = 7.3 Hz, 0.6H), 7.11 (d, J = 7.3 Hz, 0.4H), 4.34 (quin, J
- = 6.8 Hz, 1H), 3.23 (br s, 2H), 2.68 (s, 1.4H), 2.60 (s, 1.6H), 2.34 (mm, 5H),
2.24-2.20 (m, 2H), 2.02~1.96 (m, 2H), 1.87 (d, J = 14.4 Hz, 2H).
15
EXAMPLE 25

N O
\(:I: \>_<
N HNiw
H
N\

5-Methyl-1H-benzoimidazole-2-carboxylic acid (8-methyl-8-aza-
bicyclo[3.2.1]oct-3-yl)-amide.
20 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 CoH7Cl3Ng, 247.97; m/z

25  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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15 EXAMPLE 25 NO N HN11- H N 5-Methyl -1 H benzoi m dazol e- 2-carboxylic acid
(8-nmethyl -8-aza- bicyclo[3.2. 1l]oct-3-yl)-amde. 20 A

5-Methyl -2-trichl oromethyl -1 H benzoi m dazol e. The rea rr| ed out
as describRa%*9286heral Procedure 1 using 3, 4-di ani not g‘fdﬁﬁ%ﬁ%@z g, 10.88
mmol ) and nmet hyl -2, 2,2-trichloroacidimdate (1.33 nL, 10.88 muol).
Purification on si I i ca gel (40 g;. 40% tOAc/ hex?nes fforded 980 ngy (36%

of the titBediMelbylribibenzoimidazeled-carboxviic.agid °ZBQH7C13N2 247. 97,

mz 25 fou ’ \ IH), 7.60
(br s, 1 M@%@r—s—ﬂ)ﬁ—ﬂa—'\ﬁ‘f('%?’gda“Fﬁ”as‘%é&é’”ga@e@ﬁﬁ% ' 50 (s,
3H) . 35 WGMDEWUMIWQW@MCh&mmethW 1H~benzo:m|dazole (100

5- Met hyl - 1H benzoi m dazol e- ﬁr boxylic acid yl - 8-

bi cvcl or 3. N4.1G:40 erPD)aW'MEt Y'r%al%té{@(ql%[ﬁ P%Y'?‘WQ)GW)’Q@CBQ&Q bed in

Ge | =P I 100
ng,ne(r)é48 :rgo?g%aﬁdozggne@%ﬂ] -az brlnc'cl o?{‘t%égi.roﬁ] oct - -y%@ggg@éﬁsgﬁcﬁi f)ri de
5 (170 ny, tRieXdmpound. |MST(|%II %aﬂs)calﬂuateﬂlfoam%zhlﬁowgsd812(1/3&)&@% of

t he t|tIe co ound MSH—& : mas al cul at ed for CL7TH22N40, 298.18; nlz
found.  bodo0 R R BriRiRkloD DQhﬁcﬂé) (bt 554 H).5.02-7 964m, 4F2- 7. 06

1 ~ d - = 8. 6
o o%m 737 Wbtk é@éﬂ;"fﬁ% A 2 AR D R
H, 3.24-3. (Bas,(mrsselgi)ﬂw 234:3 (H), 433*}(q2139(279Q GH!) 212%322@3 QHI)EX,%\:\_/DPLE e
o 23' @1%.8_ 0 fa 41y 256230 (. DH), 2,28 (s 3E), 2.95-5118 (. 2H), 5.01- 1%5(
2H), 1.88 (d, J = 14.4 Hz, 2H).

EXAMPLE 26

o
N

@ﬁ”@«\

15  (5-Methyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone.
The reaction was carried out as described in General Procedure 2 using 5-
methyl-2-trichloromethyl-1H-benzoimidazole (Example 25, Step A, 100 mg,
0.40 mmol) and N-methylpiperazine (0.09 mL, 0.80 mmol). Purification
afforded 36 mg (35%) of the title compound. MS (ESI): mass calculated for

20 CuHigN4O, 258.15; m/z found, 259.2 [M+H]". 'H NMR (400 MHz, CDCl3):
11.24 (br s, 1H), 7.69 (d, J = 8.3 Hz, 0.6H), 7.60 (br s, 0.4H), 7.39(d, /= 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).

25
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N/ 15 (5-Methyl -
H benzoi m dazol - 2-yl ) - (4- net hyl - pi perazi n-1-yl ) - net hanone. The reacti on was
carried out as described in General Procedure 2 using 5-
net hyl - 2-WPi28H022%%et hyl - 1 H benzoi ni dazol e (Exanpl e 25RCEHE90340274630 ny,
0.40 mmol ) and N-net hyl pi perazine (0.09 nmL., 0.80 mmol). Purification
af forded 36 (3599 of the title conmpound. Ms (ESI): mass cal cul ated for 20
C14H18N40, ARIE 271 z found, 259.2 [MrH +. tH NMR (400 MHz, CDCI3): 11.24
(br s, 1 H, 7.69 (Ig J = 8.3 Hz, 0.6H), 7 60 (br s, 0.4H), 7.39 (d, J = 8.3
Hz, O4H) FZCf&Ns 8. 6H), 718(d J 8.3 Hz, 0.4H) 7.13 (d, J = 8.3
Hz,06H) 4. m 2H), 395393(m2|—|) 2.59-2.55 (m 4H), 2.49
(s, 3H), 2.36 36 WD 2004/ 022060 PCT/ US2003/ 027461 EXAMPLE 27 H
FSC1 ~ NN N ON (4-Me L:>p| pera2|n 1-yl)-(5-trifluoronethyl-

a

H benzoi m dazol - 2-yl ) - none.
2-Trichl oronet hyl -5-trifl uoronet hyI -1 H benzoi m dazole. The reaction was 5

i ed d i bed
R YA SR -
met hyl - 2, 22 Z-Théﬁlbﬂfrﬁéth 5 FHfldremet -ﬁW—Bénzo'in%z@Sl@' The Feddtionoghs On on

S|I|cagel 0 C or de 54% of the title
i nt er melli acameld@l{t Bsidescribed m@emredtPedcedwe 10%!49:9 romethyW)1.2q1 zf ound,

0 551y, 7. Bpopdenelicinins b e o 68 g and mefhi. o2 @chf%g%&ynléet%?i 763 (m

1.5H. B. (0.70 mL, 5.68 mmol). Purlfcatlon on smca gel (40 g; 40% EtOAc/hexanesl)
(4- Met hyl - pi perazin-T-vl)-(5-trifl uoromethyl - 1H benzoi n dazol - 2- v

met hanone. affotsledd mg(5dde) Q)‘ethe titlel irdermedjatee SMS; (5d):imassealculptert %&:edur e 2
usngtr -5 t 1y, 0.33 15
nmol ) and R—gﬂé@ﬁeﬁ%’ ?é (%"a’ z %?fif%d]wgéﬁmwgp@m%ﬂﬁ&ﬁ k’kg&éf?orded 42
10 10.16 (br s, 1H), 8.18 (br s, 0.55H), 7.98 (br d, J = 8.08 Hz, 0.5H), 7.83 (br s,
0.45H), 7.71-7.63 (m, 1.5H).
B. (4-Methyl-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 (100 mg, 0.33

15  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, CDCls): 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).

20

EXAMPLE 28

)
N\

SN
FiC NH L _NH
Piperazin-1-yl-(5-trifluoromethyl-1H-benzoimidazol-2-yl)-methanone.
The reaction was carried out as described in General Procedure 2 using 2-
25  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 C43H43F3N4O,
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ng (41 % of the title conpound. M5 (ESI): mass cal cul ated for Cl4H15F3N40,
312.12; mz found, 313.2 [MtH +. 1H NWR (400 MHz, CDCI3): 8.01 (br s, 1 H),
7.74-7.70 {) 1 Ii‘g“ 7.58 (dd, J = 1.3, 8.6 Hz, 1 H), 4.78-4.76 (m 2H),
3.96-3. 94W %hwma 0 5 60-2.56 (m 4H), 2.37 (s, 3H). 20PEREEMOFOYA6I) N- N
_ F3C ", NHH Piperazin-1

-yl - (54(f1 uoronet hyl - 1H benzoi m dqzol net hanone. The reacti on was
carri ed ouf298s1is/zfound, 299.2§M&HA U&é&l(ﬁ@ WHz IGRCR): 29.01 (br s, 1H),

0, 0. 35 el (3Ot . £ BT P4 i /208 26 396 et 6 g
(699 of th%SérrheZlngCDS 4§51 ) : mass calculated for C13HI3F3NAQ, 37 WO

2004/ 022060 PCTI US20031027461 ~ 298.10; miz found, 299.2 [M-H +. 'H NVR (400
Mz, CDCI3): 11.01 (br s, IH), 8.12 (br s, 0.5H), 7.87 (br, 1H), 7.58-7.60

1. 5H), 74=A_T 2H), 3.89- 3.86 2H), 3.06-3.03 4H). 5
(m ngégUﬁRﬂE (m 2H (nl H) (m 4H)

EXAMPL > F NH LNG (5-Fluoro-1

H benzoi m dazol - 2- yI b(4 nmet hyl - pi perazi n- 1-yl ) - met hanone. A.

5-Fl uoro-2-trichlg -1 H benzoi m dazol e. The reaction was carried out
as described i era ocedure 1 using 4-fluoro-1, 2- phenyl enedi am ne 10
(1.0 g, 8. Nihd I-222tr|chloroaC|d|mdate(10rrL 8.12

mmol). Tritu on of the resulting preci p|tate afforded 1.20 g (60% of

LS foung, CETEAA ROz BE MRy Hipdedih- 1 ShatRiaRoRe’ S | 2> %%

(br-s, 1 HA §Fubro-2-trichloromethyl-1H-benzoimidazole. The reaction was carried

out as described in General Procedure 1 using 4-fluoro-1,2-phenylenediamine
10 (1.0 g, 8.12 mmol) and methyl-2,2,2-trichloroacidimidate (1.0 mL, 8.12 mmol).
Trituration of the resulting precipitate afforded 1.20 g (60%) of the title
intermediate. MS (ESI): mass calculated for CgH4ClaFN2, 251.94; m/z found,
253.0 [M+H]". 'H NMR (400 MHz, CDCls): 7.64 (br s, 1H), 7.31 (br s, 1H), 7.07
(dt, J=2.27, 9.09 Hz, 1H).
15  B. (5-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-1 H-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 C13HsFN4;O, 262.12; m/z

, 20 found, 236.2 [M+H]". 'H NMR (400 MHz, CDCl3): 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

)
N

e
F_<C:j;/NH '\/NT

(4-Ethyl-piperazin-1-yl)-(5-fluoro-1H-benzoimidazol-2-yl)-methanone.

25

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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(dt, J =2.27, 9.09 Hz, | H. 15 B.

(5- Fl uor o- 1H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazin-1-yl)-nmethanone. The
reaction was carried out as described in General Procedure 2 using 5-

f 1 uor o- 2- MO 0P/Y2¥Ret hyl - 11 - benzoi mi dazol e (100 ny, 0. BOT/HSBA0P/0H6EL N-

met hyl pi perazine (0.09 nL, 0.79 mmol ). Purification afforded 28 ng (27% of
the title conmpound. M ( ESI ): mass cal cul ated for C13H15FN40, 262.12; mz 20
f ound, 236 an'{OMarH]dJrN-ethMNlﬂerqzm@(M-ﬂ mIGCY 8 )mmel), Furificaticn afforq)ed3074 (br s,

G oy 30 B2aof yid ot pompdidl M8 (B3 g catufgd rBufinBitethi £ 50 '
-~NH N N 276M14; %Etfémhdpmzqmu -3 NMR (200'MHz, ©DC): 11 62 (br s, 1H),

H benzoi m dazol - 2-yl ) - net hanone. he reaction was carried out as described

in Gener al 7P743é@'cﬁn<b512|) Us46 (ors, 1H)ub18-(br 51 0.5i) o?@ﬂdbhyl 1lﬂ)-lr43§@rﬁ@76n dazol e

o) o N kP Bt 55 (2 2 28017 B0 4% 8PP o E Pl 27 ifdea 30

mg (28% ofy+hes Hktgﬁ)]conpound M5 (ESI): mass cal cul at ed for Cl4H17FN40
276.14; mz found, 277.2 [MrH +. '"H NWR (400 MHz, CDCI3): 11.62 (br s, 1 H),
774(brs 0.5H), 7.46 (br s, 1 H, 7.19 (br s, 0.5H), 7.08 (br s, 1 H),

4804 76 3.96-3.93 (m 2H), 2.63-2.60 (m 4H), 2.50 (q, J = 7.3
1
Hz, . 31- 7 3 Hz, 3H. EXAWPLE31 0 N~ _N F 6 NH LNH 10

(5- FI uoro 1 H benzoi @ dazol - 2-yl ) - pi perazi n-1-yl - met hanone. The reacti on was
carried out as degcri e%n CGeneral Procedure 2 using 5-

F{}\ﬁtw

10  (5-Fluoro-1H-benzoimidazol-2-yl)-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 piperazine (68 mg, 0.79 mmol). Purification afforded 7 mg (7%) of
the title compound. MS (ESI): mass calculated for C12H13FN4O, 248.11; m/z

15  found, 249.2 [M+H]*. "H NMR (400 MHz, CDCl3): 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

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

20

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
25 mg (17%) of the title compound. MS (ESI): mass calculated for C13H15FN4O,
262.12; miz found, 263.2 [M+H]". 'H NMR (400 MHz, CDCly): 11.45 (br s, 1H),
7.74 (br s, 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), 56.94-5.89 (m, 0.5H), 4.72-4.65 (m, 1H), 3.42-3.35 (m, 0.5H), 3.20-
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fluoro-2-trichloronet hyl -1 H benzoi m dazol e (Exanple 29, Step A, 100 ng, O0.39
nmol ) and pi perazine (68 ng, 0.79 mmol). Purification afforded 7 ng (7% of
the title_compound. M5 (ESI): nass cal cul ated for C12HL3FN4O, 248.11; mz 15
found, 24YO20P4RAH0 114 NVR (400 MHz, CDCI3): 11.26 (br PST/UBRH03/07746D (pr s,
0.51-1), 7.46 (br s, 1 H, 7.19 (br s, 0.5H), 7.09 (br s, | H, 4.74-4.71
(m 2H), 3.89-3.86 (m 2H), 3.05-3.02 (m 4H). EXAMPLE 32 O NNmF / NH
LNH 20 (5-31416mol1il),:8.0812:81 (md3ld)hi2.66-2152 (8, 05ty 1.1pi (ded az6.8-Hz,

-yl) - et hano Jhe reactjgn carried out as described in Ceneral
Procedure g'@g)’ﬂg1£?d'f‘fﬁ§rél)9§’- Wﬁ'&m oronet hyl -1 H benzoi m dazol e (Exanpl e
29, Step A, 100 ng, 0.39 mmol) and 2-net hyl pi perazine (79 ng, 0.79 mmol).
Purification afforded 17 25 ng (17% of the title conmpound. M5 (ESI): nmss
cal cul at ed EXAMBLBEHRASFN4O, 262.12; miz found, 263.2 [MrH +. ' H NWVR (400
Miz, ODCI3): 11.45 (br s, iH), 7.74 (br s, 0.51-1), 7.46 (br s, 1 H, 7.19
(br s, 0.5H), 7.08 (br s, I\#,, 6.57-6.03 (m 0.5H), 5.94-5.89 (m 0.51-1),
4.72-4.65 (m 1 H, 3.42-3.35% (m 0.51-1), 3.20- 39 WD 2004/ 022060

PCTI US2003/ 027461 314 H, 3.08-2.87 (m 3H), 2.66-2.59 (m 0.5H),
1.19 (d, J = 6.3;\j-|\erL$:'. ~.18 (d, J = 6.3 Hz, 1.5H). EXAMPLE 33 H O
N.No H 5 F Nx={ 57 Fl for o-

F H benzoi m dazol e- 2-carboxylic acid
(8-mathél - 54 pidyCl o[ 3. 2.1 Joct-3-yl)-ami de. The reaction was carried
out as described in General Procedure 2 using 5-

f 1 uor o- 2- t 5-Flabes-a FEHENAcirhidabelRZ2 L aIbtg I acidfBanethgl-8hzaSt ep A, 100 ng, 0.39

bicyclo[3.2.1]oct-3-yl)-amide.
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

10  mmol) and 8-methyl-8-azabicyclo[3.2.1]octan-3-amine dihydrochloride (168
mg, 0.79 mmol). Purification afforded 17 mg (15%) of the titte compound. MS
(ESI): mass calculated for C1gH19FN4O, 302.15; m/z found, 303.2 M+H]". H
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 (br s, 1H), 7.22 (br s, 0.4H), 7.10 (m, 1H), 4.35 (q, J = 7.1 Hz, 1H),

15 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
N
H
W

20 (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

25 intermediate. MS (ESI): mass calculated for C7HCl3N3, 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).
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10 mmol ) and 8- net hyl - 8- azabi cycl o[ 3. 2. 1] oct an- 3-am ne di hydrochl oride (168
nmg, 0.79 mmol). Purification afforded 17 ng (15% of the title conpound. M5
(ESI'): mass cal cul ated for C15H1I9FN4O, 302.15; nmiz found, 303.2 [MH +. 1H
NVR (400 WPRZ00402%968): 12.01 (br s, 1 H), 8.06 (d, J =7. %CWSNPE*/ 461773 (br
s,O6H) 7.47 (br s, 1 H), 722(brs 0.4H, 7.10 (m 1 H, 4.35 (q, J =
7.1 Hz, ,15328325(m_2|—|) 241235(m2H),234(s 3H)

2.28-2. 21 (g (31 opt.5blp ety agin=1 anoney) ThexAMPLE 34
P OXx %kﬁg%g s carried out as desgribed in General Procedyre 2 us

(3HIm dazofa T'Byrl g4 o Eﬁ ?AP fjh piperazin- ik y?)u Wgt%anone A

2-Tri chl or drietilbsdméthyi- 3Hdﬂdéz©{4‘;5tb]pyﬂdmb (moo ﬁgeormmtm@ awaw-carrl ed out

as described in General Procedure 1 using I am nopyri di ne 2q9 9.16

mmol ) and rfﬁ?W'P‘FZe@ZMBt(QrQ,QnMF 86 'amﬁlbpatﬂ-"f 3 mL)rrLPurdlcatsomﬁp jed

of the- P11 Mo 25T PR ah St TSGR «garo(;%@%&gg Ty (28%

234.95; M 24518dn/z foaAd 24evRHi+H]". HHNMMR MﬁzG@CI )1363 A J =
1.5, 81Hz A e o0 il Q§H'_@)gl48 8.1

e zﬂ371/\(§i ) o3 b Seats st i e D 8.9 He 1% 79 o o

(3H—I m daz ) I ZI n-1-yl)-met hanone. The
reaction vvf'g éar r e:?(ad(h?’ 2?;_]5) geisgzén’bedré 3633 Procedure 2 using 2-

trichloromethyl-3Him dazo[4, 5-b] pyridine (100 rrg, 0.43 mml) and N
rrethyl p| perazme 0 09 m., 0.86 mmol) in THE (3 nmL). Purification afforded
29 5 t|tIe conpound. M5 (ESI): nmass cal cul ated for
012H15N50 5 gl z found, 246.2 [M-H +. 1H NVR (400 MHz, CDCI3): 13.63
‘ J
r SN

(s,,lH) 43Hz 1H, 815 (s, 1 H), 7.34 (dd, J = 4.8, 8.3
3.96-3.93 (m 2H), 2.58 (m 4H), 2.36 (s, 3H).
10 EXAI\/PLE35 ci X &

Benzooxazol-2-y|-(4-methyl-piperazin-1 -yl}-methanone.
General Procedure 3:
A stirred solution of 2-aminophenol (300 mg, 2.75 mmol), methyl 2,2,2-

15  trimethoxyacetate (902 mg, 5.50 mmol), and ytterbium triflate (170 mg, 0.28
mmol) in toluene (10 mL) was heated to reflux. After 5 h, the mixture was
cooled, and the precipitate was collected and dried. The crude solid was

+ suspended in toluene (5 mL.), and N-methylpiperazine (1.5 mL, 13.7 mmol) was
added followed by 2-hydroxypyridine (26 mg, 0.28 mmol). The mixture was
! 20 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 C3H4sN302, 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,

25 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,
140.1,127.1, 125.3, 121.3, 111.5, 55.3, 54.6, 46.9, 45.9, 42.8.

41



N Benzooxazol - 2-yl - (4- net hyl - pi perazi n-1-yl)-nmet hanone. Ceneral Procedure
3: Astirred solution of 2-am nophenol (300 ng, 2.75 mmol), nmethyl 2,2,2 15
trimet hox acetate 902 ng, 5.50 mmol ), and ytterbiumtriflate (170 ng, O0.28
mmol) in 0 mL) was heated to reflux. After 5 RCTAUREIIHe¢k e was

cool ed, and the precipitate was collected and dried. The crude solid was

suspended in toluene (5 nm.), and N-nethyl piperazine (1.5 nm., 13.7 mmol) was
added f ol | FPAMRLE3Gydr oxypyri dine (26 mg, 0.28 nmol). The nixture was 20
heated to 12 CNn apgseal ed tube for 4 h. The resulting yellow sol ution was
concentr at e duced pressure, and the residue was purified on silica

gel (12 g; Ll di chl oronet hane), yielding 320 ng (48% of the title
conmpound. M5 (ESI) ss cal culated for ¢ 3HL5N302, 245.12; niz found,

2461[|\/H—I]+ "H N 00 MHz, CDCI3) 7.83-7.79 (m | H), 766-7.65(m 25
2H), 7.47-7.41 (m 2H)\419(t J 5.1 Hz, 4H) 3.88 (t, 5.1 Hz, 4H),

R TR N E N R TLAE -;-“G&meﬁ?%m%eg HE AN
WO 2004/ 022400, 3 %H g@&fc%z\ﬁ?&arr LaEs d’&cnbb@ ylt-‘sefdé}%l Procedure.

(7-Met hyl - benzooxazo yl - pi perazi n- hanone.
reacti o sesjartingavithe2-amiino-Getiethyt-phend(S00irhg, L. 48 nmné)r d?uriﬁnaUedur e3 5

f for dod 4 miteged A0yma CRRLS BRGNS TS (Ea)- Thasbalchled fit ed. f or
(a5 TR g b0, 5843 e fokifd, 2602k HIHAR A ’Wé' Rl 455
(t Jlgc Enesu(d Ji#08.1 BlzggH], (7. 23 (s; BH)1 71283 (5d¢l—|)l 8.154- @l—ﬁggﬂm 2Pift, J2= igG(i
120 ‘6, 111M~5R1 JFPZS@"B -ggz(% JCDQ@? %!6 %ﬁhz’g %4%151?9( égﬁ)wgﬁf’isﬁ 5y, #E iR
10 (400 MHz, CDCly): 156.2, 154.4, 150.2, 138.0, 137.9, 126.7, 120.6, 111.5,
55.4, 54.6, 46.9, 46.0, 42.8, 21.9.

EXAMPLE 37
T
O N
S
15  (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, CDCla):
20 7.47 (s, 1H),7.40(d, J=8.3 Hz, 1H), 7.16 (dd, J=8.3, 1.7 Hz, 1H),4.08 (t, 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, 65.7, 54.69, 47.2, 46.3, 43.2, 21.8.
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D: X N 15 (5-Methyl -benzooxazol - 2-yl ) - (4-nethyl - pi perazi n-1-yl)-met hanone.
The reaction sequence was carried out as described in General Procedure 3 }
starting - am no- 4- met hyl - phenol (300 ng, 2.43 mo ur| cation
af f or ded g‘?tzﬁ?éoz?@ﬂ% of the title conpound. M5 (ESI): Ir"’réggf WAt ed for
Cl4H17N3O2, 259.13; nfz found, 260.2 [MtH +. "H NVR (400 MHz, CDCI3): 20
7.47 (s, 1 0.(d, J =83 H, 1 H, 7.16 (dd, J =8.3, 1.7 Hz, 1 H),
4.08 (t, J&AME}%I—EE& 4H), 3.76 (t, J = 5.1 Hz, 4H), 2.43-2.40 (m 4H), 2.38
(s, 3H, 2.24 (s, 3H). 13C NWR (400 MHz, CDC 3): 156.5, 155.3, 158.5,
140.7, 135. 128. 7,0 121.3, 111.2, 55.7, 54.69, 47.2, 46.3, 43.2, 21.8. 42
WO 2004/ 022 PSILPS20031027461 EXAMPLE 38 &N ~ C "N

(4- Met hyl - begZoegazop=2- Yyl ) - (4- net hyl - pi per azi n-1-yl ) - met hanone. The
reacti on sequence s carried out as described in General Procedure 3 5

starting with 2-am na-g- net hyl - phenol (300 ng, 2.43 mmol ). Purification
af forded 230 ngy (37% of the title conpound. M5 (ESI): mass cal cul ated for

C14H17N302, 00 MHz, CDCI 3 7. 37
G5 =g fapjemyPhenicpisdon iy Iyt ipbispiny el ighore, L 577 1”4 3
4.12° (t, Jhe Féal:tlbﬁ se&b&nc&mﬁécﬁﬁrne&oﬁa@deddﬁbeéﬂﬂ Ge?me'?ﬁl F(’ﬁ)ceab‘ae32 48-2. 44

(m 4H), 10 2.28 (s, , 3): 156.7, 154.6, 150.1,
139.9, 932. sbartmgmmz-annao@ m@thyl-n? ea@ (3005ng§24ammol)4d°tmfcagou 16. 8.

CXAPLE 39 crbRed 9506 R EoPhedit oA R S0k b badB s
am not hi ODWHL7N3©27Q59143 Atz FoumdD RBO. zrwm]r* 2H3\lMH(f4lomamr+lthm5)ate (3.93
& 7.37 (d, J = 8.1 Hz, 1H), 7.27 (t, J = 8.1 Hz, 1H), 7.13 (d, J = 8.1 Hz, 1H), 4.12
(t, J= 5.1 Hz, 4H), 3.81 (t, J = 5.1 Hz, 4H), 2.56 (s, 3H), 2.48-2.44 (m, 4H),
10  2.28 (s, 3H). "°C NMR (400 MHz, CDCl5): 156.7, 154.6, 150.1, 139.9, 132.3,
127.2, 126.0, 109.1, 55.7, 54.9, 47.3, 46.3, 43.2, 16.8.

EXAMPLE 39

O
L
, S N
»
\
15  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

20 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 CgH7NO,S, 193.02; m/z found,
194.1 [M+H]", 216.0 [M+Na]". 'H NMR (400 MHz, CDCl;): 7.58-7.54 (m, 1H),
7.37-7.35 (m, 2H), 6.95-6.87 (m, 2H), 3.37 (s, 3H). *C NMR (400 MHz,

25 CDCl3): 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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23.9 mol ), and ytterbiumtriflate (620 ng, 1.59 mol) in toluene (10 m-)
was heated to reflux. After 1.5 h, the m xture was cool ed, and the sol vent
was 20 regoved under reduced pressure. The crude oil was urified on silica
gel (40 g?’%%é?f% et hyl acet at e/ hexanes) to give 2.00 BC'E HEMP3BF746Ine titl e
I nternmedi ate. M (ESI) mass cal cul ated for COH7NO2S, 193.02; m z found,
194.1 [ M+H +, 216.0 IVHNa£ 1H NMR (400 MHz, CDCI3): 7.58-7.54 gm 1H)
7.37-7. 35 athyipiperazing (G28ml.i3.52 mmob, amd 2 ydeegypyridineNsRng 400

G0 2 et f B 55 iy P daeb T s it 7R R R By © "

benzot hi aZQh@-r@smﬂﬁgg SNOW SoRtibA Wi ébHceffraid UAdE) rébucéd B?edm?é Jand\ 43 VO
2004/ 022060 PCTI US2003/ 027461 net hyl pi perazi ne (0. 29 2.59 mmol ), and

2- hydr oxypihe wsidug wasguritied by reNﬁfsedwhaseHF&% wadmgr@() mga Helfdbei n t he

concontd at i bathepeplias s Hiftorededatsit “HENE QOIME ERERE LY o,

reversed pBé(mefiﬂ 7)!9?-'7(9 SHY9 . 95L945 @4, 2HNe 48 (tt /e 5,00 as the
trlfluoroaceta(t sal't. 1 O)SUM—IZ CD(CI Hfo%‘ 1( m

HN é] 15
7.97-7.96 @rﬁMHj 51 bz, #H)52.6072.52¢m, 4Hz)52§5(s\13|i) @MMRWMFB 88 (t, J

Toa 7, 150 CPCHEIRET 1381 Toa ik a6, 268 1288, 15%%*“%4?8 888, 57.7 Vo s

46. 0, 43. 54614’43)@\'\4%-5 40 ONO i i N ONH (5-Benzoyl -

H benzoi ni dazol - yI } (4- et hyl - pi perazi n-1-yl ) - nmet hanone A

(2- Hyd? xymet hyl - 1 H benzoi m dazol - 5-yl) - phenyl - met hanone. A m xture of 15
(3, 4-di am @%Qfm? -phenyl nmet hanone (4.28g, 20.16 nmol) and glycolic acid
(5 nL, 70%S ronitn water) in 4 NHC (40 nL) was heated to 100 C for 2h.
The warm m xtur @ was poured into water (350 nmL) and allowed to cool.
NeutralizatiQn corﬂpem‘dated NH4OH resulted in the formation of a solid,

(.

(5-Benzoyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone.
A. (2-Hydroxymethyi-1H-benzoimidazol-5-yl}-phenyl-methanone. A mixture of

15  (3,4-diamino-phenyl)-phenyl-methanone (4.28g, 20.16 mmol) 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

20 reveal 4.99¢g (98%) of the title intermediate. MS (ESI): mass calculated for
C1sH12N202, 252.09; m/z found, 253.1 [M+H]*. 'H NMR (400 MHz, CD;OD):
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-y)-(4-methyl-piperazin-1-yl)-methanone.

25 To a suspension of (2-Hydroxymethyl-1H-benzoimidazol-5-yl)-phenyl-
methanone (2.0g, 7.9 mmol) in water (2560 mL) was added 2 M Na,COj
(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

44



whi ch was collected by filtration, washed with water and dried under vacuum
to 20 reveal 4.999g (98% of the title internediate. M5 (ESI): mass

cal cul at f 12N202, 252.09; mz found, 253.1 [MtH.r. 1H NVR (400 MHz,

CD30D) : eg'.oc@@“f‘%@a(m 1H), 7.79-773 (m 3H), 7.66-7.[62%'%]5%/027‘761(56 7.51

E?BZH) |490(br"4H21' Bi t hyl ) d) - met h 25
enzo enzoj m dazol - 2-v e, met hanone.

To a sus%er@ﬁﬁﬁlngﬁot‘@ W Sqlfﬁ'rﬁ?%? thﬁéﬁ‘é’éﬁhg‘gé@élw@teﬂaﬁd&ﬂ@ﬁw ndefet hanone

2.0g, 7.9 | ?qggse he

§n’ xt gre vvas"gasgg)gd E?%%wmfeéﬁégo'%?\% sol'ut i ongo%d M\ﬁ% j E%&ﬂhéy@%&

Thijs rr:ixturfenrticzlualfspt}maf‘a:iaadn.t d‘olé)éuflpéfrmorﬂoﬁhﬁra;ndml\l OZ‘imng Mgem?_gl) mAlf\:?MVl\% hot,

and the cooled filtr idifi Wi t i ¢ aci e

2004/ ozzoesdgrfﬁ# ) wes Qﬁéﬁk@% ﬁdﬁw@"& . 20d hisBixtae was glirreg for

filtratigon, T cid (0.63

gl, 30% |5Was1 ngz\gﬁ%twlw;) e coup%?lh%dﬁvﬁﬂgﬁ'g&L) w;ge'r.e%ﬁpﬁ{hﬁgg"[?oh gl'o a

suspensi on s stireediat rboéﬂ%}nﬁermueﬁoﬂﬂie mrofhe nmm‘d:waéibdmkéd s watsted CDI
(82.3 ng, 0.51 nmml), and this mxture was stirred for 5 1 h. N nethyl

pi per azi ne (RAIMk ﬁ&ﬂ%‘ﬂeqw LJichlgremethanee ddei eambingd @xdraciaweret i rred at

roomtenper ) and

extracted vﬁ%ﬁ’?ré%ldol}rb ane tesgllcizor‘réﬂ '88 sﬁc‘ril%%%a%\l%(ﬁ' h%lacoorﬁ%i‘e?%e[mat ed

under r edugs (10 gw-a% metmhnbhez NeNHg)dichiorornethiahie tb nswe‘al V1.8amgq45%) 10 g;
1- 8% rret hanal (2 M NH3)/dichl oronethane) to reveal 71.8 ng (45% 10 of an

of f - whil0e §8lafbpff-wﬂ§lt§|§9l'§l MR 4ES Banass&@mlateﬁ foszttzDM&z 8161621 2

(m 0. 5t U A (VB u) f Rio nfe allcnaf i 2 (@574} BanB g, B 22

7.51-7.46" (m0.5H),7.96-FHUM31 Gh), 2BBT 20 G, 3HYT G 6, )7 514G M 2H).
2.56-2.53 (M o1 5324 33 (o213 B:0623 95 (e 2, 3 51-259 (. 2H), 2.66-2.53 (m,
2H), 2.36 (s, 3H).
15

EXAMPLE 41
Ci

i

(4-Chloro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl}-methanone.
) A. 4-Chloro-2-trichloromethyl-1H-benzoimidazole. The reaction was carried

20 out as described in General Procedure 1 with 3-chloro-1,2-phenylenediamine
(647 mg, 4.52 mmol). After 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 CgH4ClsN3, 269.9; m/z found, 271.0 [M+H]".

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

25 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 titte 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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N (4-Chloro-1 Hbenzoi m dazol - 2-yl)-(4-nmethyl -pi perazin-1-yl)-nethanone. A
4-Chl oro-2-trichl oronet hvl -1 H benzoi m dazol e. The reaction was carried 20
out as d ri n General Procedure 1 with 3-chloro-1, 2-phen Iened| am ne
(647 rrg,e‘i8 &2&6‘*6? After 1.5 h water (10 ni) was addeBC Tg’ﬁ%{"’%//

precipitate was collected by filtration to give 1.04 ny (86°/c) of the title
i nt er medi at e. % mass cal cul ated for. CBHAC14N2, 269.9: n12 f ound,
271.0 [ M-H(m, 15) [ Z@U ~brc7—§HZbéhBo? Rﬁdd@bl: 281z, 1H), ﬁ&MVzrﬁﬂb zin-1

yl) - met hangr_%_?h "Tzﬁ—'):bro 2%% (?ﬁl or ! 7cre§r glf as described in General

Procedure 2-1Tr1 H benzoi m dazole (1.04 g,
3.86 mol ) and N- net hyl pi perazine (0.39 nL, 4.25 mol ). Purification

af f orded 594 560 of the title conpound. M5 (ESI): nmass cal cul ated for
C13H15C N4 mz found, 279.5 [MrH +. 'H NVMR (400 MHz, CDCl 3):
12.3-11.19 (ﬁo IH) '7.71-7.40 45 WD 2004/ 022060 PCTI US2003/ 027461 (m 1 H,
7.32 (d, J ={7°8 Hz, 1 H, 7.23 (d, J =7.8 Hz, 1 H), 4.82-4.72 (m 2H),
3.96-3.93 | 160-2.55 (m 4H), 2.37 (s, 3H). EXAMPLE 42 NO2 NO N N
HS5 (4-Met piperazin-l-yl)-(4-nitro-1 H benzoi m dazol - 2-yl } net hanone. A

4-Nitro-2- trlchl br opet Ryl - 1H benzoi m dazol e. The reaction was carried out

as descri bed I n R Procedure 1 with 3-nitro-1, 2- phenyl enediamne (1 g
6. 54 rmg After 1. water (10 nmL) was added and the precipitate was 10
col | ec dbyflltratlonto ive 1.18 ng (649 of the title internediate. M5
(ESl): rra%»l\&eihy:lbpnaemumw%@mm—aNebenzcmnnawj-zrulknfethmpna81 2 [M+H] +. B.
(4-Methyl - qi og -1H- be 20|l zol é ?"@ nmet han t The
reaction 3 ! et al %e@&g[] h’nltro 2-

trighlor orr%ts.fudscﬁbéa maeéﬁeﬁal Wééécﬁjréjl vith Qvnlﬁoﬁw%ﬁéhiﬂeﬁéélaﬁme (1g,
6.54 mmol). After 1.5 h water (10 mL) was added and the precipitate was
10  collected by filtration to give 1.18 mg (64%) of the title intermediate. MS (ESI):
mass calculated for CgH4ClsN302, 280.49; m/z found, 281.2 [M+H]".
B. (4-Methyl-piperazin-1-yl)-(4-nitro-1H-benzoimidazol-2-yl}-methanone. The

- a2
-

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-

15 methylpiperazine (0.70 mL, 6.30 mmol). Purification aiforded 801 mg (66%) of
the title compound. MS (ESI): mass calculated for C13H1sNsO3, 289.29; m/z
found, 290.3 [M+H]*. "H NMR (400 MHz, CDCl3): 11.36-11.24 (s, 1H), 8.29 (d,
J=7.8Hz 1H), 8.17 (d, /= 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).
20

EXAMPLE 43
NH,

S

(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)-
25 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
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15 et hyl pi perazine (0.70 nL, 6.30 nmol ). Purification afforded 801 ng (66%
of the title conpound. M5 (ESI): nmass cal cul ated for CL3HL5N503, 289. 29;
mz found, 290 3 [MtH +. 1H NMR (400 MHz, CDCI3): 11.36-11.24 (s, | H),
8.29 (d, W92004023060, 1 p) 8 17 (d, J = 7.8 Hz, 1 H), PCHAISI03/077461 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 EXAMPLE 43 NH2 dcx H N (4-Amno-1

H- benzoi mi duixtiireavasipla¢ed urdéwy1 aprihydecgen-for ¥2)h. nehésesuiting miduee wasut i on of

4- et hyl - 4-ni t 14 b I t 640
L e

acet ai e) ""%éd@ék?&fgre]sglﬁeoamégr‘ud@ ;ﬂadgam@@poﬁﬂéh aﬁ)sméfgzél tODm%46 WO
2004/ 022060 PCT/ US2003/ 027461 m xture was pl aced under h ydrogen for 72

h. The resuhethaholCkipGlptomffordf51S mgdf1%d) 0b thenhtitle aommueduMSeQESH, and t he

pur 1108 o254 PUGUBIAY (k6 g e Q0aPY s M na.28053 et orENBIR vy T'5109

of the tltl(aoemmmcth(Eﬁlﬂ 365(snamqiz IJ&E 7S Hor 147,38 841883 (rﬁ59 31;
m z found, 260.3 [MrH +. 1H NMR )@ 12.2111.36 (s, 1 H),

7.12 (t, J HH)7663d, JE 1B, HaB. 19'11)—68?34(7&(m 2H)) 4.48-430((m, 2H)-3048382, 1 H),

335 (5, ol A 2ebdRe tm AR R G BN (4 Tsopropylamno 1

H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazin-1-yl)-
10 EXAMPLE 44

A
X H

(4-1sopropylamino-1H-benzoimidazol-2-yl}-(4-methyl-piperazin-1-yl)-

0

TZ _Z

methanone.
To a solution of (4-amino-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-

15  methanone (Example 43; 50 mg, 0.19 mmol) in dichloroethane (10 mL), 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 NaHCOj3 (5 mL).
The aqueous layer was extracted with CHCI; (10 mL), and the combined

20 organic layers were dried (Na;SO4) and then concentrated under reduced
pressure. The crude product was purified on silica gel (10 g; 0-10% methanol
(2 M NH3)/CH2Cl,) to give 35 mg of the title compound (60%). MS (ESI): mass
calculated for C1gH23Ns0, 301.39; m/z found, 302.3 [M+H]". 'H NMR (400
MHz, CDCl3): 11.11-11.07 (s, 1H), 7.18 (t, /= 7.8 Hz, 1H), 6.76 (d, J = 7.8 Hz,

25 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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met hanone. To a sol ution of
(4-am no-1 H benzoi m dazol - 2-yl } (4- net hyl - pi perazin-1-yl) 15 net hanone

( Exanpl e 0.19 nmmol ) in dichloroethane (10 1d_§(ed acet one
(0.07 ni, é é%ﬁm and acetic acid (10 drops), foll g\%‘ﬂ}\@z 0 IOA\C)B

(203 ng, 0.96 rrrml) The reaction m xture was stirred at room tenperature

for 16 h, s quenched with satd aqg NaHCG3 (5 nL). The aqueous
| ayer was %@Bﬁgé\?ﬁnth CHCI3 (10 mL), and the conbi ned 20 organic |ayers

were drieddf N angy hen concentrated under reduced pressure. The crude
product was p silica gel (10 g; 0-10% nethanol (2 M NH3)/CH2Cl 2)

to give 35 Re t e conpound (60% . Ms (ESI): mass «calculated for
C16H23N50, 301 39; Hrﬂ uo%nd 302.3 [ MtH +. 1H NWR (400 MHz, CDd 3):
11.11-11.07 (s, 1 H), a8 (t, J =7.8Hz, 1 H, 6.76 (d, J =7.8 Hz, 25 1
H, 6.37 (d, J = 7.8 Hz, ¥ H), 480465(m2H) 3.92-3.78 (m 2H)

oH) . 47 VOGRS SR IR oM GE ek BRE SN AE N Nt T NN H O
N C—(5 mhggtﬁy@ngg,aﬁ@zm m dazol - 2-yl ) - C (4- net hyl - pi perazin-1-yl)-

met hyl eneam ne. 5 To a suspensi on of 5-chloro-2-trichloronethyl-|
H- benz 0% ni dazpsuspensrmef, 5-chlose-2Aiohiprametiykd branzoirsidazolel(fl 00emg.added

hyl
then ammonfulh Besikheicletite t migen et Bameiitiiserttner O 14 bY ¢ cact i on
i xture vagdbhUTRE ibduie 3 ws%ur?éu fIRHEFRin(thEn Hrmonitfh bBERE Ay ed Wi th

di chl oronet hané (3 x The conbined extracts were dri ed ( Na2S04)
and t hen c@rﬁﬂemd)wasadded Af@cmcadutrmr@@gtnmmmmee wasdilutadowilia satths

11153 ShNGAED. 1 e 1 BB Il SRR DG o)
C13H1648¢0, TRé tolibingd axtrastsdvere dried (Na,S0,) and then concentrated under
reduced pressure. The crude product was purified on silica gel (10 g; 0-10%
methanol (2 M NH3)/dichloromethane) to afford 23 mg (22%) of the title
compound. MS (ESI): mass calculated for C43H16N4O, 277.11; m/z found,
278.2 [M+H]". 'H NMR (400 MHz, CD30D): 7.79-7.74 (m, 2H), 7.45 (dd, J =
15 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 H4 Receptor

) 20 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 cell pellet in
20 mM Tris-HCI with a polytron tissue homogenizer for 10 s at high speed.

25 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

30 were harvested by rapid filtration over Whatman GF/C filters and washed 4
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278.2 [MtH +. "H NMR (400 MHz, CD3OD): 7.79-7.74 (m 2H), 7.45 (dd, J = 15
8.6, 2.0 Hz, 1 H), 4.23-4.17 (m 4H), 3.63-3.58 (m 4H), 3.01 (s, 3H).

Bi ol ogi cal Exanpl es Bi ndi ng Assay on Reconbi nant Human Hi st am ne H4 Recept or
20 SK—I\I—I\)E%’@P‘HE”W COS7 cells were transiently transfe®CEYSABRZYUR and
grown in 150 cn tissue culture dishes. Cells were washed with saline
solution, scraped wth a cell scrz‘i%(;ar and coll ected by centrifugation (1000

rpm 5 ni dimeswith ica-poldHmMdris Hirle filtars warertban geiedz mixashwith t he cel |
[let i TriS- i . : t i . 10 t
b ohspeod. SIRTAN coliell b ey CRIN T ORI RIE Bpleboint ° ' 1y

super nat anthumas histemineo) rtieptbravsteasetrio frugaslratth@ dffiki of inding o5 m n at
4 C. The final pellet was resuspended in 50, M Tris-HCl." Cell nenbranes

wer e i ncubadther cémpouridd-aimd tHeimalitity (6 dipladd H-lighhe bindisg by incaubatihgence of
excess hj stﬁm' ne (10000 nM. | nqua!aﬁ}i on occurred at roomtenperature for45
mn. Merbr dhe@bove-dgscaber iPaIN P'E?ﬁ?ﬂcﬁoﬂ’?ﬁ@'i’%ﬁomﬁra@ﬁ Bi®An G-/ C

| ce- cor d SO iR orripoliil (RISl ForLampBrioR bR ks Tand' 1 an
and count e QretilbORCIAINGS WersKalbhMiod baSeR br 4 bogiRGRRyNg. human

hi stam ne H4 receptor were used to neasure nfty o ndi ng of 3
ot her conpaietesninad Kphalue abb InM and @ ligianpl comeehtratigaofl SiiMdacoprdingitmcubat i ng

nhi i tor - of- Goreand 51 b Heol BeBeBin Bigaeeoo Ogbdaed B eo ST g3
H-hi st ay ne34g§): ]@émﬁo)gﬁaﬂ[gﬁg@iat ed, based on an experinentally

determ ned KD val ue | i gand concentration of 5 nM according to
Y: ¢ Chang and WH. Prusoff (Biochem Pharmacol. 1973, 22(23):3099 10

3108): K; 1 C50) /(1 + (IL]/ Bl RESULTS EX EX K nM
308) 1 K- (1090) /(1 + (11 i HOCAVRASHRYS (M EXK 1

1 32 16 1300 31 42
2 490 17 535 32 460
3 331 18 226 34 833
4 1400 19 1000 35 620
5 89 20 156 36 1200
6 25 21 468 37 1300
7 87 22 31 38 1600
] 8 300 23 135 39 810
9 28 24 270 40 8000
10 620 25 613 41 57
11 355 26 528 45 110
12 807 27 11 46 - 64
13 380 28 420 47 158
14 53 29 26 48 23
15 216 30 370 49 51

15
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1 32 16 1300 31 42 2 490 17 535 32 460 3 331 18 226 34 833 4 1400 19 1000
35 620 5 89 20 156 36 1200 6 25 21 468 37 1300 7 87 22 31 38 1600 8 300
23 135 3 24 270 40 8000 10 620 25 613 41 57 528 45
130 30 R 2 13 380 28 420 45 158 14 53 >oPSHUIHIRYF LD 2050
370 49 51 15 49 WD 2004/ 022060 PCT/ US2003/ 027461 Mast Cel | Chenotaxis
Assay Mast ﬂ nul ii I.n,mucosal epithelia is a well-known

characteri itis and asthma. Transwel | s (Costar,

Canbri dge, NBst &l fcdpphidatiorz  mbcosalepithepisesiwelliknoWOcHaraételific 60/ ML human
fibronectin (Sigma) for 2 h 5 at roomterﬁq;)erature. After renoval of the

fibr onect i ne,\"%%ig rEmiﬂs m»f]sthaq Banswells ( @ﬁteh&qmb@%%h,_ew ofig poreszeani ne,

(0 “ant agdtbt BerIesABIALISH ol dgbbial doih HEHhecht LSRR HEZTE, o

added t & t hg b @E@é} SMAGaR FdtREVal of&ﬁéﬁbgﬁbbﬁn,( pég:;ﬂgmmgwdded to
pl at for 3 ha :

the top chanber. es were 10 1 ncubate r Transwel | s
wer e r enoveBSAgpindthelresaidesofi 10 jukichistaotinewas adbied towheehottomtobanibmer. si xty
seconds using a flow cytoneter. 10 M HR Antagoni st (M ): Binding H stam ne
10 1 Assay T@Esesighevaiusvistaning regeptor (IR) ampgonists, 10 uM and/or 1 pM

solutions of the test compounds were added to the top and bottom chambers.
Mast cells (2x10°well) were added to the top chamber. The plates were

10 incubated for 3 h at 37 °C. Transwells were removed, and the cells in the
bottom chamber were counted for sixty seconds using a flow cytometer.

R—

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

15 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 H,

20 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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9 97 72 11 28 6 97 184 525 7 101 1 8 15 87 25 27 75 66 12 613
Cell-type Distribution of H4 Expression 15 RNA was prepared fromthe

different cells using an RNeasy kit (Q agen, Valencia, CA) according to the
manuf act WWRPL022064 ¢ ctions. RNA sanples (5 g) were r OCIEF2A/0RM4ARL gel and
then transferred overnight to a nylon blot (Hybond, Anmersham Pharnaci a

Bi ot ech, Piscata  NJ). T t re- _hybridi zed with ExpressHyb

sol ution ( Qﬂ\i%%%?n@@-{%%) %Wﬁ'ﬁ&5&l4820 blobwas SNRSGALO | abel ed
using the Reg hﬂﬁ A b vith AVBiSteA ARG ' h). The bl ot was
hybri di zedeeoﬁg at7|06? ,'tﬁfol IIoweng@&%ne wgs?hvjégr? ﬁp (23 SSC and 0. 05%
SDS) of 40Resmitat room tenperature, and a second wash 50 WO 2004/ 022060

was. oxposed NeorherdyEt el indiatMptihe HlsostriBhis PxgsatoB&Eeover i gt
resul t 55  TRRarhRG4deRkEd Rt cefis M@@g@gﬁ@@gﬂt@a%ﬁ% bhd 'R

IS
expressed on bone marr ow deriv , perito eg?' mast
cel I' s, andThesepositivegestiitseare qousisténtavittethel published titerafuse éevg. Gidahett he

bl i shed I . g. al . | .. Mo . i
Phe Backgr Brdogust Bb. hibilecs ot Al the EEhkBtRunLRston’ o FioMaYSReRe nor n Bl ot
exper | Ment nofus ARuIBRS W Noffiof BioRBRASATEAY sllen BEMRAHRAIE devel s of Hi

receptor expresse y neutrop fer 10 sonmewha rom tthe above
| i t er at ur e apparéntiyno Mieasunable levelexal IHxi neceptoy expressdd hiyaneattophils differ ogi es

used. cunul ation of st cells and eosinophils in affected tissues is one
ot he ir i RemBHat am BRca b G Wralio eBgs o i Y pe SREMEEPKIE 'S nee th
receptor eyFeRi mBtHatiolddiéd 8sed. OAEERRRIAEBH lof YRR Tell§4nt &RRidPhils 1 gnal | i ng
is likely to mediate theinfiltration of mast cells and eosinophils in 15

response t affacteddissues isndoe of thesprincipal charpateristicswf allergic dhinitisfapdt hese
Ssues.  TgToh, STt AR SRBRRidTS il foREsDioBh g HERelpthl
signalling is likely to mediate the infiltration of mast cells and eosinophils in
15 response to histamine. Additional investigation may also clarify these issues.
The following table reports the Cell-type Distribution of H4 Expression by

Northern Blot.

Species Cell Type Hy

Human Eosinophils 4
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 -
51



Species Cell Type H4 Human Eosinophils + |Immture Dendritic Cells - Mature
Dendritic Cells CD14+ Monocytes - CD4+ T Cells - CD8+ T Cells B Cells -
Neut r ophi = / (Rat) Eosinophils + Peritoneal Mast S t) + BWMMC
+ BM Der‘{lléé%?‘%gic‘:{?’(gphages - Peritoneal Macrophages - 51“%1%&%%‘?)2060

PCT/ US2003/ 027461 CD4{ T Cells B Cells The Inhibition of Eosinophil Shape

Change by Hi stam ne H4 Receptor Ant a(gonj,stéeggsi nophi |l accumul ation in
sites of allergic reaction is a well- Réwh Gelshar acteri stic of allergic

rhinitis and asthma. This exanpl e deno es that histam ne H4 receptor
ant agoni sts can bl ock the shape change Tesponse in human eosinophils in
response to hista ) ape change Is a cellular C eristic that

precedes eosinophil chenotaxis. Methods 10 Human granul ocytes were isol ated
f r om hunmanThe dohibitipnaofE asindphilrStd penChaide by Histamine H,Rédeptorer e | ysed with
5-10X Q agen,lysis buffer at roomtenperature for 5-7 mn. Ganul ocytes
wer e harve Swashed once with FACS buffer. The cells were resuspended
at a densi ; d ' ' ] t inhibition by
specific h%?@@ﬁgéfﬁgﬁlkhgﬁﬂg%ﬁféﬁ,@%’%@fﬁ%ﬁiﬁgege OR@; suspension (-2
x 105 cel | sharasteristic ob atlexgicwhimitia andlasthrae This eXxemplerdemsnsteates that

histamine H; receptor antagonists can block the shape change response in

human eosinophils in response to histamine. Shape change is a cellular
characteristic that precedes eosinophil chemotaxis.
Methods

10 Human granulocytes were isolated from human blood by a Ficoll gradient. The
-red blood cells 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

15  suspension (~2 x 10° cells) was incubated with 10 pM 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

) 20 scatter assay (GAFS) (Byran et al., Am. J. Crit. Care Med. 2002, 165:1602-

1609).
Results - Histaminé Mediates Eosinophil Shape Change Through H, 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
25 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 H, receptor (diphenhydramine) or the H; receptor

(ranatidine) did not alter the histamine-induced shape change. However, a
30 dual Ha/H4 antagonist (thioperamide) and a specific histamine H4 receptor
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conpound solutions. After 30 mn, 11 L of one of the various concentrations
of histam ne was added. Ten mnutes later the cells were transferred to ice
and fixed with 250 L of ice-cold fixative buffer (2% fornal dehyde) for 1
mn. The"QAYsE29%%hnge was quantitated using a gated a&W%@g‘BM&e f or war d
20 scatter assay (GAFS) (Byran et al., Am J. Crit. Care Med. 2002,

165: 1602- 1609). Results - H stam ne Medi ates Eosinophil Shape Change

Thr ough H4 artagaRist{(S-Chiorehigdol-AyYoH4peety!-ppsradpti-yiy-methanene,di =

cyt oskel et @l t : [ I, asyre: of
chenot axi s% "‘Pﬂt@@g@di lﬂ?\%ﬁgﬁ%&&@%ﬁﬁj%&g {r@bﬂagﬁgﬁg%&%ﬂggﬂﬁhﬁ[g%%xéla‘? nduces a
dose- depen@pfto.3haRE reSigetdRelyl N eosi nophils. Hi stam ne receptor (HR)

ant agoni sts were used to sorf out which histam ne receptor is responsible
for the shape change. Antagonists specific for the histam ne H receptor
(di phenhydram ne) or f§he H2 receptor (ranatidine) did not alter the

hi st am ne-i nduced shape change. However P@éo dual H3/H4 ant agoni st

(t hi operanmi de) and a $pecific histam nef RRRgAR or 52 WD 2004/ 022060

PCT/ US2003/ 027461 __anfagoni St

((5-Chl oro-1Hjndol - 24yl ) - (4- et hyl - pi pprazi n-1-yl) - met hahone, K, = 5 nM
i nhi bited hi st Hi8@@INGduceg eosi noghi | shageqchahgegwisth pn 1g50 of 1.5 and
0.27 pM respecti{pM):] Fol'd Change Histamne 10 1 0.1 0.0L 0 (pM: No HR
1.34 1.31 1. 23—34—01+—100—Anrtagenr-st—1or-M+4—1—0—4—08—3—pb—1—64—3. 00
Ant agoni st 10 LP811.05 1.00 1.04 1.p0 Thiop| 10 pM1.63 1.50 1.18 1.03
1.00  Di phen AQM 1, G4 1.49841. 21 1164 1.po 1.21 1.01 1.00
| 10uMH, | 4 69 1.05 1.05 1.01 1.00
Antagonist

10sM 14 08 1.05 1,01 1.04 1.00

Thiop .

10 uM 1.63 1.50 1.18 1.03 1.00

Diphen

10uM 1 464 1.49 1.21 1.04 1.00

Ranat

The Inhibition_of Eosinophil Chemotaxis by Histamine Hs 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
10 transwells (Costar, Cambridge, MA) of a pore size 6 um coated with 100 pL 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 uM of the test compounds can
15 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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Ranat 5 The I nhibition of Eosinophil Chenotaxis by H stam ne H4 Receptor
Ant agoni sts Eosi nophil accumulation in sites of allergic reactionis a

wel | - kno eristic of allergic rhinitis and ast ' hils are
purifiedv‘?(r)gﬁmzﬁﬁrr&an bl ood with standard net hods. Chem]%@"’gﬁgi@g% are
carried out using 10 transwells (Costar, Canbridge, MA) of a pore size 5 pm
coated with 0 gL _of 00, ng/ human fibronectin (S r 2.h at room
Fenper at ur End fre Brmibes b 6a1S Byt pAYBRLCoaBReT S b gontEet oraR it %o Boa
in the preacReHtdtheteh] Gt cHH BE qlamitatdddby t8iRy GighsaGtaiMing. s added to the
bottom chanber.” To test the various hi'stam ne receptor “antagoni sts 10 pM of
the test conpounds can 15 be added to the top and bottom chanbers.

Eosi nophi | g, Wil l.. he added to the topbo chamber whereas. hi stanine or
chenot act i egaspgHON g Al e R SRS NI A HPMINEIEL 1) ates are

I ncubatsd R@f;e%ohp@ﬁa@nigfs Transwel | s are renoved 53 WO 2004/ 022060

PCT/ US2003 an e nunber of cells in the bottom chanber can be
count ed folt hes heansdemyonstratedthahhigtamiee Higecepiar patagonists can dlpakthasi ng

G ensa st ajni. . The | nhibition_ of SAN-.l.n ritoni.t.is in Mce by

i ot an ne. PRTORsdRue T bl BRat B RRInBILRRCRTE PRI  hae i ot ai ne
HA 1 ecept ogompbREATGS tise 66lNwEIl BE BabéaroRsichbs ebidvisiaé. NTHRSE deynragARsan, whi ch

is the insoluble polysaccharide conponent on the cell wall of Saccharomyces
cer evi si aeusethiasindsice pefaniljs inuvise ans apprare tpaet inchmast celrdgpeadentd appear s

vent 100 Dulteh. ERradlFRE SR pieeE R tor SER BB R o el
anti -i nf | agemonsirattobeiruses antvinfldmimatonpagentsy &t tine® 0MnicecreigivaaS, ei t her
s.c) or p.o. Fifteen m nutes |ater each nouse receives | ng zynosan A

(Si gma) i . BoMPpRENdiof £BY.LItheE 6iG PEBE®- 4 iflepamaiputeglater eash maeyseneal cavities

are washed LN« : . m gr at ed
| eukocyt esrélIéd'seﬁ\}(gae‘.;'?‘I eﬁﬁ %terag%/% ?‘gﬁm’aﬂe{ﬂﬂaﬁ‘%gﬁ%ﬁ%"ﬂ&aﬁ”ﬁgh é<'§/dagegf | ui d
and di | uti trg geritbneal cavitiessaresvaghedrwifi)3 %ot PBS edntainiiged mt EDTA% aceti ¢

id). Th I th t d,, 1 f th t ai ned |
aci d) 15 eT?lg rrrl%rﬁgeraorfemigraetgdYgljko%?/t%s is %ggerm?ngc!' b)cl) taktlnge aﬁ a |Iqlr}8t (1%% ul)

of the lavage fluid and diluting 1:10 in Turk's solution (0.01% crystal violet in .
3% acetic acid). The samples are then vortexed, and 10 pL of the stained cell
solution is placed in a Neubauer haemocytometer. Differential cell counts are
performed using a light microscope (Olympus B061). In view of their chromatic
20 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 H4 receptor
antagonist will block this incease.
25
Inhibition_of Mast Cell Chemotaxis by Hs4 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
30 by Ha 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 ug in 0.2ml AI(OH)3; 2%) on Day 0 and Day 14. On Day 21 through 23
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solution is placed in a Neubauer haenocytoneter. Differential cell counts
are perforned using a |light mcroscope (A ynpus B0O61). In view of their
chromatic._ 20 characteristics and their nucl eus and cytopl asm appear ance,
pol yr nor pRBAMK(2Z0 | eukocyt es (PMN; >95% neut rophi | s)  cRGI/BS208302746}
identified. Treatnment with zynosan increases the nunber of neutrophils,
which 1is representative of an_inflammatory response. Treatment with H4

receptor amcaydhbe chailengesl cRBEHrovatnaibe andsachfigasl 24 braftar thedast Cel |

Chenot axi s i i Anj .8l el, of and
Allergic Rﬁ%"%ﬁf’%&%fﬁ%g@& %ﬁhlentﬁﬁl?g%ﬂt%g rteg@qq’etdh%"%ﬁgéedr]@gt ion that
nmast cel | s forsetimP araffin dmbeading Sddtiengitudinagli sectiohing BratdchBas wilpbgéhat this
can be bl ocked 30 bkéml-éda receptor antagonists. Conpounds of the present

i nventi on @eroraed &l by stainingrofimast eelrewith toluidine blvei rAlteraatively,r eat ment s

| i ect 1 3n_bpohea L kS tBzpndf O forfe B Yschndar SRR BEIS A B8, 70 "Bry
14. On_ Day idbhiifibd DydfE 2kifihg MISQAHIS P68 qUGHIKSRAS 3L RA63sal or abwi | | be

chal | enged by PBS or oval bumin, and sacrificed 24 h after the | ast
chal | enge &nitiglial dependisg on thairdecation withia eagh tfacheglesediopy &xpasHre oxed in

er forned POPDERE B EER G8 ui ST R PR e g eeRE ™ 1 B
Al t er nat i velilybe bldokadsaHweckptes 4 tsn OCT for frozen sectioning, and
mast cells_ wll be identified by |IgE staining. Mast cells wll be

quant i #¢ ed The fealresand advantages of Hia inwentien ate-pePpRIEALtcENe REPFAMaRYat i on

w thin eac f Lan. t : dyl ase the
nunber of  SEUTERCRL Bkl R ARaUt G, ORIhGHRES MRy B REFY 0"y
recept or adeagriptiont, backgrolihd, demiplessamddlatidy,aorieagiordifary BRilliintenaiton are
apparent to_one of ordipar _fski,ll in the art. Based on this, disclosure,

i ncl udi ng Wikbeg Wﬁag%ﬂéiq' tiogs end adantationstogrioys gonditionsiand  and
clainms, on r g : i is j i fications
and adapt atﬁ |s§ %Qt ghgwlgﬁg dlg%ﬁlll t(% ﬂ%@eﬁhg? m&é‘é{)éjggteagh&e}f%ae?lﬁ éﬁg ﬂBz’ce#scri bed
her ei n1ar e entirety.pbhese dthey endiceliments are alsewithin the scope of the invention.
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15 entirety. These other enbodiments are also within the scope of the

I nvention. 55 Wat is clained is: 1. The use of a conpound of fornula (I)
bel ow for the manufacture of a nedicament for treating or preventing a
condition or disorder nediated by the histamine H4 receptor: Z BiB\ s ()
RZO.4 ii NRI1 B'Bl Y Ra wherein B and B are Cor up to one of B and 61
may be-N, Y is O, Sor NRZ where RZis Hor Cl.4alkyl; ZisOorS, Reis H
and R~ 9 |§/VNRVBCIaIm3M1I§re R' is Hor Cl.4alkyl, or Ra and RO are taken

;O?St fie:‘)rvvl t h t 8|,u§eo %gﬁr%é%fn@??%rﬁ% (r)%rerﬁ\nﬁéléthgt]n#enﬁctd?% oRgnMﬁlcamBZt fo:F‘>a n

Cl4al kyl , Q}baﬂﬁg Epepventin® a Goyditiar ¢u3d|sorder®@§meg/w tbalhi@}ammeb@m:pntor CF3
-OCF3, -SCF3, -OH, -(C=ORk (wherein Rk is H, Cil.4alkyl, -CH phenyl,
benzyl, phenethyl or Cl~, & koxy), -(NR)(CORk (where Rt is H or

Cl. 4al kyl ), -(N-,RB SONC148 kyl, -(S=(OP)-d Aal kyl (wherein p is 0, 1 or
2), nitro, ( —&hd R are(independently sel ected from H,

Cl. 4al kyl pﬂ'éngL gyl omrsphenethyl, or R and Rmtaken together with the
nitrogen to vvhlchBthey are attached forma 4-7 menbered het erocyclic ring
with 0 or 1 additional heteroatons sel ected fromO, S, NH or NC1.4al kyl),

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 Cy.4alkyl;
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

nis1or2; ;
mis 1or2;
n+mis2or3;
R? are, independently, H, F, Cl, Br, |, Cialkyl, C14alkoxy, -Ca.ccycloalkyl,
-OCs.geycloalkyl, ~OCHzPh, -CF3, -OCF3, -SCF3, -OH, -(C=0)R* (wherein R is
H, Ci4alkyl, -OH, phenyl, benzyl, phenethyl or Cy_salkoxy), -(N-Rt)(C=O)Rk
(where R'is H or Cyalkyl), -(N-R)SO4Cyalkyl, -(S=(0),)-Cy4alkyl (Wherein p
is 0, 1 or 2), nitro, -NR'R™ (wherein R' and R™ are independently selected from
H, C1.4alkyl, 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 NC;.;alkyl),
-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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-S02NR Rm - (C=O NRI Rf, cyano or phenyl, where any phenyl or alkyl or

cycl oal kyl noiety of the foregoing is optionally and i ndependently

substituted 56 with between | and 3 substituents selected from G _3al kyl,
hal o, hydroxy, amno, and G .3al koxy; R3 and R4 are, independently, H,
Cl. 4al kyl , C3.5cycioal kyl, G _4al kyl (C3scycl oal kyl), cyano, -CF3,
(CO)NRPR CO X', -CH2NRPR4 or -CH2ORt; where RP, R4 and Ware

i ndependenwl ketween ddand 8rsubstitgentresalgsted from Eayalkylahiid, hydrey | |

-G . 2al kyl benzyl or phenethyl, or RP and R4 taken
t oget her (aﬁﬁngh%ﬁcL l‘é‘gé%)’to whi ch they are attached forma 4-7 nmenbered
het er ocycl IR amdtg"'m-é m&pﬁndbnﬂﬁdﬂttlmmlkyﬂ‘@fﬁy@l@bﬂd% selected from 0, S, NH
or NCl-eal kyl, and where any phenyl ﬁagg%-{éd oal kyl i ety of the

i

f oregoi ng iCG-48yI(Gastyicjoaling), BM@I@Q)EQ(E@M(C@) OYQRN -OHMNRE@Qr 1 and 3

R and Ro PHIORQURISAR e Rt ndBahanhilispiebtod B a0 R
-Re- N(R) ( RQ)%cyél@élRleBhéﬁyl HC&HH@RC;, 603( C\'}&'B)eﬁw)or pHelehi (&Y and

Cl. | oal kyl, 02 aal engw 7heterocycli'c radical or
phenyl , wh& daker taget ew@vﬁwmtrpgené@mh they are attelied form a4rbon at om and

cont 2 ne Wb Raphisgf R Wit b SpEBRRLAARptoR0 o SebBRE

C2sal kenyl emes, NHesrNEeqal |%cﬁwh5w plényTar B k@mwcﬁmmmb oR and Rd
are each indepe dentI@ﬁaH Cl. 4al Ky @%'ZZaI kyerﬁ Wy t}{\Cl o)al k it%weor phenyl,

or R and Rdhe @gomgépnh@nauytaﬂct ﬁdenend@gwub@tlm@nn rt@}waea 1 and ached
f 4-7 d t
el ecied 1 SUDERTCES SbEEA AN C5splPF nild PRl At et ¥ P2 0

cycl oal kyl RPoar&tR afe tlh@eﬁe)fdegtty,rlg dr£1g,atkwpnal ly and i ndependent |y
substituted wth,between .l substi tyents sel ected from Cl. 3al kyl, hal o,

hydr oxy, arﬁ ‘Ra,rTB BI %TQ‘(B(WT B t%kﬁuhé” RY 15kl ¥@N@aken t oget her with
S o oy S DR AT ST o
sel ected f rGymhéterScyditl radzc&[br_;ﬂadrtyjllwhererttie mbhetead)dypllanaldlcaldemhadbadl y
substituted tvan éahrbgr? ta n%%n'd corr]gains %lrjtgsgflé Lg%ﬁ or NC4.4alkyl, and optionally an

additional NH or NC4.galkyl in rings of 5 or 6 or 7 members, where RP is

C1.salkylene or C,galkenylene, where R® is Ca.galkylene or C.galkenylene,

where R°® and R® are each independently H, Cy4alkyl, Co4alkenyl, Czscycloalkyl

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 phenyi or

alkyl or cycloalkyl moiety of the foregoing is optionally and independently

substituted with between 1 and 3 substituents selected from C,_salkyl, halo,

hydroxy, amino, and Ci.3alkoxy;

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 O or 1 additional heteroatoms selected from O, S, NH or NCgalkyl,

and optionally and independently substituted with between 1 and 3 substituents

selected from C4.salkyl, halo, hydroxy, amino, and C4.;alkoxy;

and enantiomers, diastereomers and pharmaceutically acceptable salts and

esters thereof,

with the following provisos,
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sel ected from C1. 3al kyl, hal o, hydroxy, am no, and Cl.3al koxy; and
enantioners, diastereoners and pharnmaceutically acceptable salts and esters
thereof, with the follow ng provisos, 57 that R6 adjacent to N nust be H
where R4 adjacent to Nis other than H and that R2 cannot be benzoyl when
one of R4 and R6 is nethyl and the other is hydrogen. 2. The use of claim1

wherein B : f aimil in B and
Bl are C. _jﬁﬁ'ljﬁﬁea égergifto(hlm W@Qr%lﬁqdé%qﬁo %ﬂsfﬁéerutg'@ %'ldgl m 1
wherein Z ithat0R? Sanrididelisshzd YI whah Bné offRrid RREOmethyl nd thBlomdris 7. The
use of claiml1l wherein nis and mis 1. 8. The use of claim1l wherein R2

are, indepdwdeogany, selected fromthe group consisting of H -F, -d, -Br,
-1, -CH3, -CH2CH3, -OCH3, -OCH2CH3, -OCH(CH3)2, cyclopropyl, cycl obutyl,
cycl opentyl, cyclohexyl, -Ccyclopentyl, -Ocyclohexyl, -CF3, -0OCF3, -SCF3,
-C( O CH3, 2C(O)¢hEGkBofc|£lﬂ1wﬁmﬂBanﬂQr9|®dsryB may@(e@)benzyl - COOCH3,

- COOCH2CH3, - NHCOCH3, - NCH3COCH3, - NHSQ2CH3, - NCH3SO2CH3, -SOCH3 - SO2CH3,
-N02, -NH2, -NHCH3, -N(CH3)2, -N(CH2CH3)2, -pyrrolidin-1-yl,

-|mdazoI| n-1- 1 eridin-1-yl, -piperazinlyl,
- ror phol i nc§4 yl T“'g“?%"g%fr%%ﬁwf'?ﬂﬁ?‘ %‘Yc% B-%%Z%HZ - SO2NHCH3r - SC2N( CH3) 2,

- S2N( CH2CH3) 2, - S02pyrrolidin-1-yl, -802| m dazol idin-1-yl,
-S02pyrazolidin-1-yl, -SQ2piperidin-1-yl, -S02piperazin-1- yI

- S02nor phol4.n- 4-The, use oS wherefihbisi NH.4.- yI - C(O) NH2, C(O)N( CH3) 2,
-C(ONH(CH3), -C(O N(CH2CH3) 2, C(O)pyrrolldln 1-yl,
-(Qimdazolidin-1-yl, -C(Opyrazolidin-1-yl, C(O)piperidin-l-yl,

- (O pi peragi n- ]Th\éluseof .@memﬂz&d yl', -C(O thionor phol i n-4-yl, -ON and
phenyl. 58 9. The use of claim1l wherein R2 are, independently, selected
from the group consisting of hydrogen, nethyl, trifluoronethyl, methoxy,

6. The use of claim 1 wherein R'%is H or methyl.
7. The use of claim 1 whereinnis 1 and mis 1.
8. The use of claim 1 wherein R? are, independently, selected from

the group consisting of H, -F, -Cl, -Br, -1, -CHs, -CH2CH3;, -OCHjs, -OCH.CHj,
-OCH(CHjs),, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, -Ocyclopentyl,
-Ocyclohexyl, -CF3, -OCF3, -SCF3, -C(O)CHj3, -C(O)CH2CHj3, -OH, -COOH,
-C(O)phenyl, -C(O)benzyl, -COOCHjz, -COOCH,CHs, -NHCOCHs,
-NCH3COCH3;, -NHSO,CHj3, -NCH3S0,CHa3, -SOCHj3, -SO2CHj3, -NO,, -NH,,
-NHCHj3, -N(CH3),, -N(CH2CH3),, -pyrrolidin-1-yl, -imidazolidin-1-yl,
-pyrazolidin-1-yl, -piperidin-1-yl, -piperazin-1-yl, -morpholin-4-yl,
-thiomorpholin-4-yl, -SO2NH3, ~SO,NHCH3;, -SO,N(CHj3)z, -SO2N(CH2CHz),,
-SOopyrrolidin-1-yl, -SO.imidazolidin-1-yl, ~-SOzpyrazolidin-1-yl,
-SO,piperidin-1-yl, -SO.piperazin-1-yl, -SO,morpholin-4-yl,
-SO.thiomorpholin-4-yl, -C(O)NH,, -C(O)N(CHjs),, -C(O)NH(CHjs),
-C(O)N(CHxCHa)y, -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 pheny!.
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trifluoromethoxy, nitro, chloro, fluoro and benzoyl. 10. The use of claiml
wherein one or two of R2 are not hydrogen. 11. The use of claim1l wherein

R3 and R4 are, independently, selected fromthe group consisting of a) H,

b) -CH3, -CH2CH3, -CH2CH2CH3, -CH(CH3)2, n-butyl, i-butyl, t-butyl, «c¢)

cycl opropyl, cyclopentyl, cyclohexyl, -CH2cyclopropyl, -CH2Cycl opentyl,

oy, o) "er 1 ek o 4 RS daondY. a8
-(CONC ofim : W_ i Ny
- E C=Og [ ﬁn dgi%p?eé?pﬁg°ﬂs§sﬁ?9w@%§d§ﬁ"é%ﬂ‘ I n- 1?55(?@&1@2,@%%%%@“ din-1-yl,

- (C=0) pi petriftionemethaxy; wiGoOphiorg Hilora and yenzeylC=0O)th io no rp ho | i n-4-yl
, g) -COOH, -COOCH3, -COOCH2CH3, - COOphenyl, - COCbenzyl, h) - CH2NH2,
- CH2NHC14al kyl , - CH2N(d - 4al kyl ) 2, - CH2NHphenyl, - CH2NHbenzyl ,

- CH2pyrrolidi n- 4yl , | g 2o 4 Qi MV I PP R2Qkd Hi
- CH2pi peri di n- 12/?1 %g;%é&ﬁ@ﬁnﬁ ??Hﬁr%m-é(%mmr ph?‘)flrriqn-gklé- ﬁi)ﬁhy']dg_é?% onor phol
in-4-yl, i) -CH2OH, -CH2CH20H, - CH2CH2CH2CH, - CH2OCH3, - CH2OCH2CH3,

- CH2OCH2CH2CH3,  ; CH2QCH( CH3 - CH2O-n-butyl , - GH20O-j -butyl,  -CHO-t-butyl,
- CH2Ophenyl , - &g{en usffn%rzqﬂfpi‘zbﬁﬁ?'é‘l pRd i .ar?LQ‘.”d?H@X@%'g'yof claimi1
wher ei n R3 ga[udtditfraftthe gilap €0 ﬁ@ﬁﬁ%of"' or -CH3. 13. The use of claiml

: A

wherein R5 and R6 are, i"ndependent sel ected fromthe group consisting of
H and nmethyl. 5@)H. The use of claim1l wherein R5 and R6 are H. 15. The use

O G L et ol L RR SRS BB ERD o S B e

c) cyclopropyl, cyclopentyl, cyclohexyl, -CHxcyclopropyl,
-CHzcyclopentyl, -CHxcyclohexyl, -CH2Ocyclopropyl, -CH2Ocyclopentyl,
-CH,Ocyclohexyl,

d) cyano,

e) trifluoromethyi,

f) -(C=0)NHz, -(C=0)NHC14alkyl, -(C=0)N(C14alkyl)z, -(C=O)NHphenyl,
-(C=0)pyrrolidin-1-yl, -(C=0)imidazolidin-1-yl, -(C=0)pyrazolidin-1-yl,
-(C=0O)piperidin-1-yl, -(C=0)piperazin-1-yl, ~(C=0)morpholin-4-yl,
-(C=0)thiomorpholin-4-yl,

g) -COOH, -COOCH;3, -COOCH,CHgs, -COOphenyl, -COObenzyl,

h) -CHzNHz, -CH2NHC+.4alkyl, -CH2N(C14alkyl)z, ~-CHNHphenyl,
-CH2>NHbenzyl, -CHzpyrrolidin-1-yl, -CH.imidazolidin-1-yl, -CHopyrazolidin-1-yi,
-CHapiperidin-1-yl, -CHypiperazin-1-yl, -CHamorpholin-4-yl,
-CH.thiomorpholin-4-yl,

i) -CH,OH, -CH>CH,0OH, -CH,CH,CH>0H, -CH,OCHj3, -CH,OCH,CHj,
-CH,OCH,CH;CHj3, -CH,OCH(CHa;),, -CH,O-n-butyl, -CH,O-i-butyl,
~CH,O-t-butyl, -CH>Ophenyl, -CH2Obenzyl and -CH,OCH.cyclopropyl.

12.  The use of claim 1 wherein R® and R* are, independently, H or
-CHa.

13.  The use of claim 1 wherein R® and R® are, independently,
selected from the group consisting of H and methyl.

59



b) cyano, c¢) -(C=O NH2, -(C=0) NHC -4al kyl, -(C=0 N(CL.4al kyl )2,

-(C=O NHphenyl, -(COpyrrolidin-1-yl, -(C=0Oi m dazolidin-1-yl,
-(C=0) pyrazolidin-1-yl, -(C=0)piperidin-1-yl, -(C=0 piperazin-1-y),
-(CO norpholin-4:-yl, -(C=0Othionorpholin-4-yl, -CH2(C=0 NH2,
-CH2(C=O NHCI ' -4al kyl, -CH2(C=0) N( C1-4al kyl ) 2, CHZ(C:O) NHphenyl ,
-CHZ(C-O)pyrroIldln 1- I -CH2(C=0) i m dazol i di g

- CH2( C=0) pyr azol 14 n- Tflewse of. @!2’( t—”‘@%‘?'ﬁ Cthﬂ)'?‘P
- CH2( C=0O) pi perazin-1-yl, -CH2(C=0) norphol i n 4-yl ,
- CH2( C=O t hi onor phol i n- 4- yl, -CH2CH2(( C—O) NH2, - CH2CH2Q( C=O) NHC, _4al kyl ,

- CH2CH2Q( C=0) N( Cj15 4alTihel ys2, of M CMBErEn @’ leﬂ:sblﬁo,tdad from the group

- CH2CH2Q( C=0) py 'I';rolldln 1-yl, -CHRCHQ(C=0)i m dazolidin-1-yl,

- CH2CH2Q( c%j'%? ngelidin-1-yl, -CHCHO C=0 pi peridin-1-yl,

- CH2CH2Q( C=0) pi O nor phol i n-4-yl ,

- CH2CH2(O( C-O)thlB m')rpﬂf)ﬁ}H%bH ?ﬁl-ge_é%&ﬁll—b (NH2), -CH2C( NH) (NH2), e) -CH3,
- CH2CH3, - CH2CHBYtR no CH(CH3)2, n, butyl, i-butyl, t-butyl, -CH2CH2OCHS,

T o] AR A Gy IR efisth BT P o
oot ooy el BYPRK Y O RRE ORI v SRR )Y

pyr rol i di ny{C=0)pipaicin- neyl n{(C Ohpiperazin-divh y(C=Q)merphiblimyd-yl, pi per a2| nyl ,
o bpyr a2 oHGAHOMAE BRI, dFFRCXOa S BeA INACT eBor phol T ny1
f e e L TIE
- CH2CH2pyr a@blb@GjaCh)imldﬂzphd|m-12-§ZII-|2(DH@(é}=|OJ)pyr~a20ydhn 1—9]—|2C|—|2p| perazin-1- yI
bﬁgﬁgﬁg})rpa@l @:{éﬁ@mﬂ%&ﬁ% (8n8 Bgrlalzpn ?'yY I-C}JI ngsn%rbhcam-tf w
-CH,(C=0)thiomorpholin-4-yl, -CH,CH,O(C=0)NHo>,
-CH,CH20(C=0)NHC.4alkyl, ~-CH2CH20(C=0)N(C1.4alkyl),,
-CH2CH,0O(C=0)NHphenyl, -CH2CH.0(C=0)pyrrolidin-1-yl,
-CH,CH,0(C=0)imidazolidin-1-yl, -CH,CH,0(C=0)pyrazolidin-1-yl,
~-CH2CH20(C=0)piperidin-1-yl, -CH2CH,O(C=0)piperazin-1-yl,
-CH-CH>0(C=0)morpholin-4-yl, -CH,CH,O(C=0)thiomorpholin-4-yl,

d) -C(=NH)(NHy), -CH2C(=NH)(NH),

e) -CHa, -CH2CHa, -CH2CH,CHs, -CH(CHa)2, n-butyl, i-butyl, t-butyl,
-CH,CH,0CH3, ~CH>CH,OCH,CH3z, -CH,CH2OCH2CH,CHa,
-CH,CH,OCH(CHa)z, ~-CH>CH20-n-butyl, -CH>CH20-i-butyl, -CH,CH,0-t-butyl,

f) -CH=CHa, -CH2CH=CHa,

g) cyclopropyl, cyclopentyl, cyclohexyl, -CHacyclopropyl,
-CHacyclopentyl, -CHacyclohexyl, -CH,CH2Ocyclopropyl, -CH.CH,Ocyclopentyl,
-CH2CH2Ocyclohexyl,

h) pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, -CHypyrrolidinyl, -CHzimidazolidinyl,
-CHgzpyrazolidinyl, ~-CHapiperidinyl, -CHapiperazinyl, -CHzmorpholinyl,
-CHathiomorpholinyl,

i) -CHaCHuNH,, -CHoCHoNHC1.4alkyl, -CH2CHoN(Cq4alkyl)z,
-CH2CHoNHphenyl, -CH2CHapyrrolidin-1-yl, -CH2CH.imidazolidin-1-yl,
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16. The use of claim| wherein R7 is selected fromthe group consisting of
H -CH3 and -CH2CH3. 17. The use of claiml wherein R7 taken together with
an adjacent R4 as well as their carbon and nitrogen of attachment are
pyrrolidin-1,2-yl1, imdazolidin-1,2-yl, imdazolidin-1,5-y1,
pyrazolidin-1,5-yl, piperidin-1,2-yl1l, piperazin-1,2-yl1l, norpholin-4,5-yl
and t hi onor i,N- -V . ~Ih f. Claj rein t gken toget her
with an adf@@&hghﬁag%{@'%éﬁ -g}*ﬁ}%ﬁﬁoe@g}%iﬁhgﬁy %]I'fngﬁaé?gl?gﬂ-glr tachment are
pyrrolidi nsGHZLCMbma ouaizpﬂg LOHYCHstRioydorph8lin-4hg, use of claim | wherein said
conpound is selected fromthe group consisting of: EX COPOUND 1 (1

H Benzoi i dazol HRhgnyl, bengd; hengthyland benzyignymathanone: 2 (1

H Benzoi m dazol - 2-yi ) - (4- et hyl - pi perazi n-1-yl)-nmet hanone; 3 (1

H Benzoi m dazol - 2-yl ) - (3-net hyl - pi perazi n-1-yl)-net hanone; 4 (1

H Benzoi ni dazol - 2s Y| ) FHAugebtothint 1 wHetéinRpisselectéd fropi tingroap 5

1H Benzoi m dazol e- 2-car boxyl i c_acid (8-nethyl-8-aza-bicyclo[3.2.1]oct-

3-yl ) - ani deongjsting of H, -CH; and -CH,CHs.

(5-Chl or o- 1H benzoi m dazol - 2-yl ) - (4- et hyl - pi perazi n-1-yl) - nmet hanone; 7
(5-Chloro-1 Hbenzoi m dazol -2-yl)-pi perazin-1 -yl -nmethanone; 8

(5- Chl or o- 1H benypi niTirz@de & othin { IympeinyR™ takea tegéthed with anradjseatiR’ 61 9
(5,6-Difluoro-1 H benzoi m dazol - 2-yl )-ﬁ( 4- et hyl - pi perazi n-1-yl)- et hanone;
10 (5, 6- Di BsWilAs theingatben and4itsegen 9i gttachmemnare pypekdip:h2yl.- yi ) -

net hanone; . J: . 2 A i~ idin_q B o aridined Do

(5,6-Difl ugﬁo&j-a zelidinct 29 imidazolidin 91?%?%%%%}9 " E)Isp\gf Ripendip: 1/’?)3{]' net hanone;
12 (5, 6- Di fiperazinit2asmorphiotinziob-yPand Ihidrhormdlint4, b4l 4] di azepan- 1-yl ) -

met hanone; 13 5, 6-Di fl uor o- 1H benzoi m dazol e- 2- carboxylic acid

(8-nethyl -8-aza- bicyclo[3.2.1 Joct-3-yl)-am de;

18. The use of claim 1 wherein R taken together with an adjacent R*
as well as their carbon and nitrogen of attachment are pyrrolidin-1,2-yl and

piperidin-1,2-yl.

19.  The use of claim 1 wherein said compound is selected from the
group consisting of:
EX COMPOUND

1 (1H-Benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)}-methanone;

2 (1H-Benzoimidazol-2-yl)-(4-ethyl-piperazin-1 -yl}-methanone;

3  (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-yl)-amide;
6 (5-Chloro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)}-methanone;

7  (5-Chloro-1H-benzoimidazol-2-yl)-piperazin-1-yl-methanone;

(o]

(5-Chloro-1H-benzoimidazol-2-yl)-(3-methyl-piperazin-1-yl)-methanone;
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14 (6-Chloro-5-fluoro-1 H benzoi m dazol -2-yl)-(4-nethyl -pi perazin-1-yl)-
nmet hanone; 15 (6-Chloro-5-fluoro-1

H benzoi m dazol - 2-yl } pi perazi n- 1-yl - met hanone; 16

(6-Chl oro-5-fl uoro-1H benzoi m dazol - 2-yl } (4-nethyl -[ |, 4] di azepan- 1-

yl) - met hanone; 17 6-Chl oro-5-f1 uoro- 1H—benzoinidazo|e 2-carboxylic acid
(8-nmethyl -8- aza-bicyclo[3.2.1 Joct-3-yl}am de;

( 5- Chl or o- 69net (,6-Diforentidihenaaimidazoly2- yl)(m«nmihhiympprqzm MR- 1-vyi) -

met hanone;

(5-Chl oro-6- nefﬂ?ruq¥¥ﬁ%n20|n1dazol 2-yl } pi perazi n-1-yl - met hanone; 20

(4- Met hyl - HoH bagem PH:benybimif gz dTEL Ay 4-ek {)) - et hanone; 21
(4- Et hyl - pi peraGZBFn fﬂi;/G?)Z( -b%er&h l-1 H-bgz-gm rmp%ér_ﬁzﬂp‘r )rret hanone; 22

(4- Met hyl -1 H beeth@nengazol - 2-yl ) (4- met hyl - pi perazi n-1-yl }rret hanone; 23

(4- Met hyl - dazo],-2-yl)-.pi perazi ns 1- met hanon

4- Met hyl - | I]:Ubeng’g%?’r?'ﬂgg'a'ﬁh?e{'ép%wg?ﬁﬁlﬁgé%n?%&%?'ﬂﬂaz@ izyzD bi cycl o[ 3. 2. 1
] oct-3-y)) - am dfethdnopelEt hyl -I H benzoi m dazol e- 2- carboxylic acid

(8-met hyl - 8-aza- bi cycl o[ 3. 2. 1 Joct-3-yl)-am de; 26

(5- Met hyl - 112 be(ﬁz,ﬁfwuamiHz:eﬂzpmndandfzayll)n(@np@thalznn4]mxapepan=ét-yl)xnone 62 27
(4- Met hyl - pi peraz’!n I qg?yl) (5-trifluoronethyl-1 H- benzoi m dazol - 2-yl) -

nmet hanone; 1-yl-(5-trifluoronethyl -

H-benzoi m dazol 5%‘-Dﬁﬂud?811|7fﬁ59ﬂﬂnlmlo%%o(e525|a%>@rhé acid (8-methyl- Bé%za-

H benzoi m dazol - era2| n-1| - met hanone;
(4- Et hyl - pi peratzcyclo_ 2)1]C(C5-3f-3¥|):|6 H- ben20| m dazol - 2-yl ) - met hanone; 31

t bonzol m ddvol (RO STRIRIAE ey 881?@93%5'- N .

5- Fl uoro- 1H beqi,gtﬁg,ﬁﬁ]éel e-2-carboxylic acid (8-nethyl-8-aza- bicyclo[3.2.1
] oct-3-yl)-am de;

(3H | mi dazd®, 5(6;p¢1}¢mcﬁ fluoroy1 hi-bhepzaisidgrol2-yomiperazin- 1yl methananeie; 35
Benzooxazol - 2-yl - (4- et hyl - pi perazi n- 1-yl ) - met hanone; 36

(7- Met hyl - bignz o (B-&htdro25-Aldro- #Hbenagimidazsi-2yi)4 - mgihy-[ted ldzepan-1-

yl)-methanone;

17  6-Chloro-5-fluoro-1H-benzoimidazole-2-carboxylic acid (8-methyl-8-
aza-bicyclo[3.2.1]oct-3-yl)-amide;

18  (56-Chloro-6-methyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yi)-
methanone;

19  (5-Chloro-6-methyl-1H-benzoimidazol-2-yl)-piperazin-1-yl-methanone;

20  (4-Methyl-1H-benzoimidazol-2-yl}-(3-methyl-piperazin-1-yl)-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-1H-benzoimidazole—Z-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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37 (5- Met hyl - benzooxazol - 2-yl) - (4-net hyl - pi perazi n-1-yl)-net hanone; 38
(4- Met hyl - benzooxazol - 2-yl ) - (4- net hyl - pi perazin-1 -yl)-nethanone; 39
Benzot hi azol - 2-yl - (4- et hyl - pi perazi n-1-yl) - net hanone; 40 (5-Benzoy] -

H benzoi m dazol - 2-yl ) - (4- met hyl - pi perazi n-1-yl )- nethanone; 41 (4-Chloro-1
H benzoi m dazol 2-yl) - (4-net hyl - pi perazi n-1-yl ) met hanone;

4- Met hyl - 4 t b

(- no- 1 4F beolsthabp a1 MG Hdpr e hyer aReran éa%r-ﬁﬁﬂ;%ﬁiﬂine
(4-1sopropyl am ﬁ,@tﬁd—ﬁ&?@zm m dazol 2-yl)-(4- rret hyl - pi perazin-1 -yl -

met hanone; and 45

G ( 5- Chl or 28 H- Biperazim- thyk(3-trifluptomethyld Metemzbinpidprzol2-yh)-nethiahone;
nmet hyl eneam ne. 63 20. The use of claiml1 wherein said conpound is sel ected

fromthe geup Eegirst eﬁE e (@Jgfrme‘i I- ppxperazm 1-y FShanone

(4,6-Difl uoro 1H— ben20| m azo | perazin- met hanone;

{7 e e S i ﬁﬁﬁiﬁﬂ% O rllrdone:

met hanone; and 49 55 Br ono- 1H benzoi m dazol 2-yl)-(4-nethyl - pi pera2| n-1-yl)-
met hanone. M. toFlugre-di-benzoimidazahdry)- plp@aaz:lndoyiwnath@noaesa ected fromthe
group consisting of: EX COWPOUND 50 (5,6-Dichloro-1

Hb I p -
(4,55 ot YT~ 1A DE 01 1 aagol oo hL et Ty B ber 2y nr et hanone;

52 (5, 6- DI gy hyls i Re QAL S A Rtz ieY2-Lalbb i Qi BLARERREE ALY ) -

met hanone;
bicyclo[3.2.1]Joct-3-yl)-amide;

34  (3H-Imidazof4,5-b]pyridin-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
35 Benzooxazol-2-yl-(4-methyl-piperazin-1-yl)-methanone;

36  (7-Methyl-benzooxazol-2-yl )-.(4-methyl-piperazin-1 -yl)-methanone;
37  (5-Methyl-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
38 - (4-Methyl-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
39 Benzothiazol-2-yl-(4-methyl-piperazin-1-yl)-methanone;

40 (5-Benzoyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone;

41  (4-Chloro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-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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53 (5- Met hoxy-1 H benzoi m dazol - 2-yl) - (4-net hyl - pi perazin-1-yl)-

54 (5-Chl or o- benzooxazol - 2-yl) - (4- et hyl - pi perazi n-1-yl) - nmet hanone;

(5- Fl uor o- benzooxazol - 2-yl ) - (4- net hyl - pi perazi n- 1-yi ) - met hanone;
(6- Fl uor o- benzooxazol - 2-yl ) - (4- net hyl - pi perazi n-1-yl ) - met hanorie;

56
57

nmet hanone;

55

130 00 R A A B 5

59 (/5- Chl ogroupecorsistingad] - 2- yl ) - (4- et hyl - pi per azi n- 1-yl ) - met hanone,;

60 (4-Meth
net hanone.
condi tion

di sorders, all&n§

|.; pi perazin-1-yl)-(5-trif o) | - benzot hi azol -2-yl) -
ié2(2. The use of claim1l mké&@héﬁh@l

S

H4- medi at ed di sease or

and 64

sel ected fromthe group consisting of inflammatory disorders,
asthma, pd@ i adi6 -Difidoeortéd-bénizamidazol-2g/))-@mettyd-piperazihit-y3- Crohn' s
di sease, infl am*ra£ ory bowel disease, multiple sclerosis, allergic

h@MOREni tis, dermatol ogi cal disorders, autoimune di sease,

| ynphat i c qﬂﬁ"?@ﬁ%émle-? . ?éi?ﬁ‘%'&(!ﬁngg ine énmeg%liﬁgﬁ-?ﬁé/thghéﬁéger s. 23

The use of clai

fromthe grQup

adm ni ster

49

21.

a

in the

i ated di sease or ndition 1s

sel ected

RS Sal-PABER RS ISl SDE SIS R 1°

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

The use of claim 1 wherein said compound is selected from the

group consisting of:

EX

50

51

952

53

54

65

56

57

58

59

COMPOUND

(5,6-Dichloro-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone; _

(4,5-Dimethyl-1 H-behzoimidazol-2~yl)-(4-methyl-piperazin-1 -yh-
methanone;
(5,6-Dimethyl-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone;
(5-Methoxy-1H-benzoimidazol-2-yl)-(4-methyl-piperazin-1-yl)-
methanone;

(5-Chloro-benzooxazol-2-yl)~(4-methyl-piperazin-1-yl)-methanone;
(5-Fluoro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;
(6-Fluoro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yi}-methanone;
(5, 7-Difluoro-benzooxazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone;

(4-Methyl-piperazin-1-yl)-(5-trifluoromethoxy-benzooxazol-2-yl)-
methanone;

(5-Chloro-benzothiazol-2-yl)-(4-methyl-piperazin-1-yl)-methanone; and



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

methanone.

22. The use of claim 1 wherein the Hs-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.

23. The use of claim 1 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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