WD 2005/ 044807 PCT/ US20041031855 BENZO M DAZOLE COMPOUNDS Fi el d of the

I nvention The Invention relates to novel, pharmaceutically active, fused 5
het er ocycl i ¢ conpounds, nore particul arly benzoi m dazol e conpounds, and

met hods of using themto treat or prevent disorders and conditions nedi ated
by the hi stwoi2oes/dddsorecept or. Background of the | nventi opcdfsdghsdsfygdk ne was
first identified as a hornone (G Barger and HH Dale, J. Physiol. (London)
1910, 41:19-59) and has since been denpbnstrated to play a nmjor role In a

vari ety of physiol ogical praENzaMDAZOLEGCOMPODRDENT | ammatory "triple
response” via H, receptors (A.S.F. Ash and H O Schlld, Br. J. Pharnmac.
Chenot her. 1966, 27:427-439), gastric acid secretion via H2 receptors (J. W
15 Black at al., Nature 1972, 23¢ickPertB@ventighd neurotransmtter release In
the central nervous systemvia H3 receptors g M Arrang at al., Nature
1983, 302: 832- 837he [nventiangelatas tasevel, maﬂnaceu igallyactive,fusechacol . Rev. 1997,

19(8) : 2535 2 Hllerotyclic EoHhESuns ﬁ{,é‘%b?tucrg?‘aﬂﬁ%Eﬂionﬁ}b*a&éflﬁ%grﬂlﬂgﬁﬁdsbﬁﬁ@ deronst r at ed

to be nenmbers o e super ot ern-coupl e ceptors (1. Gantz at
at ., 20 Pr oc.méthods of Aising. th&ulto treBtS)r/preVﬁgtadlsoréa‘smﬁ-wBGiiloﬁ's medietedenber g at

al ., P ):1101-1107; M Yamashita at al. Proc. Natl.
Acad. SCI @?ﬁﬁ@%&'}’?ﬁ ée %Eﬁo '5-11519). There are, however, additional
functions of histam ne that have been reported for which no receptor has
been identified. For exanple, 199 denonstrat ed t hat

t al .,
hi stam ne and -R-a 25 net hyl hi s?%‘flfpf?émé(%{?% '3‘&9['1 %t e calciumnobilization in
human eosignophi i sHistdmife wasifirdt édentified as a Aonmche (BeBpiger ahd HH. Ba#le e/, Med. 1994,

149: 1506- 1511) . | ocked the H3- t t
Uhi oper ani de. P dianaonf IS af fer ) and s snge éen dambrataled § ek potent
than hi stam fgajor refti Iffa véﬁétyrbi’bh%m§g|§él‘bi°dce§sésh|ricf01@|dgrtﬁé)|rm€ﬁﬁfﬁtor9f known H3

receptor subt pes 30 Therefore, at at pothesi zed _t he exi stence of

a novel hista P'?e"esﬁ’%@p‘('ﬁr"hdﬁmé’m%ﬁlf IA§hlaﬁﬁtH SchilgnBry, H@fﬁ'l and
non-H3. Most ¢ I%ﬂd?ﬁér)ﬁQﬁﬁ?ﬂQV%QLﬁé%trkEcid%reﬂlbn%la H;Zréce;ﬁb em 2000,

275(47): 36781 36786; Mol . Phar nacol 59(3) 420-426; T.
Nguyen at'%l Blagist. al., Nature 1972 236 385—390) and neurotransmitter release in the

central nervous system via Hj receptors (J.-M. Arrang et al., Nature 1983,
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 (l. Gantz et al.,

20  Proc. Natl. Acad. Sci. U.S.A. 1991, 88:429-433; T.W. Lovénberg et al., Mol.
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-o-

25 methylhistamine could activate calcium mobilization in human eosinophils
(D.G. Raible et al., Am. J. Respir. Crit. Care Med. 1994, 149:1506—1511).
These responses were blocked by the Hs-receptor antagonist thioperamide.
However, R-a-methylhistamine was significantly less potent than histamine,
which was not consistent with the involvement of known Hj; receptor subtypes.

30 Therefore, Raible et al. hypothesized the existence of a novel histamine
receptor on eosinophils that was non-H4, non-Hz, and non-Hz. Most recently
several groups (T. Oda et al., J. Biol. Chem. 2000, 275(47):36781-36786; C.
Liu et al., Mol. Pharmacol. 2001, 59(3):420—426; T. Nguyen et al., Mol.



1 WD 20051044807 PCT/ US2004/ 031855 Pharmacol . 2001, 59(3):427-433; Y. Zhu at
al., Mdl. Phammacol. 2001, 59(3):434-441; K L. Mdirse at al., J. Pharmacol.
Exp. Ther. 2001, 296(3):1058- 1066) have identified and characterized a
fourth histam ne receptor subtype, the H4 receptor. This receptor is a 390
am no aci d,weesmn4dsoansnenbrane, 5 G protei n-coupl ed reqgarUs2008/081855

approxi mately 40% honol ogy to the histamne H3 receptor. In contrast to the
H3 receptor, which is primarily located in the brain, the H4 receptor is
expressed at Riiaembeol. 2004£5%(3): 4279483 A hul et aamlo!frﬂbannabel 2601,anong ot her

cells, as reparted.b [ bove al .

Phar macol . E%(é)'ﬁ%é'ht&;'s% 5%' (19'26 rTff e-@gﬁ?@Hgfféé(’@ preferentlal
expressi on onQeBYhEVRGASTRIELE Bhd CifdraQeriidd $fodth eI redeptctlstbgby, el at ed

wi th the regul at o;&)/: functions of hi s{a m ne during the i mune response. A

bi ol ogi cal adh® i f8regtornThlE seqeRtoriis,2 %aw}ﬂ%ﬁ@ sgyen-aRRIBRNend aut oi nmune
di seases Iss %Bﬁﬁéib{-cbﬁbléé ?ééewo? mtﬁ E?pl@klhf&’tély Go% RISy té'll‘ib hisamifes! et erious

effects, such as Inflamuation. Even licit th | ammatory 15

response i ncIH;sd@OEfﬂ’Q?fs i |G§Pﬂt§ﬂsi InihaHasecepiarcwileh WWQILMT'&?&‘e@ inethecal
stinmul ation, Hﬂf\eﬂ:ﬂe D ec Q%ﬁ‘éés% ap re%tJr‘i’é IsQH eBQﬂMphllz%d'nEgétamt ory

response is atactériz rease erature ness, swelling,
reduced funasll@emang Qih&r(mﬂﬁ raatrtbnmledfbytl.meetal (msabw) land €.lgrHofstreat | on

(pxeoytoshs) ol TATFrhal AL P Lond 3082, 22 SUcLAFI 1 " oohonee
reacti on.10A preferential epressionlomimnuinogompetesttdelis) Ithis I-(.;een;,eplor& tlesglgns or
2ctivati on,  nEEIGRinE gty Bhaiaf PLoipBRT S Rinb At Lute Bnselcr T |
activation initi afdsolegitalagtivity OFhistaminé mrthaicontextraf Smmoaeiegy ahd ch in turn 25
cause the recruitnment f ot her . ef f ect C hat further ntribute to the
i nfl amrat ory ar“g‘glﬁ'm‘r@g sﬁﬁae%lﬁﬂoéﬂkyﬁgaﬁf "f'@c‘bﬁ@@?@'cr{ﬁ%ﬂﬂ"ﬁ?@ é§§t ric acid
secretion, ardklétérpusietieols suechidd infRmemnitions BvehRahatetioh e iefsimbiopy el ease In
of I nf | arfiat PSPOTSH MHeAGPCA SHURIAT Bn«ﬁédl?ég%&r@%f@%%@%ﬁ%mﬁ% ihust
provi di ng t hanfablidn, bid Inasion by a foreign body. The inflammatory response is :
characterized by pain, increased temperature, redness, swelling, reduced
function, or a combination of these.
Mast-cell de-granulation (exocytosis) releases histamine and leads to an
20 - inflammatory response that may be initially characterized by a histamine-
modulated wheal and flare reaction. A wide variety of immunological stimuli
(e.g., allergens or antibodies) and non-immunological (e.g., chemical) stimuliA
may cause the activation, recruitment, and de—grandlation of mast cells. Mast-
cell activation initiates allergic (H1) inflammatory responses, which in turn
25 cause the recruitment of other effector cells that further contribute to the
inflammatory response. The histamine H, receptors modulate gastric acid
secretion, and the histamine Hj receptors affect neurotransmitter release in the
central nervous system.
Modulation of H4 receptors controls the release of inflammatory
30 mediators and inhibits leukocyte recruitment, thus providing the ability to
prevent and/or treat H,-mediated diseases and conditions, including the
deleterious effects of allergic responses such as inflammation. Compounds
according to the present invention have Hy4 receptor modulating properties.



prevent and/or treat H4-nedi ated di seases and conditions, including the

del eterious effects of allergic responses such as inflanmation. Conpounds
according to the present Invention have H4 receptor nodul ating properties. 2
WO 2005/ 044807 PCT/ US2004/ 031855 Conpounds according to the present

| nventi on {i@% Jgmgppcyte recruitment inhibiting propere¢cres20603pEssinds
accordi ng ?1e present invention have anti- inflanmmtory properties.
Exanpl es of textbooks on the subject of Inflamation Include J. |I. Gllin 5

and R Snyder@gh odn'aélae&ma;%g@@th wésemt RveRfonMeve IeUkecyb irédr@igtherftor 1 el ates, 3nd
Edition, (Lip |ncott WIllians & ki ns, Phil adel phi a, V. Stvrtlnova

1999
J.  Jakubovs H?h'alﬁﬂg propeftiesn Comprendsareeiding 1atbe P@\?@F* '“VW%%?BYE@'P i ogy

Principles F@ﬁﬁ g book for Medical Students, Academ c Press,
1995); Cecil %ﬂd?h,% @’oég@gok O Medicine, 18th Edi ti on (W B. Saunder s

Conpany, 1988) afampi@s of textheels onthe sdjechridofiammatjon 'Baléﬂgdduﬁallland revi ew
mat eri al I | l.@n can be
found in ?Pt iC de%r%ﬂﬁjdhﬂﬁasr??ﬁﬂaﬁ?ﬁﬂoh §E§c b@%ﬁ?ﬁn&\dﬁﬁ%’ nt STH@ (‘?’ont rol In

I nf | ammat i on,EdiMml(lep;ﬂﬁ@m anns‘B&NVlm PNIaﬁeIphraadB?Q) VhStvrtmnf/a ahmat ory
reflex, Natur 8 | nf | ammat i on
and cancer, N%kH %vs% %HB@%E‘MOB%E%%%P ﬁﬂ&?"é{’(ﬁ’é\f 13 "I'l"Ffb’

at Ihler oscl er owm:smba(‘ﬁema for%&lwsggﬁbﬁts Egaglnmomééssanslgsy Cétitdti s, lc\j/ast

cells in autoi K £ .. 7 H L I ner and D. J.
Sel koe, Infl a?};???‘tgﬂ"iéﬁg%ﬁ@mgpi% E‘é‘a IBnéaPB%efF?P%"& @ggéé‘ Nat ur e
2002, 4201@79St88t;‘rmaﬂsMGdi%§mlcﬂBiﬁ .mmunopat hogenesi s of sepsis, Nature 20
2002, 420:885-891; D. Steinber At herogene€| s in per gectlve

Hyper chol est er ol efd@&kgAUNG #rd matgriglonjaiammpation apdeonditionsyalated Medi ci ne
2002, 8(11): m.mmﬂaﬁa&xaubmaé@emuharh Braeies Buérﬁéeﬂhé f&llb\nﬁﬁ'g? ¢ a¥RRAFEe that

devel ops as a consequence of histam ne rel ease, in turn I's caused by

at |east one Pointsof Fﬂ’ﬂ![‘l!lé" infigramgtiery Nature 2002, s‘ﬁorﬁﬂsrsé'% &J.hreeen dBecal stinmul i
g?dcggg;t : mﬂgﬁ&bﬁﬂ refibk Watlire 2000! 2007883-889; ISMILBudsAN8 AN X W erh, @ plurality

Inflammation and cancer, Nature 2002, 420:860-867; P. Libby, Inflammation in

atherosclerosls, Nature 2002, 420:868-874; C. Benoist and D. Mathis, Mast

cells in autoimmune disease, Nature 2002, 420:875-878; H.L. Weiner and D.J.

Selkoe, Inflammation and therapeutic vaccination in CNS diseases, Nature

2002, 420:879-884; J. Cohen, The immunopathogenesis of sepsis, Nature

20 2002, 420:885-891; D. Steinberg, Atherogenesis in perspective:
Hypercholesterolemia and inflammation as partners in crime, Nature Medicine
2002, 8(11):1211-1217. |

Inflammation herein refers to the response that develops as a

consequence of histamine release, which in turn is caused by at least one
25 stimulus. Examples of such stimuli are immunological stimuli and non-
immunological stimuli.

Inflammation is due to any one of a plurality of conditions such as
allergy, asthma, chronic obstructed pulmonary disease (COPD),
atherosclerosis, rheumatoid arthritis, multiple sclerosis, inflammatory bowel

30 diseases (including Crohn's disease and ulcerative colitis), psoriasis, allergic
rhinitis, scleroderma, autoimmune thyroid diseases, immune-mediated (also
known as type 1) diabetes mellitus and lupus, which are characterized by
excessive or prolonged inflammation at some stage of the disease. Other



al l ergy, asthma, chronic obstructed pul nonary di sease (COPD),

at heroscl erosis, rheumatoid arthritis, nultiple sclerosis, inflanmatory bowel
30 diseases (including Crohn's disease and ul cerative colitis), psoriasis,
allergic rhinitis, scleroderm, autoimune thyroid diseases, immune-nediated

(al so knowpoasosipysasy 1) di abetes nellitus and | upus, \/\hlp‘d:i-ﬁgg HBnafol@sct eri zed
by excessive or prolonged Inflammtion at sone stage of di sease. O her 3

4 WD 2005/ 044807 PCT/ US2004/ 031855 aut oi mmune di seases that lead to
ot amatt on duiginitfine MikabbeihaPiell % inflammlibrPin e%yaeweﬂ%rmiés such as

Qui | I ai n- Barre aut ol mmyne uveit aut ol rrrrune em-a, pernicious
anem a, aut mammmunameum@tms@pwh@s Guiliaip&ame, autpmmun%uvewsm - phosphol i pi d

syndr one, vas‘,ﬁ%lm %’eﬁ'ﬁgéﬁ%ﬂ‘. Q%QWS%e%QQHEW@S Behcet' s di sease,

dermatitis herpeti ari's primary biliary
cirrhosis, auhmmtrmyntepemp,atempbgj arterilispantiphos poalipldosyindrames ivasaulitites, i s,

t oi d h d ti
b on 38 VRhodrdE ALERR N e RS e BRI ES) | °
Zyndr one. Regﬁnﬁbhi@s{dﬂ(gaﬂ@&gﬂug{bngnrgmluutarpclrrlmdslé,@nubdhzwhwm%pﬂms i nf Ibatrmrat ory

I seases or 1 ntlanmatl on | at.e Se | ons I nC ut are
ot Tt ed 1O SORPPIR AN S BIRTGTHNe HRSFeS ST BArenat Gnth, oni o

i nfl anmati on.p c@rﬁﬁltléed&m%t&ﬂ%sméesﬂohﬂﬂbﬂﬂ’fr@ﬁ&ﬁie@Eﬁu@h Rsknkyledieg ence. 15
SUMVARY OF THE 1 NVENTI ON. . The | nvention features a conpound of or mula (1) or:

(11): RO 10 SPendyjis,and Sipgren’s syndrpe, Ragayding thes onget Sl aygluon of
10 inflammation, inflammatory diseases or inflammation-mediated diseases or
conditions include, but are not limited to, acute inflammation, allerglc
inflammation, and chronic inflammation.

Cited references are incorporated herein by reference.

15 SUMMARY OF THE INVENTION
The invention features a compound of formula (1) or (11):

20
wherein



RRZ ~% a~n R3/ \ 4 HR (u) 20 wherein 4 W 2005/ 044807

PCTI US2004/ 031855 W s, independently from ot her nmenber and substituent
assignments, N or CR7; X is, independently from other menber and substituent
assignments, Nor CH Y is, independently from other nenber and substituent

assi gnment swoQooshigkg; 5 or CRL2R 3; Z |Is, I|ndependent | ydigyrniokks menber
and substituent assignnents, N or CR14, in which case the solid/dash feature
(-=) in any one of formulae (I) and (I1) is a single bond; or Zis C, in

whi ch case ”Wié,gh&éﬂegaéfllrff% Sther nembet ahPslbsMBnitssighffBrtsaR drl ) and (i) Is

a double bond; 1 dependently from nenber and "substituent
assignnents, 0, €R'or 2; each of R1'4 is, independently from other nenber and

5 Beyel ol Kok HEgBdepty rom Sldt iefiber ofrd sk pesibrimarity W BY Ci;
- Cl. 4al kyi sulYimiﬂdppeltdéﬁtiﬂrqmlaﬂm?kmmber@aﬁizphs,tituwaasignme]ms.lo,FNREl . Br, I,

nitro, - ng:3, - Sﬁg@ 1zR(iR, -SRc, -S(OR -S®2R, 15 -C(OR, phenyl, benzyl, .
phenet hyl ;" - C( O Eb “C(OOR -NrRaRb, -CH2NRaRb or -CH20R, wherein each of
Ra, Rb and RcZissindepetaieatiylftorn|ofher meonbertand isubstibignt bssignmersts, ioment s, sel ect ed

benzyl " and phens bRy o ety sal BER Ko vt G ER Y B Sl dhen <o whi ch
they are attachednd@f) i§ asimge bbnd; oerised, aslwhieh easeihel solid/dastofedriréycl , wherein
and SNCL. eal kyl (=B amdeneich Sy BaRe (R GEHGPoEnzy |  al kyl oF
cycl oai kyig nwisCindepéhddRtty Pém rériberehd stBstitidht akbig@hiehts 20,4, bi #0 Het Cycl is
optionally, and | nquen ently from ot her substituent assignnments,
substituted vfach of R™ Is, independently from other member and substituent assignments,
H, C1.4alkyl, Casalkenyl, Casalkynyi, Csecycloalkyl, -Craalkoxy, -C.
salkylamino, -C,4alkylthio, -Cq4alkylsulfonyl, -OCsecycloalkyl, -OCH2Ph,
: cyano, -CF3, F, Cl, Br, 1, nitro, -OCF,, -S8CF3, -OR®, -8R, -S(O)R®, -SO.R",
15 -C(O)R®, phenyl, benzyl, phenethyl, -C(O)NR®R®, -C(O)OR?, -NR®R®,
-CH,NR®R® or -CH,OR®; wherein each of R, R® and R°® is, independently
from other substituent assignments, selected from H, C,.alkyl,
Cagcycloatkyl, phenyl, (Csscycloalkyl)C+.oalkyl-, benzyl and phenethyi, or
R® and R® taken together with the nitrogen to which they are attached,
20 form a 4-7 membered heterocyclic ring HetCyc1, wherein said ring
HetCyc1 has 0 or 1 additional heteroatoms selected from O, 8, >NH and
>NC.¢alkyl, and wherein any phenyl, phenethyl, benzyl, alky! or cycloalky!
moiety in any of sald R™, R, R®, R®, and said ring HetCyc1 is optionally,
and Independently from other substituent assignments, substituted with 1,
25 2 or 3 substituents selected from Ci.3alkyl, halo, hydroxy, amino, and
Cisalkoxy;
each of R Is, independently from other member and substituent assignments,
H, Cygalkyl, F, Cl, Br, I, CFa, -OCF3, -OR", -C1.5alkylOR®, -C1.5alkylSR",
-SR®, -S(O)R®, -SO3R®, C14alkoxy, cyano, nitro, -C(O)NR®R?, -NR°R®, -C,.
30 salkyINR®R®, -C(O)phenyl, -C(O)Cy.salkyl, -S(0)C14alkyl, or -SO.Cqalkyl;
or, R® and R® for a compound of formula (1) taken together with the carbon
atoms to which they-are attached form a cyclic structure Cyc1 selected
from aryl, heteroaryl, 5- or 6-membered carbocycle, and 5- or 6-



25 2 or 3 substituents selected from Cl. 3al kyl, hal o, hydroxy, am no, and
Cl4al koxy; each of R5-7 Is, Independently from other nenber and substituent
assignnents, H, Cl$alkyl, F, d, Br, I, CF3, -OCF3, -OR -Cl.3al kyl OR
_Cl.3alkyl SR, -SR -S(OR -S®2R, Cl.4al koxy, cyano, nitro, -C(O NR8Rb,
-NRaRb, - Cwo30oshadsey! NRRb, - C(O phenyl, -C(O) Cl. eal kyl ,pcrai§déslosfidl Kyl , or
-S2C1. 4al kyl; or, R5 and Re for a conpound of forrmula (1) taken together
with the carbon atons to which they are attached forma cyclic structure

Cyci selected fraomear h 0, Sy ol e cle, and 5- or
6 8 W 2005, 044c9mbBre el BRISHEY L or 2 hefbiodeME Wi §@f§%&%ﬁ’%’h 1or 2

heL eroat oms, whestaicture Qyd1 lsygidbpenmﬂwfrme]oﬂw@clJbstltsentiaaslgmapdent|y frf)m ot ge'r
substituent assi s, ..substituted. w or S ituents sel ecte
from C1- 3al kyl , %ﬂ:{‘l’gﬁ%‘ﬂ'pb%ﬁ o5 'ngsf{'t"éﬁ{@s i??é%%q EBG?)}TZ”SM’EEQ'%M Re for a
conmpound of for nWdioxybakniro) ah@EesalkagesrhRY aid R fdrrcohfidag offomiBlat 0 Whi ch

they are attached form a cyclic structure Cyc2 se|lected fromaryl,
het er oarylS, 5- o@')@&?ﬁﬁwﬁ@m@ét‘%éﬂgemét,O“hﬁ*FBVgﬂcrbmeﬁafﬁaﬁ'ﬁ?&hB@f%@t erocycl e

with 1 or 2 het eégféne@&uctum&igale%?édohcﬁﬂﬁ&,mesérswﬁ 8I & éMfefnbdeted

| ndependently from other s I tuent assignnents, "substituted wth 0, 1, or
2 substituents searbedyste, andfr arb-membared hetemaycle with 4106 R\heterpatams, and

Cl_3al koxy; Re i mdﬁg? f %Egm et

assignnments, H, §’&‘i’]—ﬂsa y%‘%ﬁ%ﬁ"&%ﬂ%ﬁd ; eaclﬁﬁgﬁl %Q%%dg%ﬁgﬁti&

i ndependent | y f r asaignnants, substibuted mith Hubseri2 substituents setpstedifram H or Cl. eal kyl ,
or R9 an 0 take rgb.ﬂn - ered cyclic structure Cyc3,
wherein g]g?(lj cyc ?%Iléf?ﬁygﬁ&derg&c Iogagdit’\-?'aéo‘? *menbered carbocycle or a 5-
or 6- menber eRYigtindapepdémtinfianhotheomembehandsubstitwent assighnvdnds,él,n sai d cyclic

structure Cyc3 'ébegl@ﬂ?%ﬁglggﬁhﬁgﬁf rom ot her substituent assignnents,

substituted with ftuents sel ected from Cl4al kyl, hal o,

hydr oxy, ani reachanfi® ead B ikdngepen@emi/ifrans othennhepibed and sybstituemt ot her nenber

and substi tuent géssslglg r]en sn,tr-fbr a.a%[kyﬁ: %f R® g’r?é hy"l téken together form a 5-6

15 membered cyclic structure Cyc3, wherein said cyclic structure Cyc3 Is a 5-

or 6-membered carbocycle or a 5- or 6-membered heterocycie with 1 or 2
heteroatoms, and wherein said cyclic structure Cyc3 Is, independently
from other substituent assignments, substituted with 0, 1, or 2
substituents selected from Cy.salkyl, halo, hydroxy, amino, and C,.galkoxy;
20 R"is, independently from other member and substituent assignments, H or C,.
salkyl; A
each of R'? and R™ is, independently from other member and substituent
assignments, H or Ci4alkyl; or, when Y is CRR™, R'? and R™ taken
together with the carbon member to which they are attached form an
25 optionally substituted cyclic structure Cyc4, wherein said cyclic structure
Cyc4 is a 3- to 6-membered carbocycle or a 3- to 6-membered
heterocycle with 0 or 1 additional heteroatoms, or CR'?R" is C=0;
R™ is, independently from other member and substituent assignments, H, Cy.
salkyl, OH, or Ci4alkoxy;
30 an enantiomer, diastereomer, racemate thereof, or a pharmaceutically
acceptable salt, amide or ester thereof;
with the following provisos:
when Y is O or NR', then Z is CR™ and R® is not OH or C4alkoxy;



each of R12 and R13 is, independently from other menber and substituent

assi gnnents, H or Cl-4al kyl; or, when Y Is CR12R13, R12 and R13 taken
together with the carbon nmenber to which they are attached forman 25
optionally substituted cyclic structure Cyc4, wherein said cyclic structure
Cyc4d is a o soosagpnbered carbocycle or a 3- to 6- menbepcEUs2006632855cycle with
O or 1 additional heteroatons, or CR12R13 is C=O Rl14 is, Independently from
ot her nmenber and substituent assignnments, H Cl. 4alkyl, OH or Cl-4al koxy;
30 an enantioner, diastereqnes, racemate thereof, or a pharnmaceutically
accept abl e s#hen ZdgNud isCReR er@bhereof; with the fol | owing provisos: when Y
is 0 or NRIZohA8NRE sT(Ehiid,.and Re Is not OH or Cs4ai koxy, 6 WD 2005/ 044807
PCT/ US2004/ 031855 when Z-is N, Y is CR12R13; and none of Rl 4 Is C(O NH2.

| someric fornms of the conpounds of fornmulae (1) and (I1), and of their 5

h i cal | ' d w thi
phar mmceut i cal | v RGRRAL At of Ml ompdhAes 18AFLIES IPE) (B! dcragauipassed wi thi n

the present I|nvention, | erence herein to o I soneric forns Is
meant to Bef ghamecguticaliy acceptablesalisyamides and esters, arersncommpassed withinnary ski |l

: ‘h L w . ; ; N 0
xi st for  CeprsbER TRt AnBrofeRRENBIch: B3Rl dfislth it B AE T 10
exi st in the mekht foneferdd atleastginelof sualrisumericdorme. Oé ef bedinasy skileih explicitly

or not in an art .of the itten descripti.on d. clainms, |t |s understood
Uhat each sulled mit WifecoatipethataorhelBes asrarding'to ik dnveodon Hiey eb0f < i nvent i on
| s made | ndepeasplk! inya sihglaisonEricdomnwhdresas other compainds ieayi exist i agent , unl ess
stated ot ﬁ?r%se. Bfl Yva%) of, a first exanple on 15 substituent term nol ogy, if
substi t ué myofregioisomadc MKUE. g S2, and  substituent S2exanple is one
of . S3 and $4, thwndﬁbes&t@dssmamaaﬁn?otrneérwpérpoftﬁ@hmdéﬂaeé@lfmén &fd s invention
gi ven accordlcg%_nt%ﬁ the choices S e I's S S2exanpl e is S3;

Sl exanpl a is s ggg%}pﬁpéhqtgagigl%ﬁ&@mcgmg& DasSIINME liife is S3;
gﬁgrgggl e i s coRteRNSF tHid MBRAMrEIsinfad@indeefldErtlyiof ah Biher Aenftitf Bn@ne of such
substituent assignment, unless stated otherwise. By way of a first example on
18  substituent terminology, if substituent S‘mmp;, is one of 84 and S, and
substituent Szmm,,.., is one of 83 and S,, then these assignments refer to
embodiments of this invention given according to the cholces S'mm,,,, is 84 and
S2example 1S S3; S'exampla is S1 8N SZexampie 15 S4; S example 1S S2 aNd Saampie IS Sa;
S"m,,.pka is S, and Szmmp;e is Sy, and equivalents of each one of such choices.
20  The shorter terminology “S'exampie is 0ne of Sy and S, and Seampie Is one of S;
and S;" is accordingly used herein for the sake of brevity, but not by way of
limitation. The foregoing first example on substituent terminology, which is
stated in generic terms, is meant to illustrate the various substituent R
assignments described herein. The foregoing convention given herein for
25 substituents extends, when applicable, to members suchas X, Y, Z, and W,
and the index n.

Furthermore, when more than one assignment is given for any member
or substituent, embodiments of this invention comprise the various groupings
that can be made from the listed assignmenfs and equivalents thereof. By way

30 of a second example on substituent terminology, if it is herein described that
substituent Sexampte Is one of S, S, and S, this listing refers to embodiments
of this invention for which Sexampie IS S1; Sexempie IS S2; Sexampie IS S3; Sexample IS
one of Sy and S2; Sexample is 0ne of S1 and Sa; Sexampie Is 0ne of S; and S;



20 The shorter termnology "S e anple is one of S7 and S2, and S2e,(r)npie Is
one of S3 and $4" is accordingly used herein for the sake of brevity, but
not by way of Ilimtation. The foregoing first exanple on substituent

term nol ogy, which is stated in generic ternms, is neant to illustrate the
various subwiiZesaisoR assi gnnents descri bed herein. Thepéﬁﬁm,ng”gonventlon
given herein for 25 substituents extends, when applicable, to nenbers such as
X, Y, Z, and W and the Index n. Furthernore, when nore than one assi gnnent

is given for nmenber " enbodi ention
conprise the %&PP“D'&?“&%&M §?gﬂLsHa§3h ‘?ngbés Waéa%f Iaierﬂ?%%éghlosr}e% assi gnnment s
and equ: val erthssetdsmice@;] ThBshuwer t&fnindlogy “Sacamnds onaopsg Sanandﬁﬁﬁs: t uent f
t er m nol ogy, i s herein Cri i tuent,  Se e is one o
S,, 52, and §§:cogd||ﬂg°ly H’qeéjtheﬁﬂnf%ﬁfé? §§ieo°fte"ﬁ%’(')t&11t?+§ éby Way ?fm"%'{(q%ﬁgent i on for
whi ch Sexerrplﬂaelféréaomg%@gsﬁ@eﬁni;ﬂe O sulSRIP tetmin®logy, wiliek &@atedirs  one of S,
and S2; Se,e,npie is one of Si and S3: Sexanple |s one of S2 and S3; 7 WO

2005/ 04487 FEENElBiRIma, I8 Mepntto 'W@Fﬁpthel‘@"@ﬁes‘-@ﬁt“g?m Regssignmenis and Sexanpi e

i s any equi vaieapfibedf het@inh me%@ olné B@%nﬁm 0@$her€hﬁoﬁ£\ﬂfsil%niserm nol ogy
"Sexanp6 |Is one of Sl1, S2, and S accor % use ere| n for the sake of

brevity, but mﬁndgywnwamhcablmtpam%bﬁrsw@ iPQ)X Fitheindesl e on
substituent ternminology, which Is stated in 5 generlc terms is meant to
Illustrate the various substituent R assignnents described her ein. The

f or egoi ng convent iTha ngmesalatuwe Gy wWithj >dwizan applied Serelnktoaneless ofhen appl i cabl e,

to menberg ﬁgsﬁﬁeﬁiﬁl m nt @1erefNo &R0 &Hx%nis’b‘i'ﬂ%u %tﬁﬁqf’ueﬁ?@fég@s ure "C11°

withj > 1, CrEIn 1o BT AL s meant to
refer to enboahdrmnergsona‘oftthesumbemftcarhmnfmembérspﬁ'omatdi incudingivandyj, isne of the

ot o Al S o Bl b MO Tor BBl o T e e
car bon nerrbererﬁlﬁo)memmﬂmllhmbse tarbon hmmbeﬂ@) arabdriiments iivethavé 6 , and
oo . o e EFOA D B RERAF R e R ol 01
15  (Cs).
When any variabie refemng to a substituent, compound member or
index, occurs more than once, the full range of assignments is meant to apply
to each occurrence, independently of the specific assignment(s) to any other |
occurrence of such variabie.
20 According to the foregoing interpretive considerations on assignments
and nomenclature, it is understood that explicit reference herein to a set
implies, where chemically meaningful and unless indicated otherwise,
independent reference to embodiments of such set, and reference to each and
every one of the possible embodiments of subsets of the set referred to
25 explicitly.
The invention aiso features a pharmaceutlcél composition for treating or
preventing an Hy receptor-mediated condition in a subject, comprising a
therapeutically effective amount of at least one Hy receptor modulator selected
from compounds of formulae (1) and (ll), enantiomers, diastereomers,
30 racemates thereof, pharmaceutically acceptable salts, amides and esters
thereof. In addition, the invention features a pharméceutical composition for
inhibiting leukocyte recruitment in a subject, comprising a therapeutically
effective amount of at least one leukocyte recruitment inhibitor selected from



I ndex, occurs nore than once, the full range of assignnments is nmeant to apply
to each occurrence, independently of the specific assignnent(s) to any other
occurrence of such variable. 20 According to the foregoing Interpretive

consi derations on assignments and nomenclature, it is understood that

explicit reyonenpwsoerein to a set inplies, where chempgaldsseddRaizsof ul and
unl ess indicated otherw se, independent reference to enbodi nents of such

set, and reference to each and every one of the possible enbodi nents of
subsets of t e lGd A | i E j?é features a
phar maceutic Qﬁ% "@ghﬁéss&ﬁ%ﬁﬂ?éoﬁ) %"r%e@?ﬁ :%Jr? IS ﬁic')c}rd"é(rf)‘r %5“2%‘??@% ﬁg tee

r ecept or - medithéredf, pbartisceuticallnacceptabjecssits, arokdps and rstets theteof. aPhait i cal | y

ef fecti ve amgunt ..of ) €as e . | ect. from
conpounds of '?‘@PH’&T ﬁé\é't‘%aﬂ%#ﬁ@ﬁ;‘,é'laéﬁ&ﬁ?&gﬁ%ﬁ2ghﬁé§{'%£§8@‘§ﬂg 80 racemates
t her eof , phartherapedticaly éffective ambaritiof atiabstoneamtidefiaramatonstéampounther eof . In
addition, the [nyention featuyes,a ar,mac I cal .conposjtion for inhibiting
| eukocyt e # e(’srelﬁc}/qﬂﬂ‘mm cpmgo Joz&rm%@&r{'gﬂﬁngmb eﬁ??‘ﬁﬁ%é{ﬁﬁt@'ﬁpmﬁm' ef fective
amount of at  heafidtedifréd UREmbeautical iccaptable isalts, diniigss el etéred from S VWO
2005/ 044807 PCTI US2004/ 031855 conmpounds of formulae (1) and (I1),

enanti oners, tB¢gStereomers, racemates thereof, phar maceutical |y acceptabl e

salts, am des andTgRgiReAtidiBERRSs mdihBds fon WBEind e Ae\dntihg Mbmdigat ures an
anti-inflammatory conposition, cor;grl sing a therapeutical I% effective anount

of at |east JR@ syRiect campasingedmipi defe subiast Boaregtionwi ounds of

f or mul ae )-ﬁ(}gn g iaO;?FFa’ itasit t her eof , '
phar maceuﬁ ce{ Ily é?:fg?é’ I:tegg?de%%sa t@agﬂt@lg&&‘ﬁ%@@éﬁ&a&ﬁ&ﬁﬁ@%& . The Invention
feat ures met Hberapedicatly effactivejameuniraf aéleastrane; antitiafiamematory campaundubj ect

cOMpri S1.19 arkBdUH i BambAulditor MR ) dhaffif 8RR didbdiaot rd, 1 1 Tt o7y
response a pharnmaceuti cal "conposition tHa ofiprises a erapeuti'cal ly

ef f ecti ve anoacemates theréaf gphiarmacewdically- aoceptablesatis, \amidespanchestersel ect ed from

P b o BB T i B8 e AR BBl BRABRIRL S " oo™ o

15 receptor-mediated condition in a subject, comprising administering to the
subject a pharmaceutical composition that comprises a therapeutically effective
amount of at least one H, receptor modulator selected from compounds of
formulae (1) and (), enantiomers, diastereomers, racemates thereof,
pharmaceutically acceptable salts, amides and esters thereof. In addition, the

20 invention features methods for modulating an H4 receptor, comprising exposing
an H, receptor to at least one compound selected from compounds of formulae
() and (!1), enantiomers, diastereomers, racemates thereof, pharmaceutically
acceptable salts, amides and esters thereof. Furthermore, the invention
features metheds for inhibiting leukocyte recruitment in a subject, comprising

25 administering to the subject a pharmaceutical composition that comprises a
therapeutically effective amount of at least one leukocyte recruitment inhibﬁor
selected from compounds of formulae (I) and (ll), enantiomers, diastereomers,
racemates thereof, pharmaceutically acceptable salts, amides and esters
thereof. !

30

DETAILED DESCRIPTION
The present invention is directed to compounds of formula (1) or (II),

enanticmers, diastereomers, racemates thereof, pharmaceutically acceptable



t hereof. The invention also features nethods for treating or preventing an H4
15 receptor-nediated condition in a subject, conprising admnistering to the
subj ect a pharnaceutical conposition that conprises a therapeutically
effective anount of at |east one H4 receptor nodul ator selected from
conpounds owoO 2ewvosusoae (1) and (11), enantioners, diastepERiiSosyosziga§enates -
thereof, pharnaceutically acceptable salts, am des and esters thereof. In
addition, the 20 invention features nethods for nodul ating an H4 receptor,
conpri si ng exsplits; iamidescand-¥stere dregvea| as berain defined, phaamadeytiosind sel ect ed from

d f f t
Cher cof .- pharcReBRi ARl Sorit abipation8 Rt i Eiigtode JRRe8t BFisomer cor -
Further nore, iﬁdlLﬁjmgWﬁlmbﬁﬂand‘l@quweaﬂomat dunditiohosudhnds those trgt brukocyt e

recruitnment in ct, ISI dmi ni steri to the sybject a

phar maceut i cé"l‘e‘@%}ﬁéiagﬁﬁ r @ q%@%‘g Q?mqkf?@rsé'ﬁgipP%TW“@Hf ective anount
of at | eagt %ﬁ,pbgﬁg,gcyt e recrw tment Inhibitor selected from conpounds of
formulae (1) and .. enanti orrers di ast ereoners racenat es t hereof,

phar maceutical | y B% pwingdersns are defingdalow,andy theis usagedheyshowy pDETAI LED
DESCRI PTI ON hedigeisiggt 1 nvention Is directed to compounds of fornula (I) or
(1), enantioners, diastereoners, racenmates thereof, pharnmaceutically

acceptable 9 WO mul"an@umravgmdwlmsmbmquswrom@@ withhaldeastand esters
th f, t t | t
ereot, as Lb?)‘u q’fg@rogslfw 'ré}ﬁ&hedg o ng, Bllouﬁ mpq%?? {uﬂ@tmeci ain at |eas

one of such nent 'd/ or

preventi oi® ofetlwhrpﬂppyl asnpremt, bubd, |s¢mt‘.§é, tebudy, hmthylump)da.tmtyhysaneew receptor,
are “deti nod eI SRAMEpeRIR s H, AT ABRE Aolibalde oM e Ry - T
I ncl udes strai ght “Adkemyit |rmtuudsrsaratgh9chd1rydmd)bmnﬁwishy\dmdaMn ladizals asone hydr ogen
br opyl . 1 soprasye wiE ot GAst dhedRharteanton S Bond b Bl deaged 7 ™
i sopentyl, otherwise by the prefix that indicates the humber of carbon members, alkenyls
15 include etheny! (or vinyl), prop-1-enyl, prop-2-enyl (or allyl), isopropeny! {or 1-
methylivinyl), but-1-enyl, but-2-enyl, butadienyls, pentenyls, hexa-2,4-dienyl,
- .and so on.
"Alkyny!" includes straight chain and branched hydrocarbon radicals as
above with at least one carbon-carbon friple bond (sp). Unless indicated
20 otherwise by the prefix that indicates the number of carbon members, alkynyls
include ethynyi, propynyls, butynyls, and pentynyls. Hydrocarbon radicals
having a mixture of double bonds and triple bonds, such as 2-penten-4-ynyl,
are grouped as alkynyis herein. |
“Alkoxy” includes a straight chain or branched alkyl group with a terminal
25  oxygen linking the alkyl group to the rest of the molecule. Alkoxy includes
methoxy, ethoxy, propoxy, isopropoxy, butoxy, t-butoxy, pentoxy and so on.
“Aminoalkyl®, “thioalkyl”, and “sufonylalkyl” are analogous to alkoxy, replacing
the terminal oxygen atom of alkoxy with, respectively, NH (or NR), 8, and SO,.
Unless indicated otherwise by the prefix that indicates the number of
- 30 carbon members, “cycloalkyl” includes cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, and so on.
Unless indicated otherwise by the prefix that indicates the number of
members in the cyclic structure, “heterocyclyl”, "heterocyclic” or “heterocycle” is

10



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

cycl oal kyl.  "Al kenyl" includes straight chain and branched hydrocarbon
radicals as above with at |east one carbon-carbon doubl e bond (sp2). Unless
I ndi cated otherw se by the prefix that indicates the nunber of carbon

menbers, albkLnyddaaged | ncl ude ethenyl (or vinyl), prop-|penypbooqpeigss2-enyl (or
allyl), isopropenyl (or 1- nethylvlinyi), but-l-enyl, but-2-enyl, butadienyls,
pent enyl s, hexa-2,4-dienyl, and so on. "Al kynyl" includes straight chain and
branched hydr on radi cal s, as t .l east .one carbon-carbon
triple bond @gﬁ% @ﬁrggegqqm?t&cafgtaraggy& R@’ﬁ'ﬂh’@%ﬁ‘wﬁdﬁ&%ﬁ? &t L&%‘?‘?Haq i ndi cat es
thg nunber f)fs étamgﬁét eé§ca:jrbbd<myﬂsﬁ~her§inltmwenohwm areweﬁwewbl Ibs OIbutygyl s,
and pentynyl s roc on radijca av ure ubl e bonds an
triple bonds, frog in0 dzgpgﬁ?"@ﬁleﬁok/h?fﬁrocy‘é{ﬂg'"@wg]ﬁé@ﬁz"dy aﬂ'"R’ RyTaYiner ei n.
" Al koxy" i ncl.é&é@ﬁz&urahylfwmw GRitaRogr, p e@ﬂh@&hmzbngl |%5(§£5M.}’Wflayla term nal
OXy

25 oxygen linking the a roup to the rest of | ecu

i ncl udes 5ma1PNE%Z vl QYTPIUQV')" BW 1, ndebizinbiepindolyl jndaiyl, indazalioxy, pent oxy and
SO on. %‘ﬁﬁ@hyduurho eyI th*a‘iﬁhy"i%’ﬁyrwﬂ&iHﬂ pyﬁ‘éﬁlﬁﬂqﬁﬁzblfdlnm%ﬁda%ﬁﬂ gous to

al koxy, repl en’ ‘at om of , respectively, NH
(or NR), S, mcazamnnyl yrazolinl, rniberwvbalpetawvwr@ehm anﬁemtprnpboﬂnyl theft | ndi cates

t he nunber of r’ﬂ%[m |,
cycl obutyl, cyglﬁg éﬁ'rehﬁqu cycﬁ%ey c%%{oﬂdkc%g 'HE‘E ooct?é/wﬁg% so on.
Unl ess i ndi camrmdamyh@ymohmnyb,wmdyd gycmhexyllm’rrm. cyctonemylmna fendmaorber © of

nenbers | the S cture, "heterocyclyl", "heterocyclic" or
heterocy fg%%h' W%OSI 044807 PCT/ US2004/ 031855 a 3- to 8-nenber

aromati c, sat ur at €drbooycleird ¢yeldalkysertaupartialy saturatbé cptlodig eithtis mg syst em t hat
conpri ses carbon atogs wherein the heteroatons are selected fromN, 0, and S.
Exanpl es of heterpﬁ\ybs i nclude thiazoylyl, furyl, pyranyl,

i sobenzof ur arbghzo p ol yl; imdazolyl, yrazol yl, isothi azoI yI i soxazol yl ,

Fﬁ& Io%: .5 pyrazigyl rnpiﬁﬁ% MHL})PWG‘P“W' ﬁrﬁ&a@;)r{f J?tré@épgﬂa{, Pa §gi ndol y! |

| ndazol yI', rTol pyrrollnyl
i mi dazol i di ny:ln ammfd'd'na:ri maybe oppgnadigehbsﬁh.ngd Anyl/alsa inicludes arxiallmerl dyl,

pi perazinyl , Juli bs b&% %@R&R{rl 5d phen%rpropyl Aryl includes a ring

system contammg an optionally substituted 6-membered carbocyclic aromatlc
ring, said system may be bicyclic, bridged, and/or fused. The system may
include rings that are aromatic, or partially or completely saturated. Examples
of ring systems include indenyl, pentalenyl, 1-4-dihydronaphthyl, indanyi,

20 benzimidazolyl, benzothiophenyl, Indolyl, benzofuranyl, isoquinolinyl, and so
on. Examples illustrating heteroaryl are thienyl, furanyl, pyrrolyl, imidazolyl,
oxazolyl, thiazolyl, benzothienyl, benzofuranyl, benzimidazolyl, benzoxazolyl,
benzothiazolyl.

“Halo" includes fluoro, chioro, bromo, and lodo, and Is preferably fluoro

25 or chloro.

As in standard chemical nomenclature, the group phenyl is herein
referred to as “phenyl” or as “Ph".

“Patient” or “subject” Includes mammals such as human beings and
animals {e.g., dogs, cats, horses, rats, rabbits, mice, non-human primates) in

30 need of observation, experiment, treatment or prevention in connection with the
relevant disease or condition. Preferably, the patient is a human being.

11



exanpl e, preferred heterocyclyls or heterocyclic radicals Include

nor phol i nyl, piperazinyl, pyrrolidinyl, pyridyl, cyclohexyil m no,

cycl oheptylimno, and nore 10 preferably, piperidyl. Carbocycle is a
cycloal kyl or a partially saturated cycloal kyl that is not benzo ( (:r ).
"ArylT I ncléRes eyl . naphthyl, bi phenylyl, tetrahydrpeTrasdoodnsigssand so
on, any of which may be opti onal I y substitut ed Aryl al so includes aryl al kyl
15 groups such as benzyl, phenethyl, and phenyl propyl. Aryl Includes a ring

t t " | ti
Sy Cont 8 T AR e b LSRR AT o o

i ncl ude ri ngsthe hmcfwdeamm'fhmlnawlftg‘nplaﬂ effective amounisngs we%ayaem ur at ed.

Craples o1 it R s RSN PSSR SRR o iy oo

i soqui nol i nylingradiéntsdn thmrspeaﬁadr'ahmsnﬁsl | ustrating het eroaryl are thienyl,
furanyl, rronI we ] M dazol vl 0xazo , _thiazolyl . henzothien

benzof ura benzi %%?i’ﬁ i; "B%'H?Bmféﬁ vl GHG%EIﬁfﬁ'[OHPQ Wammp%:,agy i ncl udes
fluoro, chl Orrelatéélft@ms maélﬂmlaﬂdﬁourﬁ@ﬂad;tﬁeI&bmb&ﬁrﬁtﬂr)phéhmnca?% @it chl oro.

In standard chem cal Brrencl ature, .the s%roup phenyl Is her r&f[]elrprrefermd to as

"phenyl " or dbateligtsthe ‘o@rﬂtoab?rm%‘iﬂnﬂé? ON$Rcin GisSUg SYRIRM 2 as human

bei ngs and armnlimitﬁat(iebang sél%‘éb¥§?és‘éardh8f S6w@rindrhSmediBARidcfor ofbther NON- human
primates) in 30 need o bservation, experinent, treatnent or prevention in

connect i on V\AQ"H'C'?Hvet“ﬁ'F @9'&!4@5 dleyiatian.ofdhe élﬂMP'ﬂ‘FGf\"hqu‘%? Qbﬂ‘?ordﬁ'he patient Is
a human bfj noeingltleatdd. 2005/ 044807 PCT/ US2004/ 031855 " Conposi tion” |ncludes a
product conprising t e specified ingredients in the specified anounts,
including In the effective anount Jablasfheonyms any product that results

directly or indireq gredients In the
specified anounts. |5 "Therapeutically effective a urﬁ\t M »éffective anount”
and grammatically |rel ated tefletahydeofuramat anount |of abidFve ¢onpound or
pharmaceutical agent N,N-Dimethyformamide DMF
N,N-Dimethylacetamide DMA
Dimethyl sulfoxide DMSO
tert-Butylcarbamovl BOC
Bovine serum atbumin BSA
High-pressure liquid chromatography HPLC
Thin layer chromatography _ TLC

Particular preferred compounds of the invention comprise a
benzoimidazole compound of formula (1) or (il), 6r an enantiomer,

16 diastereomer, racemate thereof, or a pharmaceutically acceptable salt, amide
or ester thereof, wherein R**, X, Y, Z, W, and n have any of the meanings
defined hereinabove and equivalents thereof, or at least one of the following
assignments and equivalents thereof. Such assignments may be used where
appropriate with any of the definitions, claims or embediments defined herein:

20 Preferably, W Is N or CR’.

" Preferably, Xis N or CH.
Preferably, Y is CR'?R",
More preferably, Y is CHa.
Preferably, Zis N or CH.

12



that elicits the biological or nedicinal response in a tissue system ani nmal
or human that is being sought by a researcher, veterinarian, nedical doctor
or other clinician, which includes alleviation of the synptons of the

di sease or disorder 10 being treated. Table of Acronyns Term Acronym

Tet r ahydr o{ydy sats/04ka7 N, N- Di net hyl f or mami de DMF N, N- Di neCTiy$2004032855 de  DIVA

D met hyl sutfoxide DMSO tert-Butylcarbanoyl BOC Bovine serum al bum n BSA
Hi gh-pressure liquid chromatography HPLC Thin |ayer chronmatography TLC
Particul ar preferpgfora@ynesAds 20f the invention conprise a benzoi m dazol e
conmpound of forrmula (I') or (I1), or an enantioner, 15 di astereoner, racemate
thereof, or a phaMemcrieferably.n” Acceptable salt, anide or ester thereof,

wherein R1"14, X PPéferéli)lg\W IQ{%ﬁle&eB% ﬁ‘a@ﬁr&{p ¢diRistRGBf H%emﬂ}%wﬁd.

her ei nabove and equi val ént's ereof, or at | east one of the'follow ng
assi gnnent s ageprepylicyeloprapy, .18 Bocyano, phenyd setomemetyhay be used where

horei n: 5o HrPaPERGlatiis oG " G ar ably, Xis N or Git | Preferably.
Y I's CR72R13. MoMeregprefesatiylR} is M, methghE, or Gkeferably, Z Is N or CH 12 WO,
I preferably,  RIPAeEaY IS BdepaineTid 2pbotd ool LR Pin SRR BLELTT ooy
i sopropyl, cywsthylsethyl isogropy t-bubyl, cyclopropyl, OFer9CEs, FachBrycpanby | |,
phenyl, carboxymethyl, dimethylcarboxamido, or benzoyl.
10 More preferably, R?Is H, F, Cl, methyl, CFa, OCFa, or t-butyl.
Preferably, R? is independently selected from the group consisting of H,
methyl, ethyl, isopropyl, t-butyl, cyclopropyl, CF;, OCF;, F, Cl, Br, cyano,
phenyl, carboxymethyl, dimethylcarboxamido, or benzoyl.
More preferably, R® is H, F, Cl, methyl, CF3, OCF3, or t-butyi.
15 Preferably, R* is selected from the group consisting of H, methyl, ethyl,
isopropyl, cyciopropyl, R, Cl, Br, cyano, phenyi, carboxymethyl,
dimethylcarboxamido, or CH,OMe. '
More preferably, R* is H, methyl, F, or C.
Most preferably, one or two of R™ are not H.
20 Preferably, R%is H, F, Cl, methyl, or ethyl.
More preferably, R® is F, CI, methyl, hydroxymethyl, hydroxyethyt,
pyrrolidinylmethyl, or diethylaminomethyt.
More preferably, R® is H, F, Ci, or methyl.
More preferably, R is H, F, Cl, or methyl.
25 Most preferably, R® is Cl, methyl, or hydroxymethyl.
Preferably, R® is H, methyl, or OH.
More preferably, R®is H. .
Preferably, R® and R' are, independently, selected from the group
consisting of
30 a)H,
b) methyl, ethyl, propyl, isopropyl, and
¢) trifluoromethyl.
Most preferably, R? and R are, independently, H or methyl.
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5 di net hyl car boxam do, or CH2Owve. Mrre preferably, RLis H nmethyl, F, or d.
Preferably, R2 is independently selected fromthe group consisting of H,

nmet hyl, ethyl, isopropyl,.t-butyl, cyclopropyl, CF3, OCF3, F, d, Br, cyano,
phenyl, carboxynet hyl, di nethyl carboxam do, or benzoyl. 10 More preferably,

R2 is H F,woaosmidoyl , CF3, OCF3, or t- butyI Pref er abj '
I ndependently selected fromthe group consisting of H, é‘r gﬁa"“"’é{’ﬁ’

i sopropyl, t-butyl, cyclopropyl, CF3, OCF3, F, d, Br, cyano, phenyl ,

car boxyrret hyl, dlmygpymgqﬂb@qarmd@.yi of eth@inzoyl . More preferably, R5 is H F,
a, methyl, CF3, 15 Preferably, R4 is selected fromthe

group consi sting MPTel-lil'ef*?\'éfttﬂyIRqIi @trﬂ?thy i sopropyl, cyciopropyl, R d, Br,
cyano, phenyl, aéﬁ%bfu’ﬁ{?%orlr:nuﬁ @F‘érhw alsd aﬂﬁﬁae%mﬁbhn@*@-@@atiswre

pref erabl y, R4 i S referably, one or two of RI'
are not H 20y pnepéthamomblmon%owefmhon; 9|V¢ﬂa erpin, af@re%ﬂmntsmmfpref erably,
R5 is F, gl , methyl, hydroxynethyl, hydroxyethyl, pyrrolidinylnmethyl, or

di et hyl amnonet hyl. More preferably, Reis H F, C, or nethyl. More
preferably, Rl islti, una;ersmqu ibat snmégompR Hds/pafered ts:rlwailolqre cmﬁall s d, nethyl,

H Pref or abi iRy e e omsfie sl 7 bt B a2 MR R oo T 1
consi sting ofpréyénalhvéwhtloh)enwhbaéses all syth omicamricludlr\gcqtereplﬁbmemd c)
e i BB oot and B e oo VT BSRAbAY,  or ety
10  activity that characterizes the compounds of this invention. In addition, certain
compounds referred to herein can exist in solvated as well as unsolvated
forms. ltis understood that this invention encompasses all such solvated and
unsolvated forms that possess the activity that characterizes the compounds of
this invention. Compounds according to the present invention that have been
15 modified to be detectable by some analytic technique are also within the scope
of this invention. An example of such compounds is an isotopically labeled
compound, such as an '°F isotopically labeled compound that may be used as
a probe in detection and/or imaging techniques, such as positron emission
tomography (PET) and single-photon emission computed tomography
20 (SPECT). Another example of such compounds is an isotopically labeled
compound, such as a deuterium and/or tritium labeled compound that may be
used in reaction kinetic studies.
Itis understood that substitutions and combinations of substitutions
recited herein, whether stated explicitly or not, refer to substitutions that are
25 consistent with the valency of the member being substituted. For example, a
substitution applied to a carbon member refers to the tetravalency of C; it
refers to the trivalency of N when applied to a nitrogen member; and it refers to
the tetravalency of a nitrogen member that is conventionally characterized with
a positive electric charge. Valence allowed options are part of the ordinary skill
30 inthe art.
The “pharmaceutically acceptable salts, amides and/or esters thereof”
refer to those salts, amides and ester forms of the compounds of the present
invention that would be apparent to the pharmaceutical chemist, i.e., those that

14



More preferably, R11 is nethyl. Conpounds of formula (1) or (Il) also

conpri se conpounds that satisfy any one of the conbinations of definitions
gi ven herein and equivalents thereof. 5 it is understood that sone conpounds
referred to herein are chiral and/or have geonetric isoneric centers, for
exanpl e E- yajdosio444050MErS. The present invention enconperesmoaidisssuch
optical, including stereolsoners and racem c m xtures, diastereoners, and
geonetric isoners that possess the 10 activity that characterizes the

conpounds of aFemo"h-’doRl\é Hinpat wdum @ddang%ﬁect%é bﬁérﬂ’nacﬁ@ﬁl&@“ﬂ‘é?em@é grred to

herein can exist In so vate s unsol vated forns i s_under st ood
that this i neelmcpmwoemso@fﬂﬁ%@e%mvwﬁ@m Hlhns@n08po4Ads hairgfayarable f or ns t hat

ossess the VA [ ' venti on.
%orrpounds ac?gé@gn %wargﬁ%@éﬁgﬁalb%\%ﬁé&gtnﬁ? ﬁp? Hﬁgiacggteiceat‘n%@%{;dlfled to be
det ect abl e byesthmse dhredlage hen-toxictaniddoat pessessissich nmrmaﬁ:otou@alspropmiebf this

i nventiong A | e t |\s beI ed conpound,
such as ag g‘i:g'fé’g‘gp&HV@&P%%S@'@&E%@&@‘SBU‘N@HP %tfq?l "L'ﬁ aln a pr(r)nge in
det ect i 03 a_ndkcret;dnmgihlegfabmﬂmmMa(psactiealdrhnaierqoﬂtat alr’]a)alsennm'lauhln tho;\rmg;l aphy

PET) and sin ot on SSI 0 ut e not her
faxarr%ol e of sﬁgl ltcgws&%tsoq"rgwmtqr%&ngﬁ%gq %B@é‘égb@ such as a
deut eri um an(ﬁ&@bsédpmtymd froneibiticy @rqm)fysnmng bajkcflmg/ be used i n reaction
utions

ki netic studies I S unders t hat' substi nd conbj nat i ons of
substitutions re%?rersaen%@ve.#dos\mthﬁ?@@hmeu E%ﬁ?@&@%’f@ﬂarﬂ!ﬂ“o refer to
SUbStltUt100n§>hhﬂﬁ'?éceﬁﬂ®IIyaécé‘#ﬂa"tﬂé §élt§fl|t1ch)lt!etlﬂe'fftb'll%\»iﬁ'i»}'j| ency of the nenber being
substituted. For exanple, a substitution ap to a carbon nmenber refers to

the tetravai ency efidginclugingageticacid, @, %’ﬁ‘éhlﬁ’ﬂ'%F éﬁ'@ya%ﬂatﬂﬁﬁﬁ@? W ied to a
ni trogen ”E”J%@ rc a’%ﬂﬁ didini §E|9r§scbﬂnc é]é?@ L& aﬁi@éc@%niﬁne@ul‘fﬂrﬁémn member t hat

| s conventi ona aracteri zed SI tive electric char ge. Val ence
al | owed opt i @ﬁgzcm @lééac@ammbew arid, >€+)s¢ﬂnnnhon9@c:ﬁdncqmehqswlfoniphe

" phar maceut i C.af‘}ildI Wo‘?ﬁ%ﬁﬁmc Qﬁb,?(%@n@g%oéa ik %Fﬁt {:]%ng%%fmd refer to

t hose salts, er forns _ resent
i nvent i ori5t haztnnmm @bmbe:staqapqdemlam adid qonacym&fguc aclsu etbargrii2t, i.e., those

t hat disuffonic acid, ethanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid,
fumaric acid, galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid,
D-glucuronic acid, L-glutamic acid, a-oxo-glutaric acid, glycolic acid, hipuric
acid, hydrobromic acid, hydrochloric acid, (+)-L-lactic acld, (+)}-DL-lactic acld,

20 lactobionic acld, maleic acid, (-)-L-malic acid, malonic acid, (+)-DL-mandelic
acid, methanesulfonic acid, naphthalene-2-suifonic acid, naphthalene-1,5-
disulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, nitric acid, oleic acid,
orotic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric acid; L-
pyroglutamic acid, salicylic acid, 4-amino-salicylic acid, sebacic acid, stearic

25 acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acld, thiocyanic acid,
p-toluenesulfonic acid and undecylenic acid; and

bases including ammonla, L-arginine, benethamine, benzathine, calcium
hydroxide, choline, deanol, diethanolamine, diethyiamine, 2-(diethylamino)-
ethanol, ethanolamine, ethylenediamine, N-methyl-glucamine, hydrabamine,

30 1H-imidazole, L-lysine, magnesium hydroxide, 4-(2-hydroxyethyl}morphaline,
piperazine, potassium hydroxide, 1-(2-hydroxyethyl)}-pyrrolidine, secondary
amine, sodium hydroxide, triethanclamine, tromethamine and zinc hydroxide.

15



14 WO 2005/ 044907 PCTi US2004/ 031855 are non-toxic and that woul d favorably
af fect the pharnmacol ogi cal properties of said conpounds of the present

i nvention. Those compounds havi ng favorabl e pharmacol ogi cal properties would
be apparent to the pharmaceutical chem st, he., those that are non-toxic and
that posseswowesn4gE0ar nacol ogi cal properties 5 to provi dgefidsbedsis fivk

pal atability, absorption, distribution, netabolismand excretion. Qher
factors, nore practical in nature, that are also inportant in the selection
are cost of raw ngierhabammaEMOBerghY sl Praphheduticali lnd:, SPARM.ItY,
hygroscopicity, and flowabl'lity of t'he resulting bulk drug. Representative
acids and bas%s 19Wét56ﬁh;ﬂ%Uh@biﬁ'npmom@%%ﬁarbdﬂﬁféfﬁ"@ﬁ- Exemplesrofaceuti cal | y

t abl ; : eI . D ; Cd.
SO oThl ahl or orulighie BGtotalbde ) IR Bt Bneflf dibibitteationgy & 1. |
ascor bi ¢ aci ¢henylGsqadievi-iestensi Qrefereadasters inciugaineethyliesters.oenzoi ¢ aci d,

4- acet am gobenzoi ' ) - ' ' ' fonic acid,

(+}(15) - cgnphor - 18“%&##8%('8‘}%@?@'9{&@@%%Vvﬁﬁ@@?&(&gﬁgﬁgﬁg‘qggﬂ* , caprylic acid,
15 ci nnam ¢ aompoundst ofithis diedtiore yialganemal, soctdprodnuge el be funetioral aci d,

et hane-1, 2- dj sul.fonigc, acid, ethanesulfonj.c aci 2: hydr oxy: et hanesul f oni c
aci d, for m c aBYaives o{the Gofrigtindk eCare ceatly comvartble iniiyq Bidihg ;'q)

gi ucohept oni Gegfiied coRpBLIE.OThs, #Lthe methbdll dftreaBidnt offhethredery! Ut ami ¢ aci d,
a-oxo-glutariq acid, glycqlic acid  hipuric acid, hydrobronic acid, _
hydr ochl ori c enton. the term “administeqngqshallenepmpass the trgatreentshtheact obi oni ¢ aci d,
mal efi ¢ a@l d.vafiols disdFBbisCdeBEritbd WRHSRE c6mp6ur spekcifichlly diSdiskdi o with@ d.

met hanesul foni ¢ aci d, napht hal ene-2-sulfonic acid, naphthal ene-1, 5-

di sui foni ¢ a&PEPoDdihat Biay .ot be ppRaiisAll dssiesednbutdhatraaverts @ thei t ri c aci d,

ol eic acid, : ' A b b Y ' p | j d, phosphoric
acid; L- pyr osgléﬂftl%d;?%ﬁ%%ng? ﬁgg/lr'):é(f:tgﬁdgmggﬁéﬁ’ﬂrgb gﬁﬁég%&til F@F@:&ym d, sebacic
aci d, steari dhe®mccempeunstiwhen applied toscampeunds withia the seapedf this d,

(+}L-tartari ks ' | 7 T o | ' ndecyl eni c
bo1 d. - and badente,shel BhdERLet bdttioro o tadEhE Boinb B ol ol 100

cal ci um Mydr(bhxadempohod (oreprodragktbat codvertsHathe specifieallyddistibsddam ne,

2- (di ethyl am - t hanol.am ne | | an hyl - gi ucam ne,
ycir abam ne, Sgwouf RS0 g Sof B evell ot Mch BRI GHn ghpibRy
4- ( 2- hydr oxy ddistidspdbereiral Carventional procedures for the selection and preparation of

suitable prodrug derivatives are described, for example, in “Design of

Prodrugs”, ed. H. Bundgaard, Elsevier, 1985.
20 -
Compounds where W is CR” were made accdrding to the synthetic
methods outlined in Schemes 1 and 2 and examples of such compounds are.
provided in the group:
EX Compound .
2-{2-Chloro-4-[3-(4-methyl-piperazin-1-yl}-propoxy]-phenyi}-4,5-
dimethyl-1H-benzoimidazole;
2-{2-Chloro-4-[3-(1-methyl-piperidin-4-yl)-propoxy]-phenyl}-4-methyi-
1H-benzoimidazole;
2-{2-Chloro-4-[3-(4-methy|-piperazin'-1-yl)-propoxy]-phenyl}-s-
trifluoromethoxy-1H-benzoimidazole;
5-tert-Butyl-2-{3-chloro-4-[3-(4-methyl-[1,4]diazepan-1-yl)-propoxy}-
phenyl}-1H-benzoimidazole;
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pi perazi ne, potassium hydroxide, 1-(2-hydroxyethyl)-pyrrolidine, secondary
am ne, sodi um hydroxi de, triethanol am ne, tronetham ne and zi nc hydr oxi de.
i5 WD 2005/ 044807 PCTI US20041031855 See, for exanple, S.M Berge, et alL,
"Pharmaceutical Salts", J. Pharm Sci. 1977, 66:1-19, which Is incorporated
her ei n by Wﬁ,ﬁg&g&, Exanpl es of suitable esters incl uger/cizodasdisss,

C5. 7cycl oal kyl', "phenyl, substituted phenyl, and phenyl Cl. 6al kyl - esters.
Preferred esters Include nethyl esters. 5 The present invention includes
within its scope prog-tegsButyl-2-f3echlarodEdysamtiof-piperazin-myipgropoxyl-1 n gener al ,
such prodrugs wbll be functional , derivative '8f he conpounds that are
readi |y convertible In vivo int oPPﬂy'PV'Z'ﬁ%WE’Pf Bound. Thus, in the nethods
of treatnent of the @ -2 03 AHBtHyRa-[3-{h metril-Piperiii Ny Bpespgorg- shal |
enconpass the téeat négit?j'g‘eﬂ?he%fo vay??(gug di srgr cﬁi%?s deTslgri bepc?agvith t he
conmpound specifically disclosed ghemyllrH-Benzobnigazoi®i t hat may not be
specifically disclos | bhaka. i . hid ound in vive
after adm nistrati ong-'?%n P H@I %gﬂ%ﬁ?ﬂ%ﬁﬁféiﬁgﬁgﬁl@{‘?l) E?ﬁgﬂtﬂgr%ﬁwﬁggpnpound", when
appl i ed to conpounds within the scopbeagoimidpzole; nventi on, shall enconpass in

addition to a specid g, ng _of I ; )] T A< ] pound (or
prodrug) that cgnvegr {egt W‘g@dgcﬁ@ﬁ%Zfﬁblag#é%f?)gégﬁcgg%%%ﬁ&qﬁ vivo after
adm ni stration, even if such prodrugbészairoldazolgl i citly disclosed herein.
Conventi onal procedur I eln 1.Qn.,of ui tabl e
prodrug derivat gves éﬁ?"[fg@é‘f’f@é@ﬁ‘1?'3#9“EQ'WSFE‘W%@@?g‘ﬁ‘%B?"V?'Pr odrugs", ed.
H. Bundgaard, Elsevier, 1985. pipyl-pymecidine3-yhvdipnethWdmineCR7 were nmade according
to the synthetic nme S | ined I ch and 2 and exanpl es of such
corrpound>s/ are gjovi ggg'?qrﬁgfu{héch&%ﬂﬂg'(gﬁ'e&%oﬁﬂ@zeﬁa"' -yﬁ-propo - :
2-{2-Chl oro- 4-[ 3- (4- et hyl - pi pRéRA)LEmbttyl-) HdeARRIdazeleeny| } - 4, 5- dinethyl -1
H benzoi m dazol e; 2 . .
2-{2- Chl or 0- 4- [ & ( -k IHgIo-45 I3 mpthy-Riperazin-d ydRrpreydRbenylzd-methyr - |
H-benzol m dazol &, 1H-benzoimidazole;
5-Methyl-2-{4-[3-(4-methyl-piperazin-1-yl}-propoxy]-naphthalen-1-yl}-
‘ 1H-benzoimidazole;
4-[3-(5-tert-Butyl-1H-benzoimidazol-2-yl)-phenoxy]-1-(4-methyl-
piperazin-1-yl)-butan-1-one;

14 5-Chloro-2-[3-chloro-4-(3-piperazin-1-yl-propoxy)-phenyl]-6-fluoro-1H-

benzoimidazole;

15 5-tert-Butyl-2-{3-methyl-4-[3-(4-methyl-piperazin-1-yl)}-propoxy]-.
phenyl}-1H-benzoimidazole;

16 2-{2-Chloro-4-[3-(1 -methyl-piperidinj4-yl)-propoxy]-phenyl}—4.6—
dimethyl-1H-benzoimidazole;

17 2-{2-Chloro-4-[2-methyl-3-(4-methyl-piperazin-1-yl)-propoxy]-phenyl}-
4-methyl-1H-benzoimidazole; '

18 5-Chloro—2-{3-chloro-4-[3-(4-methy|-pjperazin-1 -yl)-propoxyl-phenyl}-
6-methyl-1H-benzoimidazole;

18 6-Chloro-2-{2-chloro-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-phenyl}-
4-methyl-1H-benzoimidazole;

20 5-tert-Butyl-2-{3-chioro-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-

phenyl}-1H-benzoimidazole;
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3 2-{2-Chl oro-4-[3-(4-nethyl-piperazin-1-yl)-propoxy]-phenyl}-5-

trifluoronetho

H- benzoi m

Xy-

1 H benzoi m dazole; 4
5-tert-Butyl-2-{3-chloro-4-[3-(4-nmnethyl
phenyl }-1 H benzoi m dazol e;

5-tart-But¥!b230$§(§;@I§1I oro-4-[3-(4-methyl -
ol e;

4, 5-Di net hyl - 2-{3- et hyl - 4-[ 3- (4- et hyl - pi perazi n- 1-yl) - propoxy] -

H- benzoi m dazol e;
5-tert-Butyl-29{3-

benzoi m dazol e;

-[ 1, 4] di azepan-1-yl) - propoxy] -
16 WD 20051044807 PCTI US2004/ 031855 5
pi perazi n- 1-yl }prDpsegdo3piseny| } - 1

phenyl } -1

F 4C"('9{°'2'{ oro-4F!3 r‘% g\lert]hyipiperazg\- Xl)-p{opo?%] npqenyll H 7

8 5-tert- Butyl 2- {mpmzpimnmolm - 11, 4] di azepan- 1

 benzoi m dazopa2. SRR et AT AN RPN Ty o

m ne; 10 5- Chl or o- 2-{ 3- chl or o- 4-difBethyi-tkebénzointidaztieli azepan- 1- yI } propoxy] -

phenyl } - 6- et hyl -

razin-1-yl)- pr
5- Met hyl - 2- {4
H benzoi m dazo
H- benzoi m dazo

benzoi m dazol e
5-tert-Butyl

| e;

B T

(4 met hyl - p| pera2|1m-l-ﬁer)zb}n|ﬂdazm;y] napht hal en-1 -yl)- 1

2- §r§'ﬂﬂjﬁé§1 ?%ﬁgtﬁ F%Jf'lé(“"“ﬁﬁhﬁ‘eﬂ'a?ﬁﬁmﬂ VHPoReXY: 1-one; 14
5- Chl oro- 2-[ 3- c Ioro 4- (3- pi per agnenyll-1¥tbemz6irfdazblephenyl ] - 6
3- Rﬁ@ﬁworwi%i‘t-mw-ﬁwtqalrp*ey‘érﬂmoﬂl;nf}eﬁvlbﬁdﬁwyl- phenyl }-1

6-fluoro-1 H

H-benzoi m dazo? 1H-benzolm|dazole
2-{2- Chloro4[3(1 nmet hyl - pi erldn4m henb/l} 46 di met hyl -
H benzoi mi dazobﬁ S@Qiﬁuqu luprg-4-[rf4-mpthy ptparamh«y -PERsEYlazi n- |
-yl ) - propoxy] enyl }- 4-nmet hyl ﬂhéﬁ'y@qpizﬁﬁn%lﬂﬁaé%%.
07 2-{3-FIuoro-4-[3-(4—methyl—piperazln-1 -yl}-propoxyl-phenyl}-1H-
benzoimidazole;
08 2-{2-Chloro-4-[3-(4-methyl-[1,4]diazepan-1-yl)-propoxyl-phenyi}-4,5-
dimethyl-1H-benzoimidazole;
20 5,6-Dimethyl-2-{3-]4-(4-methyl-piperazin-1 -yl)-buloxy]-phenyl}-"lH—
benzoimidazole;
30 2-{2-Chloro-4-[3-(4-methyl-piperazin-1 —yl)~propoxy] phenyi}-4,6-
dimethyi-1H-benzoimidazole;
31 2-{2-Chioro-4-[3-(4-methyl-[1 4]diazepan-1-yl)-propoxy]-phenyl}-4-
methyl-1H-benzoimidazole;
32 5-tert-Butyl-2-{2-chloro-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-
phenyl} -1H-benzoimidazole;
a3 2-{3-Methoxy-4-[3-(4-methyl-piperazin-1-yl)-propoxy]- phenyl}-5-
trifluoromethyl-1H-benzoimidazole;
24 5-Chloro-2-{3-chloro-4-[3-(4-methyl-piperazin-1-yl)}-propoxy]-phenyl}-
6-fluoro-1H-benzoimidazole;
35 5,6-Dichloro-2-{2-chloro-4-[3-(4-methyl-piperazin-1-yi)-propoxyl-

36

phenyl}-1H-benzoimidazole;
5-Chloro-2-{2-chlioro-4-[3«(4-methyl-piperazin-1-yl)-propoxy}-phenyl}-
1H-benzoimidazole;

18



18 5-Chl oro-2-{3-chl oro-4-[3-(4-nethyl - pi perazi n-1-yl)-propoxy] - phonyl } -
6- met hyl -1 H benzol m dazol e; 19
6- Chl or 0- 2- { 2- chl or 0=4-[ 3- (4- net hyl - pi perazl n- 1-yl ) - propoxy] - phenyl }
4-met hyl -1 H benzoi m dazol e; 20
5-tert - But Wye2e0s@8448lr Or 0- 4- [ 3- (4- et hyl - pi per azi n- 1-yl ) -peirapsailosiggheny! }-1
H benzoi m dazol e; 17 WO 20 0 510 4 48 0 7 PCT/ US2004/ 031855 21
5-Chl oro-2-{3-fl uoro-4-[ 3-(4-nmet hyl - pi perazi n-1-yl)-propoxy] - phenyl) 1
H benzol m dazol e; . ;
o {2 Ohl or o- 4- 3. ( PRI 4 AR PR Sy SR TRERYTY D, 6.
dl met hyl -1 H-benzoi m dazol e; 23 &-fluoro-1H-benzoimidazole; .
5- Chl oro- 6- net hyl - 2-{3-[ 4- (4- net hy| - pi perazi n- 1-yl) but oxy] - phenyl }- 1
H benzol mi dazoéé; o4-hloro-2- -mgtﬁyl-lb-(%-neethy -piperale-1)-y )-propg)]:y]-%nen%}-}
5- Chl oro- 6-fl udro-2-{3-fl uoro- 4- [ 3-{MibsmloNibastider azi n- 1-yl ) propoxy] -
phenyl }-1 H benzoi m dazol e; 25 ) i
2- (3-Fl uor-o- 4- %g ( 3-{3Shipre-4rBrid-methvi-piperazin- tyGpespaylrhenylhs-metds hyl - 1
H-benzoi m dazoF'€; 26 1H-benzoimidazole;
5,6-Di fluoro-2-{3-fluoro-4-[ 3-§4- rretmy?- pi perazin-1-yl)-propoxy]- phenyl)-1
H benzol m dazol e; 275,6-Dichloro-2-{3-chloro-4-[3-(4-methyl-piperazin-1-yl}-propoxy}-
2-{ 3- Fl uor o- 4- f‘§ (4- met hyl - pi per%n@l}-ﬁ?—ﬂl&e}n%ﬂﬁ@é%é'phenyl }-1 H
2 1]

b imd | e; 8 ‘

2-6? an} 035?4-6'[42- ( 4- n&ChidreBimethyi2{8apathyli4-[3-|4-pethylepipéragineryl)-) - 4, 5 d

I met hyl -1 H beftzoi m dazol e; gﬁrﬁﬁk&@i}%bgnz{)ﬁmhéz él_— net hyl - pi perazin-1-y
| X '

| ) - but oxy] - phenyl }-1 H benz

2-{2- Chl or o- 4- [ 3- ( 2-{pahiyrb-4eBH 4 maethyl-pipeyazin-puyipoopydxylptesnyl5-rethyldi net hyl - 1
H benzoi mi dazoKe; 31 - .

2-{2-Chl or0- 4- [ 3- (4- met hyl - [ 1, 4] di a/&EP&RRIMIgAZA: o hoxy] - phenyl ) - 4- net hyl -1
H-benzoi m dazol e; &2Chloro-2-{3-chloro-4-[3-(4-methyl-piperazin-1-yl)}-propoxy]-phenyl

5-tent - Butyl - 24B2- chl or o- 4-f 13- (4- rrga‘}(hw f{,é)%pr azi n- 1yl))-/p|) ) IE)p)(r),(])rF;ox3>l]}: phenyl)-1
H benzol ni dazol e; H-benzoimidazole;

2-{3-Chloro-4-[3-(4-methyl-piperazin-1-yl)-propoxy}-phenyi}-5-
trifluoromethyl-1H-benzoimidazole;
5-Chloro-6-fluoro-2-{3-methyl-4-[3-(4-methyl-piperazin-1-yl}-propoxy]-
phenyl}-1H-benzoimidazole;
5-Methyl-2-{3-methyl-4-[3-(4-methyl-piperazin-1-yl)}-propoxy]-phenyl}-

46
1H-benzoimidazole;
47 2-{3-Chloro-4-[3-(4-methyl-piperazin-1-yl}-propoxy}-phenyl}-1H- -
_ benzoimidazole;
a8 2-{3-Methyl-4-[3-(4-methyl-piperazin-1-yl}-propoxy}-phenyi}-1H-
benzoimidazole;
49 2-{2-ChIoro-4-[3-(4-methyl-piperazin-1 -yl)-propoxy}-phenyl}-1H-
, benzoimidazole;
50 5-ChIoro-6-ﬂuoro-2—{3-methoxy-4-[3-(4-methyl-pipe'razir'|-1 -yl)-
propoxy]-phenyl}-1H-benzoimidazole;
54 2-{3-Chloro-4-[3-(4-methyi-piperazin-1-yl)-propoxy]-phenyl}-5-
methoxy-1H-benzoimidazole;
52 5-tert-Butyl-2(3,5-dibromo-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-

phenyl}-1H—benzoimidazole;
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3 2-{3- Met hoxy- 4-[ 3- (4- et hyl - pi perazi n-1-yl ) -propoxy] - phenyl -5-
rifluoronmethyl-1 H benzoi m dazole; 34
5- Chl oro- 2-{3-chl or o- 4-[ 3- (4- met hyl - pi perazi n-1-yl) - propoxy] - phenyl } -
6-fluoro-1 H benzol m dazol e; 35
5, 6- Di chl orwe2edsR448 or 0- 4- [ 3- (4- met hyl - pi per azi n- 1- yl ) -puraidilosisghenyl } - 1
H benzoi m dazole; 36 5-Ch loro-2-{2-ch loro-4-[3-(4-nmethyl-p i pe rani
n-1-yl)-p ropoxy]-phenyl}- 1 H benzoim dazole; 18 WO 20051044807

PCT/ US20041031855 = Chl or Q-:2-+4{ 2- orQ-4-:13-(4- -piperazin-1-yl)-pro
poxy] - phenyl } Aqil ugi'gﬁyg&c%g%i@'l(éﬁa‘fg@&f)@ raggl—ﬁyﬁ-%r%&w&hegw-%- “ yD-p

El-ghl orf) 2d{3 Imet hgl9 4-[ 3-(4- ltml.b;dmeihyletf-slzdnzolhalgtaz}qlnf opoxy] - phenyl }- 1 )
nyl }gnéomrant h;e/llz? ° I—I—b@ﬁ@)q?m? "{z)[ﬂ'(é métﬁyl—p?perazm— -yl) ;%x‘% pHenyl}yé )-propoxy] - phe

5, 6- Di chi oro-2-{3-chl oro-4- [31ﬁffhormﬁé1WHWWzamaaz’bieﬂ) propoxy] - 40
phenyl }-1 H benzol m dazagl e;

5- Chl or o- 6- met$ | -2-{3- ?rd@ﬁ%r(‘l—Met'y"Q'ﬁe'ﬁé‘f‘hwl-af%eﬁdﬂhﬁ"&l'yﬁ}
pr opoxy] - pheny %ll H-benzoi m dazol e; Hbhzéimidizeleh or 0- 4- [ 3- (4- net hyl - pl per azi n-|
-yl } propoxy] - phenyl(iy{S net hyl - 1 H benzol m dazol e;

43
5- Chl or 0- 2-{ 3- gl 0 34L4f(s Mathwmimaz"prﬂw&wwl-pheqwhwawldpm!ny|}

| H benzol m daz
2-{3-Chl or 0- 4- [ 3- ( 4- ot hyl - pi per asP A PLeTyHmetanene: | - phenyl }- 5
trifluoronethyl -1 B-Ghiowe2-{d-chigrore[3-(43nethyl-piperidin-4-yl)-propoxy]-phenyl}-

5- Chl or o- 6- | uBf o- 2- { 3- met hyl - 4- PP _
phenyf);?l H benzoi m'fjazgfe;y% Aiethi-{FRbONGihiaRg82! -1 -yl }propoxy]

5- Met hyl - 2- { 3- net hy| -b4eftButyl-2ABtdhidro-BiP¢t-amithiyi-pipetidiprdey pprppoxiienyl ) -
1H benzoi ni daz8Be; 47

2-{3-Chl oro-4-[ 3-(4-net hyl - pi perpo[}qnxl} 1H3H%"5?'8B%¥3919 phenyl)-1 H
69 2-{2-Chloro-4-[3-(1-methyl-piperidin-4-yl)-propoxy]-phenyl}-4,5-

dimethyl-1H-benzoimidazole;
'5-Chloro-6-methyl-2-{4-[3-(1 -methyl-piperidin-4-yl}-propoxyl-phenyl}-
1H-benzoimidazole; ‘
5-Chloro-2-{4-[3-(1-methyl-piperidin-4-vi)-propoxy}-phenyl}-1H-

61
benzoimidazole;
62 5-Chtoro-6-fluoro-2-{4-[3-(1-methyl-piperidin-4-yl)-propoxy]-phenyl}-
1H-benzoimidazole;
63 5-tert-Butyl-2-{4-[3-(1-methyl-piperidin-4-yl)-propoxy}-phenyl}-1H- .
benzoimidazole;
5-Methyl-2-{4-[3-(1-methyl-piperidin-4-yl}-propoxy]-phenyl}-1H+-

' benzoimidazole; _
65 2-{4-[3-(1-Methyl-piperidin-4-yl)-propoxy]-phenyi}-1H-benzoimidazole;
66 6-Chloro-2-{2-ﬂuoro-4-[3-(1-methyl-piperidin-4-yl)-propoxy]-phenyl}-4-

methyl-1H-benzoimidazole;
67 5-Fiuoro-2-{2-methyl-4-[3-(1-methyl-piperidin-4-y|}-propoxy]-phenyl}-
1H-benzoimidazole;
68 4-Chloro-2-{2-methyl-4-[3-(1-methyl-piperidin-4-yl)-propoxy]-phenyl}-
1H-benzoimidazole;
69 6-Chloro-4-methyl-2-{2-methyl-4-[3-(1-methyl-piperidin-4-yl)-propoxy]}-

phenyl}-1H-benzoimidazole;



benzol m dazol e; 48 2-{3-Met hyl - 4-[ 3- (4- et hyl - pi perazi n-|
-yl } propoxy] - phenyl }-1 H benzol m dazol e; 49

2-{2-Chl oro-4-[ 3- (
benzoi m dazol e;

5- Chl or o- wal t%ro?

pr opoxy} pheny

4 met hyl - pl perazi n- 1-yl ) - propoxy] - phenyl ) - 1H

{3- met hoxy- 4- [ 3- (4- net hyl - pl per azi nedrys2p04/031855
H benzoi m dazol e; 51 2-{3-Chl oro-4-[3-(4-nethyl-piperazi

n-1-yl ) - propoxy] - phenyl }-5- net hoxy-1 H benzoi ni dazol e; 52

5-tert-Butyl-2-{3,
phenyl)-1 H bepgoi
2-{2- Met hoxy- 4- [3
trifluoronethyl -
2-{2-Cnhl oro-4- P
trifluoronethyl-1
2-(3-[3-(4- N@thyl
{3-[4-(4- Nb
yl) - phenyl - h
Chl

nmet hyl -1 H-bz
i di n-4-yl)-pr g
{2-Chl oro-4-[3-(
benzoln1dazok§
) - propoxy] - phenyl }
5-Chloro-2-{4-[3-(
benzoi m dazol e;
5- Chl or o- 6- f | uéPo-

(2-
5-
6-
4-
]
2-
H-

76
77
78
79
a0
81
82
a3
84

85

oro- 2-(2- chI or

SRR oA SR OB A el

(4 met hyl - pi pei-funiro-1H-beyizpimidanstey] - phenyl }-5

(- ARERNORITEL T piperinr sy Ryposaon -

H- benzoi m dazol ﬁaphthon ,2-dJimidazole;

bRy e B b p R e R ol

anone; + 57 henyl}-1 H-benzoimidazole;

d
?1%?%5’&‘69‘@ [&ﬁﬁ'"!?ﬂ%‘ﬂpggflifﬁ'gﬁp{é%ﬁ%w]f@&gﬁpﬁet hyl - pi pe

oxy] - phenyl)- 1Hb9ﬂ¥9éﬁﬂoﬁﬁé@icﬂ>e 59

1- net hyl - pi peridin y heny -4 5 di net hyl -

ee[fﬁaznouﬁ@ @m@hwwlpqaqiw1tmqrﬁpwﬁ) AT iaren n- 4. v
enzoi m

1- net hyl - | P nzorirgllgg)z(?/lf phenyl }-1 H

2-{2-Chloro-4 [3-(4~methyi-p|perazm- -yl)-propoxy]-phenyi}-3H-
2-{4-[3-(1-net hxéph%éﬁabldiiihpda@o}él ) - propoxy] - phenyl } -
6-{2-Chloro-4-[3-(4-methyl-piperazin-1-yl}-propoxy]-phenyl}-6H-
[1,3]dioxolo[4',5":4,5}benzo[1,2-d]imidazole;
6-Chloro-2-{2-chloro-4-[3-(4-methyl-[1,4]diazepan-1-yl)-propoxy]-
phenyl}-4-methyl-1H-benzoimidazole;
2-{3-Chloro-4-[3-(4-methyl-[1,4]diazepan-1-yl)}-propoxy]-phenyl}-4-
methyl-1H-benzoimidazole;
4,6-Dimethyl-2-{3-[4-(4-methyl-[1,4]diazepan-1-yl}-butoxy]-phenyl}-
1H-benzoimidazole;
5-Chloro-2-{4-[3-(4-methyl-piperazin-1-yl)-propoxy]-phenyi}-1H-
benzoimidazole;
2—{4-[3-(4-Methyl-p|perazm -1-yl}-propoxy]-phenyl}-1H-
benzoimidazole:
{2-(6-Chloro-4-methyl-1H-benzoimidazol-2-yi)-5{3-(1-methyl
piperidin-4-yl}-propoxy}-benzyl}-dimethyl-amine;
{2-(5-Fluoro-4-methyl-1H-benzoimidazol-2-yl)-5-[3-( 1-methyl-
piperidin-4-yl}-propoxy}-benzyl}-dimethyi-amine;
4-{3-[4-(6-Chloro-4—methyl;1 H-benzoimidazol-2-yl}-3-methyl-
phenoxy]-propyl}-[1,4]diazepan-5-one;
4-{3-{4-(5-tert-Butyl-1H-benzoimidazol-2-yl)-3-methyl-phenoxy]-
propyl}-1-methyl-[1,4]diazepan-5-one;
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62 1 H benzoi m dazol e; 63
5-tert-Butyl-2-{4-[3-(1-nethyl-piperidin-4-yl)-propoxy]-phenyl}-1 H
benzol m dazole; 64

5- Met hyl - 2- {4-[ 3- (1- net hyl - pi peri di n-4-yl)-propoxy] - phenyl }-1 H

benzoi m dazgbeagosidee? PCT/US2004/031855
2-{4-[3-(1-Methyl - pi peridin-4-yl)-propoxy] - phenyl }- 1H benzoi m dazol e; 66
B- Chl or 0- 2-{2-fl uoro- 4- [3 (1-nmet hyl - pi perid in-4-yi)-propoxy]-phenyl)-4-

thyl-1 Hb - 67 N
5 or o- 9. {5t E’yf% iy ety 32 methytpperpain-d-ylkproponk, s g
H benzoi m dazol €; phenyl}-1H-benzoimidazole;

i bengor i desae: hy o5 i S’z (B Pl RRL SO dloarkain PRIy ! ) - 1
6- Chl or o- 4- net yi 2 {2 met hyl - 4ph3n3(l}k1h11bbh;d|m;dapaié;jl n-4-yl)- propoxy]

2?&2?235%?5;;3: oS-t T s FASBRRYPOWAY 1) -1 uor -1

H benzoi m dazole; 71 2- [2 Chl or o- 41[—|3ae(niolﬁ‘ﬁ>ddi\ble pi peri

di n-4-yl) - propoxy] - he 3H- na ht hog 2-d]imdazol e
4, 6- Di et hyl A% yﬁ(%rp&ﬂﬂ'nﬁylmrymwbekmyllpheny|) 1
H benzoi i dazf 1H-benzoimidazole;

2-{2-Cnhl oro-4- [3 (4 met hyl - pi perazin-1- ?'fnro oXy henyl }-4-nmethyl - 1
H benzoi ni dazo] e: @-Lhloro-2-{4-[3-(1-ethyi-piperi n-4-yl)-propoxy]- -methyl-phenyl}-4-

2{2-Chl oro-4-| (4 nmet hyl - pi per%bﬂyﬂ‘[ﬂbénﬂrﬂﬂgﬂé phenyl }-5-fl uoro-

4- et hyl -1 H benzoi m dazol e;

2-{2-Chl oro-4- $3 (4{2?&3&@910110]54 (femamyhili-bph;oupld@pd@yl)-pW}etBﬂ}—
napht ho[ 1, 2-d dazole; 76

6- ?2- Chl[ or o- 4] [ 3- (4eret hyl - pF‘B 5 1—meTyI§/;f ?%"dc')npgﬂ)]am e’nyl ] 5H

[ 1, 3] di oxol o] 4' , 5' : 4-6hlosré-njethyi-2€pimetbiglAeR€ 1 -méthyl-piperidin-4-yloxy)-

6- Chl or 0- 2{ 2- c%# or 0- 4-[ 3- (4- 'rrgt}_lg I]-b[‘n%nyzll]lﬂ-il %enzopr%%azolgl ) - propoxy] -
6-Chloro-4-methyl-2-{2-methyl-4-[3-(1-methyl-1,2,3,6-tetrahydro-
pyridin-4-yi}-propoxy}-phenyl}-1H-benzoimidazole;
5-Fluoro-4-methyl-2-{2-methyl-4-[3-(1-methyl-1,2,3,6-tetrahydro-
pyridin-4-yl}-propoxy}-phenyl}-1H-benzoimidazole;
6-Fluoro-7-methyl-2-{3-[4-(1-methyl-piperidin-4-yl)-butoxy}-phenyl}-

95
1H-benzoimidazole;
96 7-Methyl-2-{3-[4-(1-methyl-piperidin-4-yl)-butoxy]-phenyl}-1H-
benzoimidazole;
97 6,7-Dimethyl-2-{3-[4-(1-methyl-piperidin-4-yl)}-butoxy}-phenyl}-1H-
benzoimidazole;
28 5-Chloro-7-methyl-2-{3-[4-(1-methyi-piperidin-4-yl)-butoxy]-phenyi}-
1H-benzoimidazole;
99 5,7-Dimethyl-2-{2-methyl-3-[4-(1-methyl-piperidin-4-yl)-butoxy]-

phenyl}-1H-benzoimidazole;
5-Chloro-7-methyl-2-{2-methyl-3-[4-(1-methyl-piperidin-4-yl}-butoxy]-

phenyl}-1H-benzoimidazole;
6-Fluoro-7-methyl-2-{2-methyl-3-[4~(1-methyl-piperidin-4-yl}-butoxy]-

phenyl}-1H-benzoimidazole;

100

101
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phenyl }-4-nmethyl -1 H benzoi m dazol e; 78

2-{3-Chl oro-4-13-(4-nethyl -[1, 4] di azepan- 1-yl ) - pr opoxyj - phenyl } - 4- net hyl -
H benzoi m dazol e; 79

4, 6- Di net hyl - 2{3 [4-(4-nmethyl-[1", 4] di azepan- 1-yl) - but oxy] - phenyl }- 1

H benzoi ni 448509 PCT/US2004/031855

5- Chl oro- 2-{4-] 3- 34- met hyl - pi perazi n-1-yl)-propoxy] - phenyl}-1 H

benzoi m dazol e; 81 2-{4-[ 3-(4- Met hyl - pi perazi n-1-yl)-propoxy] - phenyl }-1 H

E'_eg é (r)1 |Z gil ?n aé glz e, ,2oy l%ﬁgér%fm?.ﬂ%ﬁﬁm‘.gthgrl-pnpend:n-4 -yloxy}-propoxy}-

peri di n-4-yl }propoxy] benzyl } - pheml}hﬂ-bmu’r&daz%& f8d ( 5- Fl uor o- 4- net hyl -
H benzoi m dazol - 2-yl ) - 5- 1- net h

peridin-4-yl) - %opoxﬁ ?%EWE’&H"? "lﬂﬂ?%"ﬂ Y e"éwzob%'yu{sﬁ-s[(l'r?%h%l or o- 4- net hyl -
H benzoi m dazol 2-yl)-3-net éndlrpb-@rl)fpmﬂoxp]'l yi-niethaHolli azepan- 5-one; 85
4{3-[4-(5-tert-Butyl -1 H-bemnzm m dazol - -ylg’ﬂ3wr;et hyl - phenoxy;j
propyl)-1-nmethyl -[1, 4] dl azepan-5-one; 21 WD 2005/ 044807 PCT/ US2004/ 031855

86 5-tert-Butyl - Z54rds cmdFWhePe MsWw@ietrﬁadeéacem‘rfgztbnnésyﬁmaﬁdorOpoxy]
phenyl }-1 H benzoi mdazo

rt-Butyl - 2- {meﬁmdﬁwﬂlneq! m%@epmhmhrqygb@r%mmmpjﬂsofﬁﬂ%éwpourmenw} 1

H benzoi m da
6- Chl or o- 4- n'e Q%chegﬁ)up 4- ( 3-pi perl di n- 4-yl - propoxy) - phenyl ]- 1
H benzol m dazcE)é Compound

o Eleﬁ%?}rfégg;%! "G e RaRRh flkefaath- R RBEB B 1 89 1

) - pr opoxy] - 2- met hyl - pheny! } - 4- rrm-yi},cm-tbehzdmmzmm dazole; 91

2-[3-Chl -4- (4- i dazol

Eret Lyl -( 1- et hmﬂ- pgﬁﬁ%ﬁwrfﬁk@qﬁ b,ziﬂz%jizl'gi ;}:&05’ A
5-Fluoro-4-methyl-2-{6-[3-(4-methyi-piperazin-1-yl}-propoxy]-pyridin-

105 _
3-yl}-1H-benzoimidazole;
106 4-Methyl-2-{6-[3-(1-methyl-piperidin-4-yl}-propoxy]-pyridin-3-yl}-1H-
benzoimidazole;
107 4,5-Dimethyl-2-{6-[3-(1-methyl-piperidin-4-yl)-propoxy]-pyridin-3-yl}-
1H-benzoimidazole;
108 4-Chloro-2-{6-[3-(1-methy!-piperidin-4-yi}-propoxy]-pyridin-3-yl}-1H-
benzoimidazole; ‘
108 6-Chioro-4-methyl-2-{4-methyl-6-[3-(1-methyl-piperidin-4-yl}-propoxy]-
pyridin-3-yl}-1H-benzoimidazole;
110 4-Methyl-2-{4-methyl-6-{3-(1-methyl-piperidin-4-yi)-propoxy]-pyridin-3-
yl}1H-benzoimidazole;
111 5-Fluoro-4-methyl-2-{4-methyl-6-[3-(1-methyl-piperidin-4-yl)-propoxy]-
pyridin-3-yl}-1H-benzoimidazole;
112 4,5-Dimethyl-2-{4-methyl-6-[3-(1-methyl-piperidin-4-yl)}-propoxy]-
pyridin-3-yl}-1H-benzoimidazole;
113 4,6-Dimethyl-2-{4-methyl-6-[3-(1-methyl-piperidin-4-yl)-propoxy}-
pyridin-3-yi}-1H-benzoimidazole;
114 4-Chloro-2-{4-methyl-8-[3-(1-methyl-piperidin-4-y!}-propoxy}-pyridin-3-

yl}-1H-benzoimidazoie;
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6- Chl or o- 4- net hyl - 2- { 2- net hyl - 4-[ 2- (1- et hyl - pi peri di n-4-yl oxy)- 92
et hoxy] - phenyl }-1 H benzoi m dazol e; 93

6- Chl or o- 4- met hyl - 2-{2-net hyl -4-[3-(1-nethyl -1, 2, 3,6-tetrahydro-
pyri dl n-4-yi) propoxy] - phenyl )-1 H benzoi m dazol e; 94

5- Fl uor o- 4wm10hy¢44ﬂw{2 met hyl - 4-[ 3- (1- met hyI 1, 2, 3, 6-t ebecpOYIHOHO31855
pyridin-4-yi)propoxy]-phenyl}-1 H benzoim dazol e; 95

6- Fl uor o- 7- met hyl - 2- { 3-[ 4- (1- net hyl - pi peri di n-4-yl) - butoxy] phenyl }- 1
H b imd I

7- Nt hyl - 2-{ 3408 1%%“ﬂ'° S mgtypiReging:Yberopoxytoytfin-i-p-

benzoi nmi dazole; 97 6, 7- D| met fb;dre-z-r{ﬁem{/léliﬂ bemmoirhigazqdéper i di n- 4-yl ) but oxy
-phenyl}-1 H b

SCChl ot b 7- et GQF?' ’%%f?f TP RSB R OP PR ey - 1

H- benzoi m dazol e; methyl-1H-benzoimidazole;

o, - D met hyl - 2- {2 é}‘éb@(l-i El-[cﬁlogo-(-s-ri:ffH1 X'Iletl‘f))ll Blggrlléj n-gf-y?) B’ro?)oxyﬁ'tp?r)ﬁfnl 3- phenyl}-1

H- benzoi m dazoll

5- Chl or o- 7- et hyI 2-{2-nmet hyI §|}-h4néthylnm~5yﬁzoﬁmﬂeidiétl n- 4-yl } but oxy] -
phenyl }-1 H benzoi m dazaol e

6- Fl uor o- 7- metﬂ§ dZCWB'Pr@r[&@"IQ"W&PIW{W'YB‘IWH’W@ 3vbdi%xy) - 101
oi mi

phenyl)-1 Hb azol e; diGt gwgéﬁgmdﬁg[é US20041031855 102
6- Fl uor o- 7- met hyl - 2-{ 3- [ 3- (1- net hyl - pi peri di n- 4-yl oxy}p

phenyl ) - 1H benzqi ni zMef@oxxaﬁdG-wme{ml-pleemdlnrdryd)-ntom vn n-3-yl}-4

1
H-benzoi m dazol ¥2-yi) - 5-[ 3- (1- netfa H-b idazol
pi peri di n-4- yI) pr opoxy) - phenyl } WP’P enzoueoazoends where Wis N were nmade

according to t @?) s@*ﬁt@é@-?#ﬂiﬂtMSﬁ Eﬂmmetbrl Hmrigmh%MFQPOKWrMQW-G and
exanples of s conpounds arﬁyl}’-ﬁ?ﬂétﬁﬁ%ﬂbﬁzﬁﬁi@éﬂé‘? EX Conpound

5-Fluoro-4-methyl-2-{6-[3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl)-
propoxy]-pyridin-3-yl}-1H-benzoimidazole;
122 4-Methyl-2-{6-[3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl}-propoxy}-
pyridin-3-yi}-1H-benzoimidazole;
6-Chloro-4-methyl-2-{6-{3-(1-methyl-1 .2.3.6-tetrahydro-pyrid||;|-4-yl )

121

123 propoxy]-pyridin-3-yl}-1H-benzoimidazole;

124 4,5-Dimethyl-2-{6-_[3—(1 ~methyl-1,2,3,6-tetrahydro-pyridin-4-y1)-
propoxy]-pyridin-3-yl}-1H-benzoimidazole;

125 4,8-Dimethyl-2-{6-[3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl)-
propoxy]-pyridin-3-yi}-1H-benzoimidazole;

126 5-Chioro-4-methyl-2-{6-[3-(1-methy}-1,2,3,6-tetrahydro-pyridin-4-yl)-

propoxy]-pyridin-3-yl}-1H-benzoimidazole;
5-Fluoro-4-methyl-2-{6-[3~(1-methyl-piperidin-4-yl}-propoxy]-4-

127 pyrrolidin-1-ylmethyl-pyridin-3-yl}-1H-benzoimidazole;
128 2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4-
methyl-1H-benzoimidazole;
128 2-{5-Brom 0-2;[4-(1 -methyl-pipe ridin-4-y|)-butoxy]—pyridin-4-y|}-5-
fluoro-4-methyl-1H-benzoimidazole;
130 2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl}-butoxy]-pyridin-4-yl}-6-

chloro-4-methyi-1H-benzoimidazole;
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103 6- Chl or 0- 4- et hyl - 2- { 6- 13- (4- net hyl - pi perazi n-1-yl) - propoxy)-pyridin-
3-yl}-1 H benzoi m dazol e; 104

4- Met hyl - 2-{6-[ 3- (4- et hyl - pi perazi n-1-yl)-propoxy]-pyridin-3-yl}-1 H
benzoi m dazol e; 105 5-Fl uoro-4-nethyl -2-{6-[ 3-(4-nmnethyl -pi

per azi n- 1- wo2esopsxy] - pyridin 3-yl)-1 H benzoi m dazol e;pchifs2004/031855

4- Met hyl - 2- {6-[ 3- (1- net hyl - pi peri di n-4-yl }propoxy] -pyrldin-3-yl}-1 H

benzoi m dazole; 107 4, 5-Di methyl-2-{6-[3-(1-m

et hy: - pi peri di1n:-B4- yZQS-Bl;]oﬁnﬂl Z—jd-ﬁpr_ﬁét:rdi-pip&l{dm-}-yl}ﬂﬂ{d)qpm'fdm-d: qqd,?a; 108
-l or o= 2 L6788~ (1 et hyl - bl pegy s barRbimsastls PV o1 n-s-v) -1

6- Chl or 0- 4- met hy - 2 {sleRid1I4-Br-mathylLpiFBidrrl-DitResiypytidindlyhes gpoxy] - 109
pyrl di n-3-yl) -182H be-{nzol m daiofie,; %Opw W Apof )ﬂ}ﬂ-’(

4~ Met hyl - 2-{ 4- et hyl - 6- [ 3- ( 1- medimathy! ehangeimidazple; pr opoxy] - pyri din-3- yl}-1
H-benzoi m dazol e; - {4-(1-methvl-piveridin-4-vi - ovridin-4-vil-5- :
5- Fl uor o- 4- net1i3gl - 2-2{'{2?-858?‘835 [ 6(-1 [r%?t({-pn%et"hml - Bi?'ggtr°f‘§lu %rlgl_nﬁ Y'J'Sr opoxy]- 111
pyridin-3-y1)-1 H benzoi m dazblaso-4imethyl-1H-benzoimidazole;

4, 5-Di met hyl - 2- { 4- gt Byl - O[3+ T= ek Av] =i peni dine 4-vi10r,0 :
pyrldin-3-yl}434H gZ‘Fr’]Iz%‘%%gga[gcgf ée‘?@@?ﬂen&ihﬂeyﬂ- Ehthy‘} p‘éhéiﬂ-@ﬁﬁéﬂn

4, 6- Di et hyl - 2- { 4- net hyl - 6- [ 3- ( 1 boiyi-hiitbepegimidadoie;: 4- y| } pr opoxy] -
pyridin-3-yl}-1 H penzai ? ol & 114, . iy )

4- Chl or o- 2- { 4-pagt &F@%%‘s %f#éf‘h’i?f“}‘& pesridin-tyh Ryl - di n-3- yi )1

H- benzol nmi dazol e; 23 WD 2005/ 044807 biefdditdiiz@6léf 031855 115 ‘

2-{4-Chloro-6-[3-(1-m_e | -pbipe rids n-4:-y| oxy]-pyridin-3-yl)-5

2 4 O or 0. 13 (L e P8 b perio S SulSa i 5 .

2-{4-Cnhl oro-6- (32 (1- net hyl - pi fhgro-dimethylyin-bérzoneidsdol@yri di n-3-yl)-4- methyl -1

H benzoi m dazol €; .
2-{5-Chloro-2-[4-(1-methyl-piperidin-4-yi )—butoxy]-pyrldln-4-y|}-4,5-

137
dimethyl-1H-benzoimidazole;
138 4,6-Dimethyl-2-{2-[4-(4-methyl-piperazin-1-yl)-butoxy]-pyridin-4-yi}-
1H-benzoimidazole;
1 3‘9 4-Methyl-2-{2-[4-(4-methyl-piperazin-1-yl}-butoxy]-pyridin-4-yi}-1H-
benzoimidazole;
140 4,5-Dimethyl-2-{2-[4-(4-methyl-piperazin-1-yl}-butoxy}-pyridin-4-yl}-
1H-benzoimidazole;
141 5-Fluoro-4-methyl-2-{2-[4-(4-methyl-piperazin-1-yl}-butoxy]-pyridin-4-
‘ yl}-1H-benzoimidazole;
142 6-Chloro-4-methyl-2-(2-[4-(4-methyl-piperazin-1-yi}-butoxy]-pyridin-4-
yl}-1H-benzoimidazole;
143 5-Fluoro-4-methyl-2-{2-[4-(4-methyl-[1,4]diazepan-1-yl)}-butoxy]-
pyridin-4-yl}-1H-benzoimidazole;
144 4,5-Dimethyl-2-{2-[4-(4-methyl-[1,4]diazepan-1-yl)-butoxy]-pyridin4-
yi}-1H-benzoimidazole;
145 4,6-Dimethyl-2-(2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole;
146 4-Methyl-2-{2-[4-(1-methyl-piperidin-4-y1)-butoxy]-pyridin-4-yi}-1H-

benzoimidazole;
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117 8-Chl oro-2-{4-chl oro-6-[3-(1-nethyl-piperidin-4-yl)-propoxy]-pyridin-3-
yl }-4-methyl -1 H benzoi m dazol e; 118

2-{4-Chl oro-6-[ 3-(1-net hyl - pi peridin-4-yl}propoxy]-pyridin-3-yl)-4, 6-
di met hyl -1 H benzoi m dazol e; 119

2-{ 4- Vet hoxys Sokidaboy- et hyl - pi peri din-4-yl}pro poxy] - pypegiuS2084d318s54-
nmet hyl -1 H benzoi m dazol e; 120 5-Fl

uor o- 2- { 4- met hoxy- 6-[ 3- (1- et hyl - pi peri di n-4-yl) - propoxy] - pyri di n-
3-yl)-4-nethyl - 1 Hlppredmetayld-f2-{442-methyl-piperidin-4-yl)-butoxy]-pyridin-4-

5- Fl uor o- 4- netlkyl - 2- (6- ( 3- ( 1- net h&b‘- &I 2, 3, G:éa%t |’ ahydr o- pyridin-4-yl)-
propoxy] - pyri di n-3-yl ) -1 H benzol MrdERgnZoimidazole;

4- Met hyl - 2-{ 6- [ 3- ( 14.beighyte- iv[&(ﬁpﬁtﬁfbfpéﬁﬂiﬁ'—ﬁ%dfbﬂtb@]iﬁyﬁdiHM)yI]PTHl-pOXY] -
pyridi n-3-yl }-188H benzoi m dazole; 123 =

6- Chl or o- 4- met hyl - 2- { 6- [ 3- (1- net hy| Penzoimidazelgt r ahydr o- pyri di n- 4-yl ) -
propoxy] - pyri di n- 38 hmdihtk h I3 ridihadd : i .

3 50D et byl - age TP IAE RO PR ABA buosetdnA T o
poxy] - pyri di n-3-yl }-1 H benzoi ni dazdeszoimidazole;

4, 6-Di net hyl - 2-{6-£: = e - 1254318+ I Oz Dy hi S0z = - 125
propoxy] - pyri disp- é%d’rg%%@k&%iﬁﬁ%%ﬁﬁﬁ pﬁﬁfn w b'ugdxg] pﬁfd}f'u

5- Chl or o- 4- net hyl - 2- {6- [ 3- ( 1- net hyl}H:-l&n2olfridazoleghydr o- pyri di n-4-yl ) -

POt AT Sl RO i b st
pyrrolidin-1-ylrnethyl-pyridin-3- yij1Hbenzbienidarons; dazol e; 128 ,
i bonzor M dazbieg: 106, SHertBUBES 2P pipeddl a EbRSK)y Find ffr ) -4 eyl
2-{5- Brono- 2- [ 4- (1- net hyl - pi peri di n-benydipidazblexy] - pyri di n-4-y5-

fl -4-methyl-1 HDb | m . 130 4

2 (5 B omo- 2- Ly ( 1. oty DITRBEE ArhPREA-htuAy By ) - 6.

chl oro-4-nethyl’-1 H benzoi m dazol e; péhzdiiidiR6R/ 044807 PCT/ US2004/ 031855

wirome 2 LE e et Bperain P odon pyra-4 4, Sdmetrgi . ©
benzoimidazole;
155 4 .6-DImethyl-2—{3—methyl-2-[4-(1 -methyl-piperidin-4-yl}-butoxy)-
- pyridin4-yl}-1H-benzoimidazole;

156 4-Methyl-2-{3-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-
yl}-1H-benzoimidazole;

157 6-Chloro-4-methyl-2-{3-methyi-2-[4-(1-methyl-piperidin-4-yi)-butoxy]-

pyridin-4-yl}-1H-benzoimidazole; '
458 2-{3-Chioro-2-[4-(1-methyl-piperidin-4-yl }-butoxy]-pyridin-4-yi}-4-
methyl-1H-benzoimidazole;
159 2-{3-Chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4,5-
dimethyl-1H-benzoimidazole;

160 4-Chloro-2-{3-chloro-2-[4-(1-methyl-piperidin-4-yl}-butoxy]-pyridin-4-
yl}-1H-benzoimidazole;

161 2-{3-Chloro-2-[4-(1-methyl-piperidin-4-yl}-butoxy]-pyridin-4-yi}-5-

fluoro-4-methyl-1H-benzoimidazole;
162 2-{3-Chloro-2-[4-(1-methy}-piperidin-4-yl}-butoxy]-pyridin-4-yl}-4,6-

dimethyl-1H-benzoimidazole;
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131 dinethyl -1 H benzol m dazol e; 132

2-{5-Brono-2-[4-(1-net hyl - pi perl di n-4-yl)-butoxy]-pyridin-4-yi)-4,5-

di ret hyl -1 H benzoi m dazol e; 133

2-{5-Brono-2-[4-(1-methyl - pi peridin-4-yl}butoxy]-pyridin-4-yl)-5-

chl or o- 4- "Rjdydos/daabbdENZOl M dazol e; 134  PCT/US2004/031855
2-{5-Brono- 2-[ 4- (1- net hyl - pi perdi n-4-yl } but oxy] -pyridin-4-yl)-5-tert- butyl-
H benzol m dazol e; 135

5-tert-Butyl - -gz pacr(lqrwae{&mlorp@dér(nmneihylp;neyldmc&-wyl%y]rmﬂmﬁ-y| 11 H
benzoi m dazol

2-{5-Chl oro- 2- [4 (1 nmet hyl - pi pgl;l—élmetﬂyl- II-$ b%nztmmld?zopl)eyrl di n4-yl}-5

fl uor o- 4- net hyp 1 B-(hidomeﬂ-{ﬁ-cimro#k[ﬁ-(i&ﬂetﬁyl{ﬁpeﬁldln|-4}yl)o-bﬂto§qq-;(y]:dlme¢ hyl - pi peri dl
n-4-yl) - but oxyB4pyridin-4-yl]-4 nzol m dazol e; 138

4, 6- Di met hyl - 2-{ 2-[ 4- (4- et hyl ¥ %“B%‘Eﬂﬂg%"’x‘?ﬁ‘ %xy] pyridin-4-yl}- 1
H-benzoi i dazol e; 5-Fluoro- -4-methyl-2-{5-methyl-2-[4- (1 methyl-plpeddln-4-yl)—buto l-

4- Met hyl - 2- { 2-168- (4- met hyl - pi per d7'-2 E ?%L cﬁa/rldln yl} 1 H 139
benzoi mi dazol e; 140 pyridin enzoimitaz

4, 5- Di et hyl - 2-{ 2- [546616@8‘-“%'20{5%&%?1@{41('1%&thMT-;SlWr]diMfyl)fBuM}-y|} 1

H benzoi mi dazdicé; 141

5- Fl uor o- 4- met hyl - 2- { 2- 14- ( 4- nEYIidin-4piipd-agnzelmidezaleisut oxy] - pyri di n-4- yl}-|
Hbenzoi m dazol e;  84¢r-Butyl-2-45- thyl-2-[4-(1-methy-piperidi -4-lbt r
6- Chl or o- 4- net1éyl - 2- { 2- FEY j meh} [ ( g1reazy| Rlpfn?/n y% ”°Ty];§’>¥r?'8| n-4- yl}-1
H benzoi m dazol e; 143 ‘.Vi}'1H benzolmidazo e;

5- Fl uor o- 4- net hyl - 2- . ] ] -
AR, beg;atﬁume O@l E‘?& Wé{r}e&% (A A hRARR P Pefiohle-y RBLBH

4, 5-Di met hyl - 2- {2-[ 4- (4- net hyl p{/ﬂdlm]4m1}dli'bbm¢lmldgquebut oxy]-pyridin-4- yl}-I

[ benzom 0az0l €, 14 o R B PR PP A WA 1 1 1
benzoi m dazol e; 146 dimethyl-1H- benzoimldazole
4- et hyl - 2-{2- [ 4- (L aRbLIVS LSl SHar drathpistraind el oyhian - - H
170 yl}-1H-benzoimidazole;
5-Chloro-2-{5-chloro-2-[4-(1-methyl-piperidin-4-yi)-butoxy]-pyridin-4-

1 yi}-6-fluoro-1H-benzoimidazole;
172 5-tert-Butyl-2-{5-chloro-2-[4-(1-methyl-piperidin-4-yl}-butoxy]-pyridin-
4-yl}-1H-benzoimidazole;
173 2-{5-Bromo-2-[4-(1-methyi-piperidin-4-yl)-butoxy]-pyridin-4-yi}-4-
) chloro-1H-benzoimidazole;
174 2-{5-Bromo-~-2-[4-(1-methyl-piperidin4-yi)}-butoxy]-pyridin-4-yi}-5-
chloro-6-fluoro-1H-benzoimidazole;
175 - 2-{5-Bromo-2-{4-(1 -methyl-piperidin-4-y|)-butox;fl']-pyﬁdin-4-yl}-5-
chloro-1H-benzoimidazole; and
77 {4-(4,6-Dimethyl-1H-benzoimidazol-2-yl)-6-[4-(1-methyl-piperidin-4-

yl)}-butoxyl-pyridin-3-yl}-methanol.

Embodiments of pharmaceutical compositions and methods of use of
compounds according to this invention are provided by pharmaceutical
compositions that comprise, and by methods of use of, any of the compounds

5 described herein and combinations thereof.
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benzol m dazol e; 25 WD 2005/ 044807 PCTI US20041 031855 147

5- Fl uor o- 4- net hyl - 2-{244{ 1- et hyl - pi peri di n-4-yl)-but oxy]-pyridin-4 yl}-1
H benzoi m dazol e; 148

4-Chl oro-2-{2-[4-(1-met hyl - pi peridin-4-yl)-butoxy]-pyridin-4-yl}-1 H
benzoi m daz@) fososkdd PCT/US2004/031855
4,5-Di nmet hyi -2-{2-[4-(1-nmet hyl - pi peridin-4-yl }butoxy]-pyridin-4-yl}-1H
benzoi m dazol e; 150

6- Chl or o- 4- et hy'Eﬁg&ﬁ@é@Hpﬁ%@é&ﬁﬁM@éﬂ&%ﬂ kortiealing ¥h pravéhtiign- 4- 1) -

H benzol m dazol e;
| or 0- 4- met hy&n Pl fetepioriediaied ponditiondn iaciuhjedt that caspriseyd thpgapedlicaliy- yI}-1

H benzoi ni d :

5-t gPtZO:BtT[ y?égé-cﬁﬁg %%n%upt o aéleast My H '[089( Etpf/xrjll“ or s%ectief frfn]—i- benzoi m dazol e;
153 4, 6- Di rrecd»mpetmdng(otmplape(r)landmunemmbn-tecs;y!}qs;eremnqwapbmanasH

b | nid

Lo A (3 EhelaetyBapaeRYtcallyAcpeplabia sols. apides At S)9rp thereotyfurehy -1 1+
benzoi m daZOb@m rise%a pharmaceutically acceptable camler.

gy?l 5): nrrezhgl } 2_1{ - n@&%l r Zzp&ggérglacggq@gl cgmgosn{o% ?6rﬁﬁr¥gal}iﬁgb Petu%gyké

4- Met hyl - 2- (%oﬁﬁtrnmhltm% bdbjéck tieR icbinprise B arédutidally|eXfebiietaniburr bdi n-4- yl}-1

H benzoi m dazol e;
o oe 4 ot o east cne feykpoyte zegnultentahihlar ssleslod feamcompeunss s ignulass 7
pyri di n-4gyl g a%%mhﬂbrﬂ%ohiﬁste%ers r?cemates thereof, pharmaceutically

a

2-{ 3- Chl or o- met hyl eridin but oxy] - py(dln- 4-yl')-"4- rmethyl -
H benzoi mi dag@qqpt Its, amides and esters thereof further comprise a

gl Ergt ﬁg: or o- 3 enza(ﬁ%”"%gggﬁg"e?‘%ég“& 4-yl)-butoxy] -pyridin-4-yl}-4,5-
4- Chl or o- 2 { 3-chl Embocﬁmpnts(oianmwﬂ?mmﬂtwlcbmmsmrw thateamprise@yri dl n- 4- vyl } 1
H-benzoi m dagQl&autically effective amount of at least one anti-inflammatory compound
15  selected from compounds of formulae (1) and (1), enantiomers, diastereomers,
racemates thereof, pharmaceutically acceptable salts, amides and esters
thereof, further comprise a pharmaceutically acceptable carrier.
Embodiments of methods for treating or preventing inflammation in a
subject that comprise administering to the subject in connection with an
20 inflammatory response a pharmaceutical composition comprising a
therapeutically effective amount of at least one anti-inflammatory compound
selected from compounds of formulae (I} and (1), enantiomers, dIastereomefs,
racemates thereof, pharmaceutically acceptable salts, amides and esters
thereof, Include methods wherein said inflammatory response is a response to
25 atleast one of the conditions: inflammatory disorders, allergic disorders,
dermatological disorders, autoimmune disease, lymphatic disorders, itchy skin,
and immunodeficiency disorders.
Embodiments of methods for treating or preventing inflammation In a
subject that comprise administering to the subject in connection with an
30 inflammatory response a pharmaceutical composition comprising a
therapeutically effective amount of at least one anti-inflammatory compound
selected from compounds of formulae (1) and (I!), enantiomers, diastereomers,
racemates thereof, pharmaceutically acceptable salts, amides and esters
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161 2-{3-Chl oro-2-[4-(1-nethyl-piperidin-4-yl }-butoxy]-pyridin-4-yl}5-
fluoro-4-nethyl-1 H benzoi m dazol e; 162 2-{3-Ch

| or o- 2-[ 4- (1- net hyl - pi peridi n-4-yl)-butoxy]-pyridin-4-yl}-4,6- dinmethyl-
H benzoi m dazol e; 26 WD 7005/ 044807 PCT/ US2004/ 031855 163

6- Chl or 0- 2-w@8-200sloes807 2- [ 4- (1- et hyl - pi peri di n- 4-yl } but Opdryisg6os@sRsst

yl }-4-nmethyl -1 H benzoi m dazol e; 164

5- Cnhl onr 2-f 3-chi oro-2-[4- (1-met hyl - pi peri di n-4-yl)-butoxy]-pyridin-4-

| }-4-met hyl .8 .
Y toror a7 niarE P ERERe BARSR! ierdfi3aid Infammtory respopse ig arpspopse to
pyri di n- 4- yl jchembtheeapyoi m dazol e; 166

5- Chl or o-6-f1 uor I?Eﬁng%é%ﬁ%%ﬂzm%hé fél}frgﬁFnByAr_ppéveHﬁﬁé fnBmiatbs g oxy1 -

pyridin-4-yl}-1

5-tert-Butyl sﬂbfgﬁt—thatMprlae[adnﬁmstemgwtplth@smtﬁecitdh corhegtion with emy] - pyri di n-
4-yl}-1 H en

5- Di met hyl®- d‘ﬂ reﬁi?‘r’k?e@l&ﬁé’l"ﬂiﬂ”t'ﬁ?';98F’1°8F"‘ﬂ" SOMPHSIRG oxy] -

pyrl din-4- yl hhérabbthi%ﬂﬂ;péﬂéodwaxheuntlﬁat least one anti-inflammatory compound

gl {mg,tﬁc: OrloHsS[g[qu&!]Tmnrﬁtgg lpgupr{ ﬂg g’hﬂla@ (}S a}nlc)ilzltl x;ntp relrs'(.gI Idrllasltlel%or%ers
5- Chl or o- 2- {Saeéméié@tr%réd’f pHarmBéduticaliy ReEptEbIE-sAlty lamifés ard/dstérgr i dl n-4- yl}-1

H benzoi m dazol e; 17

5- Chl or o- 2- {éh‘é!ﬁ%r@l@ﬂ[metqu%@ﬂwﬁéie@éwféﬁWthe {allowingds satisfod: said- 4-

yl }-6-fl O-idn Q9

5-tert- Bml 2 d{% ?ﬁmegb 62“%64%51'88#&3%9 °a ?hyeslrclal stlmulus slaidtmﬂaol?('{/‘ - pyri di n-
4-yl)-1 H berrgapqmisg@@r@ponsqgto a chemlcal stlmulus sald mﬂammatory response is a

|2_|_ EgnzB(r)?gD dzzaz %#Jr%ﬁ[;ﬁhgé’ HBs%(;ﬁfnl\aﬁé'ﬂTéfo}ﬁ}l?e WEHﬁ&W b rQé/ﬁdngb‘Po 4A Yivhsidn chioro-1
n-4-yl ) - but oxby]a bydi thatis Zoreigh tesaid Rubjeds; said IMQWMOWM& isalazol e;

2-{5- Bronmo- 2- {45l 15 bR hmBh&GGit A 'shimbru¥! dai@thamidatdy rédfloRséied ) 6- 175

15 response to a non-immunological stimulus; said inflammatory response is a
response to at least one of the conditions: allergy, asthma, chronic obstructed
pulmonary disease (COPD), atherosclerosis, rheumatoid arthritis, multiple
sclerosis, inflammatory bowel disease, and more specifically wherein said
inflammatory bowel disease is at ieast one of Crohn’s disease and ulcerative

20 colitis, psoriasis, allergic rhinitis, scleroderma, autoimmune thyroid disease,
immune-mediated diabetes mellitus, and lupus; said inflammatory response is
a response to at least one of the conditions: myasthenia gravis, autoimmune
neuropathy, and more specifically wherein said autoimmune neuropathy is
Guillain-Barré neuropathy, autoimmune uveitis, autoimmune hemolytic anemia,

25 pernicious anemia, autoimmune thrombocytopenia, temporal arteritis, anti-
phospholipid syndrome, vasculitides, and more specifically wherein said
vasculitides is Wegener's granulomatosis, Behcet’s disease, dermatitis
herpetiformis, pemphigus vulgaris, vitiligio, primary biliary cirrhosis,
autoimmune hepatitis, autoimmune oophoritis, autoimmune orchitis,

30 autoimmune disease of the adrenal gland, polymyositis, dermatomyositis,
spondyloarthropathy, and more specifically wherein said spondyloarthropathy
is ankylosing spondylitis, and Sjogren’s syndrome; said inflammatory response
is acute inflammation; said inflammatory response is allergic inflammation; and
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chloro-1 H benzoi m dazole; and 177 {4-(4,6-Di nethyl-1

H benzoi m dazol - 2-yl ) - 6- 14- (1- et hyl - pi peri dl n- 4-

yl)-but oxy] - pyridi n-3-yl }-net hanol. Enbodi nents of pharnaceuti cal
conpositions and net hods of use of conpounds according to this Invention are

provi ded bywpheosnwamenuti cal conpositions that conprise, mAddyo4/oBigkods of use
of, any of the conpounds 5 described herein and conbi nations thereof. 27 WO
2005/ 044807 PCT/ US2004/ 031855 Enbodi ments of pharmaceutical conpositions for

treating or RefffimRstoRfebHorfsses BhiRhiRidihabns RRjibiseadTina Subj ect t hat
conprise a therapeutically —effective anount of at |east one H4 receptor
nodul at or selceoneation wimandaflasynalesy eEPansemGrAdingity therpresentynvestiemt i oner s,

di ast er eoner A I oGl C alts, am des
and esters tanecrh;e%%, %r?ﬁ%‘?hmgéqnﬁq té‘ghgagﬁggﬁe’"@ﬁﬂ‘%%ﬁ 5@%?@%@’31 e carrier.
Enbodi nent s @ndpifter inflaremiatiemls detegdedi t i ons for inhibiting | eukocyte

recruitnment in a ' ' ut i ff Lve anmount of

at | east r.‘%one I eugﬁ%ﬁlﬁ{e&%@m‘ %‘ﬁegﬁ{ fofﬁ'holﬁgfap@ &ng ‘éécct%ggr#agr%oﬁﬁ’h% unds of

formul ae 10 (exposinglarf H yeceptonmd atisastone dbmpoendsuiected fromcsamgorsds her eof

ompri so a i imuBRIARAN <ausBiert ieiatp e el TBRESor

anti - i nf | ammghafrfadeticulyisctapiable Baks, afidusi sha sdters Rredicinbiugamethefsd ect i ve

amount of at |east one anti-| nfiloﬁﬂm&gtg?sr%qﬁggqr@oun 15 sel ected from conpounds
, r

of formul ae (Mhereifatiepstonenfhg lgast,one SHMPENNY her eof

phar maceufg Cahbdulates BRI IbEeRtal dsSa retBptof BntagshiSis AR Said B Ra8dne fur t her
conprise a pharmaceutically acceptable carrier. Enbodi ments of nethods for

treating or FOBPOHRY AGMPA¥IAERIRA MofPCPRAtoRas akecaptorPABial 8gPAFt se adni nistering
to the subject inpGRREeEn SHE 4¥VE agént i@%miﬂfskmheﬁﬁ I Rd &f

phar maceutical conposition conprising a therapeutically effective amount of
at | east one famula (hen #ntee teyapsutieall effectiye agaustimey bmadeintv efiestiver f or nul ae
(1) and (I1), tiomers, diastereoners, racenates.thereof,
phar maceut i caﬁ 'y acceptable salts, amides and esters

15 An illustration of the invention is a pharmaceutical composition made by

mixing at least one benzoimidazole compound selected from compounds of
formulae (1) and (1l), enantiomers, diastereomers, racemates thereof,
pharmaceutically acceptable salts, amides and esters thereof, and a
pharmaceutically acceptable carrier. lliustrating the invention is a process for

20 making a pharmaceutical composition comprising mixing at least one
benzoimidazole compound selected from compounds of formulae (1) and (li),
enantiomers, diastereomers, racemates thereof, pharmaceutically acceptable
salts, amides and esters thereof, and a pharmaceutically acceptable carrier.

Another example of the invention is the use of a composition that

25 comprises at least one benzoimidazole compound selected from compounds of
formulae (1) and (lI), enantiomers, diastereomers, racemates thereof,
pharmaceutically acceptable salts, amides and esters thereof, in the
preparation of a medication for treating any one of the conditions referred to
herein; one of such conditions is inflammation. Another example of the

30 invention is the use of a composition that comprfses at least one
benzoimidazole compound selected from compounds of formulae (I) and (I1),
enantiomers, diastereomers, racemates thereof, pharmaceutically acceptable
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t hereof, I nclude nethods wherein said inflanmatory response is a response to
25 at least one of the conditions: inflammtory disorders, allergic

di sorders, dermatol ogi cal disorders, autoinmune di sease, |ynphatic

di sorders, Itchy skin, and inmmunodeficiency disorders. Enbodi nents of

met hods f okye 0a&bdab® Or preventing Inflammtion In a sebjasteos/bEsssconpri se
adm nistering to the subject in connection with an 30 inflanmmtory response a
pharmaceutical conposition conprising a therapeutically effective anmount of
at | east onesealtsfamides badestecs thersofnirothedreatreerder preveniion fanyemedd of for nul ae

1) and (11 enan f,
|(oh21r n’acel(.lt i )‘QF’ egn ‘Hﬁ ”Eff%"egqég?'{eﬁ{ ooe, %chfrﬁﬁ&@*i?%@i"f%@%@?%oa 044907
PCT/ US2004/ 03 185530ntmﬁ|h69§cccrding tultbe pedseatiavertienenay eamdde attadingt or y
response is a response

., Enbodi ts of net s for treating
or preventi nf§ ATPRESH Fh'Btthg‘e' tg%ﬁggﬁ?lofﬂcﬁm %&r‘i’rgﬁeséﬂﬁpﬂﬁ'gwt ering to the
subj ect im Ciﬁt?éfﬂi@hlﬁlth\ustthos”erué'scnbu‘d nﬁmmémbmes%ﬁﬂmémp@snmrfawutlcal '
corrp05|t|on conprising a erageutlcall ef f echl ve anount of at | east one

anti-infl amw%ﬂdo?%/méﬁﬁﬂﬁﬁﬁ@'b'“@gﬂ tnethogs-ohe ebiaindne yariels qomreunds (1) and (11),

enant i OMer s, h&tbRSSERMEG TR4terals mg%e%hq)‘foyeaecﬁa%ny mbaumma@w désibly acceptable
salts, am des and esters thereof, incl'ude nethods wherein at |east one of

the fol | ow nwhsgtugatﬁt%wg@dhe gegction scheme Wimer wihput piostieR 88 s a response to a
EPY?}L fﬁls sti 5%4 ﬂt@an&rttr'@cﬁmg bermmﬁom%o%rﬁé?élapgb?ﬁcés(bra chemi cal

anmat or respons response to i1nfection; said

i nfl amraﬂQ)r yswﬁmmg@ymetaodsdgmm@ Oﬂéshlﬂed ln\t@gmnAltwahvehoaynamm is foreign
to said subj ﬁéﬁgﬁ%ﬂ‘t&'ehmogalﬁ‘mé ﬂfﬂ Qﬁﬁlﬁ%télgdé‘slrerdesﬁﬂgﬂﬁgnttg an

I mmunol ogi ca I"us nmat ory response i s t esponse to a
non- i nmunol ospitable groupnwhich mawbelcamiéd throughathe reantippackemes and response to at

i sease ( COPPECs AB ARRIoPI ot s ke Piuo iy AR plodtRF ol = 0o oc <

i nfl ammt or ycmmhaénteh maxabesepardtedﬂnte its paantiomess by covventionalsaid i nfl ammat ory

psoriasi & aprigfie. Rk of Bfrkly ORISR RER L ATHR i ccace,

the guidance provided herein to make compounds according to the present

invention.

Embodiments of processes illustrated herein include, when chemically
meaningful, one or more steps such as hydrolysis, halogenation, protection,

20 and deprotection. These steps ¢an be implemented In light of the teachings
provided herein and the ordinary skill in the art.

During any of the processes for preparation of the compounds of the
present invention, it may be necessary and/or desirable to protect sensitive or
reactive groups on any of the molecules concerned. In addition, compounds of

25 the invention may be modified 'by using protecting groups; such compounds,
precursors, or prodrugs are also within the scope of the invention. This may be
achieved by means of conventional protecting groups, such as those described
in "Protective Groups in Organic Chemistry”, ed. J.F.W. McOmie, Plenum
Press, 1973; and T.W. Greene & P.G.M. Wuts, "Protective Groups in Organic

30 Synthesis", 3" ed., John Wiley & Sons, 1999, The protecting groups may be
removed at a convenient subsequent stage using methods known from the art.
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i mmune- nedi ated di abetes nellitus, and |upus; said inflammtory response Is
a response to at |east one of the conditions: nyasthenia gravis, autoinmune
neur opat hy, and nore specifically wherein said autoi mune neuropathyls

Gui | | ai n-Barre neuropat hy, autoi mmune uveltls, autoi mune henol ytic anem a,
25 perni Ci Gup2008584¥8@, aut oi mune t hr ombocyt openi a, t enpeCcaUSz04/@318s8si s, anti -
phosphol i pid syndrone, vasculitides, and nore specifically wherein said
vasculitides is Wegener's granul omatosi s, Behcet's disease, dermatitis
herpetiform s, penphlgus vulgaris, SCHEME o, primary biliary cirrhosis
aut oi mmune hepatitis, autoinmune oophoritls, autoi mmne orchitis, 30
aut oi mmune di sease of the adrenal gland, polymfQsit)Ji's, dernatonyositis,
spondyloarthropathy,R@nd nore specifically wherera{sai d spondyl oart hr opat hy

i s ankyl osing spgndyljitis, and SirRfgr efRfs syng NaiRd! | nf | ammat ory response
is acute inflamfBsio fy igla $ allergic inflammtion;
and 29 WO 2005/ 044 PCT/ 52804 5 i ammat ory response i s

chronic infla O 7 }pist ati connection with gn inflamuatory

I nvention includes, admijnistration at a
time that Is at |east® one of prior to, at the onse@ﬂ%F?Mt nd after
Inflammation I's detectgg. 5 Embodi mgnr’s of nethods for nodulating an H4
receptor that conprise “exposing an H4 receptor to at | east one conpound

sel ected from conpounds of formulae (1) and (11), en i S,

di astereoners, racemates thereof, pharmaceutically ac abl e salts, anldes
and esters thereof, include meth8ls i Nga ithe following is
satisfied: said at |east ong2co eceptor as a
receptor antagoni st, and said 3 Wl ates the H4
receptor as a receptor parti al pre- t hait one active agent is

adm ni stered, such as a co ¥ (1) or (Il),,the therapeutically
effective anount may be a jointl g amount . 15 Af)illustration of
the invention is a pharnmaceutical conposition made by mxing at |east one
benzoi m dazol e conpound sel ected from conmpounds of fornulae (I) and (I11),
enantioners, diastereoners, racenmat@oHEME ¢of,

R9 10

Referring to Schemes 1 and 2, there are disclosed the following notes
and additions. The starting materials for the steps described below regarding
Schemes 1 and 2 are commércially available or easily accessible to those

10 skilled in the art.
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pharmaceutically acceptable salts, am des and esters thereof, and a

phar maceutically acceptable carrier. Illustrating the invention Is a process
for 20 maki ng a pharmaceutical conposition conprising mxing at |east one
benzoi m dazol e conmpound sel ected from conpounds of formulae (1) and (I1),
enant | onmer syo fhogedagoreoner s, racemates thereof, phar nacerCTAWaby03aRSept abl e
salts, am des and esters thereof, and a pharnaceutically acceptable carrier.
Anot her exanple of the invention is the use of a conposition that 25
conprises at | easmomgmrmemmmmma(z)qu \epepraparkdstsy earidedsihg arsultablpounds  of

f I I I h f
phar maceut i ¢anpsytled i Sereane ) uided@uaing couatpls VLR sReoy T o

preparation eubsﬁtm@dib@ﬁanmyd@uvi) bﬁ@V‘f)ﬂgfm wiﬁp@fndtdi%mmlﬁi(l)wmﬁ referred
to herein; one such conditions is inflan Anot her exanpl e of the 30

i nvention is It%I??"E%'QeB\fdea(I‘ébhiﬁn% panagtharisybstity '?Br"I"E’b’@SB?Ctlt%EI@t one
benzoi m dgzolaeRpEALIA Salehd plof d SERALARSIMUE (1 BBk (1) and (1),

enanti oners | astereoners, racenates armaceutical |y acceptable 30

T 2005 a5 banaaihySs (VA Hesimeta sihenaubstanimspadf he afbEer o the
L1 eal Tont or qol,eNaBhAR 2SRRIl PR A80 ek A8 ﬁwfzb%dﬂk&ehere' n; one
s accordfn t

of such cond S 1S ‘| amat e present

i nvention nayanbehamntellsamailbwmdamqihaﬂwe@sﬁlwlarlﬁxldlmmgeps\kerl andbf the art
and/ or accorgﬁ%gregqhaﬁ&cesses of this 5 invention, such as those described in
the schenes and exanples that follow and by matrix or conbinatorial nethods.
To obt ai 10t he varThisisomdensatintds prdfenablyperfetmad inrecheatedmedium imey be enpl oyed

wth or wtneetisPhiBTRRRERNeRS SEREPA N B dfod sy b
obt ai ned f r oprefenablyrfronabbeut 40CEto @aboutOl 59Vt mese greferblly mbdbtBs°Gdoown t o one
skilled in th r rna necessar | oy, in the
bl ace of t he S0 G SRS B s yeRon i (PSGRRIANGE PEAI: Vi ch rmy e
garri eg thI> OIWIF bbﬁ:zdtrﬁﬁ@hd@ﬁol&éﬂib:m ?:ahto;ohmhamﬂmaa?ammstmrl ate IIIIth t he o
esired sybstitu y C on ining a chiral center nmay be separate
Into its Tenamf§Tef ﬁBI@'ﬁg %’gII\')B‘I'I'I" TS t echni ques. Those of ordinary skill
inthe art will bsuigdbhesdbatititd l‘fe\hzélﬂd‘nyﬂdﬁml') and (V") can be prepared

according to procedures known in the art. In one preparation procedure, a

—_

sultably substituted hydroxy benzaldehyde is reacted with a suitably substituted
molety to form the ether link in compounds (V') and (IV"). Reaction with
20 suitably substituted 4-hydroxy benzaldehyde leads to the formation of
compound (IV'), and reaction with a suitably substituted 3-hydroxy
benzaldehyde ieads to the formation of compound (IV").
Regarding the following Schemes 3 through 8, the starting materials for
the steps described below are commercially available or easily accessible to
25 those skilled in the art.
Scheme 3

RQ R1 0

Ye R10 NC{&*CI HN 1 Redustion
Ho/\/ ’k( -R v
RM (VI) NC \ , o

(V) (Vi)
Particular aldehydes (V') may prepared as shown in Scheme 3. A

(V)

sultable primary alcohol (V) is treated with a base such as sodium hydride,

3



t he gui dance provi ded herein to nake conpounds according to the present

Enbodi nents of processes illustrated herein include, when

meani ngful , one or nore steps such as hydrol ysis, hal ogenati on,
20 and deprotection. These steps can be Inplenented In |ight of

I nventi on.
chem cal ly
protection,

t he t eachi nge 2wgsnmsoded herein and the ordinary skill

of the proc

it may be necessary and/or desirable to protect sensitive or

esses for preparation of the conpounds of the present

| rpCTGS2604f03188811 | Ng any

i nventi on,

reactive groups

on any of t lpetassiuechydede cpotassiume tibutoride,datilithivwn diisopnopylandide ¢EDAR It he i nventi on
may be nodified by. using,pr t groups; N CQN ds,. precursors, or
pr odr ugs ar@%ﬁq@'ﬁ%\lﬁe L“?L%htar?gﬁlgg(?biﬁgf F’fﬁ@"ﬂ@@%@%% S be achieved by

means of co
"Protective

ﬂ')(y}dﬁdé IAMMF.PThé essuiting alkioRidp $s theh teated withasropdionally bed

In

I n O gani ' " ed. J.F ie Pl P ,
1673 Sand" T SpSUeg REnEranesfonNA S foreh s etfeg l GBIV Breani ¢ 30
résctRH may Xt ety m&ham%auﬁ&&%thﬁ%ﬁﬁ%qbe@bb&ﬁ gorgups may be

Synt hesi &',

renoved at a COI’]V%I’]I ent subsequent st age usi ng met
31 WD 2005/ ¥here R 'ad%ﬂi

Al estppounds »1 fprmu ey be durther reactegtoipstall &3

ods known fromthe art.

H2 A

oxi dall)  GV)neR-niBrogBh siBstRudsit lat thB2pdkitidRS domBourGd EMErmura (V) asl RY

10

15

20

25

treated with a strong base such as LDA, lithium 2,2,6,6-tetramethylpiperidine
(LTMP), or lithium bis(trimethyisilyl)amide (LKMDS), at low temperatures of
between about ~78 °C and about -50 °C, in a solvent such as THF, diethyl
ether, or toluene. Preferred conditions include the use of LDA or LTMP in
THF. The resuiting lithiated species Is treated with a suitable electrophile, at
temperatures between about —78 °C and room temperature. Preferred
electrophiles are methyi iodide and hexachloroethane. When R%is then
chloride, additional substituents may be introduced at that position using
nucleophilic substitution. Suitable nucleophiles include Cs.3alkoxides and
primary and secondary amines. In a particular embodiment, the preferred
nucleophile is methoxide. Once the desired substituents are in place, the nitrile
functionality in compounds of formula (V1) is then reduced with a suitable
reducing agent, such as diisobutylaluminum hydride, in a solvent such as
toluene or THF, to form aldehydes of formula (IV') where W is N.

Scheme 4
RS ¢l Re R
R® NC‘QN Y-z, N-R"
10 )
HO\/Y < '/‘\,R R¢ W R 0—-/-_<R° n  Reduction )
N——r et
Rs : N~R11 (IX) o
n NC \ N
/
(v {X)

R® R’
Referring to Scheme 4, a suitable primary alcohol of formula (Vill) is

reacted with an appropriately substituted 2-chloropyridine of formula (1X) to
generate pyridyl ethers of formula (X), as shown in Scheme 3. Preferred
reaction conditions employ sodium hydride in DMF. Where R® is hydrogen,
additional substituents may be introduced at that position by reaction of ethers
of formula (X) with a strong, hindered base followed by a suitable electrophile
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R2 H2 R3 H2+ , oxidant 910 RILRBY, Ri 2 \' n RS 5aHR-~~u
Referring to Schenmes 1 and 2, there are disclosed the follow ng notes and
additions. The starting materials for the steps described bel ow regardi ng
Schemes 1 and 2 are commercially available or easily accessible to those 10
skil'l ed i nwighmosigaiso732 WO 20051044807 PCTI US2004/ 031855pCc1iusaooinsasssof f or mul a
(I') or (I1) are prepared by condensing a suitably substituted diam no benzene
(') under oxidizing conditions with a suitably substituted benzal dehyde
(IVv) or (IV" )asUesdribbmlrasmmm&nBrejérréd)eleretl'aph(lés) inclode meting iddidezariddehyde (1V)

has a pars her tution wthre ct, tq the 5 al de roup (Schene

a corrb 05?9 %’P%ﬁ"&ce(‘}% Wﬁ@ﬁ@ueﬂgﬁ%ﬁnﬁ?ﬁdﬁ%?w has a neta
et her substlwﬁi éwea@a@@adtbgldeh@de"sldeudsmm ('g")pwhereWheNeas?) . Sui tabl e
oxi dants for thIS ste inclyde ajr dchemcally
conpati bl e oﬁh%’httgmﬁg'éfeqﬁ‘ of tae Hﬁ"ﬁ'%ﬂ%?@&%ﬁﬂﬂ’eﬁdugc hemAd- ni xtures
thereof. &0 Hﬂéférr@@meﬁptabeﬁls'wﬁ:hﬂfﬁll@élﬂﬂl&uﬁﬁﬁnﬁ’hﬁﬂ?@e' n a-heated mediumlin a
chemi cally conpatible sol'vent. Reaction diumtenperatures range preferably

from about 40 C to about 150 C, nore3§heBRd ably about 80 Cto about 100 C.

Sol vents that can be used for this reaction Include diox , I.‘,m'I'HF,
benzotrifluoride, toluene, 1,2-dichloroethane, DMA, and 15 preferably
DVF, and mi xtures thereof. Suitably substituted benzal deh de R1V) and (I1V")
can be prepared according to procedures known th rt \_(./0 one preparation
procedure, a OHC—\ /0 ZR®
o N o))
R® R? .R"

RQ R‘IO R9 R10
N R —Z, N—R"
—ta e r— -
{3‘ : j-zzna n O L j-zias ),

(XIv)

Referring to Scheme 5, dihalopyridines of formula (X1), where Hal is

10  either Cl or Br, are reacted with primary alcohols of formulae (V) or (VII), using
conditions described above, to form pyrido ethers of formula (Xil). The
resulting 3-halopyridines can then be converted to the corresponding 3-
formylpyridines of formula (XIll) by halogen-metal exchange with a suitable
alkyllithium reagent, in a suitable solvent such as THF or diethyl ether, followed

15 by quenéhing with a formyl equivalent, such as DMF, N-formylpiperidine, or
ethyl chloroformate. Preferred conditions employ n-Buli or t-BuLi in THF, and
a preferred electrophile is DMF. Alternatively, 3-halopyridines of formula (XIi)
may be converted into aldehydes of formula (XIV) according to the directed
lithiation and formyl trapping procedures described in Schemes 3 and 4.
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suitably substituted hydroxy benzal dehyde is reacted with a suitably
substituted noiety to formthe ether link in conmpounds (I1V) and (IV").
Reaction with 20 suitably substituted 4-hydroxy benzal dehyde | eads to the
formation of compound (IV'), and reaction with a suitably substituted

3- hydroxy wismeebdgryde | eads to the fornmation of conpowotiuéiovihziss8egar di ng
the followi ng Schenmes 3 through 6, the starting materials for the steps
descri bed bel ow are commercially available or easily accessible to 25 those
skilled int B Ha iBe mdybdititierdrbé thoGdh Rs Re Y-Z
CR11 Reductigﬁfﬁszdeso‘ﬁf\&glﬁ‘%%gmho Re N (\qﬁ?)vn) ot gedi %dehydes (V)
may prepar eda #¥eeswprrenuenserio peovide aldehydes of forpulaXV) e thahend.the i s treated
with a base ' | ; / Brai4é 031855

pot assi um hyé@?@'g,% %%gﬁgg*g@uér?#c{jéi)ﬁ? gl;?bﬁ?r%'@igﬁ ﬁig%?lnaacqﬂz}aggﬁ%pyl aéné de (LOA),
in a pol ar soiayhen reactad aie Halggeprmeatalexchargeysingia aliiyllithiupneeagaet ude sodi um

hvdri de i ; . . " . Ci ]
subst | tut 5 EAPEFeTiEdeph, & SbhpEd plove T he SERERI 18T PR "0 T
The 5 react i introduge substiteefits BrcRrefentodeldctriophitic repgentsnduddwaathyrigdide t o about
60 C. W R5, | d f f I V, t ted t
Pnstal o nBRE RSEEBGETR IR M pradtee Eiauaee SLtriB R BhEs RS of formul o
(2V|2| %S grte ttﬁ@&{yﬁdrl o, @Csipédtwag.ﬁi{\awigﬁy Ifatmh' Xllol'.)l D?V)J,fﬁntd AX\I/) ilyl)amd
,2,6,6-tetrane i peridi 0, i um bi ri Si am de
(LEDS) - at | Mt irPiapessed Tojp CaoPakicEhe iiyuion sshown il Seibmes. Lo & I n a
sol vent 3pchiapdPHibovei et hyl ether, or toluene. Preferred conditions include

the use of LDA or LTMP in THE The resulting |lthiated species is treated
with a suitable electrophile, at  Scheme6

Rs R1 0 R9 R10
—~ NRIR? Y
OHC y-Z~ N-R" Y—2Z, N-R"

B o/_<"\‘+/)" T ‘éf\’/—(

n

Hal—\ R Ha— )—0 R®
)
N N

(XIV) ~{xvi)

R9 R10

NR®RP )

[ Y—Z‘ N—R

OHC— )0 rR& - "
(XVIly

Referring to Scheme 6, aldehydes of formula (XIV) may be converted to

aminomethyl analogs of formula (XVI) via reductive amination, using a suitable

15 reducing agent such as NaCNBH; or Na{OAc3)BH, in a suitable solvent such
as 1,2-dichloroethane or methanol. Optional additives may include acetic acid
or a Lewis acid such as ZnCl,. Amines of formula (XVI) may then be
transformed into aldehydes of formula (XVII) by performing halogen-metal
exchange and quenching procedures as described above. Aldehydes of

20 formula (XVIl) may be proéessed into compounds of the invention according to
Scheme 1. | _

Where the processes for the preparation of the compounds according to
the invention give rise to mixture of stereoisomers, these isomers may be
separated by conventional technigues such as resolution, for example by

25 formation of diastersomeric salts, kinetic resolution including variants thereof,
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t enper atures between about -78 C and roomtenperature. Preferred

el ectrophiles are nethyl iodide and hexachi oroet hane. When R5 is then 15
chl oride, additional substituents nay be Introduced at that position using
nucl eophl ec substitution. Suitable nucleophiles include Ctaal koxi des and

primary andweegsmdaoy am nes. In a particul ar enbodi rrentPC-It,le@myo {s8¢ I ed
nucl eophil e i s nethoxide. Once the desired substituents are I n place, the

nitrile functionality in conpounds of formula (VI1) is then reduced with a
sui tabl e 20 ' bl ) ide, In a sol vent
such as tol égﬁﬁéyoéw'?ﬁ&eg%%lup% r%?@ﬂ??@%‘%'ﬁ?%&nﬂu a W?m\g\ﬁer e Wis N,
Schenme 4 R5 €hzyReatiwran§lerrhigtionNand preparativérchromatography. Rhe ceeppupd® Re
Reduction ( T I . I o I eferring to
Schene 4, a glﬂvtb%tﬁ\[%a%?&@?ye@‘gﬁmI&qdpwf%anﬁT%nﬁkbﬁﬁ éﬁgygé pg@%’%‘ict ed with an
appropri at el witisaribytenbnticspeific sy nthesis/ori byi resolutfont Gihewdompouiiis maygfener at e
pyridyl ethers of formnul as shown In Schene 3. Preferred reaction .
condi tion eﬁﬁ'ﬂ@'es%rieﬁﬁ@ﬁé/@‘? HhgiricompRpentgpaptioners gg s%}ﬁ?[ﬁ%en, addi ti onal
fsubst II t U(e% S te_rsthﬂiqb@s,itsm:ﬁ aﬁu@aah_ gﬁéﬁo&maiaa@?édmém ﬁc?ifgrb?@tt if@?qaqlbn eﬁtrier ts OL .
ornmul a Wi a strong,  hindered base fo]lowed by.a suitable electrophile
34 WD 2005/ 08A8PYCABERFIGASIU U 8% R i P RaaTc A Eeplpr 3ol ey ef erred

el ectrophi | egolidyk| attarericiiondvast ﬂﬁfré’dfﬂén?”&%?élIllibﬁcg(rOQﬁdI nefeXi6f of he desired

substituents are in place, nitriles o ormula (X) may be reduced to
al dehydes of thedfefibase ITe)compeunds may glsy badesalvas By formatiang r eduction of the

A it
removal of the chiral auxiliary. Alternatively, the compounds may be separated
using a chiral HPLC column.

To provide a more concise 'descriptlon. some of the quantitative
expressions given herein are not qualified with the term "about”. it is

15  understood that whether the term “about” is used explicitly or not, every
quantity given herein is meant to refer to the actual given vaiue, and it is also
meant to refer to the approximation to such given value that would reasonably
be inferred based on the ordinary skill in the art, including approximations due
to the experimental and/or measurement conditions for such given value.

20 The expression of the Hy receptor in immune cells, including some
leukocytes and mast cellts, establishes it as an important target for therapeutic
intervention in a range of immunological and inflammatory disorders (such as
allergic, chronic, or acute inflammation). SpeciﬁcaII‘y H4 receptor ligands are
expected to be useful for the treatment or prevention of various mammalian

25 disease states.

Thus, according to the invention, the disclosed compounds, whether
partial agonists or antagonists of the H, 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,

30 allergic disorders, dermatological disorders, autoimmune disease, lymphatic
disorders, and immunodeficiency disorders, including the more specific
conditions and diseases given above. The disclosed compounds may also be
useful as adjuvants in chemotherapy or in the treatment of itchy skin.
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RO RRo0 Y-Z NRit OHCO'Y Re n N (X111) / RO Re ID 'K ~Rto |>4
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OHCY--Z\ NRit OHC -Y Z /; -Rit Hal OzRBIn B\ O( \L/) n _- t2IR8

(XI'V)  (XV)

(M),

correspondi ng 3- g

Referring to Scheme 5, dihal opyridines of formula (X)), where Hal
is 10 eithegfofdosdasB’, are reacted with primary al cohol pcofysicosmaassse (V) or
using conditions described above, to formpyrido ethers of formula
(XI'1). The

resul ting 3-hal opyridl nes can then be converted to the

&0t
with a suitable aIEylllthl umreagent, In a syitable solvent such as THE or

di et hyl et herCompsisiNg Ak NESIMIGAZIAFTR
DMVF, N-forny
n-BuLl or t-

descri bed 1 n

'

10

156

20

25
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avgdwelerted fiogy sRMPAHGs\wh fasmulaes ych as

4 Bythi GhveagorPincilias &) FpHaithhtdutient demipe@men met al  exchange

| (Pi=R8 1P RinticRiors, HidBreGibA RicemARlsaherBot bRafstetal | ons empl oy
Li in"THF, and a preferred electrophile I's DW. ternatively,
3- hal opyri di rRssepigblpsalisi amideg and estery thereofoand a Peafenred ecraperndyases of fornul a

descl i bea 3 n g o, &5 BEamizceeal BehoaBie Gl L PRI O3 Gehy s
of formula (g comprisirg tiyla fharrBaceuticsl compbsitiomesmpisingsatdeast he ough a
three-step SqQUSRRSdRIPLMlRdSLRERITRR SmPdUndl bfrcriife (Tankt end. the

enantiomers, diastereomers, racemates thereof, pharmaceutically acceptable
salts, amides and esters thereof, or one or more preferred compounds as
described herein, and a pharmaceutically acceptable carrier, and (2)
instructions for the administration of said composition for the treatment or
prevention of an Hs-mediated disease or condition.

Embodiments of this invention provide methods for treating an
H4-mediated condition in a patient, said methods comprising administering to
the patient a pharmaceutically effective amount of a composition comprising at
Jeast one benzoimidazole compound selected from compounds of fon"nulae )
and (Il), enantiomers, diastereomers, racemates thereof, pharmaceutically
acceptable saits, amides and esters thereof, and other disclosed or preferred
compounds. In these conditions, the action of the H, receptor is involved. For
example, the invention features a method for treating an Hs mediated condition
in a patient, sald method comprising administering to the patient a
pharmaceutically effective Hs-antagonizing amount of a composition
comprising at least one benzoimidazole compound selected from compounds
of formulae (l) and (ll), enantiomers, diastereomers, racemates thereof,
pharmaceutically acceptable salts, amides and esters thereof. As used herein,
“treating” a disorder, and grammatically related terms, mean eliminating or
otherwise ameliorating the cause and/or effects thereof. Terms such as to
“Inhibit”, and grammatically related terms, the onset of a disorder or event, and
to “prevent” a disorder or condition, and grammatically related terms, mean
preventing, delaying or reducing the likelihood of such onset.

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 identifled
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al dehyde is first protected as a suitable group, such as an acetal. The
brom de may then reacted via hal ogen-netal exchange using an al kyllithium
r eagent 5 and el ectrophilic trapping, as described above in the current
schene, i ntroduce substituents E. Preferred electrophilic reagents

IncI ude ”B&E%oslm‘?@o’i’e and hexachi or oet hane, to producercrugonodsssf fornul a

wher e nmet hyl or chioro, respectively. Al dehydes of fornul ae
(XI 1), (XIV), and (XV) may then be processed into conpound of the invention

as shown | n |SehiRmat ha@ bbenfichcdd fosvetexpesetie hantad MR echistoR 0 NRaRb /~ OHC
Y-Z\, NRi ~Y-7Z/\, -Rt Hal OR' HaI é Il\lé{l\/) (XVI) Re 10
NRaRb Y 2\, W'V@@'V@%bqwsurﬁdg)(\w?’f“""ﬁe?w 19815 BYcheme 6, al dehydes
of formula (r}ﬂeaeunngg rBforft eRs erkithe toéﬂMMéﬁl&Wﬂer@ﬁé&ﬁﬁnﬁvltﬁ grmula (Xvl)

via reductive amnation, using a suitable 15 reduci ng agent such as NaCNBH3
or Na(QAc3) BIAMF?'ﬁU’aU@UFQaW@SBGD%W[S@Ubhcelkﬁsthﬁt%e&leémﬁb’et hane or met hanol .

tional @ad I heaibn h as zZnCl 2. '
,?ron nes ofsaf ?rernR{ (%Psbﬁgwﬁ elbé;etl?gfrtﬂffgﬁrr‘%@ t| nt O@n 38@5 of formula
(XVI1) by pespoassinggelial GQEBpomsathat@hGVﬂaa@& amnl%taewibdﬂseg procedures as
descr | bed g Enah NS Rbi A el LAV PR el fgg ] | Nt 0

conpounds of e T nvention accordin e processes for
t he prepar atCompmindshbatchahpwasjlsh menseagogstsmvlll tddse-dependentyn gi ve rise to

TLXhor e o TN SRR pub AT pihrolBAhal chabl s givent e
10 antagonists will block either Hy agonist-induced inhibition of cAMP or Hy
inverse agonist-induced Increases in cAMP.
Further embodiments of the invention include disclosed compounds that
.are inhibitors of a mammalian histamine Hy receptor function, inhibitors of
inflammation or inflammatory responses in vivo or in vitro, modulators of the
15  expression of a mammalian histamine M, receptor protein, inhibitors of
polymorphonuclear leukocyte activation in vivo or in vitro, or combinations of
the above, and corresponding methods of treatment, prophylaxis, and
diagnosis comprising the use of a disclosed compound.
The terms “unit dose” and their grammatical equivalent forms are used
20 herein to refer to physically discrete units suitable as unitary dosages for
human patients and other animals, each unit containing a predetermined
effective, pharmacologic amount of the active ingredient calculated to produce
the desired pharmacological effect. The specifications for the novel unit
dosage forms of this invention are determined by, and are directly dependent
25 on, the characteristics of the active ingredient, and on the limitations inherent in
the art of compounding such an active ingredient for therapeutic use in humans
and other animals.
The pharmaceutical compositions can be prepared using conventional
pharmaceutical exciplents and compounding techniques. Examples of suitable
30 unit dosage forms are tablets, capsules, pills, powders, powder packets,
granules, wafers, and the like, segregated multiples of any unit dosage form,
as well as liquid solutions, and suspensions. Some liquid forms are aqueous,
whereas other embodiments of liquid forms are non-aqueous. Oral dosage
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25 formation of diastereoneric salts, kinetic resolution including variants
thereof, 36 WO 20051044807 PCT/ US2004/031855 such as dynam c resol ution,
preferential crystallization, biotransformation, enzymatic transformation,
and preparative chromat ography. The conpounds nay be prepared in racemc

form or ingdovedieadsoenanti oners may be prepared either pesrngn®ijob@sdeci fic
synthesis or by resolution. The conpounds may, for 5 exanple, be resolved

Into their conponent enantioners by standard techniques, such as the

for gat I onhof f@Hn%Srh @@alﬁdirsCsymd §a|§§U|é‘s§ia1bleis)érﬂﬂaﬂ1b(ﬁRe\AE§(£\‘np@9 obpéliccal Iy active
aci SucC as

% p-t ol uo D-tart r|c ci d, and/ or % E
t ol uoyl - L-t arc@ PT%'“%!E#%“TO&PI”}&X@EP Iy empioved inthe anufy ‘H@lotf) illg, QF
regener at i on i4fets [ ifRh fak fEctdis §tarc}h§lueeé@%aa%dlmms@hﬁgg iunfsehisesl by

formation of 10 diastereonmeric estérs or am des, fol by chromat ogr aphi c
separ at i on ariralciusrpbesphete, meanniieliangithelike, Ihkdsepers,susléﬂﬁa'age@an}h atthe conpounds
may be separ I conci se
descripti rgﬁ qﬁﬁﬁécéﬂﬁio?g L%F{:jtgh@?tdﬁel\?e%'é gl}@rr&fd%égrﬁ re| n are not

qual i fied wi tstearate, aretthe' Ilh@o‘ﬁwlcal liquid eral e&vplardeirmluﬂ@cbthm gjverdier the term

"about' is u expli cid | VaPrL . is meant to
refer to the@?rﬁ@ tb‘ia‘ Uéen Q}Q@ﬁ:@)‘i’énﬁﬁl\éﬁb\é i kl%réé ﬁé{ec@g‘ﬁﬁpﬂﬁlpﬁkgﬁort o the

appr oxi mat i orexampleystdign\and camiumcamanatmlsbdluneammmM phoephiatéssr r ed based on
the ordinary s in fhe art nc udi tians duge to the

exper i ment al agh'd.’l;c!éqse Rltedtanl f?,rcﬂﬁfnPr ﬁ@gg ﬁﬁ%@ﬁ’“%}?\?@‘f al ue. 20.The

expressi ofp ofgrarutating agemepmﬂcams (foraxamphs iagnesitm|stetirae, stleanrc a¢|cukocyt es and
mast cell s, establ

t ant t, f t
i nt ervent i on and 18k §w§e"°‘d °r%§ﬁ{%g@ g’g?‘{peﬁ%% EF%F‘E "é'fﬁ(‘)ﬁr?f‘%& nggﬁ’ﬁebler s (such as
al l ergi c, chrapiffin, er@%ﬁ:dtﬂ&idtmbvm ag&ﬁl@%cflcbrﬁ@'d@én{d‘l receptor |igands

are expecte to be useful for the treatment or prevention of various

manmal i an 2@@%@&&@,@ﬂaﬁ%l'kemwnva@@@aldﬁ?@'wsmgwnmmﬁ@ﬁ, the di scl osed
conmpounds, WhigiR& sknfmmeaén équ?@,sa?rng d%ag’é%ﬁﬁ@”@ﬁétﬁ'ng@fcaﬁ*% présgngcept or, and |

conpositions are useful anel i oration of npt ons associ ated wi th,
t he treat??enta"Gf'nC“&f?derWéamﬁleeU'éfPRWHﬁo'Eﬁsmﬂ'ﬁé aﬂ@loF GVPW@' diestgrrateons and

di seases: i nfdauRE Aroraliuze ﬁlﬁ’cﬁ‘u&a hard gelatin capsules in which the active
ingredient is mixed with a solid diluent, and soft gelatin capsules, in which the
- active ingredient is mixed with water or an oil, such as peanut oll, liquid
paraffin, or olive oil.

20 Parenteral dosage forms may be prepared using water or another sterile
carmier. Parenteral solutions can be packaged in containers adapted for
subdivision into individual doses. For intramuscular, intraperitoneal,
subcutaneous, and intraQenous use, the compounds of the invention will
generally be provided in sterile aqueous solutions or suspensions, buffered to

25 an appropriate pH and isotonicity. Suitable aqueous vehicles inciude Ringer's
solution and isotonic sodium chioride. Aqueous suspensions may include
suspending agents such as cellulose derivatives, sodium alginate, polyviriyl-
pyrrolidone, and gum tragacanth, and a wetting agent, such as lecithin.
Suitable preservatives for aqueous suspensions include ethyl and n-propyl p-

30 hydroxybenzoate. Parenteral formulations include pharmaceutically
acceptable aqueous or non-aqueous solutions, dispersion, suspensions,
emulsions, and sterile powders for the preparation thereof. Examples of
carriers include water, ethanol, polyols (propylene glycol, polyethylene glycol),
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30 allergic disorders, dermatol ogi cal disorders, autoimmune di sease,

| ynphatic disorders, and i nmunodeficiency disorders, including the nore
specific conditions and di seases given above. The di scl osed conpounds nay
al so be wuseful as adjuvants in chenotherapy or in the treatnent of Itchy
skin. 37 \WowdQoumshausdB07 PCT/ US2004/ 031855 Aspects of thgrnenigh@es | ncl ude
(a) a pharnmaceutical conposition conprising a benzoi m dazol e conpound

sel ected from conpounds of fornmulae (1) and (11), enantioners,

di ast er eoner yegetahiemﬂs,mdﬁmjewtehje organiorestere suchcas ethyl cleatepFhiidiy c@al t s, ani des

and esters thereof, .a L& u d her ei n, and a
phar maceuti c PI"§P' té@&g?’&@'ﬂ%“ cgo%tlﬁgg?&\ é‘l’qg@@ggea%ﬂ?g? 5rrpr| sing (1) a
phi’slr WBCSU]E i Ca’qairﬁﬁiﬁmﬁpb'rdmlawmme:smg Gtrrieesiot salidedoshge formgilgthzde e conpound
sel ected fromg un antjoners

di astereorrer?)fﬁg@ r?%‘feé'gertsh@’ BUB’P f‘é}' &HH czﬂ)ﬂ? CANABI S sal ts, ami des
and esterg t heysfiftion pstariafs, anszfrpudmrakelbm&scgora@smsmg hiRbHess, | bed '
herein, and a_pharaceuti ca ép%g?? tabl e carrier, SS I nstructions for

the adni ni stK'&BP@f‘”&fa%ﬁﬁsda% Bi$- for the treat mant or prevention of an
H4- medi at ed di seaggmBbsifictithéy aae c&ﬁfbm@djmaﬁtg s0éh b presk e@weﬁm gProvi de

met hods for treating an H4-nediated condition in a pati sal d net hods
conpri si ng a@mulsityingr andydispensing ageatspantindgrobigl WWLES RATBPENSef f ect i ve

amount of a %ﬂf&%%'tédo??hﬁﬁ&?érﬁroséc}?&c% iak E@ﬁhﬁ%@% g&e‘é&éﬁ’hg‘ }Sr conpound

sel ected from conpound mu enanti orners,
di ast er edRer §odnumlmm§sahmt@0fprolpn@lnmms plechl asyalumwept able salts, amides

and esters trﬁ%n%gfearﬁggnﬁbplﬁﬁn %anbggﬁﬁoﬁg?@qgﬁgoqr@gﬁ:conpounds In these

conditions, the action rece For 20 exanple, the
i nvention feat ur eBhysiotegitalist acceptable aarriary are wiell knewin it thd atlorkkatriptes in a

e e e P BB B0 Bl e ing B oty
conpri si ng atinveatat foomesohdinas iemulikions, end dispersiods. s@bmpantniefantnmmdamsqounds of
phar moeuE! &Y 26 ey SR SRR BR blosp b PR RIREIOR: toc herei .
"treating" a liquideoohpositions)agcamsweetendrsy rel ated terns, nean elininating or
.Pharmaceutical compositions according to the present invention may
_ include suitable emulsifiers typically used in emulsion compositions. Such
emulsifiers are described in standard publications such as H.P. Fiedler, 1989,
20 Lexikon der Hilfsstoffe fir Pharmazie, Kosmetic und agrenzende Gebiete,
Cantor ed., Aulendorf, Germany, and in Handbook of Pharmaceutical
Excipients, 1986, American Pharmaceutical Association, Washington, DC, and
the Pharmaceutical Society of Great Britain, ITondon. UK, which are
incorporated herein by reference. Gelling agents may also be added to
25 compositions according to this invention. Polyacrylic acid derivatives, such as
carbomers, are examples of gelling agents, and more particularly, various
types of carbopol, which are typically used in amounts from about 0.2% to
about 2%. Suspensions may be prepared as a cream, an ointment, including a
water-free ointment, a water-in-0il emulsion, an oil-in-water emuision, an
30 emuision gel, or a gst.
It is anticipated that the compounds of the invention can ba
administered by oral or parenteral routes, Including intravenous, intramuscular,
intraperitoneal, subcutaneocus, rectal, intracisternal, intravaginal, intravesical,
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otherwi se aneliorating the cause and/or effects thereof. Ternms such as to
"inhibit", and grammatically related terns, the onset of a disorder or event,
and to "prevent" a disorder or condition, and grammatically related terns,
mean 30 preventing, delaying or reducing the likelihood of such onset. The

ef fect of awoeeesageserst nay al so be produced by an invergser/péoiisss | nverse
agoni sm describes the property of a conpound to actively turn off a receptor
t hat di splays constitutive activity. Constitutive activity can be identified
38 VIO 2005/ DHRHEH oF '%&ﬂr&%@% by i?lhﬁﬁhér? bh%tor*aaga @%?d?aa plFed to

over - express rece Consti t |ve act | vi can e measur ed by
examn ni ng cANm ioemeﬂfs spraymyFomabaﬂnninigtr@mnew@rqompogmofsfbaslnvrentm to CAWP

| evel s after t f or skoi i n.
Cel l s that o@réée'%gérl SS #'@%@c@%% o?ttétfi%ﬁ%%a?g@ay %\%ears c%eg%]revel s after
forskolin tresaSpmlstont [@thenmathods pf adreinistyatingl ihdudeCeoniroliedieiédsat behave as H4

i st ] t LSt ted CAMP | | i
e ot os 3 ndotRidiens. RER 35 Hibeuteralfis shRkns nt Mol BAGeR ! O S i T
d(r)]se geﬁendently Eﬁ%c:timaldak& GfAhPcbmpahrg!sluﬁtHMpresquhﬂ@ mey be. gorrpgunds
t hat nt ni st - :
i nﬁl bi '?I g\rgeofaasﬁ‘i{ﬁﬂﬂ"%ﬂgw% en E@%ﬂﬁ'l iﬁ WeL]Eéﬁ’sP%%ng@QIQE'[# fr("j’All\J/(I::>e Furt her

embodi nent s (Hnytpbﬂlcm@l"ﬁéﬁén@wulldebHé‘@n@HﬁﬂBéﬁ@ﬂfa@@F@Wﬂﬂﬁné§E’Ven afe inhibitors
of a mammal i an” hi st am ne receptor function, iphibitors of i nflammtlon or

| nf | ammat or y e sensiiiass typs Wﬁ%p@msmedmsﬂr@amﬁmahaf%% obadrpipistreion pr essi on
of a manmgy i 3Re %@h@%’g@%ﬂd‘bd@%%ﬁmdﬁ S¥itRé Patient HnBith@bdmiMistration of

pol ynor phonucl ear “| eukocyte activation in vivo or in vitro, or conbinations
of the abovehafiede@maiondi ng net hods of treatment, prophylaxis, and

di agnosi s conpris BM% nit dose"
and their grammat !H(;%ﬁeg& d?%gﬂnﬂa{) aegpﬁ'uggéh&ggg@ %r-rgglﬁgﬁ'tg%@eaéér to

physi cal | y diatnge éOQmmta;s dividec,gpsesh willha lnawraasgérg@bahrowommw pati ents and
ot her  ani mal ﬁ‘-?&o r phar macol ogi c
anount of t hzabag?f@w% émd?%g Yare pr ducag%{ﬁd@é?er

phar macol 8gi clay, &id wost. usmauy fgm@boutcmmgmsabmt 20fhmgnnrd|ayu Ebcpressed

as dosage per unit body welght, a typical dose will be expected to be between

about 0.0001 mg/kg and about 15 mg/kg, especially between about 0.01 mg/kg
and about 7 mg/kg, and most especially between about 0.15 mg/kg and 2.5
mg/kg.

20 Anticipated oral dose ranges include from about 0.01 to 500 mg/kg,
daily, more preferably from about 0.05 to about 100 mg/kg, taken in 14
separate doses. Some compounds of the invention may be orally dosed in the
range of about 0.05 to about 50 mg/kg daily, while others may be dosed at
0.05 to about 20 mg/kg daily. Infusion doses can range from about 1.0 to

25  about 1.0 x 10* pg/(kg.min) of inhibitor, admixed with a pharmaceutical carrier
over a perioa ranging from several minutes to several days. For topical
administration, compounds of the present invention may be mixed with a
pharmaceutical carrier at a concentration from about 0.1 to about 10% of drug
to vehicle. Capsules, tablets or other formulations (such as liquids and film-

30 coated tablets) may be of between 0.5 and 200 mg, such as 1, 3, 5, 10, 15, 25,
35, 50 mg, 60 mg, and 100 mg and can be administered according to the
disclosed methods. Daily dosages are envisaged to be, for example, between
10 mg and 5000 mg for an adult human being of normal welght.
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dosage fornms of this Invention are determ ned by, and are directly dependent
25 on, the characteristics of the active ingredient, and on the |imtations
inherent in the art of compoundi ng such an active ingredient for therapeutic
use in humans and other animals. The pharmaceutical conpositions can be
prepared uswemgnos/odas@nti onal pharmaceutical excipl ents odusgoawosisssi ng

techni ques. Exanples of suitable 30 unit dosage forns are tablets, capsules,
pills, powders, powder packets, granules, wafers, and the |ike, segregated
multiples of any unit dosage form as well as liquid solutions, and
suspensions. Sone liquid forns are s wher eas ot her enbodi nents of
liquid fornms are non-aqueous. O al ggé@%i——GQ WO 2005/ 044807

PCTI US2004/ 0&enhshal Expdrimerntaly be el i xirs, syrups, capsules, tablets and the

| i ke. Exanpl es of l1d  carriers, include those materi S |y enpl oyed In
the manufacture o'?"a  JRegtrg werq ‘S@P@FEP"S E‘Ffaa_ ruﬁ?ﬂ?B&%,ﬁX@cﬂH&gl ucose,

et hyl cel lsul asez) oFBPXSO0 (BOCSKBEY stieetroméief.atise formathsiand 44 aMRaaml tol and the

| i ke, thickeners such as tragacanth and 5 met{;é_l cellul ose USP, finely divided

h
5i 02, pol yvi rbylowﬁir%!emﬂhébiﬂﬁ%amﬁowmﬁe@t%% amgthylsilare refgrencery pi cal 1 quid
oral exci pl einaiuhRy. Sepfid@iatent SiVRE Abgratigl er and the | ke, All
excipients may be nixed as needed with di?uents (for exanple, sodium and
cal ci um car bonat eMasssepRfcirmwane obtained @mapewish Raekard (Agitent)series 3100
di si nt egrant I Qi i ulatin
g M0 9§In§?%‘€% ran%@él,iﬁfrlrcgﬁ gég‘.sl)f\ﬂ%it@%rgigrgfgfee ?ng?g)eaﬂvépn&%. g

agents, lubricants or exa aric acid, and

tal c), bitdernrdigated. Ehedimass calsuiatasd ferraomeleculan faymula g beenencisoéple exanpl e,
paraffin, vaxes. g &%F{ Lgtum, flavoring agents, coloring agents,
preservatives, and e I'l Ke by conventional techniques known to those of
ordinary skill In the art of preparing dosage forns. Coatings can be present

15 and incl ugg,.cf.or » gl A earate and/or glyceryl

di estearate. ﬁ@ﬂ%@'ﬁpwdr ?oﬁg}'gr%%i%%%ﬂﬂggé hard gel atin capsules in which

t he active i ngreHPbGtretention tirees anetrbpartesidh minudes, wsing, themittsmfstangel at i n

capsul es, 4 n whi th act | ingredient is mxed with water or an oil, such
as peanut1'50i |°P"?'ﬁ‘31i’88°$%°f%‘#'¥‘§-n, or olive oil. 20 Parenteral dosage forns nmay
be prepared usstugnentit er or Agitent K&-1H0eri |l e

Solvent: Acetonitrile (0.05% TFA)/H20 (0.05% TFA)

Flow rate: 0.75 mL/min

Gradient: 1 min at 1% H;O; 7 min linear ramp to 99% H.0;
20 4 min at 99% H,0.

Column: Zorbax Eclipse XDB-C8 (5:um, 4.6x150 mm)

Temperature: 35°C _

Wavelength: Dual detection at 220 nM and 254 nM.

25 Purification Method 2: Normal-phase Chromatography
2-Arylbenzimidazoles were purified by chromatography on silica gel
eluting with dichloromethane, then 10% methanol in dichloromethane, and
subsequently 10% (2.0 M ammonia in methanol) in dichloromethane. The
reaction mixtures were loaded on the silica gel without work-up.
30

43



carrier. Parenteral solutions can be packaged in containers adapted for
subdi vi sion into individual doses. For intranuscular, |Intraperitoneal,
subcut aneous, and intravenous use, the conpounds of the invention wll
generally be provided in sterile aqueous sol utions or suspensions, buffered
to 25 an apps aARELAEE PH and isotonicity. Suitabl e aqueowsTASkosbzasssl ncl ude
Ringer's solution and isotonic sodium chloride. Agueous suspensi ons nay

i nclude suspendi ng agents such as cellul ose derivatives, sodium al gi nate,
pol yvi nyl - pExa@pledpne, and gumtragacanth, and a wetting agent, such as
lecithin. ' Suitable preservatives for aqueous suspensions include ethyl and
n-propyl p 30 h droxyﬁ:nzoate. Parenteral formulations include

phar maceuti ca aqueous or non-aqueous sol utions, dispersion,
suspensi ons, (jonsy_# sterile powders for the preparation thereof.
Exanpl es of carriefs include r, hanol , pol yols (propyl ene glycol,

pol yet hyl ene glycol), 40 WO 2005/ 07 PCT/ US2004/ 031855 vegetable oils,

and i nject abl.g.0 n ter uch as .ethyl |d|t n be

mai nt ai ned by {{zh(é% 34C E?r @&l? 'P@'aé'ﬂJFV‘E%’OP%TP#W}J&ESW? or

mai nt ai ni ng aeAgcidazble. particle size. Carriers for solid dosage forms

I ncl ude (z;’ta) fillers or extenders, (b) binders, (c) hunectants, (d)
disintegrating agents, 5 (e) solution retarders, (f) absorption accelerators,
(9) adsor bantGenetdlPrédddutefnt s, (1) buffering agents, and (j) propellants.
Conposi tions ma aI so cont ai n adj uvants such as preserving, wetting,

enul si fyi ng, fangtCh : BIOR! ghzgldey |1(-§r ¢RjoDREIPER. par abens,

chl or obut a“0'259gﬁ‘ﬁ‘@h mmam% \gvéslaédea&péeauﬂo@&qmﬁ-cﬁmas a sugar or
10 sodium chl ori absor pti on- prol ongwésﬂgents such as al um num

nonost ear at e Mﬁ@%@ﬁidﬁhy%@ A3 38R M eV ddeER 44.4B19y 8281 ogi cal | y
accept abl g CaphbebYp é’t{luﬁg%ééet&rﬂ;g@@;(égmlﬂh%érrﬁlxtu &ated 8f 68 *¢liyrd carriers

are solutions I n which conpou ing t present i nvent| on form
sol utions, erh8 hsithansoolastodberpdemperatire (Bﬁ@pdtﬂﬂmed tiarnugtodhmﬂ@ou% such as

et hyl par abe’baﬁﬂd%QWMW@@ggﬁceﬁﬁ&?B%nﬂé%E%e ;ﬂeéé?)régi f&ﬂﬁ] g!llquid

conposi tions, as can swee maceut | c "% cor di ng to
t he present ipnedust,ivdichreigs purified by column chromatography (smca gel, 5% ethyl

acetate in hexanes) to afford 3.19 g of a colorless oil (66%). 'H NMR (400

15 MHz, CD30D): 10.3 (s, 1H), 7.87 (d, J= 8.0 Hz, 1H), 7.10 (d, J = 4.0 Hz, 1H),
7.03 (dd, J= 8.0, 4.0 Hz, 1H), 4.23 (t, J = 8.0 Hz, 2H), 3.76 {t, J = 8.0 Hz, 2H),
2.31-2.22 (m, 2H).

General Procedure 2.

20 B. 2-Chloro-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-benzaldehyde.
N-Methylpiperazine (2.16 g, 21.5 mmol, 2.0 equiv), 2-chloro-4-(3-chloro-
propoxy)-benzaldshyde (3.19 g, 10.8 mmol, 1.0 equiv), K2COs (4.46 g, 323
mmol, 3.0 equiv), and K] (1.02 g, 5.38 mmol, 0.5 equlv) were stirred in n-
butanol (22 mL) at 90 °C for 18 h. The reaction mixture was diluted with water

25 and then extracted three times with ethy! acetate. The combined extracts were
dried (NazS0,), filtered, and concentrated, yielding the crude product, which
was purified by Method 2 to afford 2.04 g (63%) of an orange oi. 'H NMR (400
MHz, CD30OD): 10.3 (s, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.08 (d, J = 2.0 Hz, 1H),
7.00 (dd, J= 8.0, 2.0 Hz, 1H), 4.15 (t, J = 8.0 Hz, 2H), 3.00-2.30 (br s, 10H),

30 2.29 (s, 3H), 2.05-1.80 (m, 2H).
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I nclude suitable emulsifiers typically used In enul sion conpositions. Such
emul sifiers are described In standard publications such as H P. Fiedler,

1989, 20 Lexl kon der Hilfsstoffe fOr Pharmazi e, Kosnetic and agrenzende
Gebiete, Cantor ed., Aulendorf, Gernmany, and in Handbook of Pharmaceuti cal
Exci pi ent s,wd 968u4a80ET | Can Pharmaceutical Associ ation, BpshisisiensssPC and

t he Pharnaceutical Society of Geat Britain, London, UK, which are

i ncorporated herein by reference. CGelling agents may al so be added to 25
conpositions according to this Invention. Polyacrylic acid derivatives, such
as carboners, are exanples of gelling agents, and nore particularly, various
types of car prmral RvoceduradSe typ| cal ly used in amounts from about 0.2%to
about 2% Suseer' X g@pﬁath'lncl uding a
wat er-free oi ' : errul sion, an 30
emul si on gel, H-rbeazgmldazbla Qs(!t&lmpr@ﬁs(&tmethylmerahmQ&b)am'opmjdi- of the invention

"t ramuscct aroneRePi e Smach oF BdL TR Raub R B pdan 22O

:ntr?vagl nal ctinanitirreamemg;@m mﬁabl\ﬂm v&b@é‘( Smw"emﬂ Msml (D@/(wmg%glot ollm CfIIh or
ocal administratio 0 nasa ably In the
formof a spr&yPeh ?quwMP%m% QQ)ré)Potrﬁ@ thr‘Pﬁd’Bﬁ@? “{L'FFéwPﬁvent i on

wi Il generall ba&@d aiféwy@ﬂ%mbagém rifb@bcdordihg tcsMethoB 2\ Whkh affordt® @ sol ution
or suspension. mnistration Include controlled release 5

f or mul ati ons, %[Rﬂf’ﬁé)9Ul5‘@l§'f‘ﬁﬁB@BQ“’FWﬁr‘?'@Ctéﬂ?B’%ér’%ﬁs GRUtedior Erfective

doses of yhe EQFRLINGS, Ok, Wﬁlffcﬁ:ﬁénim'ﬁ[‘wm t OTH RMR 290 MeE s omed by
conventional nethods. The ecific _dosage | eveI 'U'Bq’hl red for a(r%/ parti cul ar

patient will @&8dbics,dh)d- % & 1}, 7f'§c(ﬂow’s2 § Hel 87 4kt Bily 2 t he
condi tion, typg ﬂ.ﬁ) ?XJBEH&”TP- geecdisng, t1'!-$on OQt ..té‘nqurzogquz 0- zflgg}!{ﬂl stration,

10 the wei ght, ag jener al ~condi the patien

admi ni strati oﬂu3|d)‘ Zﬂ(HdHM@Ddarﬂ'ﬁtgwﬂrﬂSg(ﬂn@ﬂﬁ-l it is anticipated that the
daily dose (whether administered as a single dose or as divided doses) will
be in the range fromabout 0.01.ng to about 1000 ng per day, nore usually
from aboutt51 Emampledbout 500 ngy per

Cl

O

‘—\_CN_

2-{2-Chloro-4-[3-(1-methyl-piperidin-4-yi)-propoxy]-phenyl}-4-methyl-1H-

benzoimidazole. '

A. 3-(1-Methyl-piperidin-4-yl}-propan-1-ol. To a refluxing solution of 1 N lithium
20 aluminum hydride in'THF (40 mmol) was added dropwise a solution of N-BOC-

TZ =

4-piperidinepropionic acid (3.0 g, 11.6 mmol) in THF (30 mL). The reaction
mixture was heated for 3 h and then cooled to rt. Upon further cooling to 0 °C,
water (1.5 mL) was added slowly, and the reaction mixture was allowed to
warm to rt over 15 min. The mixture was again cooled to 0 °C, and 10% NaQOH
25 (1.5 mL) was added slowly. Upon warming up to rt over 15 min, the mixture
was again cooled to 0 °C and more water (4.5 mL) was added. The resultant
mixture was allowed to warm to rt over 18 h, and was then filtered through a
diatomaceous earth pad. The filtrate was concentrated under reduced
pressure, and the residue was purified by Method 2 to afford 1.9 g (100%) of 3-
30 (1-methyl-piperidin-4-yl)-propan-1-ol as a yellow oil. MS (electrospray): mass
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15 day, and nost usually form about 10 ng to about 200 ng per day. Expressed
as dosage per unit body weight, a typical dose will be expected to be between
about 0.0001 ng/ kg and about 15 ny/ kg, especially between about 0.01 ng/kg
and about 7 ny/kg, and nost especially between about 0.15 ng/kg and 2.5

ng/ kg. 20 AwDizeispadserd oral dose ranges include from aboutctTdudddosios1ss$0 no/ kg,
daily, nore preferably fromabout 0.05 to about 100 ng/ kg, taken in 1-4
separate doses. Sone conpounds of the invention may be orally dosed in the

range of aboghicQiafta fbpcahgw@ mm/nlﬂﬂféiﬁidl ¥58. MMt E] oﬂrhwmm(rmo meizdosed at
0.05 to about 20 ny I Qn .dose romabout 1.0 to 25

about 1.0 x ﬁﬂt%ﬁﬁ%ﬁ’rﬁ"rﬂ“ 8H)'I2ﬁw Bi'tdm, zﬁbrﬁ%baan('?‘hzla) déf-hBdeuti cal

carrier ovelmaglgRi K8 hoam $euRrEH), M nutes to several days. For
t opi cal adm(rgl stfatﬁg‘ln ?g f]g)unds of he p)resent Invenél on may be mxed with

a phar maceutB. g f - dehyde) To@p icthout 10% of
d t h I d
G N T R e el R N B AR, 15 z
5, 10d_ 15, t ZEerJ]lvBmpl'!éﬁYlpgqsp&m«atr(g 02an8. lemotrg Zaem.lmaand)é-(hmattnyl-st e{ edb
according to . i r o be, for
exanpl e, gbet \Bizo@ﬁd'n%a%ﬁ%iﬁg;’ﬁé%gfﬁ r@rﬁ(ﬂag‘gla%%%m%aﬁ* ﬁ%@egﬁgﬁor mal
NVRSpect ra oo obt ol ot or orcher o br yker rodsl . DX @"@(’58"%"&:;5“92? )
DPY500. (500 HFE08 FURkiEGHfes AloweriiE walp it 50 WER @Be TalAtB s T ber ow | &
E:helmt ca: 19hi It fribixture W[ﬁmIMWRT wla?ar?ﬁd elieadted thfamtd'v?é With aihgl dcetate en;:e

mul tiplici cou nst an i ntegration ectra were
obt ai ngd on él‘ ﬁeﬁ?ﬂ@! %&@ES‘F&”%%@"'?‘L&W%Q&W@ ’l‘i%rat%%Dg@ﬁcﬁtﬁblP)éct rospray
I'oni zati on ('féthod Zaﬁbﬁdléﬂ"lea@ﬁq (sov? o«pfhert&ﬁtéd aﬁenw%e ms (eld&rdspryyat ed. The

"mass cal cul ated" for a nolec he nonol sot 01pl c mass of the

conmpound. Puriasscaiculgiedier ﬁm!rizaNOa:e@%ﬂ §e’leﬁﬁ‘é&<b 26p2gM+HT .
(400 MHz, CDCl3): 9.8§ (s, 1H), 7.80 (d, J = 8.6 Hz, 2H), 6.97 (d, J = 8.6 Hz,

15  2H),4.01 (t, J = 6.4 Hz, 2H), 2.84-2.82 (m, 2H), 2.25 (s, 3H), 1.92-1.78 (m, 4H),
1.71-1.69 (m, 2H), 1.41-1.37 (m, 2H), 1.29-1.26 (m, 3H).

C. 2-{2-Chloro -F3-(1-methvl-pigeridin-4-ylhgrogoxy]-p_henyl}ﬁ-methyld H-
benzoimidazole. 2-Chloro-4-[3-(1-methyl-piperidin-4-yl)}-propoxy]-

benzaldehyde and 3-methyl-benzene-1,2-diamine were stirred with Na;S;0s in

20 DMF at 90 °C for 12 h. Purification of the reaction mixture by Method 2
afforded 129 mg (73%) of the title compound. MS (elecirospray): mass
calculated for Cz3HzsCIN3O, 397.19; m/z found, 398.4 [M+H]". 'H NMR (400
MHz, CD;0D): 7.69 (d, J = 8.5 Hz, 1H), 7.46-7.35 (m, 1H), 7.17-7.13 (m, 2H),
7.06-7.01 (m, 2H), 4.06 {t, J = 6.4 Hz, 2H), 2.95-2.85 (m, 2H), 2.59 (s, 3H),

25 2.27 (s, 3H), 2.10-1.95 (m, 2H), 1.86-1.76 {m, 4H), 1.50-1.49 (m, 2H), 1.32-

“ 1.25 (m, 3H).

Example 3
F Ci

FTO\©:;\> b OL\-N’_\N;
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HPLC retention times are reported in mnutes, using the nethods and 15
conditions reported below Instrunent: Agilent HP-1100 Sol vent: Acetonitrile
(0. 05% TFAYH20 (0.05% TFA) Flowrate: 0.75 nmrmin Gadient: | mn at 1% H2G,
7 mnlinear ranp to 99% H2G, 20 4 min at 99% H2O Col um: Zorbax Ecli pse

XDB- C8 (5, wid 200s/6448020 mm) Tenperature: 35 C Wavel engt hpcPugboodlesigsst i on at
220 nM and 254 nM 25 Purification Method 2: Nornmal - phase Chromat ography

2- Aryl benzi m dazol es were purified by chronat ography on silica gel eluting

wi th di chi or gqiOniie-4-[BHemetidpipsrdem dlyl HpropixyjpHenpliRstthifueromathdxy-s ubsequent | y
10% (2.0 M anmoni a .in nethanol) in dichioromethane. The reaction m xtures
were | oaded oHREREOITNIGEZPIR. o Wit hout work-up. 30 43 WO 2005/ 044807

PCTI US2004/ Oﬁﬁ.%mggﬁﬁdm:b@ prepated By th® methdd désctibéd in General Procedure 3

2-{2-Chl oro-4-[ 3-(4-nethyl -pi perazin-_| -Kl 2_0-pro oxy].-.pheny| h-4, 5-di net hyl -1
H benzoi m dHE'BQSTChB’TQ%r[éﬂ%nmqﬂM'@@&[ﬁzB"l'y -Rropexyienzaldgbydse @RP 8- pr o

poxy) - bengal - 1.0 equiv)
was addedst oégagrgﬁglt' ?r?ﬁédgi]m,tﬁgﬁlt%?%még%x?%_@ﬁ%nggﬁiéﬁégﬂgg%@eghmgg@%i%- 54 g, 16.2
mol, 1.0 eqimgl, @82 equiviand Ma$a0g(163mg 0188 mmsl, 1 -C‘Eewl@qﬁw%cationacet onitrile

{enper ai ur o DY etttz kg 23t @oocyir fie 86 coflolha. ‘WISTeBREFRN?, [ POT,
concent r at ed masd ealculatbddoriCpHeifsNaOy,i468di5nm/zfound; 469.4 [M+H]". H
NMR (400 MHz, CD5;0D): 7.82 (d, J = 8.7 Hz, 1H), 7.69 (d, J = 8.8 Hz, 1H),
10 7.55 (s, 1H), 7.23 (d, J = 8.5 Hz, 1H), 7.21 (d, J = 1.6 Hz, 1H), 7.1 (dd, J = 8.6,
2.2 Hz, 1H), 4.17 (t, J = 5.7 Hz, 2H), 2.88-2.38 (m, 10H), 2.32 (s, 3H), 2.10-
1,95 (m, 2H).

Example 4

Cl
0
_ WNK\N/
15 \_/
5-tert-Butyl-2-{3-chloro-4-[3-(4-methyl-[1,4]diazepan-1-yi)-propoxyl-phenyl}-1H-
benzoimidazole.

TZ 2z

1

This compound was prepared by the method‘described in Example 1, using 3-

20 chloro-4-[3-(4-methyl-[1,4]dlazepan-1-yl}-propoxy]-benzaldehyde (62 mg, 0.20
mmol, 1.0 equiv), 4-tert-butyl-benzene-1,2-diamine (33 mg, 0.20 mmol, 1.0 .
equiv), and Na;S;05 (50 mg, 0.26 mmol, 1.3 equiv) in Generatl Procedure 3.
Purification by Method 2 afforded 31 mg (34%) of the title compound. MS
{electrospray): mass calculated for C2gHasCIN4O, 454.25; m/z found, 455.3

25 [M+HI". 'H NMR (400 MHz, CD,OD): 8.12 (d, J = 2.2 Hz, 1H), 7.98 (dd, J =
8.6, 2.3 Hz, 1H), 7.6 (s, 1H), 7.52 (d, J = 8.5 Hz, 1H), 7.37 (dd, J = 8.6, 1.8 Hz,
1H), 7.22 (d, J = 8.7 Hz, 1H), 4.19 ({t, J = 6.0 Hz, 2H), 2.84-2.74 (m, 10H), 2.40
(s, 3H), 2.08-1.97 {m, 2H), 1.90-1.83 (m, 2H), 1.41 (s, 9H).
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product, which was purified by colum chromat ography (silica gel, 5% ethyl
acetate in hexanes) to afford 3.19 g of a colorless oil (66%. 1H NVR (400 15
MHz, CD30D): 10.3 (s, 1 H), 7.87 (d, J =8.0 Hz, 1 H, 7.10 (d, J = 4.0 Hz, 1
H, 7.03 (dd, J =8.0, 4.0 H, 1 H, 4.23 (t, J =8.0 Hz, 2H), 3.76 (t, J =
8.0 Hz, 2Hjyo 2085/04k80%- 22 (m 2H). Ceneral Procedure 2'. BOTRS2004/031855

2- Chl or o- 4-f 3- (4- net hyl - pi perazi n-1-vl)-propoxvl - benzal dehvde.

N- Met hyl pi perazine (2.16 g, 21.5 nmmoi, 2.0 equiv), 2-chloro-4-(3-chloro-
propoxy)-bemmgde (3.19 g, 10.8 mmol, 1.0 equiv), K2CO3 (4.46 g, 32.3
mmol, 3.0 equiv), and KI (1.02 g, 5.38 mmol, 0.5 equlv) were stirred in n-
butanol (22 m| ) at 90 Cfr 18 h. The reaction mxture was diluted with

wat er 25 and-tl hree tines with ethyl acetate. The conbi ned
extracts were N é) filtered, and concentrated, yielding the crude
product, which was |.pur|f|ed \BV\M@_Z to afford 2.04 g (63% of an orange
oil. 1HN|\/R(400 MHz, CD30D) 1 H, 7.86 (d, J 8.0 Hz, | H, 7.08

6 %502 Sl ol sty Bl 1030

2005/ 044807 Mb.ﬂ@%@%lOSlBSS CGeneral Procedure 3. C

2-(2-Chl oro-4-f3-(4-net hyl -pi perazin-1 -v poxvlL-phenvl|-4.5-dinethvl- 1
H benzol M da?lﬁ EOMPAUNE| WsRrgpargd leﬁa@‘ﬁvpdﬁﬁg@ﬁ‘égl'mE’_@WP'}a%Pﬁ‘ﬁaﬁy] 5

benzal dehyd . m enzene 1, 2-
di am ne (qu-nét?}l ‘ﬁ?j@ m@lh?llm n.4.|1,v9_(b rc\%@iﬁlg]\ﬁen?ﬂ@g?d@ (@B g’)SIdZC% 76 ng, 0.40
nmol, 1.3 equmMOnecmﬁ ‘(-(P"Ql?}ﬂmbe@?e%1é’qﬁﬁﬁlnﬂﬁ%mM@ﬁﬂ@fa@k1(9n m xture was

| oaded di recg M)%;g%ézsgé?g@mgrqumm&mesﬂea&mﬁ?t c:t %Wﬁéé%eﬁ pg: Which

af forded 98 e conmpound ectrospray mass

cal cul at ed fMethed 2@ffardedd oy (7726) ol dhe tilecomnowg Mﬁa(elecfrmmpy) 1H NVR (400
707 (a8 imade ylatid Ry Chrtling. 418 6D Froudd A0 ZIMSHIE IR MR B, © 1, 1 T
= 6.1 Hz, 2I-0400MH5£)CD3QD) (7n$0-7B3Km 28), 3§5Q§5UQ‘HI)1H)2I7552-T 40 (IBH)H) 2.05-1.95 (m
2H). 15 Bxanphe gy y=85, 1.8 Hz, 1H), 7.02 (d, J = 9.1 Hz, 1H), 4.07 (t, J = 6.2 Hz, 2H),
- 2.92-2.85 (m, 2H), 2.30 (s, 3H), 2.28 (s, 3H), 2.10-2.00 (m, 2H), 1.90-1.80 (m,
2H), 1.80-1.70 (m, 2H), 1.55-1.45 (m, 2H), 1.49 (s, OH), 1.49-1.26 (m, 3H).
15
Example 6

Sy,

4,5-Dimethyl-2-{3-methyl-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-phenyl}-1H-
benzoimidazole. ‘

20 This compound was prepared by the method described in Example 1, using 3-
methyl-4-[3-(4-methyl-piperazin-1-yl)-propoxy}-benzaldehyde (180 mg, 0.65
mmol, 1.0 equiv), 3,4-dimethyl-benzene-1,2-diamine (89 mg, 0.65 mmol, 1.0
equiv), and NayS205 (161 mg, 0.85 mmol, 1.3 equiv) in General Procedure 3.
Purification by Method 2 afforded 192 mg (75%) of the title compound. MS

25  (electrospray): mass calculated for C24HsoN4O, 392.26; m/z found, 393.5
[M+H]*. 'H NMR (400 MHz, CD30D): 7.95-7.85 (m, 2H), 7.35-7.23 (m, 1H),
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Cl N

2-{2-Chl oro-4-[3-(1-nethyl-piperidin-4-yl)-propoxy]-phenyl}-4-nethyl-IH
benzoi m dazole. A 3-(1-Methyl-D pe(din-4-vl)-propan-l-ol. To a refluxing
solution of 1 NIlithium 20 alum num hydride in THE (40 nmol) was added

dr opw se %6%&;& ﬁ,@, of N-BOC- 4-pi peridi nepropi oni ¢ acimpCT((2004¢31884. 6 ol )
In THE (30 nL). +e reaction mxture was heated for 3 h and then cooled to
rt. Upon further cooling to 0 C, water (1.5 m-) was added slowy, and the
reacti on m xyigare , ZH), avredt, Uc: 6.0ZTRHY 2i64-D8E(m L T6HY, B.29TBEBHN Xt ure was
again cooled to O C and 10% NaOH 25 (1.5 m-) was added slowy. Upon warm ng
up to rt ov@r"ol%o‘?r{'ﬂ',m'ﬂ e mxture was again cooled to O C and nore wat er
(4.5 nL) was added. The resultant mxture was allowed to warmto it over 18
h, and was then filtered through a diatomaceous earth pad. The filtrate was
concent r at eE*@Maler7 reduced pressure, and the residue was purified by Method
2 to afford 1;.9 g (100%9 of 3 30 (1-nethyl-piperldin-4-yl)-propan-l-ol as a

yellow oil. M3 eqtro ay): nmass 45 WD 2005/ 044807 PCTI US2004/ 031855
cal cul ated for m@%.w; mz found, 158.1 [M+H'. 'H NMVR (400 Mz,
N 2 M)
tn 2y

CD30D) : 3. 45-3.™ 2.77-2.74 (m 2H), 1.89-1.85 (m 2H), 1.64-1.61
(m 2H), 1.47-1.43 .21-1.12 (m 5H). B.~

2- Chl or 0- 4- 13- ( 1- et hyl - pi perY-eN n- &l | - propoxvl - benzal dehyde. To an ice- 5
cool ed sqlution of 2-chloro-4-h Q_)g%'b'enzal dehyde (507 ng, 3.2 nmmol, 1.0
equi v), triphenyl phosphine (1.02 g,/3.9 mol, 1.2 equiv), and 3-(1-nethyl-

pi peri di n- 4-5yfekiBubp-23944-¢4-mehtyd-piparazih- B-yhwotoxyl-pheagiHitd in THE (15 nl) was
added di et h)yglﬁ azodj car boxyl ate (DEAD; 0.6 nmi, 3.2 mmol, 1.0 equiv). The
reaction m U?oé"'{fdgéoailomed to warmto it and was stirred for 16 h. The 10

m'hxt ur ﬁb was Tiis eonsbund ms\méwrecgbﬁltrexﬁétﬁﬁd e@%dibédem Eizmae\évi ﬁé‘ln@BJf’lW acet aL e.
The conbi ne tracts, wer ri 2S0 a ncentrate Purification by
Met hod 2 af g‘b‘f%@&%ﬁi@'pﬁi?z&gb’/é' %BP&YN?P@"GQQ?'?VBB (gf A9 §d8 Mgl i ectrospray):
nmass calgul @qﬁﬂ%,h%ﬂ%%%@e-ﬂﬁ-ﬂiaﬁne mzfn%wmmn?cﬁ.a.eehmrihhd "H NMR (400
MHz, CDCl3): 9.85 SS’ 1 I-B 7.803(d, ,J)_z 8.6 Hz, 2H), 6.97 Sgl, J = 8.6 Hz,
Na,5,05 (48 mg, 0.25 mmol, 1.3 equiv) in General Procedure 3. Purification

by Method 2 afforded 75 mg (92%) of the title compound. MS (electrospray):

mass calculated for CagHasN4O, 420.29; m/z found, 421.2 [M+H]". 'H NMR

(400 MHz, CD,OD): 7.68-7.56 (m, 3H), 7.54 (br d, J = 8.2 Hz, 1H), 7.44-7.36

15 (m, 2H), 7.02 (dd, J = 8.2, 2.2 Hz, 1H), 4.07 (t, J = 6.1 Hz, 2H), 3.00-2.26 (m,

10H), 2.26 (s, 3H), 1.85-1.75 (m, 2H), 1.75-1.65 (m, 2H), 1.40 (s, 9H).

Example 8

20  5-tert-Butyl-2-{3-[4-(4-methyl-[1,4]diazepan-1-yl)}-butoxy]-phenyl}-1H-
benzoimidazole.
A. 3-(4-Chloro-butoxy)-benzaldehyde. This intermediate was prepared by the
method described in General Procedure 1 using 3-hydroxybenzaldehyde (2.0

g, 16.4 mmol, 1.0 equiv), 1-bromo-4-chlorobutane (1.62 mL, 16.4 mmol, 1.0
25 equiv), and KoCOg (4.53 g, 33 mmol, 1.0 equiv). Purification afforded 2.57 g
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15 2H),"'4.01 (t, J = 6.4 Hz, 2H), 2.84-2.82 (m 2H), 2.25 (s, 3H), 1.92-1.78
(m 4H, 1.71-1.69 (m 2H), 1.41-1.37 (m 2H), 1.29-1.26 (m 3H). C
2-f2-Chl oro-4-13-(1-net hyl - pi peridi n-4-vl)-propoxyl - phenvil -4-nethyl-1 H
benzoi m dazol e. 2-Chl oro-4-[3-(1-nethyl - pi peridin-4-yl)-propoxy] -

benzai dehy &) @mo€osdsoret hyl - benzene- 1, 2-di am ne were stirpetusacddiongsB8S205 in 20
DVF at 90 C for 12 h. Purification of the reaction m xture by Method 2

af forded 129 ngy (73% of the title conpound. MS (el ectrospray): mass

B o i e
(2H) 3H)7 02577Q3§mmHgH)40-ﬂ3®@m(uH)gz(fr-ﬁzszl(knaﬂzq)nggs-l@c;%ﬁ?zzmﬁ%sm 12?2) 12489(
s,

oH), 1.32- 1358 (Wm%Hb%)%-b??Qi‘Br i“ F el FO LN . FN-\N H46 W "
2005/ 044807 BCHL -/ 3 %ﬁloro-buto -phen I-1H-benzoim|dazole This

2-{2-Chl oro-4-T3- perazin-1- %}/ -5-trif|uororrethox
y- 1 I—I—beﬁzo!f\ﬁrﬂ’eﬁg@%waﬁ'ﬁ@af%‘(ﬁ)’dﬂﬂw ef‘H B3 described in

General Procgghg 8-(8-chlépd-BGtoxy)-benzaldehyde (500 mg, 2.52 mmol, 1.0 equly 4-tert-
2-chl oro-4-[ 3- (gl ( wad og)azpn- -yyl) (pro 8xy] benzal der?yd()a 00 ng, 5

0. 68 mmol , 1botyb@ﬁnzeme-142 dnamfneddﬂdam a&zynrbelni&ﬁguw).zarm M#aS2Qs 29 nmy, 0.62
T e o 5 0 PR 18 oo P T e PRI gl L'sﬁf‘é'yﬁ) ;
mass cal cul at:eldmhcand@ﬂﬁ@dlb}y flavdromategrapby (8% ethylaudiatd GDhexanhb )" . H NIVR
(155 VLo 8 3 o B 4R enied 1
(dd, J = 8.67. 482(n124H;,74IJ V-I)35 (#L 2R),(7108-2.03 (1%, ‘VI-I),—IA,17%I)O(rﬁ A8), 3.788 (m 1 O—i)
2.32 (s, 3H) 53 g H21} 203-1 Y6 (@ hr), TAR! Gnst
C. 5-tert-Butyl-2-{3-[4-{4-methvi-[1,4]diazepan-1-yl)-butoxy]-phenvi}-14-
benzojmidazole. This compound was prepared by the method described in
156 General Procedure 2 using 5-tert-butyl-2-[3-(4-chloro-butoxy)-phenyl]-1H-
benzoimidazole (51.2 mg, 0.16 mmol, 1.0 equiv), N-methyl-homo-piperazine
(19 ut, 0.15 mmol, 1.0 equiv), K2CO3 (40 mg, 0.30 mmol, 2.0 equiv), and KI
(12 mg, 0.08 mmol, 0.5 equiv). Purification by Method 2 afforded 19 mg (23%)
of the title compound. MS (electrospray): mass calculated for Ca7H3sN4O,
20  434.30; m/z found, 435.3 [M+H]". "H NMR (400 MHz, CD;0D): 7.66-7.62 (m,
3H), 7.52 (d, J = 8.6 Hz, 1H), 7.45-7.35 (m, 1H), 7.37 (dd, J = 8.6, 1.8 Hz, 1H),
7.06-7.02 (m, 1H), 4.11 (t, J = 6.2 Hz, 2H), 2.78-2.75 (m, 4H), 2.69-2.65 (m,
4H), 2.60-2.55 (m, 2H), 2.32 (s, 3H), 1.85-1.79 (m, 4H), 1.75-1.68 (m, 2H), 1.40
(s, OH).

- Pr.Opoxy] -

25
Example 9 '

Cl
)ﬁ >—< />-—o |
\_\_ N
'S
(1-{3-[4-(5-tert-Butyl-1H-benzoimidazol-2-yi)-2-chloro-phenoxy]-propyl}-
pyrrolidin-3-yl)-dimethylamine.

TZ 2
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Cl VNO-\N15 HNO

5-tert-Butyl-2-{3-chloro-4-[3-(4-nethyl-[1, 4] di azepan-| -yl }propoxy] - phenyl)-1

H— benzol m dazol e. This conpound was. prepared by the nethod described in
Exanple 1, using 3- 20

chl or o- 4- [%rdfbi)m| -[ 1, 4] dl azepan- 1-yl ) - pr opoxy] - benzacdekdHo1653 ng, 0. 20
nmmol, 1.0 equiv), 4-tert-butyl-benzene-1,2-diamne (33 ng, 0.20 mol, 1.0

equi v) and Na2S2C6 (50 ng, 0.26 nmmol, 1.3 equiv) |In General Procedure 3.

Purification T &&ﬁﬁmd&a@fﬁr@pa@@bgiﬂhermetﬁal‘}%scﬁbeﬁ ireEkarhpie 1¢osingend. MS
(el ect rospray) rrassﬂ:l@l cul ated f

d,
[MeH . H NNRE-PUbb2 cla’gg;@db)toxygpﬁ@y 133 iﬁen“z%%ﬁ@aw @ng-zorgégn( dd45?

8. 6, 2 3 Hz, 1 0/ . , 37 (dd, J
5 e Ta n%mbi) 1 Oeq@n\gsdlmbtr?-pyr?ohélﬁ -3 am}rllg(@-ﬁngﬂ 091m‘rhol 270 Hg o

2.84-2.74 (meg@N) KeCia (22 ma3HP4 mmaolg3.0 eguivy, ﬁpdm46 m99©21 nmaol(%S 2H), 1.41

(s, 9H 7 2 \'/ OH-( N
5-tent Bu:b \@ F’g%?ﬁeﬁgmoF éJ§ %ﬁﬂ%% geram n- S%p y] - phenyl } - 1H
benzol mi dazol(éS%&SoﬂﬁeﬁtIeomppwrw VW8 (qﬂeeimpmy) blyaasmalqmlawmﬁ)rdescrl bed in

met hyl - 4- [ 3- (42 % o gu > oxy] - benzal & Y876 g, 0.36
el €471 5 TChsEINAP: 45428k miz Tqund. A5 5 MHT, “HAMR (409, Miiz- £940R)

mmol, 1.0 equ8.v) (d, d=t2aHzbAHY;I7- QYe(dde.heGB 2:20HAaMH)e7.68 ey 1HY. 73@6-nmol , 1.0

Vet hot 2" 1 o Bt RERdos 66 TRk M)k na Peeibitallbolpr ay) - 10"

mass cal c1g at=g0fHy, 285 3-.84-D®0.(m¢ 18), 2%01-2168 §ﬁ104lﬂ};12 56@4@(&11\4%4}1 2,36- H NMR (400

et S LN

25

I IIOO

Example 10
Cl

pesoos
¥ Y

16  5-Chloro-2-{3-chloro-4-[3-(4-methyl-{1,4]diazepan-1-yl)-propoxy]-phenyl}-6-
methyl-1H-benzoimidazole. '
This compound was prepared by the method described in Example 1, using 3-
chloro-4-{3-(4-methyl-[1,4]diazepan-1-yl)}-propoxy}-benzaldehyde (61 mg, 0.20

© mmol, 1.0 equiv}, 4-chloro-5-methyl-benzene-1,2-diamine (31 mg, 0.20. mmol,

20 1.0 equiv), and Na;S;05 (48 mg, 0.25 mmol, 1.3 equiv) In General Procedure
3. Purification by Method 2 afforded 7.1 mg (8%) of the title compound. MS
(electrospray): mass calculated for CaaH2sCloN4O, 446.16; m/z found, 447.3
[M+H]". "H NMR (400 MHz, CD;0D): 7.96 (d, J = 2.2 Hz, 1H),.7.83 (dd, J =
8.6, 2.2 Hz, 1H), 7.45 (s, 1H), 7.34 (s, 1H), 7.10 (d, J= 8.7 Hz, 1H), 4.08 (t, J =

25 6.0 Hz, 2H), 2.76-2.64 (m, 10H), 2.36 (s, 3H), 2.30 (s, 3H), 1.96-1.88 (m, 2H),
1.80-1.73 (m, 2H).
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2.92-2.85 (m 2H), 2.30 Is, 3H, 2.28 Is, 3H), 2.10-2.00 (m 2H), 1.90-1.80
(m 2H), 1.80-1.70 (m 2H), 1.55-1.45 (m 2H), 1.49 Is, 9H), 1.49-1.26 (m
3H). 15 Exanple 6 N H 4,5-D nethyl -2-{3-nethyl -4-[ 3-(44- et hyl - pi

perazi n-1-yl)-propoxy] - phenyl }-1 H benzol m dazole. 20 This conpound was
prepared bwodbhesorisirod described in Exanple 1, using 3- pCT/uS2004/031855

nmet hyl - 4-[ 3- (4- net hyl - pi perazi n- 1-yi ) - propoxy] - benzal dehyde (180 ng, 0.65
mmol, 1.0 equiv), 3,4-dinethyl-benzene-1,2-dianmne (89 ny, 0.65 mmol, 1.0
equi v), and £341(161 ng, 0.85 mmol, 1.3 equly) in General Procedure 3.
Purification by thod 2 afforded 192 ng (75% of the title conpound. M5 25
(el ectrospray)f Fcul ated for C24H32N40 392.26; mz found, 393.5
[MtH ©. "H N CD30D): 7.95-7.85 (m 2H), 7.35-7.23(m 1H), 48 WO
2005/ 044807 $855 ~7.08-7.00 (m 2H), 4.12 (t, J 6.0 Hz, 2H),
2.64-2.37 (m 2.29 (s, 6/_\ 2.10-2.00 (m 2H). Exarrple?NNHVS
5-tert-Butyl-2-{3- [4 (4- met hyl - azi n-1-yl ) - but oxy] - phenyl }-1 H

benzoi m dazol e. This conpound was prepared by the nethod described in Exanple
1, using 3- PRAFlORREAIIHE-pI -a@ierazm{}mm&om;qheﬂﬂhfan%wy% (53 ng, 0.19
mmol, 1.0 1Obﬁ[g%’@'g 7 etortbutyl benzene-1, 2-diamne (32 ng, 0.19 nmmol, 1.0
equi v), and g ng, 0.25 nmol, 1.3 equi v) in General Procedure 3.
Purifi cat BonThisy:olvlyohwwas afefparatthy the m@hqm@,s)cribﬁ infexample &, lmmgp&und VS

(el ectrospr a¥2l0l‘0 4-[3-(4-methyl-piperazin-1-yl)-propoxy]-benzaldehyde (94 mg, 0.34
mmol, 1.0 equiv), 3-methyl-benzene-1,2-diamine (42 mg, 0.34 mmol, 1.0

equiv), and NazS,05 (84 mg, 0.44 mmol, 1.3 equiv) in General Procedure 3.
Purification by Method 2 afforded 130.mg (100%) of the title compound. MS

10 (electrospray): mass calculated for CxH27FN4O, 382.22; m/z found, 383.2
[M+H]*. "H NMR (400 MHz, CD,OD): 7.86-7.78 (m, 2H), 7.40-7.37 (m, 1H),
7.12-6.97 (m, 3H), 3.99 (1, J = 6.1 Hz, 2H), 3.00-2.30 (m, 13H), 2.25 (s, 3H),
1.94-1.90 (m, 2H).

16 Example 12

O
o Vo

5-Methyl-2-{4-[3-(4-methyl-piperazin-1-yl)-propoxy]-naphthalen-1-yi}-1H-
benzoimidazole.
This compound was prepared by the method described in Example 1, using 4-
20  [3-(4-methyl-piperazin-1-yl)-propoxyl-naphthalene-1-carbaldehyde (63 mg, 0.20
mmol, 1.0 equiv), 4-methyl-benzene-1,2-diamine (24 mg, 0.20 mmol, 1.0
equiv), and Na,S,05 (49 mg, 0.26 mmol, 1.3 equiv) in General Procedure 3.
The desired product was isolated from the reaction mixture using Method 1 and
was subsequently re-purified by Method 2 to afford 54.6 mg (66%) of the title
25 compound. MS (electrospray): mass calculated for CsHaoN4O, 414.24; m/z
found, 415.62 [M+H]". 'H NMR (400 MHz, CD;OD): 8.48 (d, J = 8.0 Hz, 1H),
8.10 (d, J=8.4 Hz, 1H), 8.0 (d, J = 8.2 Hz, 1H), 7.78-7.65 (m, 4H), 7.50 (d, J =
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mass cal cul ated for C2BH35NAO 420.29; mz found, 421.2 [MtH'. '"H NVR (400
MHz, CD3OD): 7.68-7.56 (m 3H), 7.54 (br d, J =8.2 Hz, 1 H), 7.44-7.36 15
(m 2H), 7.02 (dd, J =8.2, 2.2 Hz, 1H), 4.07 It, J = 6.1 Hz; 2H), 3.00-2.26
(m 10H), 2.26 (s, 3H), 1.85-1.75 (m 2H), 1.75-1.65 (m 2H), 1.40 (s, 9H).
Exanpl e 8 Nwvoldosidaddor\ N N 20 PCT/US2004/031855
5-tert-Butyl-2-{3-[4-(4-nethyl-[1, 4] di azepan- 1-yl) - but oxy) - phenyl } -

benzoi m dazol e. A. 3-(4-Chloro-butoxv)-benzal dehvde. This internedi ate was
prepared by g heiz, mr)t |7'Qd (dQ?E'BI.'DHQ 1H) &eqr abﬂﬂeemyado (BBS,H),

3- hydr oxybenzal dehyd ‘0 equiv),. 1-brono-4-chl orobutane
(1.62 ni, 1633,0-ﬁr99|(m §Hmé@&qéﬁbﬁ53:&03%éé§%&) 48 )33 mol, 1.0 equiv.
Purification afforded 2.57 g 49 WD 2005/ 044807 PCTI US2004/ 031855 (79% of
the desired product. '"H NWR (400 MHz, CDCI3): 9.98 (s, 1H), 7.47- 7.43 (m
21-1), 7.40-Examlghd 1H), 7.27-7.25 (m 1H), 4.09-4.03 (m 2H), 3.66- 3.58

(m 2H), 2.0341.93 (m 4H. B.
5-tert-B_utyI-iﬁj 4Nchl or 0- but oxy) - phenvl | - 1K benzoi m dazole. This 5

I nt er nedi at e"wa epga {:D;y t he net hod described in General Procedure 3
using 3-(4-chlo pbenzal dehyde (500 ng, 2.52 moi, 1.0 equivVv),

4-tert- butyl-benzene-1, 2- -am ne (414 ng, 2.52 mol, 1.0 equiv), and Na2S205
(622 ng, 3.3 nmmol, 1.3 equiv)y—Th eaction m xture was | oaded on a silica
gel colum and purified by fla hr prat ogr aphy (25% et hyl acetate in
hexanes) o 10 afford 348 ng (49% the desired product. 'H NWMR (400 MHz,

?E]C' g?—l) 7 37%-[3255)4%5{18%14#'_?&5\4%!%&1:3?5 gi)I(Bheﬁb‘Qy 1-7(4%tﬁ%lgfpé§€%|nﬂ§h)a 4 17-4. 10
5-tert- Butylblﬂaf{-f!ﬂm (4- met hyI Fl 41d| azepan I -yI) but oxvl - phenyl ) -1 H-

Goneral P ocoud ofR AROREORE 1]

benzoi m dazod43- (mwgphegpxy) warhmld (9&1 mgeQJE\n)molel DesiquiM) and k- pi per azl ne
10 methylpiperazine (576 mg, 5.19 mmol, 1.1 equiv) in dichloromethane at 0 °C
was added 1-(3-dimethylaminopropyl}-3-ethyicarbodiimide (EDCI; 1.18 g, 6.14

mmol, 1.3 equiv) and 1-hydroxybenzotriazole hydrate (HOBT; 701 mg, 5.19

mmol, 1.1 equiv). The reaction mixture, which was allowed to wamm to rt, was
stirred for 2.0 h and then poured into water. This mixture was extracted three

15  times with ethyl acetate. The combined extracts were dried (NazS0y), filtered,
and concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, 5% MeOH In dichloromethane) to afford
847 mg (62%) of the desired product. 'H NMR (400 MHz, CD3;0D): 9.72 (s,
1H), 7.29-7.23 (m, 2H), 7.22-7.19 (m, 1H), 7.05-6.98 (m, 1H), 3.87 (t, J = 6.1

20 Hz, 2H), 3.43-3.31 (m, 4H), 2.39 (t, J = 7.2 Hz, 2H), 2.27-2:17 (m, 4H), 2.08 (s,
3H), 1.92-1.80 (m, 2H). )
B._4-[3-(5-tert-Butyl-1H-benzoimidazol-2-yl}-phenoxyl-1-{4-methyl-piperazin-1-
yl}-butan-1-one. This compound was prepared by the method described in
General Procedure 3 using 3-[4-(4-methyl-piperazin-1-yl}-4-oxo-butoxy]-

25 Dbenzaldehyde (81.2 mg, 0.28 mmol, 1.0 equiv), 4-tert-butyl-benzene-1,2-
diamine (46 mg, 0.28 mmol, 1.0 equiv), and Na;S,05 (69 mg, 0.36 mmol, 1.3
equiv). Purification by Method 2 afforded 77 mg (64%) of the title compound.
MS (electrospray): mass calculated for CagHasN4O5, 434.27; m/z found, 435.0
IM+H]". 'H NMR (400 MHz, CD;ODY): 7.69-7.62 (m, 3H), 7.54 (d, J = 8.6 Hz,

53



(19 L, 0.15 mmwol, 1.0 equiv), K2C03 (40 ng, 0.30 mml, 2.0 equiv), and Kl

(12 ng, 0.08 mml, 0.5 equiv). Purification by Method 2 afforded 19 ng (23%

of the title conmpound. MS (el ectrospray): mass cal cul ated for C27H36N40, 20

434.30; mlz found, 435.3 [MtH'. 'H NVR (400 MHz, CD30D): 7.66-7.62 (m 3H),

7.52 (d, Jwo3080kds07 1L H), 7.45-7.35 (m 1 H), 7.37 (ddpcdnm2604fo31885 8 Hz, 1
, 7.06-7.02 (m .1H), 4.11it, J =6.2 Hz, 2H), 2.78-2.75 (m 4H),

2.69-2. 65 (m 4H), 2.60-2.55 (m 2H), 2.32 is, 3H), 1.85-1.79 (m 4H),

1.75-1.68 )2W46-71374@n 319 7%)(dd25=§>2a2rnlwz 9H 14.13NtN/ MIBE Hz, 2H)

(1-{3-[4- ( -tert-Buty Eenzm m dazol chl ' or o- phenoxy] propyl) -

pyrrolidin- 3390')3591(%%'94 %ﬁz e’ =503 W—)%@@gﬂéz&@lﬁ" Mt 28869A4th31855 Thi s

conpound was, QQ? od described in Exanple 1, using 5-
tart-butyl - Ré (ﬁﬂlzlwo ‘but oxw phenyl]-1 H benzoi ml dazole (206 ng, 0.55
mmol, 1.0 eqw v) d| met hyl - pyrrolidin-3-yi-amne (125 ng, 1.09 mmol, 2.0

equi v), K%CC%G‘) , 1.64 moi, 3.0 equiv), and KI (46 ng, 0.27 mmol, 0.5
5 equiv) neral Procedure 3. Purification by Method 2 afforded 137 ny
(55% of the t|tIe conpoun@.

M5 (el ectrospray): mass cal cul ated for

C28H35CI N4O, © &N z=hound, 455. 5 [MH—I] +. "H NWVR (400 MHz, CD3OD): 8.11
(d, 3= 22 He H) @ dJ L2 He, 1H),7.58(brs,1|—|),
7.65- 7.45 (nf IPH) 4 7. (d 17Hz 1H, 7.24 (d, J =8.7 H, 1
H),421(tJ10=60Hz .99 (m 1H), 2.91-2.65 (m 4H), .

2.56-2. 49 2. 24 2.10-1.99 3
1.79-1.70 E Ciﬂqry-2-[§ cll!l?f?-é (3mefaZ"EiélHB'l°8° ﬂD@inﬁg-ﬂﬂpfﬂ-wl (m 31,

benzoimidazole.
A._4-{3-[2-Chloro-4-(5-chloro-6-fluoro-1H-benzoimidazol-2-yl)-phenoxyl]-

10  propyi}-piperazine-1-carboxylic acid fert-butyl ester. This compound was
prepared by the method described in Example 1, using 4-[3-(2-chloro~4-formyl-

phenoxy)-propyl]-piperazine-1-carboxylic acid tert-butyl ester (1.0 g, 2.6 mmol,

1.0 equiv), 4-chloro-5-fluoro-benzene-1,2-diamine (421 mg, 2.6 mmol, 1.0

equiv), and NayS;0s (648 mg, 3.4 mmol, 1.3 equiv) in General Procedure 3.
15  Purification by Method 2 afforded 256 mg (15%) of the title compound. MS

(electrospray): mass calculated for CstngIzFN403. 522.16; m/z found, 545.3

[M+Na]'.

B. 5-Chloro-2-[3-chloro-4-(3-piperazin-1-yl-propoxy)-phenyl}-6-fluoro-1H-

benzoimidazole. To a suspension of 4-{3-[2-chloro-4-{5-chloro-6-flucro-1H-

20 benzoimidazol-2-yl)}-phenoxyl-propyi}-piperazine-1-carboxylic acld tert-butyl
ester (62.7 mg, 0.10 mmol) in dichloromethahe (1.0 mL) at rt was added TFA
(1.0 mL), and the reaction mixture was stirred for 50 min. The mixture was
concentrated under reduced pressure, and the solid residue was washed four
times with dichloromethane. The title compound was obtained in quantitative

25 vyield as the TFA salt. MS (electrospray): mass calculated for CaoH21Cl2FN4O,
422.11; m/z found, 423.2 [M+H]". "H NMR (400 MHz, CD;0D): 8.17 (d, /= 2.3
Hz, 1H), 8.03 (dd, /= 8.7, 2.3 Hz, 1H), 7.81 (d, J= 6.4 Hz, 1H), 7.59 (d, J= 8.7
Hz, 1H), 7.36 (d, J = 8.8 Hz, 1H), 4.33 (t, J = 5.8 Hz, 2H), 3.50-3.47 (m, 4H),
3.36 (brs, 4H), 3.25 (t, J = 7.4 Hz, 2H), 2.33-2.26 (m, 2H).

30
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H N 15

5-Chl oro-2-{3-chloro-4-[3-(4-nethyl -[1, 4] di azepan-1-yl) - propoxy] - phenyl } - 6-
nmet hyl -1 H be nzoi m dazol e. This conpound was prepared by the nethod
described In Exanple 1, using 3-

chl oro- 4- [ 3vd 4o08®44807 - [ 1, 4] di azepan- 1-yl) - propoxy] - benz @ic¢aiRysdgodeds ny, 0. 20
nmmol, 1.0 equiv), 4-chloro-5-nethyl-benzene-1,2-diamne (31 ng, 0.20 nmol, 20
1.0 equiv), and NaZSZCB (48 mg, 0.25 mmol, 1.3 equiv) In General Procedure

3. Purificatg Aethod 2 afforded 7.1 ng (8% of the title compound. MS
(el ectrospray mass cal cul at ed for C23H28CI 2NAQ, 446.16; mz found, 447.3
[MtHi. "H N 7.96 (d, J=2.2 Hz, 1 H" 7.83 (dd, J= 8.6,
2.2 Hz, 1 H) : 34(5 1H, 7.10 (d, J =8.7 Hz, 1 H, 4.08
(t, J =256.0 .64 (m 10H), 2.36 (s, 3H), 2.30 (s, 3H),
1.96-1.88 (m 2 I'i 80-T. 73 51 WD 2005/ 044807 PCTI US2004/ 031855
ExarrplellF NN /TH\-~N N ,
2-{ 3- Fl uor o- 4-[ 3- (4- net hyl - pi pera2| n yl)-propoxy] -phenyl }-4-nmethyl -1 H-
benzol ni dazo$-éerf-BUt!H-£3 et @I‘(%ﬁ@tW'EﬁBafaétﬂl'by')'Pf?@Oﬁﬂtnﬁ@ﬂylhéé’cr| bed in
Exampl e 1, ?‘i{&g‘"ﬁﬂ

fluoro-4-J3- plpera2|n 1-yl) - propoxy] - benzal dehyde (94 ng, 0.34
mmol, 1.0 eq'ﬁiﬂlS'FQmBOWEtwgﬁ pispacegty-the Mqﬂrﬂesent(edzn@amleeu usingl3- 1.0

equi v), and 265, [0 i Y ! ocedure 3.
Purificati onmgﬁl%/g&gg#'f"ﬂ# P@?%g'&'mqggpﬁ% %i%%ﬂ%éf%ﬁﬂyt@ﬁgg ‘[6?{:1?{31 ggrrpound M5 10
(el ect r ospr agmol, el equiv), 4dedbotyl-benze@@-A I RdiENNG, (365 hg? 2,8 7mhmof, duihd, 383 2
[ MEH ' . 1H NMR.(,400 D 7 1. 37
7.12-6.97 (nfaY a”"s’w'@%? Pﬂgl &géﬁﬁﬁol, E&gq‘é"’ EDGf"?baLI% 'j%gn 2] 25 (s,
3H), 1. 94- 1padrication By-Method 2 afforded 633 mg (81%) of the title compound. MS
10 (electrospréy): mass calculated for CogH3gN4O, 420.29; m/z found, 421.5

M+H]". 'H NMR (400 MHz, CD;0D): 7.90-7.85 (m, 2H), 7.65-7.40 (m, 2H),

7.33(d, J= 8.5 Hz, 1H), 7.04 (d, J= 8.1 Hz, 1H), 4.14-4.11 (m, 2H), 2.90-2.28

(m, 16H), 2.06-2.03 (m, 2H), 1.39 (s, 9H).

15 Example 16

’@ o‘—\_CN_

2-{2-Chloro-4-[3-(1-methyl-piperidin-4-yl)-propoxy}-phenyl}-4,6-dimethyl-1H-
benzoimidazole.

T=Z ,Ez

This compound was prepared by the method described in Example 2, using 2-
20  chloro-4-[3-(1-methyl-piperidin-4-yl}-propoxyl-benzaldehyde (106 mg, 0.36
mmol, 1.0 equiv), 3,5-dimethyl-benzene-1,2-diamine (49 mg, 0.36 mmol, 1.0
equiv), and Na2S.0s5 (88 mg, 0.47 mmol, 1.3 equiv) in Step C. Purification by
Method 2 afforded 128 mg (87%) of the title compound. MS (electrospray):
mass calculated for Cz4H35CIN30. 411.21; m/z found, 412.4 [M+H]". 'H NMR
25 (400 MHz, CD;OD): 7.68 (d, J = 8.5 Hz, 1H), 7.21 (br s, 1H), 7.12 (d, J= 2.4
Hz, 1H), 7.01 (dd, J = 8.7, 2.5 Hz, 1H), 6.90 (s, 1H), 4.05 (t, J = 6.3 Hz, 2H),

55



15 Exanple 12 H

5- Met hyl - 2-{4-[ 3- (4- net hyl - pi perazi n- 1-yl ) - propoxy] - napht hal en-1-yl)-1 H
benzoi m dazole. This conmpound was prepared by the nethod described in
Exanple 1, using 4- 20

[ 3-(4- met hqumopﬂmmnn 1-yl) - propoxy] - napht hal ene-1 - car bﬂl;ﬁﬁg%@?mgs%g ng, 0.20
nmmol, 1.0 equiv), 4-nethyl-benzene-1,2-diamne (24 ng, 0.20

equi v) and Na2S205 (49 ng, 0.26 mmol, 1.3 equiv) in General Procedure 3.

The desired rWaﬁl W I Met hod | and
was subsequelr%\tq%dygée 'ur| hi%%?ﬁ%é;&ﬁtofggdo?gi '54. 620%(%(?'? of the title
25 conpound. 1D&5~‘(§$Gnt4ld>)sﬂn45yl}11 e.H)cal cul ated for C26H30N40 414.24; mMz
found, 415.62 [M:tH'. 1H NWR (400 MHz, CD30D): 6.48 (d, J = 8.0 Hz, 1 H),

8.10 (d, J = 8.4 Hz, 1 H, 80 (d, J =8.2 Hz, 1 H), 7.78-7. 65 (m 4H), 7.50
(d, J = 52 WO 20THe olading cOGPpolRiz00 £xoRpes 3 7-56 WBr&premarld)j.uslhgﬂ (d, J =8.2
Hz, J = 6. 3.30-3.00 (m 6H),

2. 88 (s @eﬁ'g?épf%cedﬁrﬁ? 1%; %"@1'%}358"%‘9"' ai)abg\@(anpl e13N N Hp N5 0
4-13-(5- ter- Butyl 1H benzol m dazol - 2- yI}phenoxy}l (4- et hyl - pi perazin-1-yl) -
but an- 1- one. 1EA (4 Met hyl - pi perazin-1 -vi)-4-oxo- but oxyl - benzal dehyde. To
a sol ution of-*x@mP [93 fornyl - phenoxy) -butyric add (981 nmg, 4.72 moi, 1.0
equiv) and N 10 netkyl pl perazine (576 ng, 5.19 mml, 1.1 equiv) in

1- (3-di net hyl nop+d @-eyhyl carbodiimde (EDC; 1.18 g, 6.14 nmi, 1.3
equiv) and 1-T 7aroixyb&nzot ri« ol £~Rydrate (HOBT; 701 ng, 5.19 mol, 1.1
equiv). The reactflon nixture, “wNj chNwas allowed to warmto rt, was stirred
for 2.0 h and then poured into er. This m xture was extracted three 15

tinmes with eth&LCI-ametdanemefﬁblleS-c;bthybﬁpemtmabylkppmbw]mheayl}-MW)

filteredys  4pbenzoimidazole.
MS (electrospray). mass calculated for CsHzCIN4O, 412.20; m/z found, 413.2
[M+H]'. "H NMR (400 MHz, CD;0D): 7.75-7.65 (m, 1H), 7.50-7.35 (m, 1H),
7.20-7.13 (m, 2H), 7.15-7.02 (m, 2H), 4.06 (dd, J = 9.2, 4.5 Hz, 1H), 3.94 (dd, J
=92, 6.0 Hz, 1H), 2.80-2.35 (m, 13H), 2.35-2.20 (m, 4H), 2.28 (d, J = 4.5 Hz,

15 3H).
Example 18
Cl
Cl N
)OS eS
N
H \xN- N—

5-Chloro~2-{3-chloro-4-[3-(4-methyl-piperazin-1-yl}-propoxy]-phenyl}-6-methyl-
1H-benzoimidazole.

20 MS (electrospray): mass calculated for CaaH26C1aN4O, 432.15; miz found, 432.8
[M+H]". 'H NMR (400 MHz, CD3sOD): 8.19 (d, J = 2.2 Hz, 1H), 8.05 (dd, J =
8.6, 2.2 Hz, 1H), 7.66 (brs, 1H), 7.65 (br s, 1H), 7.32 (d, J = 8.7 Hz, 1H), 4.30
(t, J = 6.0 Hz, 2H), 3.00-2.43 (m, 13H), 2.42 (s, 3H), 2.18-2.14 (m, 2H).
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and concentrated under reduced pressure. The crude residue was purified by
col um chromat ography (silica gel, 5% MeOH I n dichloronethane) to afford 847
ng (62% of the desired product. 'H NVR (400 MHz, CD3OD): 9.72 (s, 1 H),
7.29-7.23 (m 2H), 7.22-7.19 (m 1 H), 7.05-6.98 (m 1 H, 3.87 (t, J =6.1
20 Hz, 211)wo3eesRaddoBl (m 4H), 2.39 (t, J = 7.2 Hz, 2"')pc1¥us%304%31]a§5(m 4H)
2.08 (s, 3H), 1.92-1.80 (m 21-1). B. 443-(5-tert- But v! -

H benzol m daﬂﬂg_ip]vl}%-phenoxvl -1 -(4-methyl - pi perazin-1 - vI | - but an-1 one.

Thi s conpoun pared by the method described in GCeneral Procedure 3
usi ng 3-[4-(4-net hyI pther azi n-1-yl) - 4- oxo- but oxy] 25 benzal dehyde (81.2 ng,
0.28 mol, 1.0 N, 4 rtbutyl benzene-1,2- diamne (46 ny, 0.28 nmmoi,
1.0 equi v) and S a.@ ¥y, 0.36 nmol, 1.3 -equiv). Purification by

Met hod 2 af f o@tdet® 77Ny (64% “ON t |tIe conpound. MS (el ectrospray): mass
cal cul ated for 026Hs'21|\|402 434. 2 ;me>*-found, 435.0 [MH +. 1H NMVR (400 Mz,
CD30D): 7.69-7.62 (m 3H), 7.54 (d, = 8.6 Hz, 53 WD 2005/044807

PCTI USZ00410:&855ro—2—{2-|)3h|0m-4$3-m ®ethyhpiperain-17iparopaxy]-phenylps-mettdl-2 Hz, 1 H),
4.13 (t, J- J‘% égg 370350(m 4H), 2.62 (t, J'= 7.3 Hz, 2H),

2, 49-2.40 (m &6 imigszdle: ~3 2.16-2.09 (m 2H), 1.41 (s, 9H). 5 Exanple
14 Cd N &F |IME (dle€roshrayhi mass calculated for szngCIZN.;O 432.15; m/z found, 433.1

benzol m dazol e SNMRTABRFE EDROpI A AP ERE N DA 1F0 74718
H-benzoi i dazop4Hz hH),mesre| 1HY10.08(ae\ * 81 zsrwznm 413 @1 bexyld ¢ acid

Lort Py ek T ST DA, B et o deseroed i

phenoxy) - propyl ] - p| pera2| ne-1-carboxylic acid terf-butyl ester (1.0 g, 2.6
mol , 1.0 e uIv chI or o- 5-fl uor o- benzene-1, 2-di am ne (421 ng, 2.6 mmol,
1.0 eqw 2&705 (648 ng, 3.4 mol, 1. 3 equiv) In General Procedure

; v k@[ iﬂh

5-ten-i3utyl-2-{3-chloro-4-[3.-(4—methyl-piperazl n-1-yl)-propoxy}-phenyl}-1H-

,Z

benzoimidazole. . o
- MS (electrospray): mass calculated for C2sHa3CIN4O, 440.23; m/z found, 441.0
15  [M+HI". 'H NMR (400 MHz, CD30D): 8.31 (d, J = 2.2 Hz, 1H), 8.17 (dd, J =
8.6, 2.2 Hz, 1H), 7.78 (br s, 1H), 7.69 (br s, 1H), 7.55 (dd, J = 8.6, 1.7 Hz, 1H),
7.42 (d, J= 8.7 Hz, 1H), 4.40 (t, J = 6.0 Hz, 2H), 3.00-2.55 (m, 10H), 2.51 (s,
3H), 2.35-2.22 (m, 2H), 1.59 (s, 9H).

20 Example 21
F

\©:N\>_©_ °\_\_N,_\N_

H

5-Chloro-2-{3-fluoro-4-[3-(4-methyl-piperazin-1-yl}-propoxy]-phenyl}-1H-
benzoimidazole.
MS (electrospray): mass calculated for C,1H24CIFN4O, 402.16; m/z found,

25  403.2 [M+H]". 'H NMR (400 MHz, CD;0D): 7.86-7.83 (m, 2H), 7.84 (d, J=1.9
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15 Purification by Method 2 afforded 256 ng (15% of the title conmpound. M5
(el ectrospray): mass cal culated for C25H29C 2FNACB3, 522.16; rri/z found,
545.3 [MtNa)+ B.

5- Chl oro- 2-f 3-chl or 0- 4- ( 3- pi perazi n- 1-yl - propoxv) - phenyl | - 6-fl uoro-1 H

benzol m daW@zﬁos/looﬁ suspensi on of 4-{3-[2-chl oro- 4- ( 5-EI1082004@3185810r 0- | H 20
benzoi m dazol - 2-yl ) - phenoxy] - propyl ) - pl perazi ne- 1-carboxylic acid tart-butyl
ester (52.7 i i4¢R! ( s added TFA
(1.0 ni), g'gtH% ?ggc O%BI’Z?I;I(?J?Q %2@ Pﬂ%-c’i ?QQZWEH%T%&#E m xture was
concent r at ed1Hh@le21 (rte.daﬁ@dipﬁéﬁ.s’iﬁ@? 7&r(oh, 010id), 20716 (8, 3R} 2A0e2.08émmwashed. f our
times with d'?ﬁgl oronet hane. The title conpound was obtained In quantitative
25 yield as TFA salt. MS (electrospray): mass cal cul ated for

C2o0H21C 2FNAO, 422.11; mz found, 423.2 [MrH +. "H NWR (400 MHz, CD30D)

817(d 1 H, 803 (dd, J =8.7, 223 Hz, 1 H), 7.81 (d, J =6.4
Hz, g 553’{‘8"’%—8.7 Hz, 1H), 7.36 (d, J = 8.8 Hz, 1H), 4.33 it, J =
5.8Hz 2H) 3.850-3.4@ (m 4H), 3.36 (br s, 4H), 3.25it. J = 7.4 Hz, 2H),
2.33-2.26 (m N0 WO 2005/ 044807 PCT/ US2004/ 031855 Exanple 15\ N H
5-tert-Butyl - 3- (4- et hyl - pi per azi n-1-yl) - propoxy] - phenyl }- 1 H

benzoi m dazol-€. Nhi orrp\rm{d_ wass\pr epared by the nethod descrl bed in
Exanpl e 1, using 3-H :
rnet hyl - 4-[ 3- (4- net hyl - pi per azi n- I=¥1 } pr opoxy} benzal dehyde (516 ng, 1.87

mmol, 1.0 eqQl{zlohlérohe[gst(ztl?ﬁﬁtug1?@]?1@6?&4-1%nﬂré';mxpgi et gr%? gﬁe mmol, 1.0

equi v) and Na2S20b equi Vv rocedure 3.
Purificati onﬂi’ybe{@@' ZQ'Qafforded 633 my (81% of the title compound. MS 10

et + OB N R R}Eﬁ?%ﬁ%%%?‘°“‘9f°8§%%§“@‘4°4336%? 2 Bud f’z 211,

7. 33 (d, 10 WsHHz H NMWR (4000MHe,(CD20D)387 681, J 4 8.61Hz, 1H)1411(s1 1 21-1),

2.90-2.28  (ogk@H) = 2% AB; #1408 .94 Ta, 2= &); 254182145 6.8 1A M), 3.09 ¢, J =
6.1 Hz, 2H), 2.75-2.58 (m, 10H), 2.45 (s, 3H), 2.32 (s, 3H), 2.30 (s, 3H), 1.89-
1.85 (m, 2H), 1.78-1.74 (m, 2H).

15 Example 23

pesav]
—\—\_ﬂ

5-Chloro—6-methyl-2-{3-[4-(4-methyl-p|perazi n-1-yl)}-butoxy]-phenyl}-1H-
benzoimidazole.
MS (electrospray): mass calculated for Ca3HxCINGO, 41 2.20; m/z found, 413.1
20 [M+H]". "H NMR (400 MHz, CD;0D): 7.60-7.56 (m, 3H), 7.44-7.37 (m, 2H),
7.03-7.00 (m, 1H), 4.05 (t, J = 6.1 Hz, 2H), 3.00-2.30 (m, 13H), 2.27 (s, 3H),
1.82-1.73 (m, 2H), 1.72-1.67 (m, 2H). "°C NMR (TFA salt, 100 MHz, CD,0DY:
161.0, 154.0, 138.5, 131.9, 131.7, 131.3, 130.2, 120.0, 118.2, 116.7, 116.2,
113.4, 68.7, 58.0, 54.2, 51.7, 44 .2, 27.8, 23.5, 20.8.
25
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15 Exanple 16 C  2-{2-Chl oro-4-[3-(1-nethyl -pl periddl
n- 4-yl)-propoxy] - phenyl }-4, 6-dl nethyl -1 H benzoi m dazole. This conpound was
prepared by the nethod described In Exanple 2, using 2- 20
chi oro-4-[3-(1-net hyl - pl peridi n-4-yl)-propoxy] -benzal dehyde (106 ny, 0.36
mol , 1.0 eowoioosn44805- di met hyl - benzene-1, 2-di ani ne (49 mwgrndeaosmsss , 1.0 -
equi v), and Na2S205 (88 ng, 0.47 mmol, 1.3 equiv) in Step C. Purification by
Met hod 2 affggg}ﬁéejzx ng (87% of the title conpound. MS (el ectrospray):
mass cal cul ated Tor C34H33CI N3O, 411.21; M found, 412.4 [MtH'. 'H NWR 25
(400 MHz, CD%FD): 7.68 (d,FJ =85Hz, 1 H, 7.21 (br s, 1 H, 7.12 (d, J
1 H), '

2.4 Hz, =8.7, 225 Hz, 1 H), 6.90 (s, 1 H), 4.05 (t, J
6.3 Hz, 2H), A4807 PCT/US2004/ 031855 2.92-2.88 (m 2H), 2.54
(s, 3H), 2.43Fis” 3@, 2.29 (s, , R.09-2.03 (m 2H), 1.85-1.76 (m 4H),

1.47-1.11 (m 5SH). The follow ng cuapgounds in Exanples 17-56 were prepared.
KISI ag\ /5 geagkﬂﬁlorg-rsg ueodrffaj-r2?{ﬁ-ﬂtljbroa-[.’:!‘"il gmg’thy %i;%rggﬁ-l1L3];If-§r%pg>?y?-\6ﬁényﬁ>-<arml e 17 ci
2- { 2- Chl or 0- 4Hbenasitdiddzofk, ( 4- et hyl - pi per azi n- 1-yl ) - propoxy] - phenyl } - 4- net hyl
- 10 1 H benzgl m dazole. M5 (el ectr ray): s.calcul ated for C23H29CI M40,
412.20:; nPz Msuteipctragpray): ”P@éFE'CQ'ﬂ*EBI?%@1%'@6%M-,&@§$®BV?90#."85-7. 65 (m 1H),
7.50-7.35 (ﬂuzi.blgmmf*aZﬂ:]I\YMIS_zQ«ﬁo;MH%,F%DﬁD)l&:ab-ﬂ?s () 21} r 6640 QP=6ad, J = 9. 2,

4.5 Hz, 1 3. 94 (dd, ='9.2, 6. "1 H), 2.80-2.35 13H), 2.35-2.20
(m 4H), 2.H)2§3|Z( H). T -(45 {d, =88 Hz,181)31 7 (tE,ea@pfﬁHQz.lw)gﬂm (t, J=(£% Hz, g

2H), 3.25 (br s, 4H), 3.02 (br s, 4H), 2.90 (t, J = 7.8 Hz, 2H), 2.81 (s, 3H), 2.12-

2.05 (m, 2H).
10
Example 25
F
N Cj
\©: N\ 0
N
H , \_\_N’"\N_
—/

2-{3-Fluoro-4-[3-(4-methyl-piperazin-1-yl}-propoxy]-phenyi}-5-methyl-1H-
benzoimidazole. .

15 MS (electrospray): mass calculated for CoHzFN4O, 382.22; m/z found, 383.3
M+H]". 'H NMR (400 MHz, CD;0D): 7.85-7.80 (m, 2H), 7.57 (d, /= 8.4 Hz,
1H), 7.49 (s, 1H), 7.38-7.34 (m, 2H), 4.22 (t, J = 5.9 Hz, 2H), 3.24 (br s, 4H),
2.95 (brs, 4H), 2.84 (t, J = 7.2 Hz, 2H), 2.77 (s, 3H), 2.46 (s, 3H), 2.12-2.05 (m,
2H).

20

Example 26
F

FD:]E)—OO\—\_N ,\_/-\‘_

5,6-Difluoro-2-{3-fluoro-4-[3-(4-methyl-piperazin-1-yl}-propoxyj-phenyl}-1 H-
benzoimidazole. :
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Cl ~N_H'-NN 5-Chioro-2-{3-chloro-4-[3-(4-nethyl -pi pe

razi n-1-yl ) - propoxy] - phenyl } - 6- met hyl - 1H benzol mi dazol e. 20 MS

(el ectrospray): nmass cal cul ated for C22H26C 2NAOQ, 432.15; niz found, 432.8
[MtH ©. 1H NWR (400 MHz, CD30D): 8.19 (d, J= 2.2 Hz, 1H), 8.05(dd, J= 8.6,
2.2 Hz, 1%230%4,(05r s, 1H), 7.55 (br s, lH) 7.32 (d, pOrrestodiosnsss 1H), 4. 30
(t,J— : H),300243(m13 s, 3H), 2.18-2.14 (m 2H). 56
VO 2005/ 0448MS (ndymmm)amasalsula@ééﬂwa%ﬁsf@ , 404.18; miz fourd,405.2- { 2-ch to

ro-4-[3-(4- Vi PoX¥Yl t

H benzol mda Ppﬂ* %HW'?QOWE%S%Q% ?ng-rsﬁg I-bafgggf‘{cﬁ/"}fh-QSG 2N40
432.15; mz ﬂcﬂﬂn’thZaﬁmH) 4[1BlH(H].I 5.9 ZI\NFQ)@MM—I@ HORY6 (5.3H), (br s, 1 H),
742(brs]21lf%,032% ) = 2.4 H, 1 H, 7.08 (br s, 1H),705(dd J =
8.7, 2.5 Hz 13 1(t, J=6.14 Hz, 2H) 3.00-2.40 (m 13H), 2.30 (s,
3H), 2.03%81.98 (m 2H). 10 Exanple 20 CI 'Q- NH )
5-tert- Butyl or o- 4-[ 3- (4- net hyl - pi perazi n-1-yl)-propoxy] - phenyl }-1 H
benzolmdazol cé(j}el ectrospray): mass cal cul ated for C25H33CI MO, 440. 23;

m z found, 441.0 15 [ MifH] +. "H NVR (400 MHz, CD3OD): 8.31 (d, J = 2.2 Hz,
1H), 817(d 8 2.2 Hz, 1 H, 7.78 (br s, 1 H, 7.69 (br s, 1 H),
7.55 (dd, J’E"\ Q1 H, 7.42 (d, J=8.7 Hz, 1H), 4.40 (t, J=6.0
Hz, 2H), 3.00-% 5g(m OH . 547 %s, 3H), 2.35-2.22 (m 2H), 1.59 ( 9H) .
20 Exanple 21 NN ,

S,

2-{3-Fluoro-4-[3-(4-methyl-piperazin-1-yl}-propoxy]-phenyl}-1H-benzoimidazole.
MS (electrospray): mass calculated for C21HasFN4O, 368.20; m/z found,369.3

10 [M+H]". "HNMR (406 MHz, CD;0D): 7.88-7.81 (m, 2H), 7.71-7.66 (m, 2H),
7.52-7.48 (m, 2H), 7.37 (t, J = 8.8 Hz, 1H), 4.22 {t, J = 6.0 Hz, 2H), 3.04-2.76
{(m, 13H), 2.10-2.03 (m, 2H).

Example 28

Cl.-
OO
\_\_NK\N/

2-{2-Chloro-4-[3-(4-methyi-[1,4]diazepan-1-yl}-propoxy}-phenyl}-4,5-dimethyl-
1H-benzoimidazole.
MS (electrospray): mass calculated for C24H31CIN4O, 426.22; m/z found, 427.2
[M+H]". 'H NMR (400 MHz, CD3OD): 7.75-7.65 (m, 1H), 7.40-7.25 (m, 1H),

20 7.15(d,J=2.5Hz, 1H), 7.07 (d, J= 8.2 Hz, 1H), 7.04 (dd, J = 8.6, 2.5 Hz, 1H),
4.13 (t, J= 6.1 Hz, 1H), 2.85-2.70 (m, 10H), 2.51 (br s, 3H), 2.42 (s, 3H),-2.40
(s, 3H), 2.02-1.96 (m, 2H), 1.88-1.86 (m, 2H). *C NMR (100 MHz, CDsOD):
13.7,19.4, 24.2, 26.9, 45.0, 50.9, 54.7, 55.4, 55.9, 56.6, 67.4, 112.2, 115.2,
117.7, 118.9, 123.7, 128.8, 133.6, 134.5, 134.7, 135.2, 135.5, 148.9, 163.5.

ITZ Z

15

25
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F G H 5-Chloro-2-{3-fluoro-4-[3-(4-nethyl-piperazi

n- 1-yl ) - propoxy] -phenyl}-1 H benzoi m dazole. MS (el ectrospray): nass

cal cul ated for C21H24CI FN4O, 402.16; mz found, 25 403.2 [M:H ~. 'H NWR (400
MHz, CD30D): 7.86-7.83 (m 2H), 7.64 (d, J= 1.9 57 WD 2005/044807

PCT/ US2004 38 3088/paasdiz, 1 H), 7.60 (d, J = 8.7 Hz, 1 H), pérRS20pab1sss = 8.7,
1.9 Hz, 1 H), 7.33-7.29 (m 1 H) 4.21 (t, J =5.9 Hz, 2H), 3.20-2.77 (m |
OH), 2.76 (sExapple2d 10-2.03 (m 2H). 5 Exanple 22 €I N ~\N~ H
2-{2-Chloro-4-[3-(4-nmethyl-[1, 4 dj-exepan- 1-yl ) - propoxy) - phenyl } - 4, 6- di nmet hyl -
1 H benzoi m dazole. M5 (electr ayN— mass cal cul ated for C24H31Cl N4O,

426. 22; mz found, 427.2 M}%‘#'H NVR (400 MHz, CD30D): 7.58 (d, J =
8.8 Hz, 1H), 7.11 (s, 1 7.03 (d, J 2.5 Hz, 1 H, 6.91 (dd, J = 8.7,

2.5 Hz, 1 H N8P , 3.99 (t, J 6.1 Hz, 2H), 2.75-2.58 (m 10H),
2.45 (s, 3H), v&' 2.30 (s, 3H), 1.89- 1.85 (m 2H), 1.78-1.74 (m
2H) . 15 Exanpl e™23 N H N_N

5- Chl or o- 6- et hyl - 2- nmet hyl - pi perazi n-1-yl) - but oxy}-phenyl }-1 H
benzoi ni dazobé- lﬁVEﬂ(Sérﬁdtgt[ﬁ"&)%ﬁ\eHV} Plpﬁ@w-wb-buﬂoalét!l\eﬂﬂ}-1623H29c:| NAO, 412. 20(
m z found, 4%3%’5‘“,@,&&%% "H NVR (400 MHz, CD30D): 7.60-7.56 (m 3H),

7.44-7.37 (
HPLC: Ry =5.96. MS (electrospray): mass calculated for Cz4H32N4O 392.26;
m/z found, 393.3 [M+H]". 'H NMR (400 MHz, CD30D): 7.57-7.50 (m, 3H), 7.48
(s, 2H), 7.23-7.20 (m, 1H), 4.08 (t, J = 5.8 Hz, 2H), 3.16 (br s, 4H), 3.01 (br s,
4H), 2.82-2.79 (m, 2H), 2.71 (s, 3H), 2.38 (s, 6H), 1.85-1.74 (m, 4H).

10 Example 30

ﬁ : e

2-{2-C hloro-4-[3-(4-methyl-piperazlﬁ-1 -yl)-propoxy]-phenyl}-4,6-dimethyl-1H-

benzoimidazole.

MS (electrospray): mass calculated for Cz3HzCINGO, 412.20; m/z found, 413.4
15  [M+H]". *H NMR (400 MHz, CD;0D): 7.68 (d, J = 8.5 Hz, 1H), 7.21 (br s, 1H),

7.15(d, J=2.5 Hz, 1H), 7.03 (dd, J = 8.7, 2.5 Hz, 1H), 6.90 (5, 1H), 4.13 (t, J=

6.2 Hz, 2H), 2.70-2.40 (m, 16H), 2.96 (s, 3H), 2.06-1.98 (m, 2H).

-

Example 31

H N
20 \/ |
2{2-Chloro-4-{3-(4-methyl-[1,4]diazepan-1-yl)-propoxy}-phenyl}-4-methyl-1H-
benzoimidazole.
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7.03-7.00 (m 1 H), 4.05 (t, J = 6.1 Hz, 2H), 3.00-2.30 (m 13H), 2.27 (s,
3H), 1.82-1.73 (m 2H), 1.72-1.67 (m 2H). 13C NMR (TFA salt, 100 Mz,
CD30D): 161.0, 154. 0, 138. 5, 131. 9, 131. 7, 131. 3, 130. 2, 120. 0, 118.2, 116.7,
116.2, 113.4, 68.7, 58.0, 54.2, 51.7, 44.2, 27.8, 23.5, 20.8. 25 58 WO

2005/ 04480&}0!32%, %904/ 031855 Example 24 F d ~ N F /pdrbkdosaosiess
5- Chl oro-6-fluoro-2-{3-fluoro-4-[3-(4-nethyl -pi perazi n-1-yl } propoxy] - phenyl ) -

1 H benzoi ni d4% ¢électrdspids): (dsscaicispedioy CoatasRING) 412120 evlz faund P32 3Cl F2N40,
420.15; mz f 7 75 2
7766 (4, 3 = BHER @WR&&W@CP@W%#&QW@ %q?éﬁ?“( AN HzH)l
H, 4.21 (t 7118&733Qqmk12H), mwos(mznapm ma%emmmmss’zmwﬂ 2 .90 (t, J=

2. (o H uor 0. 0¥6-2 58k SHi2 80 oot 02t by R ) B D RRRD 2 et iyl 1 1

benzoi m dagole. 15 M (eI ectrospray): nass cal culated for C22H27FNAO, 382. 22;
m z found 383.3 [MrH'. 'H NWR (400 MHz, CD30D): 7.85-7.80 (m 2H), 7.57
(d, J = 8.4 rpXample$2 7 49 (s, 1 H), 7.38-7.34 (m 2H), 4.22 (t, J = 5.9 Hz,

2H) 3.24(br 4H) , @,95 (br s, 4H), 2.84 (t, J = 7.2 Hz, 2H), 2.77 (s,
3H), 2.46(5,)6@,@2- (rn 2H) .

\—\_/—\

5-teﬂ-Butyl-2-{2-ch|oro-4-[3-(4-methyl-pipe razin-1-yl)-propoxyl-phenyf}-1H-
benzoimidazole. :

10  MS (electrospray): mass calculated for Ca5H33CIN4O, 440.23; m/z found, 441.5
[M+H]*. *H NMR (400 MHz, CD;0D): 7.76 (d, J = 8.7 Hz, 1H), 7.62-7.53 (m,
2H), 7.38 (dd, J = 8.6, 2.0 Hz, 1H), 7.15 (d, J = 2.5 Hz, 1H), 7.04 (dd, J= 8.7,
2.5 Hz, 1H), 4.13 (t, J = 6.1 Hz, 2H), 2.80-2.20 (m, 13H), 2.06-1.96 {m, 2H),
1.40 (s, 9H)

Example 33
" F : o—
N S
H \—_\—N‘ N—

2-{3-Methoxy-4-[3—(4-methyl-plperazln-1-yl)-propoxy]-phenyl}-S-trlﬂudromethyl-
1H-benzoimidazole.

20 HPLC: R;=6.30. MS (electrospray): mass calculated for Ca3HzF3sN4Oa,
448.21; m/z found, 449.2 [M+H]". 'H NMR (500 MHz, CD3OD): 7.93 (s, 1H),
7.79 (d, J = 8.6 Hz, 1H), 7.69-7.66 (m, 3H), 7.11 (d, J= 9.0 Hz, 1H), 4.16 (t, J =
5.6 Hz, 2H), 3.90 (s, 3H), 3.45-3.32 (m, 7H), 3.21-3.18 (m, 3H), 3.18 (s, 3H),
2.21-2.17 (m, 2H).

25
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20 Exanple 26 F
5,6-D fluoro-2-{
benzoi m dazol e.

FNFH

3-fluoro-4-[3-(4-nethyl -pi perazi n-1-yl) propoxy] - phenyl )-1 H

59 WD 20051044807 PCT/US20041031855 Ms (el ectrospray):

mass

cal cul ated for C21H23F3N40, 404.18; niz found, 405.2 |[MtH +. "H NWR (400

MHz, CD30DXV0¥00§/&1§0773 (m 2H), 7.50-7.45 (m 2H), 7.28cTuRo4oe18ss H),
oH), 3.04-2.83 (m 1 OH), 2.76 (s, 3H), 2.10-2.03 (m 2H).

(t, J =5.9
Exanpl e 27 F N

N H N

2- (3- Fl uor o- £xadpled4net hyl - pi per azi n- 1-yl ) propoxy] - phenyl ) -1
VS (eI eeltrospray) mass cal cul ated for C21H25FN40, 368. 20;

10 1H NVR (400 Mz, CD30OD): 7.88-7.81 (m 2H),
48 (m 2H), 7.37 (t, J =8.8 Hz, 1 H, 4.22 (t, J
(m H)/_?\10203(m 2H). Exanple 28 ci O HN

H benzoi m dazol e.
mz found, 3§, 3
7.71-7.66 (m

= 6.0 Hz,

15 U

2-{2-Chl oro-4-[3-

m z found, 427

4.18

| ol (4- rret hyl -[ 1, 4] dI écz-e(pan 1-yl ypr opoxyl - phenyl ) - 4, 5- di met.hyl-
H-benzoi m da?%rgorol\ﬁ{i&h&%-d L BSBAthyl-gigEt Szt lyDLBrad G 1-penyiifiorsd N0, 426. 22;

1H-benzoimidazole.
5 HPLC: R;=6.41. MS (electrospray): mass calculated for Cz1H23CI.FN4O,

436.12; m/z found, 437.2 [M+H]*. "M NMR (400 MHz, CD;0D): 7.98 (d, J = 2.3
Mz, 1H), 7.87 (dd, J = 8.7, 2.3 Hz, 1H), 7.63 (d, J = 6.4 Hz, 1H), 7.41 (d, J = 8.8
Mz, 1H), 7.17 (d, J = 8.7 Hz, 1H), 419 (t, J = 5.7 Hz, 2H), 3.39 (br &, 4H), 3.25-

3.20 (m, 4H), 3.09 (t, J = 7.3 Hz, 2H), 2.83 (s, 3H), 2.19-2.15 (m, 2H).

10

Example 35

Cl

c|:©:hl\>—©- °\_\_N,_\_

H

5,6-Dichloro-2-{2-chloro-4-[3-(4-methyl-piperazin-1-yi)}-propoxyl-phenyl}-1H-
benzoimidazole.

15 HPLC: R, = 6.64. MS (electrospray): mass caiculated for C21H2aClaN4O,
452.09; m/z found, 453.2 [M+H]". 'H NMR (400 MHz, CD,OD): 7.74 (s, 2H),
7.60(d, J=8.8 Hz, 1H), 7.08 (d, J= 2.4 Hz, 1H), 6.94 (dd, J = 8.8, 2.4 Hz, 1H),
4,00 (t, J= 5.8 Hz, 2H), 3.43 (br s, 7H), 3.19 (t, J = 7.7 Hz, 2H), 3.05-3.04 (m,
1H), 2.74 (s, 3H), 2.10-2.02 (m, 2H).

20

Example 36

Cl

oSS oS

H \meN—
\—/

5-Chloro-2-{2-chloro-4-[3-(4-methyl-piperazin-1-yl)-propoxyl-phenyl}-1H-

benzolmidazole.
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[MeH +. ' H NVR (400 Miz, CD3OD): 7.75-7.65 (m 1H), 7.40-7.25 (m 1H, 20

7.15 (d, J = 2.5 H, 1 H), 7.07 (d, J =8.2 Hz, 1 H), 7.04 (dd, J = 8.6, 2.5
Hz, 1 H, 4.13 (t, J = 6.1 Hz, 1H),2820(m1C]—I) 251 (br s, 3H).
2.42 (s, 3H),.2.40 (s, 3H), 2.02-1.96 (m 2H), 1.88-1.86 (m 2H). 13C NMR

(100 Mz, @o¥eloused3. 7. 19.4, 24.2, 26.9, 45.0, 50.9, BerUS206E34SS55. 9,
56.6, 67.4, 112.2, 115.2, 117.7, 118.9, 123.7, 128.8, 133.6, 134.5, 134.7,
135.2, 135.5, 148.9, 163.5. 25 60 WD 2005/ 044807 PCTI US2004/ 031855 Exanpl e

29 ~N- O N \ HPLGHRs= 600D Mst(upctmsp{sﬁ [Massainetatd fop CadtyeClbMel, - v |

hmss oal cul acal PonouRE RS VRS NIR BRI DR AT V2 ER R 00

MHz, CD30D): Hz, 3M), 7.7880(ddw = 3I-9,,047H481H)('8692dtl) J-7833911-w1ﬂm7474d)1, 4.08 (t, J

§H§3'82H§8 (sJ'agaﬁl?ﬁ("g’s i), 773;%(?\343615 1@5#%% %% %1@7'%‘ gﬂ)\ ~N N-2 Z% (a

2-{2-C hlgo 44frd($ .145rgﬂili1>2h-r)m 49wr%24|h) 3:34 (br 914X Y 6-3p12emy | 3H) 42 .85 di met hyl -

H benzol m dazole. M (el ectrospray) mass cal cul ated for C23H28CI NAO,
412.20; mz f(&uﬁ#ﬂ ZAQ@W(M@F{)WU 'H NVR (400 MHz, CD3OD): 7.68 (d, J =
8.5 Hz, 1 H, 7.21 (br s, 1 H, 15(d J:2.5Hz,1H),7.03(dd,J:

8.7, 2.5 Hz, 1 H), 6.90 (a, 1 H, 4.13 (t, J = 6.2 Hz, 2H), 2.70-2.40 (m
16H), 2.96 (<Exapie 3D, 06198(m 2H) . .

Cl N
-0
N
F H L\—N/_\N—
—/

10  5-Chloro-2-{2-chloro-4-[3-(4-methyl-piperazin-1-yl}-propoxy}-phenyl}-6-flucro-
1H-benzoimidazole.
HPLC: R; = 6.36. MS (electrospray): mass calcuiated for C2yH2ClaFN4O,
436.12; m/z found, 437.2 [M+H]*. "H NMR (400 MHz, CD,0D): 7.78 (d, J = 6.4
Hz, 1H), 7.73 (d, J = 8.8 Hz, 1H), 7.55 (d, J = 8.7 Hz, 1H), 7.19 (d, J= 2.5 Hz,

15 1H), 7.06 (dd, J = 8.8, 2.5 Hz, 1H), 4.14 (1, J = 5.8 Hz, 2H), 3.46 (br s, 4H),
3.37 (br s, 3H), 3.22-3.20 (m, 1H), 3.18-3.14 (m, 2H), 2.88 (s, 3H), 2.19-2.13
(m, 2H). -

Example 38

; N NN

5-Chloro-2-{3-methyl-4-[3-(4-methyl-piperazin-1-yi)-propoxy]-phenyl}-1H-
benzoimidazole.
, HPLC: Ry =6.20. _ MS (electrospray): mass calculated for CooHzyCIN4O, 398.19;
m/z found, 399.2 [M+H]". 'H NMR (500 MHz, CD,OD): 7.88 (dd, J=8.7, 2.3
25 Hz, 1H), 7.83-7.82 (m, 1H), 7.68 (d, J = 1.6 Hz, 1H), 7.63 (d, J = 8.9 Hz, 1H),
7.46 (dd, J=8.7, 1.9 Hz, 1H), 7.14 (d, J = 8.7 Hz, 1H), 4.16 (t, J = 6.0 Hz, 2H),
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Example 31 d N\ ~ O-N 20

2-(2-Chloro-4-[3-(4-nethyl -[1, 4] di azepan- 1-yl) - propoxy] - phenyl )-4-nmethyl -1 H
benzoi m dazol e. 61 WO 2005/ 044807 PCT/ US2004/ 031855 MsS (el ectrospray): mass
cal cul ated for C23H2BCI MO, 412.20; nmlz found, 413.4 [MtH +. "H NWR (400

MHz, CD30WV0230570%183769 (m 1H), 7.50-7.35 (m 1H, 7. lﬂfﬂUﬂiBWm%ﬂH)
7.06-7.03 (M 2H), 4.14 (t, J = 6.1 Hz, 2H), 2.85-2.70 (m H, 2.59 (s,

3, 2.40 (5324%3 4%2255?34 Ty 2 B2 s, 2645 2.77%, 34 22%5&5})' es2d H

5-tert-Butyl 2244208 wpzia). 4- [ 3- (4- et hyl - pi perazi n- 1-yl ) - propoxy] - phenyl }-1 H
benzol m dazole. 10 M5 (el ectrospray): mass cal cul ated for C25H33Cl N4O,
440.23; mz found, 441.5 [M:H +. 'H NWMR (400 MHz, CD30D): 7.76 (d, J= 8.7
Hz, 1H), 76@7@,@% 2H) 7.38 (dd, J = 8.6, 2.0 Hz, 1H) 7.15 (d, J
2.5 Hz, (dd, J = 87 2.5 Hz, 1H),413(tJ 6.1 Hz, 2H),
2.80-2.20 (m 13H), 2 06- £ 96 (m 2H), 1.40 (s, 9H) 15 Exanple 33 F 0- F I1k
H N

\
2- {3- Met hoxy- 4 i per azi n- 1-yl)-propoxy] - phenyl }-5-trifl uoromnethy
| 1 H benzoi m dazolg. 20 HPLC N = 0. M5 (electrospray): mass cal cul ated
for CC23)s F3N402, /

2-{3-Ch Ioro-4-[3-(4-methyl-piperazln-1 -yl}-propoxy]-phenyi}-5-methyi-1H-
benzoimidazole. I
HPLC: Ry = 5.93. MS (electrospray): mass calculated for szHz7CIN4O 398.19;
miz found, 399.3 [M+H]". "H NMR (500 MHz, CDsOD): 8.10 (d, J=2.4 Hz,

10 1H), 7.97 (dd, J = 8.7, 2.4 Hz, 1H), 7.56 (d, J = B.4 Hz, 1H), 7.48 (s, 1H), 7.34

' (d, J= 8.4 Hz, 1H), 7.31 (d, /= 8.8 Hz, 1H), 4.24 {t, J = 5.8 Hz, 2H), 3.34 (br s,
4H), 3.14 (br s, 4H), 3.02-2.99 (m, 2H), 2.80 (s, 3H), 2.45 (s, 3H), 2.18-2.12 (m,
2H).

15 Example 40
Cl

Cl N
O
cl N
M\

H

5.6-Dichloro—2-{3-chloro-4-[3-(4-methyl-piperazln-1-yl)-propoxy]-pheriyl}-1 H-
benzoimidazole.
HPLC: R; = 6.69. MS (electrospray): mass calculated for C21H23CI3sN4O,

20  452.09; m/z found, 453.2 [M+H]". 'H NMR (400 MHz, CD;OD): 8.08 (d, J = 2.3
Hz, 1H), 7.95 (dd, J= 8.7, 2.3 Hz, 1H), 7.81 (s, 2H), 7.26 (d, J = 8.8 Hz, 1H),
4.25 (t, J = 5.7 Hz, 2H), 3.55 (br s, 8H), 3.36-3.32 (m, 2H), 2.90 (s, 3H), 2.31-
2.25 (m, 2H).
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448.21; mzfound, 449.2 [MrH +. 'H NMR (500 MHz, CD30D): 7.93 (s, 1H), 7.79
(d, J =86 H, 1 H, 7,69-7.66 (m 3H), 7.11 (d, J =9.0 Hz, 1 H, 4.16 (t,
J = 56 H, 2H), 3.90 (s, 3H), 3.45-3.39 (m 7H), 3.21-3.18 (m 3H), 3.18
(s, 3H, 2.21-2.17 (m 2H). 25 62 WD 20051044807 PCT1US20041031855 Exanple
34 G CI Nwobbosodd8dor o- 2- { 3-chl or o- 4- [ 3- (4- met hyl - pi perpeaiusbood/oyisss
) - propoxy] - phenyl )-6-fluoro- 1 H benzol mdazole. 5 HPLC. Rt = 6.41. M5
(el ectrospragxamplagd cal cul ated for C2j H23C12FN4O, 436.12; m z found, 437.2
[MtH) 4. "H NWR (400 Mz, CD30D): 7.98 (d, J = 2.3 Hz, | H), 7.87 (dd, J =
8.7, 2.3 Hz, € }63:4q J=6.4H, 1H, 7.41(d, J =8.8 Hz, 1H, 7.17
4- Q J =5.7 Hz, 2H), 3.39 (br s, 4H), 3.25- 3.20
(m 4H), 3.09 Z ITN= 753 Hz, , /2283 (s, 3H, 2.19-2.15 (m 2H. 10
Exanple 35 C ¢ NH/ N\ / 0 FNO M= NN N | J
5,6-Di chl oro-2-{2-chl oro-4-[ 3-(4- m\;*r'ﬁyl - pi perazl n-1-yi)-propoxy}phenyl]-1 H
benzoi m dazobe€hidrb-6-RbByl-R{3-methyb4-{3-MsmetHybpiperazinrbyl)-prapesy-phahyip| at ed f or
C21H23Cl 3M4O, ,,,452..09; n?z found, 453.2 [MtH +. 1H NWMR (400 MHz, CD30D): 7.74
(s, 2H), 7.ab-hegzoiqidazgleg " 1"y "7 08 (d, J = 2.4 Hz, 1 H), 6.94 (dd, J
8.8, 2.4 bz, HPLY) R, =6.40. MS (electrospray): mass calculated for C23HagCIN4O, 412.20;

m/z found, 413.2 [M+H]*. 'H NMR (500 MHz, CDsOD): 7.87 (dd, J = 8.6, 2.5
Hz, 1H), 7.82-7.81 (m, 1H), 7.69 (s, 1H), 7.58 (s, 1H), 7.14 (d, J = 8.7 Hz, 1H),
415 (t, J = 6.0 Hz, 2H), 3.20 (br s, 4H), 2.85 (br 8, 4H), 2.83-2.79 (m, 2H), 2.75
(s, 3H), 2.46 (s, 3H), 2.26 (s, 3H), 2.08-2.03 (m, 2H).

10
Example 42

Ct
\©:N
\>__<‘ >_.
b OL\_
H N/—\ N—
—/

2-{2-Chloro-4-{3-(4-methyl-piperazin-1-yl-propoxy}-phenyl}-5-methyl-1H-
benzoimidazole.

15 HPLC: R =5.92. MS (electrospray). mass calculated for C22Hz7CIN4O, 398.19;
m/z found, 399.3 [M+H]". 'H NMR (500 MHz, CD;0D): 7.87 (d, J = 8.8 Hz,
1H), 7.72 (d, J= 8.5 Hz, 1H), 7.64 (s, 1H)}, 7.48 (d, J=8.5 Hz, 1H), 7.36 (d, J =
2.4 Hz, 1H), 7.23 (dd, J = 8.8, 2.4 Hz, 1H), 4.26 (t, J = 5.8 Hz, 2H), 3.60 (br s,

. 4H), 3.51 (br s, 4H), 3.31-3.27 (m, 2H), 2.98 (s, 3H), 2.58 (s, 3H), 2.31-2.26 (m,

20 2H).
Example 43
Ci

Cl N :
T

N

H \—\—N N—

—/

5-Chloro-2-{3-chloro-4-[3-(4-methyi-piperazin-1-yl)-propoxy}-phenyl}-1H-
25 benzoimidazole.
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4.00 (t, J

= 5.8 Hz, 2H), 3.43 (br s, 7H), 3.19 (t, J = 7.7 Hz, 2H),

3.05-3.04 (m 1H), 2.74 (s, 3H), 2.10-2.02 (m 2H). 20 Exanple 36 O C 'N

N H 5-Chloro-2-{2-chloro-4-[3-(4-nethyl-piperazin-1-yl)-propoxy)-

H benzol m dazol e. 63 WD 2005/ 044807 PCT/ US2004/ 031855 HPLC. R1= 6.09. M5

phenyl ) -1

(el ect r ospryy doosgauser cal cul ated for C21H24C 2NAO, 418. 13cTRisZooh@sges 419. 2
[ MEHl +. 1H NMVR (500 MHz : 7.73 (dd, J =
1.9, 0.4 Hz, l'tf’l-&b Rt 7 Bgtp. (MG g‘Dg‘mSBfaé’ S&CﬁPU'a? CEFP'C?"'WE% M@ J =188 1.9

(t,
2.

1 H benzoi nm daz

85 (s, 3H)Hz PHL 394 (dd, -(r(nBTﬂ)3HEx1£h‘pT§3 Jd17

12
NH)F"'$$N JF 8 31"

Hz, 1 7. ) ey = 5 4. 15
; t') %38(191_5nllzfguﬁd 519@[M1H-ﬁ0 HINIQR (SobiMHSL- eolgc)aﬁ) 82075( X 213H) 2%

5- Chl oro- 2- {;{cglll_lgp,oﬁérf%s‘]g% 7mi|t§1 %ﬂ:.l\ge?g{d Q,-.legl,.}zpqgwq(ﬂ gp‘ljle%] 6-fluoro

el éctrospray

cal cul at ed for'

C21H23Cl 2BN4Biz, 2HRB. 422(br sddzH)f wadbr 84 31),8. 1B AP-(m, 2H), B4 (s4088), BN CD30D)

7.78 (d, J =,
H, 7.19 (d, 9

7.73 (d, J =8.8 Hz, 1 7.55 (d, J
15&‘"&%” 151H) (7.06(dd, J:8.8,H)2.5 Hz,(l H),

8.7 Hz,
414 (1.

= 5.8 Hz, 2H), 346(brs 4H), 3.37 (br s, 3H), 3.22-3.20 (m 1 H),
3.18-3. 14 (mEx%mple& 86 (s, 3H), 2.19-2.13 (m2H). Exanple 38

10

15

20

25

,Z

ge-Se SN

'2-{3-Chloro-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-phenyl]—5-triﬂuoromathyi-
1H-benzoimidazole.

HPLC: Ry = 6.53. MS (selectrospray): mass calculated for CaoHa4CIFsN4O,
452.16; m/z found, 453.2 [M+HJ". 'H NMR (500 MHz, CDsOD): 8.12 (d, J =
2.3 Hz, 1H), 7.99 (dd, J= 8.7, 2.3 Hz, 1H), 7.90 (s, 1H), 7.75 (d, J= 8.5 Hz,
1H), 7.61 (d, J = 8.6 Hz, 1H), 7.26 (d, J= 8.8 Hz, 1H), 4.22 (t, J = 5.8 Hz, 2H),
3.37 (brs, 4H), 3.21 (Br s, 4H), 3.08-3.05 (m, 2H), 2.82 (s, 3H), 2.19-2.14 (m,
2H).

Example 45

cl N
OO
N NIV
5-Chloro-6-fluoro-2-{3-methyl-4-[3-(4-methyl-piperazin-1-yl}-propoxy]-phenyl}-
1H-benzoimidazole. ’
HPLC: R; = 6.34. MS (electrospray): mass calculated for CpoHsCIFN.O,
416.18; m/z found, 417.1 [M+H]*. "H NMR (500 MHz, CD30D): 7.85 (dd, J.=
8.6, 2.3 Hz, 1H), 7.80-7.79 (m, 1H), 7.72 (d, J=6.3 Hz, 1H), 7.51 (d, /= 8.6
Hz, 1H), 7.10 (d, J = 8.7 Hz, 1H), 4.14 (t, J = 6.0 Hz, 2H), 3.20 (br s, 8H), 2.85-
2.81 (m, 2H), 2.76 (s, 3H), 2.25 (s, 3H), 2.09-2.04 (m, 2H).
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Cl H20 ~-~
5- Chl or o- 2- ( 3- net hyl - 4-[ 3- (4- net hyl - pi perazi n-1-yl) - propoxy] - phenyl }-1 H
benzoi m dazole. HPLC. Rt = 6.20. MS (electrospray): mass cal cul ated for
C22H27CI NAO, 398.19; mz found, 399.2 [M+H +. 1H NWMR (500 MHz, CD30D): 7.88
(dd, J = 8.Wp2@05R4488b Hz, 1 H), 7.83-7.82 (m 1H, 7. 68;:((1%52&047031135@ Hz, 1
H),7.63(dJ 8.9 Hz, 1H),746(dd,J 8.7, 1.9 Hz, H),714(d,J:
8.7 Hz, 4.16 (t, J = 6.0 Hz, 64 WD 2005/ 044807 PCT/ US2004/ 031855
3.24 (br s Elg&m @.485 (br s 4H), 2. 88 2.85 (m 2H), 2.77 (s, 3H), 2.26 (s,
3H), 211205(m 2H) . arrple 390 NH 5 ~-~

rret

2-{3-Chl or o- - pi perazi n-1-yl ) propoxy] - phenyl )-5-nethyl -1 H
benzoi m dazol e 5 93. Ms (el ectrospray) mass cal cul ated for
C22H27CI NMAO, 3 }9&3 [MtH . "H NWR (500 MHz, CD3COD): 8.10
(d, J = 2.4 Hz, 10"1H) 797 JN-—87 24Hz 1 H, 7.56 (d, J = 8.4
Hz,lH) 748(51 H, 7.34 8.4 Hz, 1H) 7.31 (d, J =8.8 Hz, 1
H), 4 (t hil-Bi3thethgid-13- n%éthb: AE)-prd Renyl}-14H) . 3. 02- 2. 99
m H) 2. 88‘1\(ﬂ§ﬁ l_&SH%e ZH{ @ Q;Bpérazm |=9)-p pé)ég-b ﬁ}- 5 Exanple 40 CI C

(N ., "0 Cb Nbepzoimidazole.
HPLC: R, =6.13. MS (electrospray) mass calculated for Cz3H3oN4O, 378.24;
- miz found, 379.2 [M+H]*. 'H NMR (500 MHz, CD30D): 7.87 (d, J = 8.6 Hz,
1H), 7.82-7.81 (m, 1H), 7.54 (d, /= 8.4 Hz, 1H), 7.46 (s, 1H), 7.32 (d, /= 8.4
Hz, 1H), 7.14 (d, J = 8.6 Hz, 1H), 4.16 (t, J = 6.0 Hz, 2H), 3.29 (br s, 4H), 3.06
10  (brs, 4H), 2.96-2.93 (m, 2H), 2.79 (s, 3H), 2.46 (s, 3H), 2.26 (s, 3H), 2.14-2.08
(m, 2H).

Example 47

@E»O O

15  2-{3-Chloro-4-[3-(4-methyl-piperazin-1 -yl)—propoxy]-pﬁenyl}-‘! H-benzoimidazole.
‘ HPLC: Ry = 5.70. MS (eléctrospray): mass calculated for Cz1H250IN4O 384.17;
m/z found, 385.2 [M+H]*. "H NMR (500 MHz, CD3sOD): 8.13 (d, J = 2.3 Hz,
1H), 8.00 (dd, J= 8.7, 2.3 Hz, 1H), 7.72-7.67 (m, 2H), 7.53-7.48 (m, 2H), 7.33
(d, J= 8.8 Hz, 1H), 4.25 (, J = 6.9-Hz, 2H), 3.30 (br s, 4H), 3.06 (br s, 4H),
20 2.96-2.92 (m, 2H), 2.79 (s, 3H), 2.15-2.10 (m, 2H).

Example 48
OO,
P 0
7N
H \_\—N N—

2-{3-Methyl-4-[3-(4-methyl-piperazin-1 —yl)-propoxy]-phényl}-1 H-benzoimidazole.
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N N

5,6-Di chl oro-2-{3-chl oro-4-[3-(4-nethyl -pi perazl n-1-yl)-propoxy] - phenyl }-1 H
benzol m dazole. HPLC. Rl= 6.69. MS (el ectrospray): nass cal cul ated for
C21H23Cl 3N40, 20 452.09; niz found, 45-3.2 [ MFH +. "H NWVR (400 MHz, CD3OD):
8.08 (d, onz%os%ud('ﬂ 1 H, 7.95 (dd, J 8.7, 2.3 Hz, dciswowBiss§s, 2H),
7.26 (d, J =8 , 1 H, 4.25 ( t,J-57Hz 2H) , 3.55 (br s,

8H), . 3. 36-3. 2005/ 044807
o e 3 é.g:g‘at %3118@(0%@” Raskaldied fomczé%mc?%s\i‘@s

5- Chl or o- 6- meh/ayounal; pes mhw AH[NMR 4500eMHy) GR4OD): 7.90 (dd, J = 8.5, 2.5

(el oct 1 ospr ayt "RESSeTRATIV vt risk BERAoa, 38740 om ot s o T ™05

[ MeH] +. " H NI'gB H201H)) s(f.mom Hz/ 28Y, 3(28dbr &, 4*-!)8296 (6}§54H)12282LE1)8.4 7.82-7.81

g.mo ﬁzH) 2350 69(51 QU)'ZS)"@ 3'3 2$’2( 8@2')(&11?05185‘ 21'9 83 2, 7%9 (m 2H§1 12. (7% gs:

3H), 2.46 (s, 3H), 2.26 (s, 3H) 2.08-2.03 (m 2H). 10 Exanple 42 O N ' >~
H N N 2-{2-Chl oro-4- 3-(4-n'ethyl-pi perazin-1 -yl }propoxy]-phenyl)-5-nmethyl -
H benzol m d&@MPle4%$ HPLC: Rt = 5.92. MS (el ectrospray): mass cal cul ated for
C22H27CI NMMO, 398. 19;¢ niz found 399.3 [MrH +. "H NMR (500 IWHz, CD30D): 7.87
(d, J= 8.8 Hz %22 (d, J =85 H, 1 H, 7.64 (s, 1 H, 7.48 (d, J =
8.5 Hz, 1 H), d 2.4 Hz, 1 H), 7.23 (dd, J = 8.8, 2.4 H, 1 H),
4.26 (t, J = p, dHY, p—s, 4H), 3.51 (br s, 4H), 3.31-3.27 (m
2H), 2.98 (s, 3H) H> 58 (s, 3=, B—31.

i_|)

2.26 (m
2-{2-Chloro-4-[3-(4-methyl-piperazin-1-yl}-propoxy]-phenyl}-1H-benzoimidazole,

10 HPLC: Ry = 5.68. MS (electrospray): mass calculated for Co1H25CIN,O, 384.17;
m/z found, 385.3 [M+H]"'. 'H NMR (500'MHz, CDsOD): 7.78 (d, J = 8.8 Hz,
1H), 7.77-7.74 (m, 2H), 7.56-7.53 (m, 2H), 7.27 (d, J = 2.4 Hz, 1H), 7.12 (dd, J
= 8.8, 2.4 Hz, 1H), 4.16 (t, J = 5.9 Hz, 2H), 3.44 (br s, 4H), 3.32 (br s, 4H),
3.14-3.11 (m, 2H), 2.84 (s, 3H), 2.18-2.12 (m, 2H).

15
Example 50
O—
Cl N
L
N
F H ' \\—'N N—

5-Chloro-6-fluoro-2-{3-methoxy-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-phenyl}-
1H-benzoimidazole.

20 HPLC:R;=6.15. MS (electrospray). mass calculated for C2oH26CIFN4O,,
432.17; m/z found, 433.2 [M+H]*. 'H NMR (400 MHz, CD3OD): 7.75-7.73 (m,
1H), 7.61-7.58 (m, 2H), 7.52 (d, J = 8.5 Hz, 1H), 7.09-7.07 (m, 1H), 4.16 (t, J =
5.6 Hz, 2H), 3.88 (s, 3H), 3.48 (brs, 8H), 3.25-3.22 (m, 2H), 2.86 (s, 3H), 2.22-
2.19 (m, 2H).

25
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20 2H). Exanmple 43 1 C NH

5- Chl oro- 2-{3-chl oro- 4-[ 3- (4- net hyl - pi perazi n-| -yl ) -propoxy] - phenyl }-1 H 25
benzol m dazole. 66 WO 2005/ 044807 PCT1US2004/031855 HPLC. Rt = 6.15. M5
(el ectrospray): mass cal cul ated for C21H24ClI 2NAQ, 418.13; mz found, 419.2

[ MeH +. * HW/BhosfosBoMHz, CD30D): 8.07 (d, J = 2.3 Hz, deﬂ)usz&m%sssdd J
8.7, 2.3 Hz, 1H),763(d J:1.7Hz,1|—|),759(d J =38 1H,
7.38(dd,J: .9 Hz, 1 H, 7.24 (d, J =8.8 Hz, 1 H), 422(tJ:5.8
5 Hz, 2H), 3EEmP’8r s, 4H), 3.29 (br s. 4H), 3.15-3.10 (m 2H), 2.84 (s, 3H),
2.21- 2.15 (m 2H). Exanplei44 FF G F No N H 10

2-{3- Chl or o- 4;‘{’th pi perazi n- 1-yl ) - propoxy] - phenyl )-5-trifl uoronet hyl

- 1 H benzol m d4g 6.53. M5 (electrospray): mass cal cul ated for
C22H24Cl F3N4Q, ; ' fo A58.2 [MrH +. 1H NMR (500 MHz, CD30D):
8.12 (d, J:23Hz 1 H, 7.99%7 d"j'-8,23Hz,1H) 7.90 (s, 1 H,
7.75 (d, J =8.5 H, 151 H, 7.61 J =86 H, 1 H, 7.26 (d, J = 8.8 Hz,
1 H, 4.22 (043£r&or5-48[3+eg-ma;hgl-pupemam1(yﬁfpr@powl-phensl}-zimewaH4H) 3.08-3.05

(m 2H), 28%&?&"@!—% e2 19-2.14 (m 2H). Exanple 45 Cl 6-0 N F H 20
5- Chl or o- 6- f I°8 %’-'rret hyl - 4-[ 3- (4- met hyl - pi perazi n-1-yl } - propoxy] - phenyl }
- 5 HPLC: R;=5.85. MS (electrospray): mass calculated for C22Hz7CIN4O,

414.18; miz found, 415.2 [M+H]". *H NMR (400 MHz, CD;0D): 8.08 (d, J = 2.3

Hz, 1H), 7.94 (dd, J = 8.7, 2.3 Hz, 1H), 7.56 (d, J = 8.9 Hz, 1H), 7.30 (d, J = 8.8

Hz, 1H), 7.14 (d, J = 2.0 Hz, 1H), 7.10 (dd, J = 9.0, 2.3 Hz, 1H), 4.26 (t, J= 5.7

Hz, 2H), 3.82 (s, 3H), 3.52 (br s, 8H), 3.30-3.26 (m, 2H), 2.88 (s, 3H), 2.29-2.22
10 (m, 2H).

Example 52

T

5-tert-Butyl-2-(3,5-dibromo-4-[3- (4-methyl-p|peraz|n- -yl)-propoxy}-phenyi}-1H-
15 benzoimidazole.

HPLC: R;=6.81. MS (electrospray): mass calculated for Ca5H3,BraN4O,

562.09; m/z found, 563.1 [M+H]". 'H NMR (500 MHz, CD30D): 8.31 (s, 2H),

7.70-7.62 (m, 3H), 4.17 (t, J = 5.8 Hz, 2H), 3.37 (br s, 4H), 3.20 (br s, 4H),

3.18-3.15 (m, 2H), 2.82 (s, 3H), 2.22-2.16 (m, 2H), 1.34 (s, 9H).

Tz _Z

20
Example 53

T F
F’K©: o _
U\
\r/

2-{2-Methoxy-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-phenyl}-5-trifluoromethyi-

T=Z__Z
é/o\

1H-benzoimidazole.
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1 H benzol mM dazole. HPLC. R = 6.34. M5 (electrospray): nmass cal cul ated for

C22H28CI FNAO, 416.18; niz found, 417.1 [MtH +. 'H NMR (500 MHz, CD30D): 7.85
(dd, J 258.6, 223 Hz, 1 H, 7.80-7.79 (m 1 H, 7.72 (d, J = 6.3 Hz, 1 H,
7.51 (d, J =8.6 Hz, 1 H, 7.10 (d, J =8.7 Hz, 1 H, 4.14 (t, J = 6.0 Hz,

2H), 3.20 (W0 26050347 2.85- 2.81 (m 2H), 2.76 (s, 3H), 'lfrzészﬁ(’ﬁuros1?11'5%_1
2.09-2,04 (m 2H). 67 WD 2005/044807 PCT1US2004/ 031855 Exanple 46 NN V

g- Met hyl az-{%mm:m{l:-elst[ .3MB4eiestrogiray)i r]matssaIchaltacj'f(In‘>}ﬁ-‘rzdrhgi’b?:;?*]a'I)ﬁ.henyIéI ]iL H 5

i m o AHPLC:
CosrBoNy - a7RAE: Mikfonnc i Basl®, 7B (B0 R o FRATe TR @) 17 o7
(1|0_||) J7 32 ?dHZH 7961Xd Ji= 88-Hz,8H),(T83 id;lv.= g6 bz, (), 6.B96. 874mHZH) 16128(t7 ?6:(2, .
o otk 5.8 Heupb 410l8, 30T it bF sl 290 Q'S anh P b, 707 (5, > °

;?H) /2N46 s(s 2@&97%5 2M)(2.312085 (ng-214-2. 08 (m 2H) Exanple 47 C1 C ~ CN -
2-{ 3- Chl or o- 4 [ 3- (4- met hyl - pi perazi n-1-yl) - propoxy] -phenyl } - 1H benzoi m dazol e
. HPLC. Rr —%;ﬁ, b (el ectrospray): mass cal cul ated for C21H25CI NAO,
384 17 ou OF 385.2 [MH—l] 1H NVR (500 MHz, CD30OD): 8.13 (d, J = 2.3

, '(dd J-c. 23Hz 1 H, 772767(m2|—|) 7.53-7.48 (m
2H) , 733 ,425(tJ 5.9-Hz, 2H), 3.30 (br a, 41-1),
3.06 (br s, 2‘

9 2H) 279(s 311), 2.15-2.10 (m 2H).
Exanpl e 48 H

2-{2-Chloro-4-[3-(4-methyi-plperazm- -yi)-propoxy}-phenyl}-5-trifluoromethyl-
10  1H-benzoimidazole.

HPLC: R, = 6.47. MS (electrospray): mass calculated for C2,Ha4CIF3N4O,

452.16; m/z found, 453.2 [M+H]". *"H NMR (400 MHz, CDsOD): 8.09 (s, 1H),

7.93 (d, J = 8.7 Hz, 1H), 7.85-7.80 (m, 2H), 7.29 (d, J = 2.3 Hz, 1H), 7.15 (dd, J

= 8.8, 2.5 Hz, 1H), 4.20 (t, J = 5.8 Hz, 2H), 3.62 (br s, 8H), 3.40-3.36 (m, 2H),
15 2.93 (s, 3H), 2.29-2.20 (m, 2H).

Example 55

o/

O

\

N

H
2{3-[3-(4-Methyl-piperazin-1-yl)-propoxyl-phenyl}-1 H-benzoimidazole.

20 HPLC:Ry=5.51. MS (electrospray). mass calculated for Ca1H2sN4O, 350.21;
m/z found, 351.2 [M+H]*. 'H NMR (400 MHz, CD3;0D): 7.75-7.72 (m, 2H),
7.70-7.60 (m, 2H), 7.54-7.51 (m, 3H), 7.26-7.24 (m, 1H), 4.16 (t, / = 6.0 Hz,
2H), 3.35 (br s, 4H), 3.19 (br s, 4H), 3.05-3.01 (m, 2H), 2.81 (s, 3H), 2.14-2.10
(m, 2H).

25

n



V  2-{3-Methyl-4-[3-(4-nethyl -pi perazi n-1-yl)-propoxy] - phenyl }-1

H benzoi m dazol e. 68 WD 2005/ 044807 PCT/ US2004/031855 HPLC. Rt = 5.89. M5
(el ectrospray): nass cal cul ated for C22H25N40, 364.23; mz found, 365.2

[ MkH] +. 1H NMR (500 MHz, CD3OD): 7.90 (dd, J = 8.5, 2.5 Hz, 1H), 785784

(m 1H), 7 Wbﬂmﬁﬁm 2H), 7.52-7.47 (m 2H), 7.15 (d, ﬂc*rm§zo§4/6'ﬁsssl 1

4.16 (t, = 6.0 Hz, 2H), 3.23 (br s, 4H), 2.96 (br s, 4H), 7-2.84 5 (m
2H) , 277(s 27 (s, 3H), 2.11-2.05 (m 2H). Exarrple 49 c j NO H
2-{2-Chl oro- 45?9"( fet hyl - pi perazi n-1-yI') - pr opoxy] - phenyl } 1

H benzoi m dazole. 10 HPLC. Rt = 5. 68. (el ectrospray): mass cal cul ated for
C21H25CI N4O, 384.17; niz found, 38Y%. +. 1H NMR (500' MHz, CD30D): 7.78

(d, J =8.8 Hz, 1), 7.77-7.7 2H), 7.56-7.53 (m 2H), 7.27 (d, J = 2.4
4 Hz, 1 H, 4.16 (t, J = 5.9 Hz, 2H), 3.44
.14-3.11 (m 2H), 2.84 (s, 3H), 2.18-2.12 (m

Hz, 1 H, 7.12 (dd, J_ =
(br s, 4H), 3 (b
2H). 15 Exanp 0 B Ay F/ NOH\-~NI1 N
5- Chl oro- 6-fl uoro- 2- {3 nmet hoxy- 4- [ 3- (4- net hyl - pi perazin 1-yl)-propoxy}phenyl}
1 H benzoimd s cal cul ated
for C22H25C F‘%ﬁ%ﬂg (4 @VT?'PE’WR@"FS'S'R ‘%"ﬂg@ ﬁt’ eﬁ%ﬁ%ﬁﬁ?ﬁoo MHz, CD3CD):
7.75-7.73 (m hehy#methan@ie7 58 (m 2H), 752 (d, = . 7.09-7.07
Em %H)H) 258]1-631556 Ry56.35 M8 (%cggs'?:@) 5P SéculatHb for3c2§v?i f\lbéz,%ea%') 3.2573. 22
m/z found, 469.3 [M+H]'. 'H NMR (400 MHz CD;OD): 8.11 (s, 1H), 7.80-7.77
(m, 4H), 7.72-7.85 (m, 3H), 7.58-7.52 (m, 3H), 7.23-7.20 (m, 1H), 4.15 (1, J =
5.7 Hz, 2H), 3.57 (br s, 8H), 3.26-3.21 (m, 2H), 2.95 (s, 3H), 1.96-1.93 (m, 4H).

10 The following compounds in Examples 57-71 were prepared according
to the procedures described in Example 2.

Example 57

o

Tz =z
: Q
o

g

15  6-Chloro-2-{2-chloro-4-[3-(1-methyl-piperidin-4-yl}-propoxy]-phenyi}-4-methyi-
1H-benzoimidazole.
MS (electrospray): mass calculated for Ca3H27ClaN3O, 431.15; m/z found, 432.1
[M+H]*. "H NMR (400 MHz, CD;0D): 7.69 (d, J = 8.0 Hz, 1H), 7.42 (br s, 1H),
7.14 (d, J = 4.0 Hz, 1H), 7.07-7.05 (m, 1H), 7.02 (dd, J = 8.0, 4.0 Hz, 1H), 4.04
20 (t, J= 8.0 Hz, 2H), 2.95-2.85 (m, 2H), 2.58 (s, 3H), 2.28 (s, 3H), 2.10-2.00 (m,
2H), 1.84-1.75 (m, 4H), 1.46-1.41 (m, 2H), 1.22-1.35 (m, 3H). )
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25 69 WD 20051044807 PCT/ US2004/ 031855 Exanmple 51 €1 N O N/-~ H
2-{3-Chl oro-4-(3-(4-nethyl -pi perazin-1-yl)-propoxyl -phenyl)-5-nmethoxy-1 H
benzoi m dazole. 5 HPLC. R, = 5.85. MS (el ectrospray): mass cal cul ated for
C22H27CI NdC2, 414.18; mlz found, 415.2 (MtH +. 'H NVR (400 MHz, CD30D): 8.08
(d, J = 2. 3yohiwsiodaséd) , 7.94 (dd, J =8.7, 2.3 Hz, 1 H), pérafs2dedunsess 8.9 Hz,
1H, 7.30 (d, J =88 H, 1 H, 7.14 (d, J =2.0 Hz, 1 H, 7.10 (dd, J =
9.0, 2.3 Hz, _1H),4.26(t,J=5.7 Hz, 2H), 3.82 (s, 3H), 3.52 (br s, 8H),
3.30-3.26 (mEx;%'ﬁ",e ,88 (s, 3H), 2.29-2.22 10 (m 2H). Exanple 52 N / NH
Br~N- 5-tert-Butyl-2-{3, 5-dsibrono-4-[3-(4-nethyl-piperazin-1-yl)-p'ro

L A 1R be I mdazole. HPLC. Rt = 6.81. MS (el ectrospray):
562.09; mz found, 563.1 (MtH +. 'H NWR
(500 MHz, CD3OD)™=8. : 7.62 (m 3H), 4.17 (t, J = 5.8 Hz, 2H),
3.37 (br s, 4H), 3.24 (br s, 3.M=3.15 (m 2H), 2.82 (s, 3H), 2.22-2.16
(m 2H), 1.34 (s, 9H) . 20 Exanple 53~ F F '

5-tert-Butyl-2-{3-chloro-4-[3-(1-methyi-piperidin-4-yl}-propoxy}-phenyl}-1H-

benzoimidazole.
5 MS (electrospray): mass calculated for C2aH34CIN3O, 439.24; m/z found, 440.2
[M+H]". 'H NMR (400 MHz, CDsOD): 8.10 (d, J= 2.2 Hz, 1H), 7.97 (dd, J =
8.6, 2.2 Hz, 1H), 7.58 (br s, 1H), 7.62-7.45 (m, 1H), 7.36 (dd, J = 8.6, 1.7 Hz,
1H), 7.21 (d, J= 8.7 Hz, 1H), 4.14 (t, J = 6.2 Hz, 2H), 2.93-2.85 (m, 2H), 2.28
(s, 3H), 2.11-2.00 (m, 2H), 1.92-1.83 (m, 2H), 1.82-1.74 (m, 2H), 1.52-1.45 (m,
10 2H), 1.42-1.20 (m, 12H).

\

Example 59

\[é: 05‘\_0_

2-{2-Chloro-4-[3-(1-methyl-piperidin-4-yi}-propoxy]-phenyl}-4,5-dimethyl- 14
15 benzoimidazole.
MS (electrospray): mass calculated for Ca4H30CIN3O, 411.21; m/z found, 412.4
M+H]*. "H NMR (400 MHz, CD;0D): 7.73-7.63 (m, 1H), 7.31 (br s, 1H), 7.13
(d, J =25 Hz, 1H), 7.07 (d, J= 8.2 Hz, 1H), 7.02 (dd, J = 8.7, 2.5 Hz, 1H), 4.06
(t, J= 6.3 Hz, 2H), 2.93-2.89 (m, 2H), 2.51 (s, 3H), 2.40 (s, 3H), 2.29 (s, 3H),
20 2.00-2.15(m, 2H), 1.86-1.77 (m, 4H), 1.48-1.42 (m, 2H), 1.35-1.24 (m, 3H).
Example 60

Cl N
0O
N
5-Chloro-6-methyl-2-{4-[3-(1-methyl-piperidin-4-yl}-propoxy]-phenyi}-1H-
benzoimidazole.

Iz __Z
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"““I

- Met hoxy- 4-[ 3- (4- net hyl - pi perazi n- 1-yl) - propoxy] - phenyl ] -5-trifl uoronet hy
H benzoi m dazol e. 70 WD 2005/ 044807 PCT/ US2004/ 031855 HPLC. Rt = 6, 34.
eI ectrospray): nmass cal cul ated for C23H27F3N402, 448.21; mz found, 449.3

'I—(XW&S %7M-lz Ch30D): 8.11-8.08 (m 2H), 7.1&&‘[(1&100411)31853.6 Hz, .1
3 ( Hz,lH) 689687(m2H) 428 (t,J 58Hz,2H),
17 (s, 3H), br s, 49 (br s I—P

3H), 2. BMPQCQBtTﬁ}MQMS (Mﬁﬁpréysmasseﬁlcuﬁfqd Tor RGN0 39716

2- O o - fiya flud. ST SMEL! pﬂﬁmw@g;}mﬁv@%ww 9ﬁg@rw4@oﬁqztrlfl uor orret hyl

-
10 1 H benzolm | ectro HFQ) mass cal cul at ed
;
.0

ZETNT
\I:_E."‘I—‘I\)

2H), 2.97

—hll\)/-\_b
w D

(0]

C22H24Cl BENI®G7 (sabH), 767 (87 tolinad (d 46390 f[l A2H) 4059 W He2H}z, CD30D):

0.5 Pl o A hgeth g W e o 10,05 3 25

8H) 35404333& @hl), 1282-1.77 1%, 2P 3.60s1 52H)1 1}2) 29521. 30)(r(1n4H)2H) Exanpl e 55 d
~ NN H 2-{3-[3-(4-Mthyl-piperazin-1-yl)-propoxy]-phenyl]-

H benzoi m dazole. 20 HPLC. Rt = 5.51. MS (el ectrospray): nass cal cul ated for
C21H26N40, SEQarﬂﬁle 61 z found, 351.2 [MtH'. 1H NWVR (400 MHz, CD30D):

oFe

775772(mC 770760(m2H) 7.54-7.51 (m 3H), 7.26-7.24 (m IH)),
4.16 (t, N 335(brs 4H), 3.19 (br s, 4H), 305301(m
2H),281(s 14

L\_CN_

5-Chioro-2-{4-[3-(1-methyl-piperidin-4-yl}-propoxyl]-phenyl}-1H-benzoimidazole.
10 HPLC: Ry =6.62. MS (slectrospray). mass calculated for Cp;H26CIN3;O, 383.18;

miz found, 384.5 [M+H]*. *H NMR (500 MHz, CD3OD): 7.96 (d, J = 9.0 Hz,

2H), 7.66 (d, J= 2.0 Hz, 1H), 7.61 (d, J= 8.7 Hz, 1H), 7.42 (dd, J= B.f, 1.9 Hz,

1H), 7.12 (d, J = 8.0 Hz, 2H), 4.05 {t, /= 6.3 Hz, 2H), 3.43-3.40 (m, 2H), 2.92-

2.86 (m, 2H), 2.76 (s, 3H), 1.96-1.93 (m, 2H), 1.82-1.76 (m, 2H), 1.60-1.51 (m,
15  1H), 1.46-1.30 (m, 4H).

Example 62
Ci N

1O

N

i L\_<3,_

5-Chloro-6-fluoro-2-{4-[3-(1-methyl-piperidin-4-yl)}-propoxy]-phenyl}-1H-
20 benzoimidazole.

HPLC: R; = 6.80. MS (electrospray): mass calculated for CaoHz5CIFN;O,
401.17; m/z found, 402.5 [M+H]". 'H NMR (500 MHz, CD3OD): 7.93 (d, J=9.0
Hz, 2H), 7.71 (d, J = 6.3 Hz, 1H), 7.49 (d, J = 8.6 Hz, 1H), 7.08 (d, J= 9.0 Hz,

2H), 4.03 (t, J = 6.3 Hz, 2H), 3.44-3.40 (m, 2H), 2.92-2.86 (m, 2H), 2.76 (s, 3H),
25  1.96-1.93 (m, 2H), 1.82-1.76 (m, 2H), 1.60-1.51 (m, 1H), 1.43-1.28 (m, 4H).
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(m 2H). 25 71 WD 20051044807 PCT/ US2004/ 031855 Example 56 0 p ~1 | / NH
(2-{3-[4-(4- Met hyl - pi perazi n-1-yl ybut oxy] - phenyl )-1 H benzoi m dazol -5-yl) -
phenyl - net hanone. 5 HPLC. Rt = 6.36. MS (el ectrospray): mass cal cul ated for
C2wH32N4 2, 468.25; nfz found, 469.3 [MtH'. '"H NMR (400 MHz, CD3CD): 8.11
(s, 1 H, *wOQe080d4g07 (m 4H), 7.72-7.85 (m 3H), 7.58-7.fggnf{sawosdsisss 7. 23- 7. 20
(m 1 H, 4.15 (t, J = 5.7 Hz, 2H), 3.57 (br s, 8H), 3.26-3.21 (m 21-1),
2.95 (s, 3H Eexampésd. 93 (m 4H) 10 The follow ng conpounds in Exanples 57-71
were prepared according to the procedures described in Exanple 2. Exanple 57
Cl O d H15

6- Chl or o- 2-{ '5{4- 1- et hyl - pi peri di n-4-yl)-propoxy] - phenyl) - 4- net hyl
- 1 Hbenzoimd >’W@EP ctrospray): mass cal cul ated for C23H27C12N30,
431.15; nmlz found, 4‘&2 1 [I\/Hel—ﬁ\_@yﬁ (400 MHz, CD300): 7.69 (d, J = 8.0
Hz, IH). 7.42 (br s, 7.14 4.0 Hz, lH) 7077.05(m1H),

7.02 (dd, J =.8 1 t. J =8 2.95-2.85 (m
oH), 2.58 (s5 ‘sz%sﬁ@' Q‘H;' “piggrify VB%”?%"V] eyl Hi’l 84-1.75 (m 4H),
1.46-1. 41 (nberdbimlilazole.22- 1. 35 (m 3H) . 72 WO 2005/ 044807 PCT/ US2004/ 031855

Exanple 58 C N
5 HPLC: Ry=7.16. MS (electrospray): mass calculated for CagH3sN10, 405.28;

m/z found, 406.6 [M+H]*. 'H NMR (500 MHz, CD;0D): 8.08 (d, J = 9.0 Hz,

2H), 7.70 (s, 1H), 7.71 (s, 2H), 7.25 (d, J = 9.0 Hz, 2H), 4.16 (t, J = 6.3 Hz, 2H),

3.58-3.52 (m, 2H), 3.03-2.97 (m, 2H), 2.87 (s, 3H), 2.06-2.03 (m, 2H), 1.93-

1.87 (m, 2H), 1.71-1.63 (m, 1H), 1.57-1.48 (m, 4H), 1.44 (s, 9H).

10 '
Example 64

OO
N O
5-Methyl-2-{4-[3-(1-methyl-piperidin-4-yl)}-propoxy]-phenyi}-1 H-benzoimidazole.
HPLC: Rt = 6.53. MS (electrospray): mass calculated for C2osHzgN3O, 363.23;
15 miz found, 364.5 [M+H]". "H NMR (500 MHz, CD;OD): 7.96 (d, J = 9.0 Hz,
2H),7.53 (d, J=8.4 Hz, 1H), 7.47 (s, 1H), 7.33 (d, = 8.4 Hz, 1H), 7.14 (d, J =
9.0 Hz, 2H), 4.05 (t, J = 6.2 Hz, 2H), 3.44-3.41 (m, 2H), 2.92-2.86 (m, 2H), 2.76
(s, 3H), 2.45 (s, 3H), 1.96-1.92 (m, 2H), 1.82-1.76 (m, 2H), 1.60-1.50 (m, 1H),
1.45-1.33 (m, 4H).
20 .
Example 65

2-{4-[3-(1-Methyl-piperldln-4-yl)-propoxyj-phenyl}-1H-benzoimidazole

HPLC: Ry = 6.28. MS (electrospray): mass calculated for CoH2/N30, 349.22;
25 m/z found, 350.5 (M+H]". 'H NMR (500 MHz, CD;0D): 8.00 (d, J =8.9 Hz,

2H), 7.70-7.66 (m, 2H), 7.51-7.47 (m, 2H), 7.15 (d, J= 8.9 Hz, 2H), 4.06 (t, J =

75



H~('N
5-tertButyl -2-{3-chl oro-4-[3-(1-net ht hhyl JJI - pi perl di n-4-yi)-propoxy] - phenyl)
-1 H benzol m dazole. 5 M5 (el ectrospray): nass cal cul ated for C26H34ClI N3O,
439.24; nmlz found, 440.2 |[M:H'. 1H NWR (400 MHz, CD30D): 8.10 (d, J= 2.2
Hz, 1H), 7w9hoésitdesod= 8.6, 2.2 Hz, 1 H). 7.58 (br s, I1r¢Hhus2po418545 (m 1
H, 7.36 (dd, J =8.6, 1.7 Hz, 1 H), 7.21 (d, J =8.7 Hz, 1 H, 4.14 (t, J =
6.2 Hz, 2H),g 233214 %ﬁaﬁmo?rh')zg)?zm-z.éﬂmﬁiﬂa; 2.26%&-32129@.96111.9?(?3,, 1.92-1.83
(m 2H), 1.82-1.74 (m 2? 1.52-1.45 s_lm 10 2H), 1.42-1.20 (m 12H). .
Exanpl e 59 @H). 48&1.77 (m, H), 1.60-1.50 (m, 1H), 1.45-1.33 (m, 4H).
2-{2-Chloro-4-[3-(1-nethyl -piperidi--n///-4-yl)-propoxy)-phenyl}-4,5-dinethyl
-1 H 15 benzoi mi dazole. MS (electrospray): mass cal cul ated for C24H30CI N30,
411.21; mz Example6812. 4 [M+H'. 1H NVR (400 MHz, CD3OD): 7.73-7.63 (m 1
H, 7.31 (br s, . J =2.5Hz, 1 H, 7.07 (d, J =8.2 Hz, 1 H),
7.02 (dd, J = 8. .5 1 H, 406 (t, J=6.3 Hz, 2H), 2.93-2.89 (m
osH ., 2.29 (s, 3H, 20 2.00-2.15 (m 2H),
i 4 4 2 1.24 (m 3H). Exanple 60 N N O

: : . 2 1. 35-
H ---( H N—
5- Chl oro-%- net hyl - 2-{4-[ 3- (1- net hy i peridin-4-yl)-propoxy]-phenyl)-1 H

benzoi m daz b eriofsl UEANRS AAGABNACTALBARRANBRIERT. pHERY ha-Rhir. O 84. 1B

(el ectrospray): mass cal cul ated for 3H25C] und, 398.5
[ MbH ~. ' H I\Kmebeamnmquewsoo): 7.95 (d, J = 9.0 Hz, 2H), 7.67 (s, 1 H),
B
S,

3=100a v, Y Geitegieymans baty e Brbya fa OFp: 415 T2 dlfg 21 597 05
(m 2H), 1. 841613 (il R NMR (4000MHz,D.0R): 869 (5. Th. 1.4 B(s, (1), 216§-
10 7.02 (m, 1H), 6.96-6.85 (m, 2H), 4.06 (t, J = 6.3 Hz, 2H), 2.93-2.83 (m, 2H),
2.60 (s, 3H), 2.26 (s, 3H), 2.07-1.97 (m, 2H), 1.89-1.71 (m, 4H), 1.49-1.40 (m,
2H), 1.38-1.22 (m, 3H). -

Example 67

15

5-Fluoro-2-{2-methyl-4-[3-(1-methyl-piperidin-4-yl)-propoxy]-pheny!}-1H-

benzoimidazole.

MS (electrospray): mass calculated for CasH2sF N3O, 381.22; m/z found, 382.3

[M+H]*. "H NMR (400 MHz, CD30OD): 7.61-7.52 (m, 2H), 7.29 (dd, J = 9.1, 2.3
20 Hz, 1H), 7.09-7.01 (m, 1H), 6.96-6.86 (m, 2H), 4.04 (t, J= 6.4 Hz, 2H), 2.95-

2.82 (m, 2H), 2.52 (s, 3H), 2.28 (s, 3H), 2.08-1.96 (m, 2H), 1.88-1.72 (m, 4H),

1.51-1.40 (m, 2H), 1.38-1.19 (m, 3H).

Example 68
cl

) @;@OW_
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Exanple 61 ~ N/ N7 OH ~( "N

5-Chl oro-2-(4-[3-(1-net hyl - pi peridin-4-yl)-propoxy]-phenyl }-1

H benzol m dazole. 10 HPLC. Rt = 6.62. MS (electrospray): mass cal cul ated for
C22H25CI N3O, 383.18; mz found, 384.5 [MtH {. 'H NMR (500 MHz, CD3OD): 7.96

(d, J =09 gld%osmﬂdﬁ)l 7. 66 (d, J = 2.0 Hz, | H)1 7 61 (FbT/ﬂszaoﬁosisslﬂz, 1H,
7.42 (dd, g‘ H}g405 (t, J =6.3
Hz, 2H), 3. 45»%1!%2({31@!13!4 @-(ézﬂetﬁylﬂwe(g n-dl)- PTOPO’f!é m'@ny i 1.96-1.93 (m

ﬁH)F/l§2H1 lglguq,m,dgiae .60-1.51 (m 15 1 H), 1.46-1.30 (m 4H). Exanple 62

ﬁ chl 0r0d6 stdalﬁct_ros[mas{)aneas ealeuigted forlestiztCiNag, ?W}ﬂﬁd’p/@)i?\]mqaﬁ@ﬂﬂlg f1 H 20
Go1p50 Frad ™ Hor MR DoMEE cORLSE 10,088 (TR TSER! V7 Craody - 7. 03

(d, J 950 HeiztH)2HBA-77207(n,(2H), 8.93 (§.JF Bi3,Hzl 1H),,7.90 @i, (Id=85 25826 Hz, 1 H),

7.08 d J = 4- 3

9586 (mﬂb%)djz(k "765%’4"2 &34 Sp.2p43m; Eﬁbgz?nﬂz F%ﬁz% 839 ?g@(m 2H) |

éx 60- I1 5%3(m19_1 (RP (?H)l, 14@«-172%(%) At52-1.40 ¢ VEBI)2 033/1024460,73HHCT/ US2004/ 031855
anpl e ~ i

5- tgﬁt Butyl-2-{4-]3- (1 rrethyl pi perl di nn-4-yl)-propoxy] -phenyl}-1 H

benzoi m dazo'EgamﬁeH@LC: Rt = 7.16. M5 (electrospray): mass cal cul ated for
CzsH35N30, 405.28; mz found, 406.6 [MrH +. "H NVR (500 MHz, CD30D): 8.09

(d, J = 9.0 Hz, .
\ 0 -
N
TR T O
10

6-Chloro-4-methyl-2-{2-methyl-4-[3-(1-methyl-piperidin-4-yl)-propoxy}-phenyt}-
1H-benzoimidazole.
MS (electrospray): mass calculated for Cp4H30CIN3O, 411.21; m/z found, 412.4
M+H]". 'H NMR (400 MHz, CD30D): 7.54 (d, J = 8.4 Hz, 1H), 7.42 (br s, 1H),
15  7.08-7.05 (m, 1H), 6.94 (d, J = 2.3 Hz, 1H), 6.90 (dd, J = 8.4, 2.4 Hz, 1H), 4.06
(t, J = 6.3 Hz, 2H), 2.96-2.86 (m, 2H), 2.59 (s, 3H), 2.48 (s, 3H), 2.29 (s, 3H),
2.10-2.00 (m, 2H), 1.90-1.75 (m, 4H), 1.52-1.43 (m, 2H), 1.38-1.23 (m, 3H).
Example 70

cl C
Vs
. N—

20
5-Chloro-2-{2-chloro-4-[3-(1-methyl-piperidin-4-yl)-propoxy]-phenyl}-6-fluoro-
1H-benzoimidazole.
'MS (electrospray): mass calculated for Cz2H24Cl2FN3O, 435.13; m/z found,
436.3 [M+H]". "H NMR (400 MHz, CDsOD): 7.78 (d, J = 8.7 Hz, 1H), 7.70 (d, J

25 =6.6Hz 1H),7.46 (d, J=9.3Hz, 1H),7.14 (d, /=24 Hz, 1H), 7.04 (dd, J =
8.7, 2.5 Hz, 1H), 4.06 (t, J = 6.4 Hz, 2H), 2.93-2.84 (m, 2H), 2.28 (s, 3H), 2.09-
1.96 (m, 2H), 1.87-1.71 (m, 4H), 1.49-1.39 (m, 2H), 1.35-1.22 (m, 3H).

Tz __Z
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2H), 7.70 (s, 1 H), 7.71 (s, 2H), 7.25 (d, J = 9.0 Hz, 2H), 4.16 (t, J = 6.3
Hz, 2H), 3.58-3.52 (m 2H), 3.03-2.97 (m 2H), 2.87 (s, 3H), 2.06-2.03 (m
2H), 1.93- 1.87 (m 2H), 1.71-1.63 (m 1H), 1.57-1.49 (m 4H), 1.44 (s, 9H).
10 Exanple 64 N H ,N

5- Met hyl - 2-w@2603r04480ret hyl - pi peri di n-4-yl) - propoxy] - pherpdriushoosssisss

H benzoi m dazole. HPLC. Rt = 6.53. M5 (electrospray): mass cal cul ated for
023H29N30, 363.23; 15 nmh found, 364.5 [MtH]'. 'H NMR (500 MHz, CD3QD): 7.96
(d, J 9.0 Hz, 2H), 7.53 (d, J =8.4 Hz, 1 H, 7.47 (s, 1 H, 7.33 (d, J =
8.4 Hz, 1H a@&?fd J= 9.0 H, 2H), 4.05 (t, J = 6.2 Hz, 2H), 3.44-3.41
(m 2H, ﬁ( P m 2H), 2.76 (s, 3H), 2.45 (s, 3H), 1,96-1.92 (m 2H),
182176( 1.60-1.50 (m 1H), 1.45-1.33 (m 4H). 20 Exanple 65 N H
2-{4-[3-(1- ey | di n-4-yl)-ppropoxy] - phenyl)-1 H benzoi m dazol e. HPLC:

Rt = 6.28. o@ mass cal cul ated for C22H27N30 349.22: 25 niz
found, 350.5 AN 4 00 , CD30D): 8.00 (d, J = 8.9 Hz, 2H) ,
7.70-7.66 (m 2H). 57.51-7. 47 ( 2H)N.._715(d J= 8.9 Hz, 2H) 4.06 (t, J 75
WO 2005/ 044807 PCTI US2004/ 031855 , 3.43-3.40 (m 2H), 2.92-2.85

11, 151, 3¢ okt m B iop o 350150 (m

6- Chl or 0-2- (dlinfidaroteo- 4- [ 3- ( 1- net hyl - pi peri di n-4-yl) - propoxy] - phenyl) - 4- net hyl|
i MS (electrospray): mass calcu_|ated for C2gH25CINSO, 433.19; m/z found, 434.3
[M+H]". "H NMR (400 MHz, CD,OD); 8.52-8.44 (m, 1H), 7.97 (d, J = 8.2 Hz,
1H), 7.78 (d, J = 8.6 Hz, 1H), 7.74 (s, 2H), 7.64-7.57 (m, 1H), 7.53-7.47 (m,
1H), 7.15 (d, J = 2.5 Hz, 1H), 7.02 (dd, /= 8.6, 2.5 Hz, 1H), 4.01 (t, /= 6.3 Hz,
10 2H), 2.89-2.78 (m, 2H), 2.25 (s, 3H), 2.03-1.90 (m, 2H), 1.83-1.64 (m, 4H),
1.43-1.33 (m, 2H), 1.33-1.18 (m, 3H).

The following compounds in Examples 72-81 were prepared according to the
procedures described in Example 1.

15
Exampie 72

X

4,6-Dimethyl-2-{2-methyl-4-[3-(4-methyl-piperazin-1-yl)-propoxyl-phenyi}-1H-
benzoimidazole.

20 MS (electrospray): mass calculated for C2sHaN4O, 392.26; m/z found, 393.3
[M+H]". 'H NMR (400 MHz, CD;0D): 7.51 (d, J = 8.5 Hz, 1H), 7.20 (s, 1H),
6.92-6.70 (m, 3H), 4.07 (t, J = 6.1 Hz, 2H), 2.72-2.40 (m, 18H), 2.30 (s, 3H),
2.02-1.98 (m, 2H).

TZ =z

/\
N N—
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1 H benzoi m dazole. M5 (electrospray): mass cal culated for C23H27Cl FN3O,
415.18; nmlz found, 416.3 [MtH +. 'H NMR (400 MHz, CD30D): 8.02 (s, 1H), 7.41
(s, 1H, 7.07- 10 7.02 (m 1 H), 6.96-6.85 (m 2H), 4.06 (t, J = 6.3 Hz, 2H),
2.93-2.83 (m 2H), 2.60 (s, 3H), 2.26 (s, 3H, 2.07-1.97 (m 2H), 1.89-1.71
(m 4H), 1yAPaohsifdsdm 2H), 1.38-1.22 (m 3H). Exanpl ep&Trusidod/b3185

5-Fl uoro- 2-(2-net hyl -4-[ 3-(1- net hyl - pi peri dl n-4-yl) - propoxy] - phenyl }1 H
benzoi m dazole. MS (el ectrospray): mass cal cul ated for C23H2nFN3O, 381. 22;
m z found, 3&Rample[7gtH +. 'H NMR (400 MHz, CD3CD): 7.61-7.52 (m 2H), 7.29
(dd, J =9.1, 2.3 2Q Hz, 1 H, 7.09-7.01 (m 1 H), 6.96-6.86 (m 2H), 4.04
(t, J =6.4 Hz 2h|),| .95-:2.82 (m 2H), 2.52 (s, 3H), 2.28 (s, 3H),
2.08-1.96 (m ,\1 1.72 (m 4H), 1.51-1.40 (m 2H), 1.38-1.19 (m 3H).
Exanpl e 68 5 05/ 044807 PCTI US2004/ 031855

4- Chl or o- 2- { 2- rrethyl 4-[ 3- (1-weffhyly—pi peri di n-4-yl)-propoxy] -phenyl}-1 H
benzoi nmi dazol e. MS (el ectrosprayW-— nmass cal cul ated for C23H28CI N30, 397.19;

mz found, 3 " d = 8.5 H, 1 H),
75 (o S22 niatibly mé‘f“%fi”i‘?%"%ﬁ@iﬁm- Gg@ﬁﬁaﬁﬁ”@ 23R 1y
7.90 (dd, J bemzdimidazdleHz, 1 H), 4.04 (t, J = 6.3 Hz, 2.94-2.84 (m 2H),
2.51 (s, 1.52-1. 40
251 (. 31 o2 Gk fradecd Egg%fegf@ o, 3B, 8l

[M+H]". 'H NMR (400 MHz, CD30D): 7.72-7.67 (m, 1H), 7.41 (s, 1H), 7.18-

7.13 (m, 2H), 7.07-7.02 (m, 2H), 4.13 {t, J = 6.1 Hz, 2H), 2.80-2.40 (m, 13H),

2.30 (s, 3H), 2.05-1.98 (m, 2H).

10 Example 74

Cl
F.

= _Z

N/_\ N—

2-{2-Chloro-4-[3-(4-methyl-piperazin-1-yl)-propoxy]- phenyl}-5-ﬂuoro-4-methyl-
1H-benzoimidazole.
MS (electrospray): mass calculated for C2oH26CIFN4O, 416.18; m/z found,

15 417.1 [M+H]". "H NMR (400 MHz, CD30D): 7.76-7.65 (br s, 1H), 7.47-7.33 (br
s, 1H), 7.17 (d, J = 2.5 Hz, 1H), 7.07-7.00 (m, 2H), 4.13 (t, J = 6.1 Hz, 2H),
2.68-2.40 (m, 13H), 2.32 (s, 3H), 2.08-1.97 (m, 2H).

Example 75

O \ Cl.
OO

H
20

2-{2-Chloro-4-[3-(4-methyl-piperazin-1-yl)-propoxy]-phenyl}-3H-naphtho[1,2-
dlimidazole.

MS (electrospray): mass caiculated for C2sH27CIN4O, 434.19; m/z found, 435.2
[M+H]". "H NMR (400 MHz, CD3OD): 8.49 (s, 1H), 7.93 (d, J = 8.1 Hz, 1H),

79



6- Chl or o- 4- net hyl - 2-{2- net hyl - 4-[ 3- (1- et hyl - pi perl di n-4-yl) - propoxy] phenyl}
- 1H benzoi m dazole. MS (electrospray): nass cal cul ated for C24HxCl N3
411.21; mz found, 412.4 [MrHr. 'H NWR (400 MHz, CD30D): 7.54 (d, J =" 8. 4
Hz, 1 H, 7.42 (br s, 1 H, 15 7.09-7.05 (m 1 H), 6.94 (d, J = 2.3 Hz, 1
H), 6.90 (%200},,0143874 2.4 Hz, 1 H, 4.06 (t, J = 6.3 HXT/AHP4/@B18BH- 2. 86 (m
2H), 2.59 (s, 3H), 2.49 (s, 3H) 2.29 (s, 3H, 2.10-2.00 (m 2H), 1.90-1.75
(m 4H), 1.52-1.43 (m 2H), 1.38-1.23 (m 3H). Exanple 70 cIl C NF NH -(
20Chl ,. 7.74-7.68 (m, 3H), 7.60-7.55 (m, 1H), 7.48-7.4(113(m,1H).7.07(d,J=2.5Hz, }-6-11
5 or o- 4- ridin-4- - - | yl }-6-fluoro
1 H benzoi m{‘lﬁﬁzé}(g(é)q\/éi(ihéﬁ F@sﬂ?ﬁag 2Qﬁd§-§3$ﬁ%éh&£§£§%@5ﬁéﬂo 2FN30,
435.13; m z 2fzpugdaH), 4@.6311%&;!—%) "H NWVR (400 MHz, CD30D): 7.78 (d, J = 8.7
Hz, 1 H, 7.70 (d, J Hz, 1 H, 7.46 (d, J = 9.3 Hz, 1 H), 7.14 (d,
J=2.4H, 1 H, 7.04 (dd, J 8.7, 2.5 Hz, 1H), 4.06 (t, J = 6.4 Hz, 2H),
2.93-2. 84 ('Exa%lﬂ}e'f@ 28 (s, 3H) 2.09- 1.96 (m 2H), 1.87-1.71 (m 4H),
1.49-1.39 (m 2H), 1.35-1.22 (m 3H. 77 WD 2005/ 044807 PCTI US2004/ 031855
Exanple 71 C1 b N 2-{: Chl oro-4-[ 3-(1- met hyl - pi pe(di
n-4-yl)-prop H naphtho[ 1,2- 5 d]im dazole. M5 (e Iectrospray)
mass cal cul a CIN3O, 433 19; mlz found 434. 3 [ MrH ' . " H NMR
(400 MHz, oD) : 8H52844(m .97 (d, J =8.2 Hz, 1 H), 778(d, J =
86Hz 1 H, 7.74 (s, 2H), 64w(mll—|) 753747( 1 H, 7.15 (d,

=6

1

) 225852 2 é@?Wmﬁ'ﬁ&“g’g‘Eﬂ‘!’a& egfagﬁwy')'%’°6@9’ipg%“y}r‘r?'%m 1831 64 (m a8,

1 43 1. 33 (1m1,3RkHxolol4' 534, 5)bkdzd[m2-dlinfidazblee f ol | owi ng conmpounds in Exanpl es
72-81 were Rhepal G AR S alOiatator CosHasCINGDs, 428.16; miz found, 429.2
10 [M+H]*. "H NMR (400 MHz, CD;OD): 7.74 (d, J = 8.7 Hz, 1H), 7.13 (d, J= 2.5
Hz, 1H), 7.07-6.97 (m, 3H), 5.98 (s, 2H), 4.11 (t, J = 6.2 Hz, 2H), 2.74-2.36 (m,
10H), 2.31 (s, 3H), 2.07-1.96 (m, 2H).

Example 77

.C,bi ;b-C)\_\—'-NK\N/

15 '
' 6-Chloro-2-{2-chloro-4-[3-(4-methyl-[1,4]diazepan-1-yl}-propoxy]-phenyl}-4-

methyl-1H-benzoimidazole. ,
MS (electrospray): mass calculated for Ca3H2sCloN4O, 446.16; m/z found, 447.1
M+H]". 'H NMR (400 MHz, CDsOD): 7.72 (d, J = 8.6 Hz, 1H), 7.44 (br s, 1H),

20 7.18(d, J=2.5Hz, 1H), 7.10-7.08 (m, 1H), 7.05 (dd, J = 8.7, 2.5 Hz, 1H), 4.14
(t, J=6.1 Hz, 2H), 2.83-2.78 (m, 4H), 2.75-2.69 (m, 6H), 2.60 (s, 3H), 2.39 (s,
3H), 2.04-1.96 (m, 2H), 1.90-1.84 (m, 2H).

Tz 2
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procedures described In Exanple 1. 15 Exanple 72 H

4, 6- Di net hyl - 2-{2-net hyl - 4-[ 3- (4- net hyl - pi perazi n- 1-yl) - propoxy] - phenyl }-1 H
benzol m dazole. 20 M5 (el ectrospray): nass cal cul ated for C24H32NAO, 392. 26;
mlz found, 393.3 [M+r H'. "H NWR (400 MHz, CD30D): 7.51 (d, J=8.5 Hz, 1 H,

7.20 (s, 1lhyoz200802866.70 (m 3H), 4.07 (t, J = 6.1 Hz, Zdrusdecsdsmksd0 (m
19H), 2.30 (s, 3H), 2.02-1.98 (m 2H). 78 WD 2005/ 044807 PCTI US2004/ 031855
Example 73 1 [/ NH

2-{2-Chl oro- AE)Jaa'g t hyl - pi perazi n- 1-yl ) - propoxy] - phenyl }-4-nethyl -1 H
benzoi m dazol e. (eI ectrospray): mass cal cul ated for C22H2yCl N0, 398. 19;
m z found, 399|4 [IVH—|] Cl 1H NVR (400 MHz, CD30D): 7.72-7.67 (m 1H), 7.41
(s, 1H, 7.1 I—% 707702(m 2H), 4.13 (t, J = 6.1 Hz, 2H),
2.80-2.40 (m 205198(m 2H). 10 Example 74 d F N/
Nb HMN-/NN -

2-{2-Chl oro-4-[3- {'4 nmet hyl - pi pe|N zi g- 1-yl) - propoxy] - phenyl }-5-fl uoro-4-m
ethyl- 1 H benzoi m dazole. MS (el €€trospray): mass cal cul ated for

C22H26C1 FNAO, 2- {BLBhldaﬂH [a @-thotngil 1, 41diazeban -jijMpricbexy]-phoNURI-(velifyIyHz,  CD30D) :
7.76-7.65 (br, s fQ 47-7.33 (br s, 1H), 7.17 (d, J= 2.5 H, 1H),
7.07-7.00 (mPehgpimiddz @( J= 6.1 Hz, 2H),

5 MS (electrospray): mass calculated for C23H29CIN4O, 412.20; m/z found, 413.2
[M+H]". "H NMR (400 MHz, CD,0D): 8.19 (d, J = 2.2 Hz, 1H), 8.04 (dd, J=
8.6, 2.2 Hz, 1H), 7.42 (d, /= 7.9 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H), 7.18-7.11
(m, 1H), 7.04 (d, J = 7.2 Hz, 1H), 4.19 (t, /= 6.0 Hz, 2H), 2.84-2.66 (m, 10H),
2.62 (s, 3H), 2.36 (s, 3H), 2.08-1.98 (m, 2H), 1.89-1.82 (m, 2H).
10
Example 79

Jou
oy

4,6-Dimethyl-2-{3-[4-(4-methyl- [1 4]d|azepan- -yl)-butoxy]-phenyl}-1H-
benzoimidazole.

15  MS (electrospray): mass calculated for CasHasN4O, 406.27; m/z found, 407.2
(M+H]". *H NMR (400 MHz, CD;0OD): 7.75-7.70 (m, 1H), 7.69-7.64 (d, J= 7.7
Hz, 1H), 7.46-7.40 {m, 1H), 7.23 (br s, 1H), 7.04 (m, 1H), 6.90 (br s, 1H), 4.12
(t, J = 6.2 Hz, 2H), 2.83-2.75 (m, 4H), 2.73-2.65 (m, 4H), 2.63-2.54 (m, 5H),
2.44 (s, 3H), 2.35 (s,.3H), 1.89-1.79 (m, 4H), 1.76-1.68 (m, 2H).

20
Example 80

Ci N
T
N
H \_\—N N—

5-Chloro-2-{4-[3-(4-methyl-piperazin-1-yl)-propoxy]-phenyl}-1H-benzoimidazole.

2 .2
o f

81



2.68-2.40 (m 13H), 2.32 (s, 3H), 2.08-1.97 (m 2H). Exanmple 75 N HN 20
2-{2-Chl oro-4-[3-(4-net hyl - pi perazi n-1-yl)-propoxy] - phenyl } - 3H napht ho[ 1, 2-
d]im dazole. MS (electrospray): nass cal cul ated for C25H27CI NAO, 434.19; mz
found, 435.2 [M+H'. 1H NWR (400 MHz, CD30D): 8.49 (s, 1H), 7.93 (d, J= 8.1
Hz, 1H), 79WeoQo@MA&1O44807 PCT1US20041031855 7.74-7.68 piyusreosfssdO- 7- 55
(m IH, 7.48-7.43 (m 1H, 7.07 (d, J= 2.5 Hz, 1 H, 6.90 (dd, J =8.7, 2.5
Hz, 1 H, 3.92 (t, J =6.1 Hz, 2H), 2.62-2.30 (m"'10H), 2.22 (s, 3H,
.89-1.81 (nExéL‘hi)IGSS Example 76 d O NO HI-\-N/--\ N

1

6- (2-Chl oro- 4-met hyl - pi perazi n-1-yl )propoxy]-phenyl}-5H [1,3]dioxolo
[4'",5 :4,5] b }n dazole. M5 (el ect rospray): mass cal cul ated for
C22H25CI NACB, 16N\ z nd, 29 2 10 [MtH ' . "H NVR (400 MHz, CD30D):

7.74 (d, J=8.7 Ha 1H), 7.13 1 H, 7.07-6.97 (m 3H), 5.98 (s,
2H), 4.11 (t, J 6.2 Hz 2H) 2\-7/4236(m 10H), 2.31 (s, 3H), 2.07-1.96

(m 2H). EXaf:@i-ﬁs—(4zM9hyl-Nper\aﬂln-1-yl%roboﬁy]—%‘henyl}ﬂ HibBhzoimidazole.

5 Example 82
o]

Sbe

{2-(6-Chloro-4-methyl-1H-benzoimidazol-2-yl)-5-[3-(1-methyl-piperidin-4-yi}-
propoxy]-benzyl}-dlméthyl-amine. '
A 4-Brgmo—3~dimethylaminorﬁemyl-gnenol. 2-Bromo-5-hydroxy-

10 benzaldehyde (5.0 g, 24.9 mmol, 1.0 equiv) and 2.0 M dimethylamine in THF
(31 mL, 62 mmol, 2.5 equiv) were stirred in dichloroethane (50 mL) at rt for 1.0
h. Sodium triacetoxyborohydride (15.8 g, 75 mmol, 3.0 equiv) was added, and
the mixture was stirred for 3.0 h then poured into satd. ag. NaHCO3. The
aqueous mixture was extracied three times with chloroform and the combined

Iz __Z

15  extracts were dried (Na;SQ,), filttered, and concentrated under reduced
pressure. The residue was purifled by Method 2 to afford 2.12 g (38%) of the
title compound. 'H NMR (400 MHz, CD;0D): 7.36 (dd, J = 8.6, 1.8 Hz, 1H),
6.91-6.90 (m, 1H), 6.67-6.62 (m, 1H), 3.53 (d, J = 1.3 Hz, 1H), 2.30 (m, 6H).
B. {2-Bromo-5-[3-(1-methyl-piperidin-4-yl)-propoxy]-benzyl}-dimethyl-amine.

20 To a solution of 3-(1-methyl-piperidin-4-yl)-propan-1-ol (989 mg, 6.3 mmol, 1.0

equiv) and methanesulfonyl chloride (683 pL, 8.8 mmol, 1.4 equiv) in
dichloromethane (12 mL) at 0 °C was added triethyiamine (1.57 mL, 11.3
mmol, 1.8 equiv). The reaction mixture, which was allowed to warm to rt, was
stirred for 12 h and then poured into satd. aq. NaHCOQ,. The aqueous mixture

25 was extracted three times with 10% 2-propanol in chioroform and the extract
was dried (Na;S0;), filtered, and concentrated under reduced pressure. The
residue was dissolved in acetonitrile (21 mL) and 4-bromo-3-
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15 '

6- Chl oro-2-{2-chloro-4-[3-(4-nethyl -[1, 4] di azepan- 1-yl) - propoxy] - phenyl } - 4-
met hyl -1 H benzoi m dazole. Ms (el ectrospray): nass cal cul ated for

C23H28CI 2N4O, 446.16; mz found, 447.1 [MH{. 'H NVR (400 MHz, CD30D): 7.72
(d, J.=8.6 w@200%i84807/. 44 (br s, 1H), 20 7.18 (d, J = 21:@1-}@,2001/031)355 7.10-7.08
(m 1H, 7.05 (dd, J =8.7, 2.5 Hz, 1 H), 4.14 (t, J =6 Hz,

2.83-2.78 (m 4H), 2.75-2.69 (m 6H), 2.60 (s, 3H), 2.39 (s 3H) 2.04-1.96

(m2H). 1. YindtnHieOmedhf-perol (Q12PEHAGHTRGTWERGR4IRLESS ~ Exampl e 78

2-{ 3- Chl or o-caijonates(4 g, h28 mmok2 aguiywere added. sTha mixre wasplired 4. net hyl - 1 H

b d f | NAO, 412. 20;
2 ound. L8 R R o R o et e 1 1y

8.04 (dd, J 65°CBlog].5nA. 2Thezmlxmrwas poyred iglo satd-aq. "éﬁh‘ﬁoa gnthrapt@t (d, J = 8.7
Hz, 1 H) 7 ( , J = 6.0
/ 5, é%g}lﬁgé%?th(éﬂ‘iyl ac_é't’)ate aE\dgbg‘ne titne \&H} cﬂlgl%gd"ﬁ\ T%e%nb‘irzgogo 8108 (m 2H).
89 82 (raxtrac-i); wele)dmmsomgﬂltar\ed Hn@cgncentrated under reduced
6D|rrethy [ { { enyl) - 1H-
Lol I g TGS, 'ﬁ}g‘f?e@ @’y’g é??dfﬁ’gﬁ'ge??]@;'f% (A0St 5H3ANAO, 406. 27;
z found, 4@mpdund.MHNMR (4HOMH& CImOOV7.45 @RIER.8 Hz, TB),7.0%(d, th= 1H)
69-7. 64 ( ( 7.04 (m
. 600 (b1 P, Hp788, e, 8515 38Nt 2l Saet, T4
. 73- 2. 619 ( aH)4£p3-2865@n, 2H042.811s, 8H),.2.29 (s, 3H), 2.10-1.98 (m, 2H), 1.86-1 73
(m, 4H), 1.49-1.22 (m, S5H).
C. {2-(6-Chloro-4-methyl-1H-benzoimidazol-2-y1)-5-[3~(1-methyl-piperidin-4-yI)-
grogom-ben;yl};dimethyl-amine. To a solution of {2-bromo-5-{3-(1-methyi-
piperidin-4-yl)-propoxy}-benzyl}-dimethyl-amine (801.mg, 2.2 mmol, 1.0 equiv)
16  in THF (10 mL) at-78 °C, 1.7 M tert-butyllithium in pentane (3.83 mL,.6.5
mmol, 3.0 equiv) was added and the solution was stirred for 15 min. The

Hz
1.
4,
be
m
7.
1
2

solution was then warmed to 0 °C, stirred for 5§ min, and then re-cooled to -78
°C. DMF (1.68 mL; 21.7 mmol, 10.0 equiv) was added and the mixture was
stirred for 30 min, Water (1.0 mL) was added and the mixture was poured into

20 satd. aq. NaHCO,. The aqueous mixture was extrécted three times with ethyl
acetate and the combined extracts were dried (Na;S0Oy), filtered, and
concentrated under reduced pressure. The residue was partially purified by
Method 2 to afford 221 mg of a mixture of 2-dimethylaminomethyl-4-[3-(1-
methyl-piperidin-4-yl)-propoxy]-benzaldehyde and several other unidentified

25 products. The crude dimethylaminomethyl-4-{3-(1-methyl-piperidin-4-yl)-
propoxyl-benzaldehyde (110 mg) was dissolved in DMF and 5-chloro-3-methyi-
benzene-1,2-diamine (54 mg, 0.34 mmol) and Na;S;0s (85 mg, 0.45 mmol)
were added. The mixture was warmed to 90 °C and stirred for 3 h. The
reaction mixture was purified by Method 2 to afford 15.2 mg of the title

30 compound. MS (electrospray): mass calculated for C2gHasCINGO, 454.25; m/z
found, 455.5 [M+H]". 'H NMR (400 MHz, CD;0D): 8.07 (d, J = 8.6 Hz, 1H),
7.47-7.42 (m, 1H), 7.07-6.97 (m, 3H), 4.04 (t, J = 6.4 Hz, 2H), 3.58 (s, 2H),
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2.44 (s, 3H, 2.35 (s,.3H), 1.89-1.79 (m 4H), 1.76-1.68 (m 2H). 20 Exanple
80 N HNy 5-Chloro-2-{4-[3-(4-nethyl-piperazin-1-yl)-propoxy]-phenyl}1
H benzol m dazol e. 81 WD 2005/ 044807 PCT/ US2004/ 031855 Exanmple 81 NC H
2-{4-[3-(4- Met hyl - pl perazi n-1-yl ) propoxy] - phenyl )-1 H benzoi m dazole. 5
Exanpl e 82wy 200k/6d4sd7 { 2- (6- Chl or o-4-net hyl -1 PCT/US2004/031855
H benzoi m dazol - 2-yl ) -5-[ 3-(1- net hyl - pi peri di n-4-yl}
propoxy] - benzyl ) -dl met hyl - am ne. A. 4-Brono- 3-di nmet hyl am nonet hyl - phenol .
3% Br omr)]- F hyﬁ.ee»wazl@w,mngasd@mgﬁ. 253 l(s,gH),241279(snﬁlﬁ),2.06-®.96qm, 2[();),and 2.0 M

I net hyl am ne_in THE , ui,v,) were stirred in
di chl or oet ha?}g-"("g%p E’?--"‘)"‘)a%‘lg'b %&"%’ 1?\52"%83&\-1#!"3“ acet oxybor ohydri de (15.6
g, 75 mmol, 3.0 equiv) was added, and the m xture was stirred for 3.0 h then
poured Into satd. ag. NaHCO3. The aqueous m xture was extracted three tines
wi th chl or of B¥8MBIR&St he conbined 15 extracts were dried (Na2S04), filtered,
and concentrated underyreduced pressure. The residue was purified by Method
2 to afford 2.12'g (38 of the title conpound. 'H NWR (400 MHz, CD30D):
7.36 (dd, J = 846, 1.8 Hz, 1 H, 6.91-6.90 (m 1 H), 6.67-6.62 (m 1 H),
3.53 (d, J =F 1 2.30 (m 6H). B.

{2-Brono-5-f 3- y peyi din-4-vl)-propoxyl - benzyl } - di met hyl -am ne. 20
To a solution of 3-41-nethyl - pNpey1 d\,n-4-yl)-propan-1-ol (989 ng, 6.3 mmol,
1.0 -equiy) and nethanesul fonyl cRLoride (683 ILL," 8.8 nmol, 1.4 equiv) in

{2-(5-Fluoro4-methyl-1H-benzoimidazol-2-yl}-5-[3-(1-methyl-piperidin-4-yl)-
propoxy]-benzyl}-dimethyl-amine.

The title compound was prepared as described in Example 77. MS
(electrospray): mass calculated for CogHasFN4O, 438.28; m/z found, 439.5
10  [M+H]". 'H NMR (400 MHz, CD;0D): 8.06 (d, J = 8.6 Hz, 1H), 7.43-7.40 (m,
1H), 7.06 (dd, J = 8.6, 2.6 Hz, 1H), 7.03-6.95 (m, 2H), 4.06 (t, /= 6.4 Hz, 2H),
3.59 (s, 2H), 2.89-2.86 (m, 2H), 2.49 (s, 3H), 2.44 (s, 6H), 2.27 (s, 3H), 2.07-
1.86 (m, 2H), 1.89-1.72 (m, 4H), 1.51-1.41 (m, 2H), 1.39-1.22 (m, 3H).

16 Example 84

H N

k/NH
4-{3-[4-(6-Chloro~4-methyl-1H-benzoimidazol-2-yl}-3-methyl-phenoxy]-propyl}-
[1,4]diazepan-5-one.
A. 4-(3-lodo-propoxy)-2-methyl-benzaldehyde. 1-Bromo-3-chloropropane
20 (5.03 g, 32.0 mmol, 1.0 equiv) was added to a solution of 2-methyl-4-
hydroxybenzaldehyde (4.35 g, 32.0 mmol, 1.0 equiv) and K,CO; (8.8 g, 64.0
mmol, 2.0 equiv) In acetonitrile (75 mL). The mixture was heated at 65 °C for
16 h, then cooled to rt and filtered through diatomaceous earth. The filtrate
was concentrated and the residue was purified by column chromatography
25 (silica gel, 10% ethyl acetate in hexanes) to afford 5.58 g (82%) of 4-(3-chloro-
propoxy }-2-methyl-benzaldehyde. To a refluxing solution of 4-(3-chloro-
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di chl oronet hane (12 m-) at 0 C was added triethylamne (1.57 nL, 11.3 mmol,
1.8 equiv). The reaction m xture, which was allowed to warmto it, was
stirred for 12 h and then poured into satd. aq. NaHCO3. The aqueous m xture
25 was extracted three tines with 10% 2-propanol In chloroformand the
extract wewodoosmdssgNa2SO4), filtered, and concentrat ed piygedodspeissed
pressure. The residue was dissolved in acetonitrile (21 m-) and 4-brono-3
82 WD 2005/ 044807 PCT/ US2004/ 031855 di net hyl am nonet hyl - phenol (1.44 g, 6.3

nmol, 1.0 equbxﬁ-lzdn@tﬁﬁll-umméméahGcéténé(‘l@,orﬁ12) Kl (58) wad.dddedui v) were

added The m xture, was s t\'ﬁ 1% it for cﬁ @nt rrreﬁa chﬂ_(.)CforZO
h, then 50 CPPHPn Wisg ayer Hd P Mmirtige wasscoelqdio hand Waterwas adde &was poured
into said. aggqudvabimilurRivasesitiasedented tines withraisyl etéthtecdritvtheacet ate and one
time with chl oroform The conbj ned _extracts vve e dried él\la2804) filtered,

and concent r &erBRineendracisouerestiied (Na:SQy), é-“erlﬁﬂr?’? conceptated. B® hod 2 af f or ded

814 i (497 reBlout i o AR Ararietb by 400a Ws%%@@beta7eHr§5 1% 5. 98

It, J 6 4 hexangs) to aﬁostﬁnag(wﬁam)thentl@gompwd(nﬁm 460 Whz; s, ’6H) 2.29

3 2 464?4 L-d a2 C.
Ez (6H)Chl OrOERlOB? Pﬂ(f H)I)érZZoI gm%azg?qHé Pp {@ ?’1 érrgt%sl(@éflgﬁi di n-4-yi) -
propoxvl - ben@kYd.dl Wﬂﬂﬁﬁ k)it (tTo=5.80t lRH)o31361(t Jz-67 blzDZB) RBS5( 1- met hyl -

pi peridin-4-yl ] enzyl ) di met hyl -amine (801.ng, 2.2 mmol, 1.0 equivV)
05 in THE (167 éﬁﬁ’)ﬁ%ﬁ’?gﬁ Mtert-butyllithiumin pentane (3.83 nlL,.6.5
mrol , 3. @0eqBi VY3 -EdM@Memeth IhleH serzotmidazohdsyl)s3-met heno m n. The

solution was _t he ried to.0Q C .stirre then re-cooled to -78
! B 1 o etaB R EE edrs On T8 sy s Blonter By Ml R

i 7 1o St oMty el 00tk i s oy Ui
acet at e ang FH@S%W E@g’ %%r%&@%g%@d H‘FV\%%O S%b)equfvsl ?‘g? and Y

concent r at eds§fifgfor lsecilmﬁed(snroeé-wpbxy)ﬂlmetngsbdwm?d@ﬁ 26 g/ 14;(0 purified by

Method 2 to afford 221 of .a m xture of nonet h I-4[3(1-
met hyl - pilBer Mmek-140 99‘}"’}2@%@9&%’ a5chslytieay] éﬂ:la&’g“gi "‘B{rﬂ Suni dentified

stirred for 16 h and then poured into water and extracted with ethyl acetate.
The combined extracts were dried (Na;SQ,), filtered, and concentrated. The
residue was partially purified by column chromatography (silica gel, 5-50%
ethy! acetate in hexanes) to afford 4-[3-(4-formyl-3-methyl-phenoxy)-propyl]-5-
20 oxo-[1,4]diazepane-1-carboxylic acid tert-butyl ester as a mixture with several
unidentified products. This impure mixture (200 mg), 5-chioro-3-methyl-
benzene-1,2-diamine (80.1 mg), and Na,S20s (97 mg) were stirred in DMF (1.0
mL) at 90 °C for 3 h. After cooling to rt, the reaction mixture was loaded on
silica gel and was purified by Method 2 to afford 4-{3-[4-(6-chioro-4-methyl-1H-
25 berizolmidazol-2-yl)—3-methyl—phenoxy]—propyl}-5-oxo-[1 ,4]diazepane-1-
carboxylic acid tert-butyl ester as a mixture with several unidentified products.
This mixture was dissolved in dichloromethane (1.0 mL) and TFA (1.0 mL) and
stirred at rt for 1 h. The reaction mixture was loaded on silica gel and purified
by Method 2 to afford 91.0 mg (42%) of the title compound. MS (electrospray):
30 mass calculated for C23H27CINSO,, 426.18; m/z found, 427 .4 [M+H]". H NMR
(400 MHz, CD30D): 7.55 (d, J = 8.5 Hz, 1H), 7.42 (br s, 1H), 7.09-7.06 (m, 1H),
6.97 (d, J= 2.4 Hz, 1H), 6.93 (dd, J = 8.5, 2.5 Hz, 1H), 4.10 (t, J = 6.1 Hz, 2H),
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25 products.

The crude di net hyl am nonet hyl - 4-[ 3- ( 1- et hyl - pi peri di

n-4-yl)-

pr opoxy] - benzal dehyde (110 ng) was dissolved in DVF and 5-chl oro- 3-net hyl -

diamne (54 ng, 0.34 mmol) and Na2S2Cb6 (85 ngy, 0.45 mml) were
added. The m xture was warnmed to 90 C and stirred for 3 h. The re
m xture waswouaoosisesh7by Method 2 to afford 15.2 nmg of thg 'I‘/h?éﬁuﬁ?

benzene-1, 2-

VS (eI ectros

H, 7.07-6.9

action
gssonpound.

pray): mass cal culated for C2sH35C N40 454, ound, 455.5
[ MtH] HNI\/R(400M—Iz CD30D) : 807(dJ 8.6 Hz, 1H) 747742(m1

8,473 #), 9%83 .89 dn=4 é?tzizzse? 2 5%9 8.3 D 5038

PCT/ USZ 04/ 051855 él1533 2) ga 'ﬂ (( h% 3H), Qz 43 (s, 6H),

2005/ 044807
2.27 (s, 3H)

pr opoxy] - ben
in Exanple 7
mz found, 4
H, 7.43-7. 4
4.06 (t, J

2.44 (s, 6H)
(m 2H), 3
4-{3-[ 4- (6

[1, 4] di azepa

10

15

3H), 262-2.09dm, #H)2H), 1. 87- 1 70 (m 411) 1 49 1.40 (m 2H),
1.36-1.21 (m 3H). Exanple 83 N N H 5 {2-(5-Fl uoro-4-nethyl-
H benzoi m dazol - 2-yl } 5-[ 3- (1- et hyl - pi peridi n-4-yl) -

Bxamplti 8t hyl - ami ne. The title conpound was prepared as descri bed

7. M5 (el ectrospray): mass cal cul ated for C26H35FN4AQ,
39 10 ‘I "H NIVR (400 MHz, CD3C0D): 8.06 (d, J =
( 8_§dd, 8. 6, 26Hz 1 H, 7.03-6.95
6.4 % ,289286(m 2H), 2.49 (
2. 27 (sH 3H) 2.07- 96 (m 2H), 1.89-1.72 (m 4H),

9-1.22 (m 3H). 15 ExarﬁsLe' N C Nry \~~NH

! _@rlg r(é teg'F E KA 1I!I blél_nlzjcﬁglzd%z&‘ fl ﬁf—g me%h% enoxyt] p¥0pyﬁh|enoxy

methyl-[1,4]diazepan-5-one.
4-{3~[4-(6-Chloro-4-methyl-1H-benzoimidazol-2-yl)-3-methyl-phenoxy}-propyl}-
[1,4]diazepan-5-one (85 mg, 0.22 mmol, 1.0 equiv) and 37% aq. formaldehyde
(35 pL, 0.44 mmol, 2.0 equiv) were stirred in dichloroethane at rt for 1.0 h.
Sodium triacetoxyborohydride (139 mg, 0.66 mmol, 3.0 equiv) was added, and
the mixture was stirred for 1.0 h then poured into satd. ag. NaHCOs. The
aqueous mixture was extracted three times with ethyl acetate and the
combined extracts were dried (Na,SO,), filtered, and concentrated. The
residue was purified by Method 2 to afford 34 mg (35%) of the title compound.
MS (electrospray): mass calculated for Co7HagN4O5, 448.28: m/z found, 449.4

" [M+H]". "H NMR (400 MHz, CD,0D): 7.62 (br s, 1H), 7.56 (d, J = 8.4 Hz, 1H),
7.53 (d, J = 8.5 Hz, 1H), 7.38 (dd, J = 8.6, 1.7 Hz, 1H), 6.95 (d, J =2.3 Hz, 1H),
6.92 (dd, J = 8.5, 2.5 Hz, 1H), 4.09 (t, J = 6.0 Hz, 2H), 3.65-3.59 (m, 4H), 2.73-

20

25

2.59 (m, 6H), 2.52 (s, 3H), 2.38 (s, 3H), 2.11-2.02 (m, 2H). 1.43 (s, SH).

Example 86

Cpo,

5-ter1-Butyl-2-{2-methyl~4-[3-(2-methyl-p|perazin-1 -yt}-propoxyl-phenyl}-1H-

,Z

benzoimidazole.
The title compound was prepared as described In Example 84, substituting 3-
methyl-piperazine-1-carboxylic acid tert-butyt ester for 5-oxo-[1,4]diazepane-1-

86

438. 28;
8.6 Hz, 1
(m 2H),

s, 3H),
1.51-1.41

]-propyl)-



A. 4-(3-1odo-propoxv)-2-net hyl - benzal dehyde. 1-Brono-3-chl oropropane 20
(5.03 g, 32.0 mml, 1.0 equiv) was added to a solution of 2-nethyl-

hydr oxybenzal dehyde (4.35 g, 32.0 mmol, 1.0 equiv) and K2CO3 (8.8 g, 64.0
mmol, 2.0 equly) In acetonltrile (75 nmL). The m xture was heated at 65 C for
16 h, thenywgprebesiagodrt and filtered through di at onaceoupCcEEsio/o3isss filtrate
was concentrated and the residue was purified by colum chronat ography 25
(silica gel, 10%ethyl acetate in hexanes) to afford 5.58 g (82% of
4-(3-chl oro- darseigiyacid fERtButy ebenzmSdeleyiesprdy): masetdlculated ferol uti on of

hl [ /
gr (()goiy} gr ?re?é@“ﬁﬂeaggﬁogﬁg%fqﬂﬁ &%&Eﬁ]ggéﬁﬁ&R (480 Mz GR:QRs added

portion w se 708643 (fh, 3ﬁb1qseeaauyesvm &1L, ﬁq sgst(d w:zmqfru-waeseﬁdded The
aqueous m xture was extract ed t ti acetate and the combi ned

extracts wer ddérd 284 REMH), 4 12 ftet‘ B§:2 'dhc?*ﬂo?ré@%@%%cﬁ”)ﬁ@o'g ¥esi due was
fied t S tate i h -
Po attord b 4V "”?ﬁ% B BREAPIELNET 1000, 2 %faﬁﬁwécm, ® ey 101

(s, 1 H, 7.75 (d, J = 8.6 Hz, 1H),684 (dd, J = 8.6, 2.5 Hz, 1'H), 6.74

(d,J=22 ';11“!9_% 411(tJ 5.8 Hz, 2H) 336(tJ 67Hz,2H),
2.65 (s, l_Ex -'Em 2H). 10 B. 443f4(6 Chl or o- 4- net hyl -

H benzoi m dazol -y) - 3-ngt hyl - phenoxvl - propyl | -f1. 4l di azepan- 5 one. To a
! @ 4] di azepane-|- carboxylic acid tert-butyl ester

stirred sol ut
(3.0 g, 14.0 mmo Qin (45 mM.) at rt was added 60% sodi um

hydri de (560 ng, . After stirring for 30 mn,
4- ( 3-i odo- propoxy} 2- et hyl - benzal “(4.26 g, 14.0 15 mmol, 1.0 equiv) was
added as a solution in DVF (5 nl) m xture was stirred for 16 h and then

poured into v@rteé'u-BléMcQ-&(mﬁM (ﬂ-mhth&mmfadbé'tﬁi-bfopomhemmhlred extracts
were drie I\?‘%§9ﬂ)ld Joid tered, and concentrated. The residue was partially
purified um rorrat ography (silica gel, 5-50%- ethyl acetate in

hexanes) t_o afhieotitie commu(d was prgpares fnem ﬁyten-;bhwaig-)nqihxlﬂy[ﬁ}(ﬂmi{!mﬁ- _
coveral  un: danREARANEGRRBRI O Dat BirhiaRb e heditifh S hetndthad ur e W L1
5- chl or o- 3- neddsglibediarExamplel 882 - MSa(eIectmstJEHy) Imasy) calautale dNfo? S2BRNAY, ng) were
stirred in DVegdo: Oz found, 435.5 [MHHT". "H NMR (400 MHz, CD;OD): 7.69-7.47 (m,
15 3H),7.38 (dd, J= 8.6, 1.9 Hz, 1H), 6.95 (d, J = 2.3 Hz, 1H), 6.91 (dd, J = 8.5,

2.4 Hz, 1H), 411 (t, J = 6.2 Hz, 2H), 3.10-2.94 (m, 2H), 2.84-2.70 (m, 2H),

2.56-2.39 (m, 6H), 2.31-2.19 (m, 4H), 2.09-1.88 (m, 3H), 1.43 (s, OH), 1.12 (d,

J=6.3 Hz, 3H). |

20 Example 88
Bosae ~0
NH

6-Chloro-4-m ethyl-2-[2-methyl-4-(3-plperidin-4-y|-pr0poxy)-phenyl]¥1 H-

benzoimidazole.

To a solution of (3-hydroxy-propyl}-piperidine-1-carboxylic acid tert-butyl ester
25 (4.00 g, 16.4 mmol, 1.0 equiv) and triethylamine (3.40 mL, 24.6 mmol, 1.5

equiv) in dichloromethane at 0 °C was added methanesulfonyl chloride (1.53

=z __Z

mL, 19.7 mmol, 1.2 equlv). The solution was warmed to rt and stirred for 1.0 h
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m-) at 90 Cfor 3 h. After cooling to rt, the reaction m xture was | oaded on
silica gel and was purified by Method 2 to afford
4-{3-[4-(6-chloro-4-nmethyl-1 H 25

benzol m dazol - 2-yl } 3- net hyl - phenoxy] - propyl ) - 5- oxo-[ 1, 4] di azepane- 1-

car boxyl i c ves podsp@asdr- butyl ester as a m xture w th sevepgirustiodenssst i ed
products. This m xture was dissolved in dichloronethane (1.0 m-) and TFA
(1.0 n-) and stirred at rt for 1 h. The reaction m xture was |oaded on

silica gel aMénfpourdd iRl sdd. ayENBRGOS. Tl'ﬁe agilievud nittukd Was bARIQtedthrdene title
conpound. M5 (el ectrospra li%g@rnat IcuI ated for Cé\l § | NMAO2, 426.18; mz
found, 427. 4t"[nmw}th Ch*_PFquﬂﬁ%@ o dﬁw wefe dried O gltefedy, 1 )|

7 gZS(brz ; andtoncénti8red; Ghe (&Biduk Whs sub?bc?Jd t6‘i:olui’nn-cfﬂon‘2hgo ! Oph . 6.93 (dd, J

PCTI u52004/ 0@1@552? 30%7mstf@e°|('ﬂﬂ'°hh50meéh@@)glf be periallypyrifies 476-2 66 (m 2H),
43 4 (31 mefhaitey onyiods bropgibiedd; o o KB e 200 L opyl ) -1
met hyl -[ 1, 4] mgaiépammal, drOeeqUM){J@S[SﬂFr@JBWEIhHMMY-ﬁHﬂ yl-benzaldehyde
G bencon caeglegto do BN eaAUFRGTARL Basea oSl aagRRg. o (55
equi v) were equuvhaacettvnﬂhle lat b faralt haTre mixture waefiltdred throu@odi um
e o oot b o v i B b SR S RERERaR. 00 cous
m xture was patiamchaiiet my@elutnr\rWomatbgraphméllrcaget 26% ethel a:chtate monbi ned
bur 1 cd by RERSE: A Blararbyks St Sy PP REIPEIane opoou. N
(el ectrosprayid téfasetyp@dt@rqhaﬁﬁ@ ban n€iﬂ6’ll-|$© ,. ), FdflordSB-mistryl-f ound, 449 4
LM B0 M SR 2ol S haiy brefenbdodas . i
Hz, 1 H), 0.53 mmol, 1.3 equiv) were stirred at 90 °C In DMF for 2.5 h. The mixture was
15 cooled to rt and water (75 mL) was added causing a light brown precipitate to
form. The solid 4-{3-[4-(6-chioro-4-methyl-1H-benzoimidazol-2-yl)-3-methyi-
phenoxy]-propyl}-piperidine-1-carboxylic acid tert-butyl ester was collected by
filtration, dissolved in a solution of dichloromethane (2.0 mL) and trifluroacetic
acid (1.0 mL), and stirred at rt for 1.5 h. The reaction mixture was loaded
20 directly on silica gel and puriﬁéd according to Method 2, which afforded 52.1
mg of the title compound. MS (electrospray). mass calculated for
C23H2sCINO, 397.19; miz found, 398.3 [M+H]". 'H NMR (400 MHz, CD;,OD)E
7.55 (d, J = 8.4 Hz, 1H), 7.42 (br s, 1H), 7.10-7.07 (m, 1H), 6.96-6.95 (m, 1H),
6.91 (dd, J = 8.5, 2.4 Hz, 1H), 4.09 (t, J = 6.2 Hz, 2H), 3.45-3.39 (m, 2H), 3.06-
25 2,96 (m, 2H), 2.59 (s, 3H), 2.50 (s, 3H), 2.07-1.99 (m, 2H), 1.93-1.84 (m, 2H),
| 1.76-1.64 (m, 1H), 1.59-1.50 (m, 2H), 1.48-1.36 (m, 2H).
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6.92 (dd, J = 8.5, 2.5 Hz, 1 H, 4.09 (t, J =6.0 Hz, 2H), 3.65-3.59 (m 4H)),
2.73 20 2.59 (m 61-1), 2.52 (s, 31-1), 2.38 (s, 31-11), 2.11-2.02 (m 21-1).
1.43 is, 91-1). Exanple 86 N H NH LJ

5-tert-Butyl -2-{2-nethyl -4-[3-(2-nethyl -pi perazi n-1-yl)-propoxy] - phenyl }i H
25 benzoi mwazasassdhe titl e conpound was prepared as degaiusaedosigsgxanpl e
84, substituting 3- nethyl-piperazine-1-carboxylic acid tert-butyl ester for
5-o0xo0-[ 1, 4] di azepane-1- 86 WD 2005/ 044807 PCT/ US2004/ 031855 carboxylic acid
tert-butyl eS-Fhmro-MBm{tbylée[QFmeiperafoa -plperidin-¢31-ppaxydheoyl]-1l26 H3eNAO, 420. 29;
m z found, 4% %g#gérzl—& "H NVR (400 MHz, CD3OD): 7.66-7.49 (m 3H), 7.38
(dd, J-86 €?LH) 6.95 (d, J:22Hz 1H), 6.91 (dd, J =6.4, 2.5
Hz, 1 H), 4. TRe {ile compound vdsprepiirdd asdéstriBed ExamrﬂMBB. M$H0-2.32 5 (m 7H),

2.09-1. 89 2 1.43 is, 9 .10 (d_. J = 6. .Hz 3H).. le 87 HI1J
5-tart- But§,meéecfl_%ép@y)‘:]malsgcﬂgﬂ%ﬂgd}gﬁ%é@ﬁ[\lb{grﬁ- f‘@ﬁd% aﬁs]nppﬁenyl) 1 H
éot be?zgl ?n f' & 'H NMR (mbmwpmmwm wxs@(dnuep&sw AHRM.44-7.38 (m,

er uty

oi por azi n- 1 - $¥1) érqapwg, st BB 1444 D 2 A, FHIcB1 (I def i 28 HzoTHhe et hod

d bed | | C27H38N40,
4320% emlznf Ouggn-esﬁﬁz @%Mseeﬁ[\,%m{hoem(n%gggutm@ J£"16 yialr syt

3H) 7 38 (dHz, 31*)—25065 19§(Hl) 2Hy, ‘9@4(1@3 (o, 2H}, 137%-11 651mH)H)6 91 (dd, J
= 8.5 2.4 3.10-2.94 (m 2H), 2.84-2.70
(m 2H) 5. 15 1]%&@"2 ﬁ"sﬁfét' ] ?i'lg (m 4H) 2.09-1.88 Em 3E)|), 1.43 (s,
9H) 120(d J= 6.3 Hz, 31-1). 20 Exanple 88 N

Example90
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6-Chioro-2-{4-[3-(1-ethyl-piperidin-4-yl)-propoxyl-2-methyl- phenyl}-4-methyl-1 H-
benzoimidazole.

15  The title compound was brepared as described in Example 85, substituting
acetaldehyde for aq. formaldehyde. MS (electrospray): mass calculated for
CasH32CINZO, 425.22; miz found, 426.4 [M+H]". "H NMR (400 MHz, CD;OD):
7.53 (d, J=8.5 Hz, 1H), 7.41 (br s, 1H), 7.09-7.04 (m, 1H),6.93 (d, J = 2.2 Hz,
1Hj, 6.89 (dd, J= 8.4, 2.4 Hz, 1H), 4.04 (t, J = 6.3 Hz, 2H), 3.05-2.94 (m, 2H),

20 2.59(s, 3H), 2.49 (s, 3H), 2.45 (q, J= 7.2 Hz, 2H), 2.05-1.94 (m, 2H), 1.89-1.74
{m, 4H), 1.50-1.21 (m, 5H), 1.13 (t, J = 7.2 Hz, 3H).

Example 91
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25  {2-[3-Chloro-4-(4-methyl-1H-benzoimidazol-2-yl}-phenoxyj-ethyl}-methyl-(1-

methyl-piperidin-4-yl)-amine.

90
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a1l ~N~/ H--( NH

6- Chl or o- 4- net hyl - 2- (2- et hyl - 4- (~3- pl perl di n-4-yl - propoxy}phenyl]-1 H
benzol m dazol e. To a sol ution of (3-hydroxy-propyl)-piperldlne-I-carboxylic
acid tart-butyl ester 25 (4.00 g, 16.4 nmmol, 1.0 equiv) and triethyl am ne

(3.40 m., ZKlpGoo8MTaee7 1.5 equiv) in dichloronethane at @cEyiadsasided
nmet hanesul fonyl chloride (1.53 nL, 19.7 mmol, 1.2 equiv). The solution was

warmnmed tort and stirred for 1.0 h 87 WD 2005/ 044807 PCT/ US2004/ 031855 then
poured Into atlcj_g % : ﬂ% . Bg ? X three times
W th chlorofi £12-80ma 2:chitfio BohiA sv%r?# 3@%@ 1Itered and
concentr at ed64Uharnob§10:lmqyl\xb/masadtlpdth%mlxtmemﬂmhdorcﬂrlmdmwgraphy (silica gel,
10% net hanol hl,0 T, u

met hanesul foﬁﬁlw%ﬁ?%gj)ﬁ! ﬁ?gg‘iﬁ‘%h ﬂgeﬁa@%@&o@ﬁ(ﬁ% 4ai¢’ﬁéf'{'§?§u%§? ester (500

my, 1.56 nmolkquit)if aeqmnltﬂle‘(\ﬁesmls) 'Thaadix!mire wad hbyidd @t yefixifert 18/h,- benzai dehyde

212 5 b (1.01 3.12 1, 2.0

(eqw V;rgl n%acg?‘g]?{orn'l aéldﬁtgi']e[d\% d&?snl?%%joﬁ?r?? na{.sﬁé&@% ‘9’% ed thr ?Jgh

gb at orrflcelors c&i’deh]!iaﬁgdowéﬁi c}frudié p@Eactmmcnwaeepnhrat ®dcoldip cr gge/ rr?th elrl al was
artil a urirtile col umm rona ra ca %

acelto ate In y‘ﬁ' eRAtegraphy. (stica ﬂelF%zrﬁ}hy' Qcﬁpﬂgpgﬁ@ﬁgﬁéﬁ%‘?gﬁlg {78i /‘ﬁe?/l di ne- |

- car boxylic oﬁ%dmé%bﬁmeuﬁd/l ‘waw(46émmoaéofl1m JJo 9 194HY)

5-chl oro- 3- et hyl - benzene- 1, 2-di am ne (63 1.0 equiv), and

Na2S205 (1007, (d H=%B HaoiH), 1.13 (@alF 92 Weﬂgl?swfi(d@a éF@@Z:ﬁlQﬂDNF for 2.5

h. Th t ! Aoy 75 m - dded
|.gmebP“03n”E§*?é‘£‘f*“3‘*§£9?&ﬁ%ofmﬁﬁ”’@’aﬁ‘fﬁr (75 m o) was added causing 2
4-{3-[ 4-(6-clE. -0l il g pipyeaiding4 ohethoniyi -

h | | ect ed
phenoxy] - Pr OBXhIaRiRES! $haurbs P?’fflbl'o%cfgfhg@heiéhé s
V\ﬂroacet ic &tR4g(3.00mmbl) ;1.Camivd and methyk(1-methyl-pipefdih-4- ilharnrnee(ctﬂBon m xt ure

Wh ch a1 or d BB b} 2 Ohdbiv " foHBhoin el kB LG 1 SB35 noes
cal cul at dﬁ) f equivC28HRE SoNE6n was Watrfied td 90 @ uAfter siifhgFof wnu the ' H NVR (400
MHz, CD30D) :

(@

mixture was poured into water and extracted two-times with ethyl acetate. The
combined extracts were dried (Na,SO,), filtered, and concentrated. The
residue was purified by Method 2 to afford 467 mg (30%) of the title compound.
'H NMR (400 MHz, CD;OD): 10.3 (s, 1H), 7.89 (d, J= 8.8 Hz, 1H),7.13 (d, J =
20 2.4Hz 1H),7.05 (cfd. J=8.8,24 Hz, 1H), 4.21 (t, J = 5.5 Hz, 2H), 3.00-2.88
(m, 4H), 2.57-2.47 (m, 1H), 2.41 (s, 3H), 2.29 (s, 3H), 2.11-2.01 (m, 2H), 1.91-
1.82 (m, 2H), 1.68-1.58 (m, 2H). |
C. {2-[3-Chloro-4-(4-methyl-1H-benzoimidazol-2-yl}-phenoxy]-ethyl}-methyl-

(1-methyl-piperidin-4-yl}-amine. This compound was prepared by the method
25 described in General Procedure 3 using 2-chloro-4-{2-[methyi-(1-methyl-

piperidin-4-yl)-amino]-ethoxy}-benzaldehyde (62.2 mg, 0.20 mmol, 1.0 equiv),
3-methyl-benzene-1,2-diamine (26 mg, 0.20 mmol, 1.0 equiv), and Na;S305
(50 mg, 0.26 mmol, 1.3 equiv). Purification by Method 2 afforded 29 mg (35%)
of the title compound. MS (electrospray): mass calculated for Cz3H2CIN4O,

30 412.20; m/z found, 413.4 [M+H]". H NMR (400 MHz, CD;0D): 7.73 (d, J= 8.6
Hz, 1H), 7.49-7.40 (m, 1H), 7.22-7.14 (m, 2H), 7.11-7.04 (m, 2H), 4.18 {t, J =
5.5 Hz, 2H), 3.00-2.92 (m, 4H), 2.62 (s, 3H), 2.56-2.48 (m, 1H), 2.41 (s, 3H),
2.28 (s, 3H), 2.11-1.99 (m, 2H), 1.92-1.81 (m, 2H), 1.70-1.55 (m, 2H).



7.55 (d, J= 8.4 Hz, 1H), 7.
1H), 6.91 (dd, J = 8.5, 2.4
(m 2H), 3.06 25 2.96 (m 2H),
1.93-1.84 (m 2H), 1.76-1.64

42 (brs, IH), 7.10-7.07 (m IH), 6.96-6.95 (m

, 1 H, 409 (t, J =6.2 Hz, 2H), 3.45-3.39
2.59 (s, 3H, 2.50 (s, 3H, 2.07-1.99 (m 2H)),
(m 1H), 1.59-1.50 (m 2H), 1.48-1.36 (m 2H).
Exanpl e 89 wb 20054480 ( NH - 88 WO 20051044807 PCT/ US2084E 855

5- Fl uor o- 4- net hyl - 2-[ 2- net hyl - 4- ( 3- pi peri di n-4-yl - propoxy)-p enyli-l H
benzoi m dazole. The title conpound was prepared as described in Exanpl e 88.
M5 (electrospray): mass cal culated for C23H28FN3QO, 381.22; mz found, 382.4
5 [MH . 1H NWR (400 MHz, CD30D): 7.56 (d, J = 8.5 Hz, 1 H), 7.44-7.38 (m 1
Hy, 7.09-7. Ozxémplg]ng) 6.96 (d, J = 2.3 Hz, 1 H), 6.91 (dd, J = 8.4, 2.5 Hz,
1 H, 4.09(t, 6.2 Hz, 21-1), 3.44-3.36 (m 2H), 3.06-2.95 (m 2H), 2.52
(d, J =1.6 Hz, 3H) 2) 50 (s, 311), 2.08-1.98 (m 2H), 1.94-1.83 (m 2H),
177165(m 1 N !30(m 2H), 1.48-1.35 (m 2H). 10 Exanple 90 Cl
I NH~ .( _
6- Chl or o- 2- {AF"[S (1- |ethyl pi pwypropoxy]-znethyl-phenyl}-4-nethy|-
1 H benzoi m dazole. 15 The title ound was prepared as described in
Exanpl e 85, tit

(el ectrospra%jeﬁlﬁﬁ’s n%egﬂ(&aa{g?éeghﬁ qﬁqm%&%@%@g@ﬁﬁk found, 426.

4
[MeH ' . 118 NMReﬁ'ﬁPfDHMdnzmﬂma)e 7.53 (d, J = 8.5 Hz, 7.41 (br s, 1
4

E)Z1 ]7_ g)g 740( . 3] &l."’ -gthoxyly m l_P'.rkﬁ ’g'lg J 83% 2249

(s, 3H), 2.4%uffén at Fo 4 s%ldtién oﬂmydl&a@aia Qﬁroﬁ-mi]dabﬁne . (ﬁQ 710 ?n‘i'nol
1.0 equiv) in toluene (20 mL) at O °C was added 1.0 M dilsobutylaluminum
hydride in hexane (20 mL, 20 mmol, 2.9 equiv). The solution was warmed to

10 80 °C and stirred for 12 h. Methanol (20 mL), satd. aq. sodium potassiuim
tartrate (20 mL), and 10% 2-propanol in chloroform (100 mL) were added and

(
Hz

the mixture was stirred for 30 min. The chloroform layer was separated and
the aqueous mixture was extracted five times with 10% 2-propanol in
chloroform (25 mL). The combined extracts were dried (Na;S0,), filtered, and

15 concentrated to provide crude 2-(piperidin-4-yloxy)}-ethanol as a white solid.
The solid was dissolved in dichloroethane (20 mL) and 37% aq. formaldehyde
(0.60 mL, 6.9 mmol) was added. After stirring for 30 min, sodium
triacetoxyborohydride (2.04 g, 9.6 mmol) was added and the mixture was
stirred for 1.5 h. The reaction mixture was diluted with satd. aq. NaHCO; (20

20 mL) and extracted six times with 10% 2-propano! in chloroform (80 mL). The
combined extracts were dried (NazS0,), filtered, and concentrated to give 2-(1-
methyl-piperidin-4-yloxy)-ethanol. The residue was dissolved in
dichloromethane, cooled to 0 °C, and pyridine (463 pL, 5.7 mmol) and p-
toluenesuifonyl chioride (1.1 g, 5.7 mmol) were added. The solution was

25 warmed to rt and stirred for 16 h. The reaction mixture was concentrated
under réduced pressure and the residue was partially purified by Method 2.
The resulting material, toluene-4-sulfonic acid 2-(1-methyl-piperidin-4-yloxy)-
ethyl ester, was added to a mixture of 4-hydroxy-2-methyl-benzaldehyde (275
mg, 2.0 mmol) and K,CO; (699 mg, 5.1 mmol) in DMF. The mixture was

30 heated to 100 °C and stirred for 16 h. After cooling to rt, the mixture was

97



(m 4H),1.50-1.21 (m 5H), 1.13 (t, J = 7.2 Hz, 3H). Exanple 91 «cl 25
{2-[3-Chl oro-4-(4-nethyl--1 H benzol m dazol - 2-yl ) - phenoxy] - et hyl } - net hyl - (1-
met hyl - pi perl din-4-yl)-am ne. 90 89 WD 2005/044807 PCT/ US2004/ 031855 A.

4- ( 2- Brono- et hoxy) - 2- chl or o- benzal dehvde. 1, 2-Di bronoet hane (5.5 nL, 64.0
mmol, 5.0 @g%ﬁ%di@? added to a m xture of 2. chl or o- 4- hpaivuseyes/obmsax al dehyde
(2.0 g 1.0 equiv) and K2CB (4.0 g, 29.0 mmol, 2.25 equiv) in
acetonltrlle (13 nmL). The m xture was heated at reflux for 16 h, 5 cooled to

rt, andfllteredthrou hdla 8 arth TH_g’flltra was . .concentr at ed
to yield crucﬂ’@“ﬁ?f’d‘&fﬂd‘fa LEH‘P'%\T&@ ST' ff“&ﬁ“‘ﬁ? | 3cpiate r@mfeé’;hy (silica
gel , 5% et hylexfaaé Wefd dlﬁbdﬂ%@ﬁt%%)ﬂte@ecﬁ%ﬁ@bdno’én&&eﬁ (Thé%rudedprotitiet title
corrpound "H NVR (400 MHz 90 (d, J =

8.8 Hz, 1 H) was pugfiediby Method 24t°+%f°fd14%mgﬂf%tﬁie&8mp9und 8,r’%3NMB 6000, 7' 10 He,
1H), 4.48-4. %4 Bb @)t%r‘}ogﬂé' QHF‘? ddnd, 35)86 ﬁz ‘ﬂﬂ)c’f‘WQr(Q .ﬂ-hZ:z f-lz,

2H
met hyl - (1-nmeth I n- | -am nol - et " benzal dehyde ‘I)o a solution

of 4-(2- b|50m?~ NOX?)T&HZh?*d))r 6-96ddd.al T186yad H2( 1H245 8p (déJGMﬂ‘IZ 1H).0 equi v)

and net hyl - ( I i I 2.0 equiv) in
1- but anol Wa;4 %%2%(?2%%39?§8§&M %@ang 4653&% 1@ 348 ﬁg'}*@dzl-{)he sol ution
was war med t@%ZGB(mfZH) 2sﬁT(|sr3l'rI)g2f6t5r(sl$'l)h2 39&533H);12c011~ﬂe63/\m 4tured Into
wat er and ex / _ Qt ) \ Lned.extracts were
dried (Na2SO#y i fied by
Method 2 to ghk gylg1%énmjm]d3ﬁ& d’hlstdmmptound! wasprqpatatbby thehinéihdd (400 MHz,

7005 et 10, deBenipbidn pengral bgding s eind a-rldromiu Kbiyshdnaxgy, s L ;]')

?L“_?BZ (2 57250 lhfhcbcm-1 -idthyl-Pipéiidiciim ldene-d-siffofidte WJ‘Z mg 0111:2 rﬁm‘lfbl 11(cm ,2H), 1.91-
[ O- - e -
H- benzcr)nl m dazeGP'Vb Wﬂorﬁfﬁéﬁ‘?@wm%wé‘ %r‘@?'ﬁiﬂe (87 mg, 0.17 mmol.y1-6 equiv),

(1-met hyl - pi RREING,S;G M2 md i 2EmmbliZs1 64URYO WRFioMESH BY MRRREd 2 BYfofdag et hod
20 mg (46%) of the title compound. MS (electrospray): mass calculated for
15 CaaHasCiN3O2, 413.19; m/z found, 414.3 [M+H]". "H NMR (400 MHz, CD;0D):
7.55(d, J = 8.5 Hz, 1H), 7.42 (br s, 1H), 7.08-7.05 (m, 1H), 6.98 (d, J = 2.3 Hz,
1H), 6.93 (dd, J = 8.5, 2.5 Hz, 1H), 4.21-4.17 (m, 2H), 3.88-3.83 (m, 2H), 3.57-
3.47 (m, 1Hj, 2.81-2.67 (m, 2H), 2.59 (s, 3H), 2.50 (s, 3H), 2.33-2.20 (m, 5H),
2.02-1.90 (m, 2H), 1.76-1.60 (m, 2H).

20
Example 93
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e
6-Chloro-4-methyl-2-{2-methyl-4-[3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl)-
propoxy]-phenyl}-1H-benzoimidazole.

25 i)-propan-1-ol. To a solution of 4-

(3-hydroxy-propyi)-1-methyl-pyridinium iodide (28 g, 100.4 mmoil, 1.0 equiv) in
ethanol (200 mL) at 0 °C was added sodium borohydride (5.7 g, 151 mmol, 1.5
equiv). The reaction mixture, which was allowed to warm to rt, was stirred for
30 min and then poured into water. The aqueous solution was extracted with
30 ethyl acetate and the extract was dried (Na,SO,), filtered, and concentrated to
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25 described In General Procedure 3 using 2-chloro-4-{2-[nethyl-(1-nethyl

pi peridi n-4-yl)-am no] - et hoxy}-benzal dehyde (62.2 ng, 0.20 mml, 1.0 equiv),
3-net hyl - benzene-1, 2-diamine (26 ng, 0.20 mol, 1.0 equiv), and Na2S206 (50
ng, 0.26 mmol, 1.3 equiv). Purification by Method 2 afforded 29 ng (35% of

the title syposiondso?MS (el ectrospray): nmss cal cul at ed por/uSRdM@ASISNAO, 30
412.20; mz found, 413.4 [M:H'4. 'H NVR (400 MHz, CD3OD): 7.73 (d, J = 8.6
Hz, 1H), 749740(m 1H) 7.22-7.14 (m, 2H), 7.11-7.04 (m 2H) 418(t,

S Sig. s 8t 3206t G bmBudd Voonitlipode chaiyBhed 1) 2 11
2 o0 Vo 29@5/:ﬁ441|8))'3 5, JUSR.60+e, OB, B50B-2.6% mpRH), 60, - 5.9 Haz,
ey 01 B S B 215 4 . 2 2??%2(%"2?6 1.9 Te_”f(%,‘%ﬁf.)'et hoxyl- 5

4-f2-(4- For ng| 23véfm |tm3- breweyyD.2 8leleatydro- j-ni um t ol uene- 4-
sulfonate 0 a solu ecane(lOg 7.0

ol 1.6 ebenzakdehyde.of uia selufiamol -y meiyet.2: zawgetraawepmnw
di I sobut yl al %Wmdolgﬁigg%E@rﬁtﬁ%ﬁ@%qﬁi@f’aﬂﬂ—pyr%ﬁe‘ﬂ@&m@ ﬁ)f o) - The

sol ution was to and stirred Met'ha 20 nl), said.
eq. sodi um pbéegyiviindichieromethage (Sdmi 7t 0 Z» was @eided Bﬁ@lpamﬁﬂqu) chl orof orm

(100 ml -) wegg gq%g@%ﬁ;%fgﬁﬁmmw i) "Fhe $odciibf ke, WMiciqhs The chl or of orm

| ayer was separ a ueo xture was extract ve times with
10% 2- pr opanallowed towapndé o wag stkredepHZrhanwmm pasuleckiota wetes W e dried

(Na2SO4) f ' L %9 m'?n&hano %@@%%mat:{l&ﬁ%réﬁeg{aﬂg%ﬁa tfie Fﬂgact Yas gied o ved in

2- (pi perI oxy as a e soll
di chl or oet ha(Nazem) fiterpd cardl dngerdcpted. OTheeresidug das s(;DjeG'@dmlmolﬁmﬁ nmoi ) was

ol ) was. adBUBT Ry i st (2 MelRb b BB PR RAN BE o h on 1 xt ure
was di | ut ed wstlting ail as agdedNHCMBAre ©f 4-Bydnwixy- P_madyla)d:taldhmﬂeqezg times with
oo 77 s B PARASHRIRAP vl o RERRE o b RoRc o
i I'de a (1
met hyl - phper Atleretifring fox¥6 hethbawigture Widtcalloaad doleosas rdindSitreddhriongh
a pad of diatomaceous earth. The diatomaceous earth was rinsed with ethyl

acetate, and the filtrate was concentrated. The residue was purified by Method

2 to afford 356 mg (9%) of the title compound. *H NMR (400 MHz, CD;OD):

10.1 (s, 1H), 7.78 (d, J = 8.6 Hz, 1H), 6:92 (dd, J = 8.6, 2.4 Hz, 1H), 6.84 (d, J
20 =21 Hz, 1H), 5.49-5.43 (m, 1H), 4.09 (t, J = 6.3 Hz, 2H), 2.97-2.91 (m, 2H),

2.65-2.57 (m, 5H), 2.35 (s, 3H), 2.25-2.16 (m, 4H), 1.99-1.88 (m, 2H).

C. 6-Chloro-4-methyl-2-{2-methyl-4-[3-(1-methyl-1 ,2,3,6-tetrahydro-pyridin-4-

yl}-propoxyl-phenyl}-1H-benzoimidazole. This compound was prepared by the
method described in General Procedure 3 using 2-methyl-4-[3-(1-methyl-

25 1,2,3,6-tetrahydro-pyridin-4-yi}-propoxyl-benzaldehyde (50 mg, 0.18 mmol, 1.0
equiv), 5-chloro-3-methyl-benzene-1,2-diamine (29 mg, 0.18 mmol, 1.0 equiv),
and Na;S,05 (45.2 mg, 0.24 mmol, 1.3 equiv). Purification by Method 2
afforded 15.7 mg (21%) of the title compound. MS (electrospray): mass
calculated for C24H2sCIN3O, 409.19; m/z found, 410.4 [M+H]*. 'H NMR (400

30 MHz, CD30D): 7.53 (d, J=8.5Hz, 1H), 7.41 (br s, 1H), 7.08-7.04 (m, 1H), 6.93
(d, J=2.3 Hz, 1H), 6.89 (dd, J = 8.5, 2.5 Hz, 1H), 5.49-5.44 (m, 1H), 4.04 (t, J
= 6.3 Hz, 2H), 2.96-2.91 (m, 2H), 2.64-2.56 (m, 5H), 2.49 (s, 3H), 2.35 (s, 3H),
2.28-2.16 (m, 4H), 1.96-1.88 (m, 2H).
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di chl oronet hane, cooled to 0 C, and pyridine (463 L, 5.7 mvol) and p-

tol uenesul fonyl chloride (1.1 g, 5.7 mmol) were added. The sol ution was 25
warnmed to it and stirred for 16 h. The reaction m xture was concentrated
under reduced pressure and the residue was partially purified by Method 2.
The resul tiWQ 20051084801 , t ol uene-4-sul fonic acid PCT/US2004/031855

2- (1-net hyl - pi perl di n-4-yl oxy)- ethyl ester, was added to a m xture of

4- hydr oxy- 2- net hyl - benzal dehyde (275 ng, 2.0 mml) and K2CO3 (699 ny, 5.1
mmol) in DMF. The m xture was 30 heated to 100 C and stirred for 16 h. After
cooling to |t the nlxture was 91 WD 2005/ 044807 PCTI US2004/ 031855 poured
into water cted three tines with ethyl acetate. The conbi ned
extracts were d |e 2SM), filtered, and concentrated. The crude product
was purifiedrd u:nho to afford 409 ng of the title conmpound. 1H NWMR (400

MHz, CD3OD): 780(dJ 8.6 Hz, 1H), 7.72 (d, J = 8.2 Hz,
2H) 5726( 6(de 8.6, 2.4 Hz, 1 H), 6.88 (d, J
= 2.1 H, 4“27422(m , )86-90-3.85 (m 2H), 3.75-3.65 (m 1 H),
3.19-3.07(m 2H), 3.03-2.86 (m , 2.67 (s, 3H), 2.65 (a, 3H), 2.39 (s,
3H), 2.07-1. &Blu6m4-ﬁié)hyl-232-methy|-4 [3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl)-

6- Chl or o- 4 rre g_etl_gg - met hyl - oi aeri di n- 4-vl oxv) - et hoxyl -
phenvl | - H-FH o BHFI‘?FE' ound was prepared by the nethod 10

descri bed '”Tf@etﬂlﬁrc@hpBﬁﬁ@W@Bb%ﬁéré@é@@bs@nﬁéﬂlﬁ‘ExEﬁprE/QS 3meet hyl phenoxy) -
et hoxy} - 1- net hyl - pi peri di ni umt ol uene-4-sul f onat e éPéZf%'"ﬁ 11 mmol, 1.0

equi v), 5- CHP@PEQ@I%{‘WWS%?@@HEJ‘%@4'@85%(?1@9??? -739%I 1.6 equiv),
and Na2S206 AHTOH r@mﬂ?(mez @D%OB%WS@(d H’HrdéHﬁa’iHPﬁ i@VbP/Eth 2 afforded

20 mg (46% of the title co 4e ectrospra mass cal cul ated for 15

C23H28C N3027.0%889510n 1H).6.94 er 44 hza1iiVE90 (dd; #ﬁuﬁ#(&tﬁ@ Wz5-58p30D): 7. 55

|(_I(Zj ) = ﬁ, 5 445 (rﬂlg-mﬁ*)é (Q% A@B H 2|1|Y')z 99L2. Q-?Srﬁ %49@5 %55'1"21@'1' 8 gd88J3:8§ °

(m 2H) é 52753~34Zt7(n( ﬁﬁ)ﬂw@6(sz3512227621§|6m 4 1.98-6590 (m,2181- 1), 2.50 is, 3H),
2.33-2.20 (m 5H), 2.02-1.90 (m 21-1), 1.76-1.60 (m 2H . 20 Exanple 93 ~
N : .

Example 95

pae

15  6-Fluoro-7-methyl-2-{3-[4-(1-methyl-piperidin-4-yf)}-butoxy]-phenyl}-1H-
benzoimidazole.
A. 3-[4-(1-Methyl-piperidin-4-yi)-butoxy]-benzonitrile. 4-(1-Methyl-piperidin-4-
yl)}-butan-1-ol (0.747 g, 4.37 mmol, 1.0 equiv), 3-hydroxy-benzonitrile (0.52 g,
4.37 mmol, 1.0 equiv), and polymer-supported triphenylphosphine (2.3 g, 8.73
20 ~ mmol, 2.0 equiv) were suspended in THF (40 mL). The mixture was stirred

under N, and cooled to 0 °C. Diisopropyl azodicarboxylate (1.72 mL, 8.73
mmol, 2.0 equiv) was added dropwise via syringe. After 6 h, the mixture was
filtered and concentrated. The resulting crude oil was purified by Method 2 to
afford 0.84 g (71%) of the titie compound. MS (electrospray): mass calculated
25  for Cy7H2N20, 272.19; m/z found, 273.4 [M+H]". 'H NMR (400 MHz, CDCls):
7.38-7.33 (m, 1H), 7.24-7.20 (m, 1H), 7.14-7.08 (m, 2H), 3.96 {t, J = 6.4 Hz,

9



Cl H 6-Chloro-4-nethyl-2-{2-nmethyl-4-[3-(1-nmeth)l-1, 2, 3, 6-tetrahyd
ro-pyridin-4-yl )- propoxy]-phenyl}-1 H benzoi m dazole. 25 A
3-(1-Methyl-1.2.3.6-tetrahydro-pvridin-4-yl)-propan-1-ol. To a solution of 4-
(3- hydroxy-propyl } 1- met hyl - pyridl niumiodide (28 g, 100.4 nmol, 1.0 equiv) in
et hanol ( 2G¢@o 8o/ 040710 C was added sodi um borohydri de (5péTais2obadssxol, 1.5
equiv). The reaction m xture, which was allowed to warmto it, was stirred
for 30 min and then poured into water. The aqueous sol ution was extracted

th 30 ethyl acetate _and_t . filtered, and
\(,:Moncentrat e)d/ 2H) 2.82 ’ﬁ@(mgﬁy%@éé%m}ﬂ%ﬁég %3! I "bS 2 g (97% of
"5 6 b, o oo on s Bl (e R MEUCRT O Pty 2 5812 5§H§t X
2.21-2. 14 ( : |<piperiding-vi met'"edﬁollwowei hyl - 4-f 3-f

. D 1 ath " &) B k)
1-nmet hyl -1 | . To a
sol utlgn of gf{ ?1 h?e%tt?}ﬂlb!ﬁiﬁ@inWﬁl)—blﬁ?M‘ﬁeHﬁm@l@Q@(Bl‘nd_ 3509%%(?? opah-1-ol (2.24
0. 145 ol jn tplL@ﬂ@@D\ﬂ)L)a&hﬂ srascadged 15 W AkebutgaminHRbhyarde 1. equi v) i n

di chl oronet h d ﬁ{w I de (3.85 g,
20.2 mol, 1.4 equ vm*hesé)@aﬁ]cﬁsngﬁiq@f ure 9}9\;\#‘ d wh%\g\ﬁ%?too warmto
rt, was sti rNbldzsm(wzmlt') were addnmdrppmsedAﬂatsﬂrﬂmier 30 ™ie, 1.0 MaNa®hbus mi xture

i ered. andidBhiwkt PAOELOBNEEBE o, od Mool afta R Tadbediom) ">

chr omat ogr aplapd drchli:rcbmetaage(m()lﬁbﬁ Thtlsalution was éxitddted thned thaaemland t he

. 4. 66 oS OEe SRR e EomaiRed ctanty whit Yashed MR B RcAlegy 100 C 15

After stirri (tgaﬁ@ ,FRefed, aficancehtrited. Wiise eiubie ok tvak pufified by Mbthoafzd filtered

et hyl  acet ke f?%m§> B SR e pecdmpsheenttd MR CAORIHE ZOCERREE pur i 1 e

%3 l(\)/?)t hod 2{& qHaff a6 435, rzmz(ﬁﬁ@-mfr éﬁqhqell-_l&wtigemsr(moumi(ztdogwtw g 420 g/HZ "
0 6. 84 (88 St AL 80P A, 212 25(<3Hb 189 88 (my b AGDATE (Mg = 6. 5 He
ngaé:i ggs(Z Qﬁ%,(ma %.'E%éfn %Hgﬁoé’# 514%1 2!5)L')1 3424, $§(r68§1H$FD(12n§fh2l 1? (21 4H) ,
3;6_te£-rahy3‘ i yl-2-{3-[4-{Torr | dl-4 IFbut -

benzolmidazole. This compound was prepared by the method described in
General Procedure 3 using 3-[4-(1-methyl-piperidin-4-yl)-butoxyl]-benzaldehyde
(20 mg, 0.07 mmol, 1.0 equiv), 4-fluoro-3-methyl-benzene-1,2-diamine (12 mg,
20 0.09 mmol, 1.0 equiv) and Naészos (18 mg, 0.10 mmol, 1.3 equiv). Purification
by Method 2 afforded 28.7 mg (54%) of the title compound. MS (electrospray): .
mass calculated for Ca4HagFN3O, 395.24; m/z found, 396.4 [M+H]". 'H NMR
(400 MHz, CDaoD): 7.72-7.62 (m, 2H), 7.47-7.32 (m, 2H), 7.08-6.94 (m, 2H),
4.07 (t, J = 6.3 Hz, 2H), 2.90-2.80 (m, 2H), 2.53 (s, 3H), 2.24 (s, 3H), 2.04-1.92
25 (m, 2H), 1.85-1.66 (m, 4H), 1.59-1.47 (m, 2H), 1.39-1.17 (m, 5H).

The foliowing compounds in Examples 96-101 were prepared according to the
procedures described in Example 95. '

95



y) - propoxyl - phenyl )-1 H benzoi mi dazol e. This conpound was prepared by the

nmet hod described in General Procedure 3 using 2-nethyl-4-[3-(1-nethyl 25

1,2, 3,6-tetrahydro-pyridin-4-yl)-propoxy] - benzai dehyde (50 ng, 0.18 nmol, 1.0
equi v), 5-chloro-3-nethyl-benzene-1,2-diamne (29 ng, 0.18 mmol, 1.0 equiv),
and Na2S20syd 4fes/@448®: 0. 24 mmol, 1.3 equiv). Purificati pgrThié20Webiies 2
afforded 15.7 ng (21 %9 of the t|tIe conpound. MsS (el ectrospray) nmass

cal cul ated for CZ4H28CI N30, 409.19; nlz found, 410.4 [M+H ~. 'H.NWR (400 30

MHz, CDBOD): 7.53 (4 J = 8.5 Hz, 1 H), 7.41 (br s, 1 H), 7.08-7.04 (m 1 H),
6.93 (d, J SX@MBeEH 1 H) '6 89 (dd, J = 8.5 2.5 Hz, 1 H), 5.49-5.44 (m 1
H, 4.04 (t, 6.3 Hz, 2.96-2.91 (m 2H), 2.64-2.56 (m 5H), 2.49 (s,

3H), 2.35 is, -2. 16 (m 4H), 1.96-1.88 (m 2H). 93 WD 2005/ 044807
PCT/ US2004/ 03 5‘)—5@5 94 H'N

5- FI uor o- 4- metRyTN2 thyl -4[3-(1-nethyl -1, 2, 3, 6-tetrahydro-py(din-4-yl)
5 propoxy] - phenyly 1Hb i m dazole. The title conpound was prepared as
descri bed In Exanpl e 93. el£Chrospray): mass cal cul ated for C24H28FN30,
393.22; mz found 394. 4 [I\/Hr lf—'l—NI\/R (40QM—Iz CD30D) 7 54 (d, J = 8.5

Hle),739 br H), 5’ = 2.4 Hz, 1 H),
6.90 (dd, J Z-Msthyl- 22{35{%1 mqhwbpnp%ldw-xl bgtomd mnpylhw-bemz@miqqzom = 6.3 Hz,
2H. g 9- (zm%4%gcu§ga9r§y)2n@§s aﬁeagiffo NGO SFrrad i Raurtbp.d: 30 (o 3H),
6- Fl uor o- % rrww wwqowwmcma o rpsﬂeﬁmrzm wmmw 7p2i93ny|) 1 H

b | md | f L | |1
venzol 1 oo 18 rod I 9E0 91 Sul e Pewzpad 11l e,
3- hydr oxy- bezohii}, 8i59dt, (= 64 hjg 2H4, 238’2 ), Z,SE(lmwBbl).,Z 20k, ﬁUDyrrer support ed

triphenyl phosfy Qe o8- Bedln.4% (7 aH), 1.28-1.07 (m, 7H).

10 Example 97

6,7-Dimethyl-2-{3-[4-(1-methyl-pipertidin-4-yl)-butoxy]-phenyl}-1H-

benzoimidazole.

MS (electrospray): mass calculated for CosH33N3O, 391.56; m/z found, 392.5
15 [M+H]". "H NMR (400 MHz, CD;0DY; 7.73-7.81 (m, 2H), 7.46-7.36 (m; 1H),

7.36-7.25 (m, 1H), 7.09-6.98 (m, 2H), 4.08 (t, J = 6.3 Hz, 2H), 2.93-2.82 (m,

2H), 2.53 (s, 3H), 2.38 (s, 3H), 2.26 (s, 3H), 2.08-1.97 (m, 2H), 1.86-1.68 (m,

4H), 1.60-1.47 (m, 2H), 1.39-1.17 (m, 5H).

. 20 Example 98

FesSv

IZ Z
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20 mol, 2.0 equiv) were suspended in THE (40 mL). The m xture was stirred
under N2 and cooled to O C. Dil sopropyl azodicarboxylate (1.72 nL, 8.73

mol , 2.0 equiv) was added dropwi se via syringe. After 6 h, the m xture was
filtered and concentrated. The resulting crude oil was purified by Method 2
to affordwo8dsgedsoil %9 of the title conpound. M (el ecﬁdlﬁmmﬁmwsgmss

cal cul ated 25 for CL7H24N20, 272.19; mz found, 273.4 [MrH +. 'H NMR (400
VHz, CDCI3) 7.38-7.33 (m 1 H), 724720(m 1H, 7.14-7.09 (m 2H), 3.96
(t, J 6.4 ,Hz, 94 WD 2005/044807 PCTI US20041031855 2H), 2.88-2.80 (m
2H), 2.26 (s5-@n19r0-7rmﬂlyk2*é&[4(%mzﬁy| pigerigin-4-yipuiewyl-pheny-1-72_1 64 .(m 2H),
1.52-1. 42 ( Mped¥dimi §|4117(m 5H). B.

3-[4-(1-Methyl-Di perldln 4-yl)-but oxyl - benzal dehyde. To a stirred sol ution of
3-[4- (1- met hMS tﬁlmlosmau)ma,ss):abula Pr EabzneiNQ, |4]1é2(loma’¢4fognd31@94 mol, 1.0

ﬁ)q/glr;/%le ;Snl ?é@ueﬁgn(ﬁzﬁl@%?ﬁ{q MHZ&DM@ %?' 5 egﬂ’i v.)?Af er %%’%?L;nmoruzn& 0

m-) and 5.0 7.08-HOS0M, mpms)(tw@re;amaw @&Yp2BE ém, 24}, &:685¢si M), ng for 30 min,

éLé?t yal\lga(_l40(2]# @ng}q%%ﬁﬂﬂ$gpbﬁr@t %ﬁd‘i%b‘ﬁ) 16¢ﬂe4 @fﬂbﬂg aSSIeE{nr acted
three tinmes w18 (m,GH)hl orof orm (50 m -) and the conbi ned extracts were washed

with brine, dried (Na2S™), filtered, and concentrated. The crude oil was
purified by Method 2 to affford 0.56 g (66% of the title conpound. I N NWR

(400 MHz, CDExdmplede®7 Is, 1 H), 7.46-7.43 (m 2H), 7.39-7.37 (m 1H),
719715(m 1H), 4.02 (t, J = 6.6 Hz, 2H), 2.86-2.80 (m 2H), 2.25 (s,
3H), 1.92-1.83 ()Im 2H), 1.83-1.75 (m 15 2H), 1.73-1.63 (m 2H), 1.54-1.44
(m 2H), 1.34- A . C.
6- Fl uoro-7- ne N (1-met hyl - Di oeri di n-4-yl)-but oxvl -Dhenvl | -1 H
benzol m dazole. Thig cdnpgund was prepared by the nethod described In

General Procedure 3 using 3-14:(1-northyl-piperldin-4-yl)-butoxy]-benzal dehyde
(20 mg, 0.07 mmol, 1.0 equiv), -0- 3- met hyl - benzene-1, 2-di am ng (12 nyg,
20 0.09 méol, 1.0 equiv) and Na2S (18 ng, 0.10 mml, 1.3 equlv).

(ol ect ?2%?2@**“*@‘&%‘?%{2@?*‘8' R e L A
[ M+H] ' H NVRnhzoimiipzalez, CDaOD): 7.72-7.62 (m 2H), 7.47-7.32 (m 2H),
7.08- 6' 94 (mpyg @Iectrospray). mass calculated for CygH35N30, 405.28; m/z found, 406.4

M+H]*. 'H NMR (400 MHz, CD50D): 7.30-7.23 (m, 1H), 7.19 (s, 1H), 7.16-

15 7.11 (m, 1H), 7.07-7.01 (m, 1H), 6.89 (s, 1H), 4.04 (t, J = 6.4 Hz, 2H), 2.89-

2.80 (m, 2H), 2.54 (s, 3H), 2.43 (s, 3H), 2.29 (s, 3H), 2.23 (s, 3H), 2.04-1.91

(m, 2H), 1.88-1.77 (m, 2H), 1.77-1.68 (m, 2H), 1.61-1.49 (m, 2H), 1.40-1.17 (m,

5H).

20 Example 100

Neoxdv
Ox\_CN_

5-Chloro-7-methyl-2-{2-methyl-3-[4-(1-methyl-piperidin-4-yl}-butoxy]-phenyi}-

1H-benzoimidazole.

MS (electrospray): mass calculated for CasH32CIN3O, 425.22; m/z found, 426.4
25 [M+H]". "H NMR (400 MHz, CD;0D): 7.40 (s, 1H), 7.33-7.24 (m, 1H), 7.17-7.10
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4.07 (t, J =6.3 Hz, 2H), 2.90-2.80 (m 2H), 2.53 Is, 3H), 2.24 (s, 3H),
2.04-1.92 25 (m 2H), 1.85-1.66 (m 4H), 1.59-1.47 (m 2H), 1.39-1.17 (m
5H). The foll ow ng conpounds in Exanples 96-101 were prepared according to
the procedures described in Exanple 95. 95 WO 20051044807 PCT/ US2004/ 031855
Exanpl e 96 WO 20451044807 PCT/US2004/031855

7- Met hyl - 2- (3-[4-(1-net hyl - pi perl di n-4-yl)-but oxy] - phenyl } -

H benzoi m dazole. MS (el ectrospray): mass cal cul ated for C24H31N30, 377.25;

L2 L STk 8 B0 i i T 2,

., 6.89 (dd . 82 2
;')52 br g 3:sH} fz@&@ 3H’-5 824 tézaHi 204 1%2?9. QH) 1~139=| ésgmHzH) 21*@3-1, 48 ZSET 07H)

(m 7H). 10 E(n‘aabl)é@? MG\(mA HM p -

6, 7- D net hyl - 2- (3-[ 4- (1- net hyl - pi perldi n- -yl)-butoxy]-phenyl}-1H
benzoi m dazole. M5 (el ectrospray): mass cal cul ated for C25H33N30, 391.56; mz
found, 394 5 Exgpple#®d ' . 1H NVR (400 MHz, CD3QD): 7.73-7.61 (m 2H),
7.46-7.36 (m 1 7.36-7.25 (m 1H), 7.09-6.98 (m 2H), 4.08 (t, J= 6.3 Hz,
2N), 2.93-2.8 .53 (s, 3H), 2.38 (s, 3H), 2.26 (s, 3H), 2.08-1.97
(m 2H), 1.86- , 1.60-1.47 (m 2H), 1.39-1.17 (m 5H). 20 Exanple
98 CI | ~ N\ / ‘ 8O 2005/ 044807 PCT/ US2004/ 031855

6-FIuoro-?-methyl-2-{2-methy|-3-[4~(1-methyl-pipeﬁdin-4-yl)-butoxy]-phenyl}-

1H-benzoimidazole.

MS (electrospray): mass calculated for CasH3FN3O, 409.25; m/z found, 410.4
10 [M+H]". "H NMR (400 MHz, CD3OD): 7.43-7.33 (s, 1H), 7.30 (t, J = 7.8 Hz,

1H), 7.16-7.10 (s, 1H), 7.10-6.96 (m, 2H), 4.05.(t, J = 5.4 Hz, 2H), 2.91-2.81

(m, 2H), 2.49 (s, 3H), 2.29 (s, 3H), 2.25 (s, 3H), 2.07-1.94 (m, 2H), 1.89-1.67

(m, 4H), 1.63-1.49 (m, 2H), 1.41-1.16 (m, 5H).

16 Example 102

o-\'ﬂ
al
6-Fluoro-7-methyl-2-{3-[3-(1-methyl-piperidin-4-yloxy}-propoxy]-phenyi}-1H-
benzoimidazole.
A. 3-[3-(1-Methyl-piperidin-4-yloxy)-propoxy]l-benzonitrile. To a mixture of 3-(1-
20 methyl-piperidin-4-yloxy)-propan-1-ol (286 mg, 1.7 mmol, 1.0 equiv) and
polymer-supported triphenylphosphine (1.14 g, 3.41 mmol, 2.0 equiv) in THF
(40 mL) at 0 °C was added diisopropyl azodicarboxylate (0.67 mL, 3.41 mmol,
2.0 squiv) dropwise via syringe. ‘After 6 h, the mixture was filtered through a
glass frit and the filtrate was concentrated. The crude oil was purified by
25 Method 2 to afford 187 mg (40%) of the title compound. MS (electrospray):
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5-Chl oro- 7-net hyl - 2- {3-[ 4- (1- net hyl - pi peri di n-4-yl) - but oxy] - phenyl }-1 H
benzol m dazole. M5 (el ectrospray): mass cal culated for C24H30CI N3O, 411. 21,
mz found, 412.4 [M+H . 1H NWR (400 MHz, CD3QQ): 7.73-7.62 (m 2H),
7.47-7.38 (m 2H), 5 7.09-7.02 (m 2H), 4.09 (t, J =6.3 Hz, 2H), 2.91-2.81
(m 2H), 2vaPr00§e44a8dd) . 2.24 (s, 3H), 2.05-1.93 (m 2H) pcta8Fodosigss(m 4H),
1.60-1.48 (m 2H), 1.39- 1.18 (m 5H). Exanple 99 ~N - Hp 10

5, 7-Di net hyl - 2-{2-net hyl - 3-[ 4- (1- net hyl - pl peridin 4-yl) - but oxy] - phenyl }-1 H
benzoi m dazole. M5 (el ectrospray): mass cal culated for C25EH35N30O, 405.28; nlz
found, 406. 4mqaﬂqajculatqd-f°r\|m M%@Wﬂcmmund?%ﬁ)‘-’rﬂ“tdl AHNMR. 719 (s,

E13.H11 HZ 16- 1%&0 &ﬁ-l% ggc?:%:‘bm?a@gmhﬂ%ﬂzs\.-{_@m 1@) $9|7(§1ogmk§|.,|2)94 Ofl gtH) J =

2.23 (s, 3H) 4.09 (b4 3 6cR1Hz, (a’d)kgﬁu (t d =62 I_'r_lzﬂ-l)(&ﬁﬁrsé (m. 1H), 2789 Q1m 2H) ,
L oL L0 (g ?ﬁ%vﬁ% 72 Pa%’ﬁ%4'aﬁ?ﬁ5ﬁaﬁﬂ°{oerﬂ*®o1 BNz
ut oxy] - pheénylB. ‘ 3 : pleddiney shenyil-d HE
o5 sl 100y L5 MR )
PCT/ US2004/ 0 38&dxy]- lﬁmzoﬂntrirb (01871 088GAm6NM .024duiv) 4 Bibent,(5.0 rm_)Eate Bz, 2H),
2, 21290 (M nd vk e hlonepe oot Mg ot o2 Ty
1.5 equiv). After 3 h, methanol (9 mL) and 1 M H.SO, (10 mL) were added.
10  The mixture was stirred for 30 min, then 1.0 M NaOH (10 mL) was added,
followed by satd. aq. sodium potassium tartrate (40 mL) and dichloromethane
(100 mL). After stirring for 30 min, the mixture was extracted three times with
chloroform (50 mL) and the combined extracts were washed with brine, dried
(NazS0y,), filtered, and concentrated. The residue was partially purified by
15  Method 2 to afford 106 mg of a mixture of 3-[3-(1-methyl-piperidin-4-yloxy)-
propoxy]-benzaldehyde and several other unidentified products. A solution of
the crude 3-[3-(1-methyl-piperidin-4-yloxy)-propoxy]-benzaidehyde (53 mg), 4-
fluoro-3-methyi-benzene-1,2-diamine (27 mg), and Na;S,0s in DMF was stirred
at 90 °C for 18 h. The reaction mixture was loaded directly on silica gel and
20 purified according to Method 2, which afforded 28.7 mg of the title compound.
MS (electrospray): mass calculated for Ca3HagFN3O2, 397.22; m/z found, 398.4
[M+H]*. *H NMR (400 MHz, CD;0D): 7.64-7.53 (m, 2H), 7.38-7.25 (m, 2H),
7.00-6.85 (m, 2H), 4.06 (t, J = 6.1 Hz, 2H), 3.60-3.52 (m, 2H), 3.33-3.19 (br s,
1H), 2.58 (br s, 2 H), 2.42 (s, 3H), 2.17-2.03 (m, 5H), 2.01-1.90 (m, 2H), 1.86-
25 1.72 (m, 2H), 1.60-1.42 (m, 2H).

Example 103

A,

6-ChIoi'o-4-methyl-2-{6-[3-(4-methy|-plperazln-1 -yl)-propoxy]-pyridin-3-yl}-1 H-
30 benzoimidazole.
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FN N H ~(

6- Fl uoro-7-net hyl - 2-{2-nmet hyl - 3-[[ 4- (1- et hyl - pi peri di n-4-yl) - but oxy] - phenyl)
- 1 Hbenzol m dazole. M (el ectrospray): mass cal cul ated for C25H32FN3Q,
409.25; mz found, 410.4 10 [MtH'. "H NWR (400 MHz, CD30D): 7.43-7.33 (s,
1H), 7.30 (Wo 20bsmaqgeB Hz, 1 H), 7.16-7.10 (s, 1H), 7. 10-pgTAK26070031859 . 4. 05.
(t, J =5 .4 Hz, 2H), 2.91-2:.81 (m 2H), 2.49 (s, 3H), 2.29 (s, 3H), 2.25
is, 3H, 2.07-1.94 (m 2H), 1.89-1.67 (m 4H), 1.63-1.49 (m 2H), 1.41-1.16
(m 5H). 15 A

6- Fl uor o- 7- met nicotinonifrile Toistlrred so“‘]t'ophenyl} 1 B
benzoi m dazoloé3- (Ameiﬂa;d-@rp(eiazmbll-w-}pnppme‘f-oldﬂ 19-g1-6v320miriol, @ pauiv) inlBZ oni t dl'e. To

SRR e e ramericip eSO

rrrmL“ czza'rg eqltqg%gemggg g&;ﬁmdl4954rﬁf)nv§ipcl>rﬂo scmtdehlmb g'rt?m Vences ri nge

?,ZN? ter 6 Hé%‘??ﬂ'éh%@ﬁqrﬁl‘“fagl%atepﬁi]?a ﬁ 1yélt qqlqcft JL t%e filfrate
187

(40% of t L;*P%%%&',?Sﬁé?ﬁ“d’"'ﬂﬁ‘gﬁﬂ”&S?S o e Epana @ 187

PCT/ US2004/ 0 ™esshen adoed ang the, F&Jﬁe@ stiged é%‘ﬁé% I\Etgzeagtm miXUrgWast ound, 275. 4
[MeH" . 1H E]Mgrtltiﬁﬂé’@bm?n an el é% Nal-l(f‘@a @ED%%.)@M cialok&fonﬁ (@&m[?_é’f‘hé m 1 H),

7.17-7. 10
3.34-3.25 (morg_amglayezrwd_nesliNaiSﬁh)z'mPredzamsccp@entm)ad tczgwazcrg@E(m 4H)

1.94-1.8 m -10°
6- Fl uor o- 7- nenglﬁlﬁ? -'ﬁv}' g%%sﬁméng’m%{iujmnpe%?tﬁgrzpw g)‘("f/:? Ir(())o‘loox/vl(2 Bhenyl }-1H
benzoi ni dazoleanTmDnéa istmethemal)slo|dmhlqsomeﬂwaae)[teatfgrdr7§t6hyg(1)7 %refiai n- 4-yl oxy) -
pr opoxy] - ben t 6 (5.0 mM-) at
0 C was addébgmf %"4{4 W@%@?ﬂ@}()u%a%%iﬁu%egdﬁ %{ﬁﬁ%’ 'ene ﬁ%ﬁf m., 1. 02
mol , found, 261.3 [M+H]". "H NMR (400 MHz, CDCly): 8.47 (dd, J = 2.3, 0.8 Hz,

1H), 7.77 (dd, J=8.6,2.3Hz, 1H), 6.80 (dd, J=8.6, 0.8 Hz, 1H), 441 (t, J=

15 6.6 Hz, 2H), 2.76-2.35 (m, 10H), 2.29 (s, 3H), 2.01-1.95 (m, 2H).
B. 6-[3-(4-Methyi-piperazin-1-yl)-propoxy]-pyridine-3-carbaldehyde. Toa
cooled (0 °C) solution of 6-[3-(4-methyl-piperazin-1-yl}-propoxy}-nicotinonitrile

(486 mg, 1.86 mmol, 1.0 equiv) in toluene (20 mL), under an atmosphere of
nitrogen, was added 1 M diisobutylaluminum hydride in hexanes (2.79 mL,

20 2.79 mmol, 1.5 equiv) dropwise. The mixture was warmed to rt and stirred for
2'h. Methanol was added (5 mL), followed by 1 M HaSO, (10 mL). After
stirring for 30 min, the solution was neutralized with satd. aq. NaHCOa, dlluted
with satd. aq. sodium potassium tartrate (10 mL), and stirred an additional 30
min or until clear. The mixture was extracted with chloroform (3 x 50 mL) and

25 the combined extracts were dried (Na;S0,), and concentrated, yielding the
crude product, which was purified by column chromatography (silica gel, 0-10%
(2 M ammonia in methanol) in dichloromethane) to afford 225 mg (46%) of a
colorless residue. MS (electrospray). mass calculated for C14H21N3O2, 263.16;
m/z found, 264.2 {M+HI". "H NMR (400 MHz, CDCls): 'H NMR (400 MHz,

30 CDCl3): 9.94 (HH, s), 8.61 (d, J=2.3 Hz, iH), 8.06 (dd, /= 8.6, 2.3 Hz, 1H),
6.82 (d, J=8.6 Hz, 1H), 4.46 (t, J = 6.6 Hz, 2H), 2.64-2.33 (m, 10H), 2.29 (s,
3H), 2.03-1.96 (m, 2H).
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1.5 equiv). After 3 h, nethanol (9 m-) and 1 M H2SO4 (10 m -) were added. 10
The m xture was stirred for 30 mn, then 1.0 M NaCH (10 nL) was added,

foll owed by satd. aq. sodium potassiumtartrate (40 m-) and di chl or onet hane
(100 mL). After stirring for 30 mn, the mxture was extracted three tines

w th chl ongd agosndséy M -) and the conbined extracts wer @ciasBedodsish brine,
dried (Na2SO™4), filtered, and concentrated. The residue was partially
purified by 15 Method 2 to afford 106 ng of a mxture of

i rn:ldn ge eral other

| th A
3-[3-(1-met hM'H-Dér&@FrﬂUdee miw)mpdmwad prbparéalbymhwdﬁtr(o‘a?dagaﬁbedéin

fl uoro- 3- rret%al-ﬁenzene-I -di amﬁ ér@ ng and 2S2C6 I n DMF was stirred
at 90 C for feengralihgcedured usiRg Bl (4rmetkBiPptazifelrYOHPFRROXYLPYSAING3-i ca gel and

20 purified %Pd%rdﬂh Heg Nﬁt@q’ﬂn@now‘h(}%uﬁf S%W&S?tﬁetﬁ&l%r%né g title

conpound. mass cal cul at ed 397.22: mz

found, 399. 4dlqmmgm27 mgH) %/N'ITUQIODOWIV) @nE NBpS20k (62 m, 922 mmoR )3 7. 38- 7. 25

M 20 o 7 Ml FulfBenghg vy Adtorden S g ese e g deind ™, 2.
2.01- 1. 90 (mmsmlectmsa@y) I8ast. cakulated fHT 2 HisGNsC,. 389, Brm/2feundB00:®| e 103 ~ N
o d I

& il or o . rAVEDI": SHANMR (400 MHz, GDCIs) 875 (5, 1H). B.25 (90, /=82, 24 He | i1 5. y1 -1
H 30 benzoLMHJaZéQé' 350N, \I\B)ZG)Q‘B(E(MHai(lBWP(@TUé&DBIéIﬂB)lS,% (t,A=6.7 g
6-[3-(4 t T t

L (o Mot Ml LR B bt oA Ah SR BB A, % 1° 2 Shirred

equiv) in DM (60 m-) under an atnosphere of nitrogen, was added 60% sodi um
hydride (379 .. 9.48 mol, 1.5 equiv ortion wise. Once the initial
effervescencJ"gqﬂ%‘"%QJB%rFB‘é‘ﬂ‘dsﬂmgx 939%1?&4 Qé@wﬁ[@aﬁ@ﬂa@ 3560 dngdP 1 h then
cooled to rt .thé\ ;o%ghmgg@s@fbeairpgké)ﬁfélﬂg&tl nonitrile (876 nmyg, 6.32 nmol, 1.0
equiv) 1n DWW (5 nL) was then added and the m xture stirred for 16 h. The

reaction m xture was -
Example 104

@ atatU

4-Methyl-2-{6-[3-(4—methyl-plperazm- -yl)-propoxy]-pyridin-3-yl}-1H-

benzoimidazole.

MS (electrospray): mass calculated for CH27NsO, 365.47; m/z found, 366.2
20 [M+HF. '

Example 105

T

5-F Iuoro-4-methyl-2-{6-[3-(4-methyl-plperazin-1 -yl}-propoxyl-pyridin-3-yi}-1H-
25 benzoimidazole.

MS (electrospray): mass calculated for C21H26FNsO, 383.46; m/z found, 384,2

[M+H]".
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partitioned between said. aq. NaHCO3 (30 m-) and chloroform (60 nmiL). The
organic |layer was dried (Na2SO4), filtered, and concentrated to give a crude
10 m xture, which was purified by colum chromatography (silica gel, 0-10%
(2.0 Manmmonia in nethanol) In dichioronethane) to afford 776 ng (47% of a
bei ge sol |‘Q, ZP@{B(‘ hWectrospray): mass cal cul ated for Cl4gditide26d4/03688s 16, i z
found, 261 8 I—f, 1H NWR (400 MHz, CDCl 3): 8.47 (dd, J = 2.3, 0.8 Hz, 1
H) , 7.77(dd J =8.6, 223 Hz, 1 H, 6.80 (dd, J =8.6, 0.8 Hz, 1 H), 4.41
(t, J = 15 6.6 Hz, 2H), 2.76-2.35 (m 10H), 2.29' (s, 3H), 2.01-1.95 (m 2H).
B. 6-(3-(4-Methyl-piperazin-I-vl)-propoxvl-pyridine-3-carbal dehyde. To a
cooled (0 O Ezsamplen@ﬁ of

6- [ 3- (4- et hyl  pi perazi n-1-yi)-propoxy]-nicotinonitrile (486 ng, 1.86 nmol,
1.0 equiv) mE Nene_(20 nL), under an atnosphere of nitrogen, was added 1
M di | sobut yl Cde in hexanes (2.79 nm., 20 2.79 mmoi, 1.5 equiV)
dropw se. fiur med~—tpo rt and stirred for 2h. Methanol was
added (5 nL), folHowed by 1 SON+10 nmL). After stirring for 30 nin, the
solution was neutralized with sa\ aq. NaHCO3, diluted wth said. ag.

sodi um pot asgi LrB (- nal 30 min or until
clear. The max%%%sggitng%&i G&d?ﬁﬂy'ﬁﬁt’ﬂg?g%p?ﬁ'%@'féwm ) and 25 the
combi ned 8xt bamn'ﬁé?@edrl ed (Na2SO4), and concentrated, yielding the crude

duct, whi gh il | I ’ ., 0-10% (2 M
pr oduc i af thill ﬂtam&m p@o@rnm&g@rnfe@hgozé %tu'réﬁ% ﬁJnO (0 10% (

ammoni a in

col orl ess resf Qi-ﬁ'ememl-[)bﬁéditlﬂaﬁbprapaﬂ-hﬁhgso a3 Glmeeldl ﬂ(r;%ubll' K302, 263. 16;
012,04, 2Pl an o el e, GGl AB Rl 30 O0'S)
6.82 (d, J =(BTHgHA.3 trhdl, 1.8 .e46iv] portion wisé. ®nice thedirjtial ef@vesteB: ad 1 OH) :
R T
1H benzoi m daz@khlorohittotinomitnjeoldriig,\28s0 mmsi el @ dquy) ib DMRrR0hmb) wasthenbed i n
oy o SobePr 18 A A To R g ABh AT s osiceBhoR S, e & 075
di ami ne (27 &yg.N&HGD; (600l ) dndlbriveu(60 nL)aAagrétigfa@évas fetmeg.and.wid mol , 1.3
collected by vacuum filtration to afford 3.67 g of the desired product. The
15 filtrate was concentrated to half the volume and a second crop of precipitate
was collected and combined to give 5.64 g (76%) of an orange solid, which
was used without further purification. MS (electrospray): mass calculated for
' C1sH2sN30, 259.17; m/z found, 260.4 [M+H]". 'H NMR (400 MHz, CDCl,): 8.46
(dd, J= 2.3, 0.8 Hz, 1H), 7.77 (dd, J = 8.6, 2.3 Hz, 1H), 6.80 (dd, J =8.6,0.8
20 Hz, 1H), 4.34 (t, J = 6.6 Hz, 2H), 2,96-2.82 (m, 2H), 2.25 (s, 3H), 1.92-1.68 (m,
7H), 1.37-1.34 (m, 2H), 0.89-0.81 (m, 2H).
B. 6-[3-(1-Methyl-piperidin-4-yl)-propoxy}-pyridine-3-carbaldehyde. To a
cooled (0 °C) solution of 6-[3-(1-methyl-piperidin-4-yl)}-propoxy]-nicotinonitrile
(640 mg, 2.47 mmol, 1.0 equiv) in toluene (20 mL), under an atmosphere of

25 nitrogen, was added 1 M diisobutylaluminum hydride in hexanes (3.70 mL,
3.70 mmol, 1.5 equiv) dropwise. The mixture was warmed to rt and stirred for
2 h. Methanol was added (5 mL), followed by 1 M H;SO, (10 mL). After
stirring for 30 min the solution was neutralized with satd. aq. NaHCO3, diluted
with satd. aq. sodium potassium tartrate (10 mlL), and stirred an additional 30

30 min or until clear. The mixture was extracted with chloroform (3 x 50 mL) and
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equiv). Purification by Method 2 afforded 54 ng (79% of the title conpound.
MS (e Iectrospray) mass cal cul ated for C21H25CI N50, 399.18; m z found, 400.3
[ MPH ' . 1H NWR (400 MHz, CDCI3): 8.75 (s, 1H), 8.25 (dd, J =8.2, 2.4 Hz, 1
H),749732(m1H) 6.91 (s, 1 H, 6.71 (d, J =8.7 Hz, 1 H), 4.28 (t, J
= 6.7 10 Hwo20vshogssd? 67-2.31 (m 13H), 2.26 is, 3H), 1. %Thfsﬁﬁmﬁ)ﬁiss?"') The

foll ow ng conpounds in Exanples 104-105 were prepared according to
procedures described In Exanple 103. 15 Exanple 104 N N N OH\-N N-

4- Met hyl - 2- {@ne[ &srﬁﬁtné?émdctsﬂwmr@iéu wNd;Sd,), fﬁéree@w]coﬁwdtﬁéw grpd 1-1 H

benzoi m dazol e. ectros y): mass cal cul ated for C2l H27N50, 365.47; mz
f ound, 366. 2cr@sqr wagpy debylwmmchr&mamramy@lhw gel, 0-10% (2 M

5- Fl uor o- 4- mg.ri.ﬁﬁjgé?&fmfmém}nem%asyt%zgﬁardls ?TP tbggfm; pyridin-3-yl]-1

H 25 ben20| azo ectrospra Mmss ca C21 H26FN50,
383. 46; m z fcoloriess GBAVIS (elpatragpray): Taess\nsicRlaEs) fon CabizaNOR) 26200m/231855

Vot hy | - 5 o PGS TMERT 1 MR 4400 MHe, GO, 14 NMR (400 Mtz ODGIEy 1y
benzoi m dazolQeB? (Br s 5tH)3 863kt hyl&fﬁz pénlﬁ%\(dd- YE)8.QrhBékzy i Hpi6CMt (dponi trii e.
To a stirred SOLUO0N 434 (1, J=6.6 Hz, 2H), 2.78-2.26 (m, 2H), 2.18 (s, 3H), 1.85-
1.62 (m, 7H), 1.35-1.16 (m, 4H).
C. 4-Methyl-2-{6-]3-(1-methyl-piperidin-4-yl}-propoxy]-pyridin-3-y{}-1H-
10 benzoimidazole. This compound was prepared by the method described in

General Procedure 3 using 6-{3-(1-methyl-piperidin-4-y!)-propoxy]-pyridine-3-
carbaldehyde (100 mg, 0.38 mmol, 1.0 equiv), 3-methyl-benzene-1,2-diamine
(46 mg, 0.38 mmol, 1.0 equiv) and NazS,05 (94 mg, 0.50 mmol, 1.3 equiv).
Purification by Method 2 afforded 35 mg (25%) of the title compound. MS |
15 (electrospray): mass calculated for C»H2sN4O, 364.23; m/z found, 365.4
[M+H]". 'H NMR (400 MHz, CD3OD): 8;77 (s, 1H), 8.23 (dd, J= 8.7, 2.3 Hz,
1H), 7.25 (m, 1H), 7.12 (t, /= 7.5 Hz, 1H), 7.04-6,98 (m, 1H), 6.74 (d, /= 8.7
Hz, 1H), 4.34 (t, J = 6.6 Hz, 2H), 2.84-2.76 (m, 2H), 2.73-2.34 (br s, 3H), 2.23
(s, 3H), 1.92-1.83 (m, 2H), 1.81-1.62 (m, 4H), 1.39-1.17 (m, §H).
20
The following compounds in Examples 107-108 were prepared according to
the procedures described in Example 108.

Example 107

\—\_CN_

25
4,5-Dimethyl-2-{6-{3-(1-methyl-piperidin-4-yi)-propoxy]-pyridin-3-yl}-1H-
benzoimidazole.
MS (electrospray): mass calculated for C3H3oN4O, 378.24; mfz found, 379.4
[M+H]".

30
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of 3-(1-nethyl-piperidin-4-yl)-propan-1-ol (5.0 g, 31.7 mmol, 1.1 equiv) In
DMF (200 mL) under an atnosphere of nitrogen, was added 60% sodi um hydri de
(1.73 g, 43.3 nmmol, 1.5 equiv) portion wise. Once the initial effervescence
had 10 subsided, the m xture was heated at 60 Cfor 1 h then cooled to rt. A
solution ofoBGeoshisesoni cotinonitrile (4.0 g, 28.9 mol, pETRisesvdioysss N DVF (20
m-) was then added and the m xture stirred for 16 h. The reaction was
guenched with satd. ag. NaHCO3 (50 mi-) and brine (50 nmL). A precipitate was
fornmed and W@ia cﬁﬁé‘ited by vacuumfiltration to afford 3.67 g of the
desired prod m 5 filtrate was concentrated to half the volune and a
second crop ofgprecipitate was collected and conbined to give 5.64 g (76%

of an orange sali g, ich was used without further purification. M

(el ectrospray al ated for C15H21IN30, 259.17; m zfound, 260.4

[ MtH] +. "H N N ): 846 (dd, J =2.3, 0.8 Hz, 1 H), 7.77 (dd,
J =8.6, 223 H, HH), 6.80 (degXJ N-8.6, 0.8 20 Hz, 1 H), 4.34 (t, J = 6.6
Hz, 2H), 2.96-2.82 (m 2H), 2.25 , ' 3H), 1.92-1.68 (m 7H), 1.37-1.34 (m

2H), 0. 89- 0. &L.chiro-24{B-[3-B-methyl-piperidin-4-yl)-propoxy]-pyridin-3-yl}-1H-

6- 13- (1- Met hyl - pi pe?‘:{%l[ n-a4-\ellh -F|c))?o':)oxy]y-)ppyrli)c)I(ly]n'(:;}i 3-caryg-al dehyde. To a cooled
(0 C) sol uti d¥engeimidazale; 1- net hyl - pi pe(di n- 4-yl ) propoxy]-nl cotinonitrile (640
ny, 2.47 I k30 rhékal > FEHRN of 25

ni t rogen, %SME %{gaﬁ\d%wl'\ﬁ%iT%&ﬁ@ﬁﬁuﬁ%ﬁﬁz@gwg@%?tnganes' ?%?%0 m., 3.70
mol, 1.5 equUMAHldropwi se. The mixture was warmed to rt and stirred for 2 h.
Met hanol was added (5 nm.), followed by 1 M H2SO4 (10 nL). After stirring for
30 min the solution was neutralized with satd. ag. NaHCO3, diluted wth
satd. aq. sodixampei@®siumtartrate (10 nL), and stirred an additional 30 30
mn or until clear. The m xture was extracted with chloroform (3 x 50 nL) and
102 WO 2005/ 0448Qlf PETI B52004/ 031855 the conmbi ned extracts were dried
(Na2sO4) , filtea on rated. The crude product was purified by colum
chr omat ogr aphy-(s&fRa N 031Q% ( amoni a in nmethanol) in

di chironet hane) to afiford 598 ny 2%n-eof a colorless oil. M5

(el ectrospray): nmass cal cul ated for S5H22N2Q2, 262.17; mz 5 found, 263.1
[MtH " . "4 N L viEs-PdVH.- - idi ' : .s, 1 H,
53 (0, 1 2o Ay B R e R e A

. y}-1H-benzoimidazole.

A. 4-Methyl-6-{3-(1-methyl-piperidin-4-yl)}-propoxy}-nicotinonitrile. To a stirred

solution of 2.2,6,6-tetramethy|-piperid'lne {0.20 mL, 1.16 mmol, 1.5 equiv) in
THF (3 mL) at -78 °C was {added‘ 2.5 M n-butyllithium in hexanes (0.46 mL,

15 1.16 mmol, 1.5 equiv). After 10 min, the reaction mixture was warmed to 0 °C
for 45 min before re-cooling to —78 °C. A solution of 6-[3-(1-methyl—bipe_ridin-’4-
yl}propoxy]-nicotinonitrile (200 mg, 0.77 mmol, 1.0 equiv) in THF (3 mL) was
then added. After stirring for 1 h at —78 °C, the mixture was treated with methyl
iodide (0.05 mL, 0.84 mmol, 1.1 equiv) and stiring was continued for 1.5 h

20 before quenching at —78 °C with satd. aq. NaHCOj3 (6 mL). The mixture was
warmed to rt and extracted with chloroform (2 x 10 mL). The combined -
extracts were dﬁed (NazS0,), filtered, and concentrated to give a crude
residue, which was purified by Method 2 to give 120 mg (57%) of the title
compound. MS (electrospray): mass calculated for C1gH23aN30, 273.18; m/z ]

25 found, 274.4 [M+H]'. 'H NMR (400 MHz, CDCls): 8.39 (s, 1H), 6.67 (s, 1H),
4,31 (t, J = 6.7 Hz, 2H), 2.90-2.79 (m, 2H), 2.48 (s, 3H), 2.28 (s, 3H), 1.95-1.63
{m, 6H), 1.40-1.20 {m, §H).
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J =8.6 H, 1 H, 434 (t, J =6.6 H, 2H), 2.78-2.26 (m 2H), 2.19 (s, 3H,
1.85- 1.62 (m 7H),1.35-1.16 (m 4H). C.

4- Met hyl - 2-{6- 13- (1- et hyl - pi perl di n-4-vl)-proooxvl -oyridin-3-vlil-1 H 10
benzoi m dazol e. This conpound was prepared by the nethod described in

Gener al Pr qe@808%844807USi Ng 6-[ 3- (1- net hyl - pi per | di n-4-yl pchr@bseysisskyri di ne- 3-
car bal dehyde (100 ng, 0.38 mmol, 1.0 equlv), 3-nethyl-benzene-1, 2-di am ne
(46 ng, 0.38 mmol, 1. O equi v) and Na28205 (94 ng, 0.50 nmol, 1.3 equiv).

(Pulrification Y B h X i 0 3 I oung6 M5 15
eectrospraM : 5 4
[|V|’f|‘|]7+25 |(‘| deé&lﬂttdﬁ'ﬁ 4—@@3‘@96 I3 (3I r?néthSplpéndiﬂ-é-yg4p726?pc()@}dnicdt|rren8rllé’ 6272 I(—|(zj Jl
D87 e K;’Bd*%l"gsé E%tmr‘ws'p 1%’9@‘41{2 n ‘lelzklf”e sl pact’ C?WF‘S ?&F)rgd B 5 5. (br s,

3H) 2 23 (Sdus@&tbtylalbrrmnﬂh&ﬁndéwﬁlé)ne (1.28 Ll 165D raRiol, 20 equiv)3he. 17 (m
51-1). 20 The follow ng conpounds |n Exanples 107-108 were pr Joared accordi ng

to the priocdaiuiswaswarmedie it angstirad far 4 he MethanohiZmb pwas podsd. 1 25 |7
4, 5- Di et hyl -fanmd[b?y{émmséw nhngemffér@urﬂngﬁo}a@rnqa%ko%ﬁ @og-3-yl}-1 H

ben20| m dazole. MS (el ectroOsp raé mass cal cul ated for N40, 378.24; nlz
found, 379.4 nepwalﬁqed withosald aquiiel1 605, dilviedovithreaid. @szwmm@sslunaanm e 108 O

N xI~ NN tg?'lrate {10 mL), and stirred an additional 30 min or until clear. The mixture

was extracted with chloroform (3 x 15 mL) and the combined extracts were

10 dried (Na;S0,), filtered, aqd concentrated to afford 200 mg of the crude
product, which was used without purification. 'H NMR (400 MHz, CDCl3): 10.0
(s, 1H), 8.47 (s, 1H), 6.57 (s, 1H), 4.35 {t, J = 6.7 Hz, 2H), 2.86-2.80 (m, 2H),
2.59 (s, 3H), 2.25 (s, 3H), 1.92-1.66 (m, 6H), 1.43-1.22 (m,‘5H).
C. 4-Methyl-2-{6-[3-(1-methyl-piperidin-4-yh-propoxyl-pyridin-3-yi}-1H-

15 benzoimidazole. This compound was prepared by the method described in

General Procedure 3 using 4-methyl-6-[3-(1-methyl-piperidin-4-yl}-propoxy]-
pyridine-3-carbaldehyde (60 mg, 0.22 mmol, 1.0 equiv), 5-chloro-3-methyl-
benzene-1,2-diamine (34 mg, 0.22 mmol, 1.0 equiv) and Na;S;05 (54 mg, 0.29
mmol, 1.3 equiv). Purification by Method 2 afforded 27 mg (30%) of the title
20 compound. MS (electrospray): mass calculated for C3H20CIN4O, 4712.20; m/z
found, 413.4 [M+H]". "H NMR (400 MHz, CD;0D): 8.77 (s, 1H), 8.23 (dd, J =
8.7, 2.3 Hz, 1H), 7.25 (m, 1H), 7.12 {t, = 7.5 Hz, 1H), 7.04-6.98 (m, 1H), 6.74
(d, J=8.7 Hz, 1H), 4.34 (t, J = 6.6 Hz, 2H), 2.84-2.76 (m, 2H), 2.73-2.34 (br s,
3H), 2.23 (s, 3H), 1.92-1.83 (m, 2H), 1.81-1.62 (m, 4H), 1.39-1.17 (m, 4H).
25
The following compounds in Examples 110-114 were prepared according to
the procedures described in Example 109.

Example 110
(O
30
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H -{ 4-Chioro-2-{6-[3-(1-methyl-piperlridin-4-yl)-propoxy]-pyridin-3-yl}-1
H benzoi m dazole. 5 M5 (el ectrospray): mass cal cul ated for C21H25CI N4O,
384.17; mz found, 385.3 [M+H + Exanple 109 CJ j N/~ H --( N 10

6- Chi or 0- 4- met hyl - 2- {4- net hyl - 6-[ ~3- (( 1- net hyl - pi peri di n-4-yl)-propoxy] -pyrid
i n-3- yl}- iydhdeenaedrni dazole. A PCT/US2004/031855

4- Met hyl - 643- (1- et hyl - ai peri di n-4-yl)-oroooxyl-nicotinonitrile. To a stirred
solution of 2,2,6,6-tetranethyl-piperidine (0.20 nm., 1.16 nmol, 1.5 equiv) in

176 ol 1. Ve Bl e et o RARREI I o o 0
for 45 m n bajenzeimidazolol ing to -78 C. A sol ution of

6-[3- (1-met hyl - pi peridin-.4- yi)-pr - nj i itrile (200 0. 77 nmol ,
T b equi vy 1 M pBGtseria)): mede SHRIRES el 3Biok b 85 o [ 76"C
the mxture vppHjTeated with nethyl iodide (0.05 nL, 0.84 mml, 1.1 equiv)
and stirring was continued for 1.5 h 20 before quenching at -78 C with satd.
ag. NaHCCB5(5 m.). The m xture was warnmed to rt and extracted with

chl orof orm (2egapddle 744 - The conbined extracts were dried (Na2SQ4), filtered;
and concentrated to give a crude residue, which was purified by Method 2 to
give 120 ng (":-370 of t title conmpound. MS (el ectrospray): mass cal cul ated
for C1l6H23N30, ; 25 found, 274.4 [M+rH +. '"H NWVR (400 MHz, CDC13):
8.39 (s, 1H), Q 4.31 (t, J =6.7 Hz, 2H), 2.90-2.79 (m 2H),
2.48 (s, 3H), 2.28 l\ja‘i-_{%jNu(m 6H), 1.40-1.20 (m 5H . 104 WO
2005/ 044807 PCT/ US2004/ 031855 B.

4- Met hyl -6-f 3- (1- net hyl - pipgridi n-4-y}tpropaxyl -pyridjne- 3-carbg| dehyde. To a
sol ution of 45%@"9@%'-"{9“?@12?@3% ﬁ;ﬁ-[%&ﬁg@tﬁﬁm\fpeg_ YEPGIREY. Pyﬁlalf'bf' inonitrile
(260 ng, O.95pmMlbendoiMida@bliey) in toluene (10 n-) at 0 C was added 1.5 M

10 MS (electrospray): mass calculated for Ca3H20FN4O, 396.23; m/z found, 397 .4
[M+H]",

Example 112

- 15 4,5-Dimethyl-2-{4-methyl-6-[3-(1-methyl-piperidin-4-yl }-propoxy]-pyridin-3-yl}-
1H-benzoimidazole. '
MS (electrospray): mass calculated for C24Ha2N4O, 392.26; m/z found, 393.5
[M+H]".

20 Example 113

4,6-Dimethyl-2-{4-methyl-6-[3-(1-methyl-piperidin-4-yl)-propoxy]-pyridin-3-yl}-

1H-benzoimidazole. '

MS (electrospray): mass talculated for CoqH2oN4O, 392.26; m/z found, 393.5
25 [M+H]".
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di i sobutyl al um num hydride In toluene (1.26 m, 1.90 mol, 2.0 equiv. The 5
m xture was warned to it and stirred for 2 h. Methanol (2 m-) was added,
followed by 1.0 M H2S04 (3 nmL). After stirring for 30 mn, the solution was
neutralized with satd. aqg. NaHCO3, diluted with satd. aq. sodi um potassi um
tartrate (Wo J5bsosagdrd Stirred an additional 30 min or uptT/USIb4eBL8SS The

m xture was extracted with chloroform (3 x 15 nL) and the conbi ned extracts
were 10 dried (Na2SO4), filtered, argd concentrated to afford 200 ng of the
crude product, which was used w thout purification. 1H NVR (400 MHz, CDC13):
10.0 (s, 1H), 8.47 (s, 1H), 6.57 (s, 1H), 4.35 (t, J= 6.7 Hz, 2H), 2.86-2.80
(m 2H), 2.5xa(mpleBHY, 2.25 (s, 3H), 1.92-1.66 (m 6H), 1.43-1.22 (m 5H).
C. 4-Methyl -2-§6-[3-(1-nmethyl - pi peridin-4-vl)-propoxyl-pyridin-3-yl1-1 H 15
benzoi m dazol e] Thi s \conmpound was prepared by the nmethod described in
General Proc N 4- met hyl - 6-[ 3- (1- net hyl - pi peri di n-4-yl) - propoxy] -

pyi i di ne-3-c éhf( ng, 0.22 mmol, 1.0 equiv), 5-chloro-3-nethyl-
benzene-1, 2-di am (34 'ng, O ., 1.0 equiv) and Na2S205 (54 ng, 0.29
mmol, 1.3 equiv). Purification b thod 2 afforded 27 ng (30% of the title
20 conpound. el ro g T8 | cul gt ed [ H2OCl 412.20; mz
found, 413.4 ‘{:@ﬂﬁ '5‘%!1?9%%%@'&8”@I‘S@E@%ﬁajyﬁ‘%g%%?”‘ﬁ" ,‘VI'\%. 3 (dd, J=
8.7, 2.3 Kz, benkdimidezde.( m 1 H), 7.12 (t, J =7.5 Hz, 1 H), 7.04-6.98 (m 1
H, 6.74 (d, =87 H, 1 4.34 (t =.8. vl 2. 84 6 (m 2H),
2.73-2. 34 (brMé,(e'e‘gﬁfP’aZ?-i%a s"’,a"‘é'lii‘?défggﬂ‘ﬂ%'g‘c?r#%ﬂ% Fq’if%’fgﬁ@zg(m 4H) |
1.39-1.17 (mMH*. 25 The follow ng conpounds In Exanples 110-114 were

prepared according to the procedures described in Exanple 109. Exanple 110 N
\ / 0 HN 30 105 WO 2005/ 044807 PCTI US20041031855

4- Met hyl - 2- { Zegpipyd 1%5- [ 3- (1- net hyl - pi peri di n-4-yl } propoxy] - pyrdi n-3-y1)-1 H
benzoi m dazol e. :

mﬁj O

2-{4-Chloro-6-[3-(1-methyl-piperidin-4-yl}-propoxy}-pyridin-3-yi}-5-fluoro-4-

methyl-1H-benzoimidazole.

A. 4-Chloro-6-[3- idi -nicotinonitrile. To a stirred

solution of 2,2,8,6-tetramethyl-piperidine (0.31 mL, 2.32 mmol, 1.2 equiv}in

15  THF (10 mL) at -78 °C was added 1.6 M n-butyllithium in hexanes (1.45 mL,
2.32 mmol, 1.2 equiv). After 10 min the reaction mixture was warmed to 0 °C
for 45 min before re-cooling to ~78 °C. A solution of 6-[3-(1-methyl-piperidin-4-
yl}-propoxy]-nicotinonitrile (500 mg, 1.93 mmol, 1.0 equiv) in THF (10 mL) was
then added. After stirring for 1 h at —78 °C, the mixture was treated with

20 hexachloroethane (0.05 mL, 0.84 mmol, 1.1 equiv) in THF {2 mL) and allowed
to warm to 0 °C. Stirring was continued for 1.5 h before quenching at 0 °C with
sodium hydrogen carbonate (10 mL). The mixture was warmed to rt and
extracted with chloroform (2 x 20 mL). The combined extracts were dried
(NaxS0y), filtered, and concentrated to give a crude residue, which was purified

25 by Method 2 to give 380 mg (67%) of the title compound. MS (electrospray):
mass calculated for C15HaCIN3O, 293.13; m/z found, 294.5 [M+H]'. H NMR
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M5 (el ectrospray): mass cal cul ated for C23H30N40O, 378.24; mz found, 379.5

[ MMH] 5 Exanple 111 F > 4 HN ~N

5- Fl uor o- 4- et hyl - 2- { 4- net hyl - 6-[ 3- ( 1- net hyl - pi

perl di n-4-yl)propoxy]-pyrldin-3- yl)-1 H benzoi m dazole. 10 M5

(el ect r ospiayoosimse cal cul ated for C23H29FN40, 396. 23; patmsiwuonda55397 4
[MtH] ' . Exanmple 112 O N NH ~-( 15 N
4, 5-Di net hyl - 2-{4- et hyl - 6-[ 3- (11- et hyl - pi peri di n-4-yl) - propoxy] - pyr| di n- 3-
yl') 1 Hbenzojy I i tC 2N40

Yob 26 oyl und%@&?% ﬁsiqm%wwmrmﬁ%ﬂwﬁi%) @97@?&848

4, 6- Di et hyl - @a,{2H)n28BY8, 36){ B0%-1.94rme 2HYI 1-§3-67 i(an BHX-\A31 636’904';}] pyrI di n- 3-
yl]- 1 H benzgi s AG1 ANy Q. 424H32NAG,
392.26; mz mﬁw ¢ ]' 052604/ 031855
Exanpl e 114 Qhnetityl1K-binzoimidazole. To a solution of 4-chloro-6—[3-(1 methyl—pipendm—

5  4-yl)-propoxy]-nicotinonitrile (380 mg, 1.3C mmol, 1.0 equiv) in toluene (10 mL)
at 0 °C was added 1.5 M dilsobutylaluminum hydride in toluene (1.72 mL, 2.60
mmol, 2.0 equiv). The mixture was warmed to rt and stirred for 2 h. Methanol
was added (5 mL), followed by 1.0 M H2SO, (5 mL). After stirring for 30 min,
the solution was neutralized with satd. ag. NaHCOj, diluted with satd. aq.

10  sodium potassium tartrate (10 mL), and stirred an additional 30 min or until
clear. The mixture was extracted with chloroform (3 x 15 mL) and the
combined extracts were dried (Na2S0,), filtered, and concentrated to afford
132 mg of the crude product which was used without purification. This crude

~ mixture (33 mg, 0.11 mmol, 1.0 equiv) was used as described in General

15 | Procedure 3 with 4-fluoro-3-methyl-benzene-1,2-diamine (16 mg, 0.11 mmol,
1.0 equiv) and Na»S;05 (27 mg, 0.14 mmoI; 1.3 equiv). Purification by Method
2 afforded 12 mg (26%) of an oily residue. MS (electrospray): mass calculated
for CozH26CIFN4O, 416.18; m/z found, 417.3 [M+H]*. "H NMR (400 MHz,
CD30D): 8.48 (s, 1H), 7.41 (dd, J= 8.7, 4.3 Hz, 1H), 7.46-6.99 (m, 2H), 4.36 (1,

20 J=6.6Hz 2H), 2.91-2.82 (m, 2H), 2.50 (s, 3H), 2.25 (s, 3H), 2.06-1.95 (m,
2H), 1.88-1.69 (m, 4H), 1.47-1.18 (m, 5H).

The following compounds in Examples 116-118 were prepared according to
the procedures described in Example 115.

25
Example 116

St

2-{4-Chloro-6-[3-(1-methyl-piperidin-4-yl)-propoxy]- pyrldln-3—yl}-4-methyl -1H-
benzoimidazole.

Izéz/
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4- Chl oro-2-{4-met hyl - 6-[ 3- (1- et/ / hyl - pi perl di n-4-yl)-propoxy] - pyridin-3-yl)
-1 H 5 benzoi m dazole. MS (electrospray): mass cal cul ated for C22H27Cl N4O,
398.19; mzfound, 399.3 [MtH 4. Exanple 115 FC 6 NNN/-\ H --(~ 10
2-{4-Chl oro-6-[3-(1-net hyl - pi peridi n-4-yl)-propoxy] -pyrldin-3-yl)-5-fluoro-4-
met hyl - 1 Hyaerosodaserazol e. A PCT/US2004/031855
4- Chl oro-6-r3-(1-net hyl - pl perl dl n-4-yl)-propoxvl -nicotinonitrile. To a
stirred solution of 2,2,6,6-tetranethyl-piperidine (0.31 nL, 2.32 nmol, 1.2
equiv) in 1 ) : a \ 4t B i n hexanes
(1.45 nm, 2. %g%’%‘&f@e’aﬁéw@f&%ﬁ gﬁzgﬁ{qﬂNg%ga drgé‘l;%w ‘Ic")#dr'ﬁh X udr@1 was war nmed
to 0 C for. 48+ before re-cooling to -78 C. A sol ution of
6-[ 3- (1- et hyl - pi peri di n-4- yl}propoxy]-nicotinonitrile (500 ng, 1.93 mol,
1.0 equly) in THF (10 mM-) was then added. After stirring for 1 h at -78 C,
the m xture vBanpleai?d with 20 hexachl oroethane (0.05 nmL, 0.84 mml, 1.1
equiv) in THE (2 m-) A d allowed to warmto O C. Stirring was continued for
g 0O Cwith sodiumhydrogen carbonate (10 nL). The

1.5 h before quengchi

m xture was war g extracted with chloroform (2 x 20 nL). The

conbi ned extrg K I 2SQ4), filtered, and concentrated to give a

crude residue;” whi chHwas purifie 5 Method 2 to give 380 ng (67% of the

title conppund. MS . (el ectrospray): ss cal cu] ated for C15H20CI N30, 293.13;
f 2 PN 1 4

e, ey e oS AR R BRI, 1%,

(m 2H), 2.33méthyl-H-bénzoiRidazelé. 94 (m 2H), 1.83-1.67 (m 5H), 1.43-1.23 (m

41-1). B. 2-f4-Chloro-6-f'3-(1-nmethyl-aiqeridi N-.45Yk)-0ro ooxyl.-ovri

din 311 - 5. RGP R e e PR by S 12 Lot BBl 4o

4-chl or o- 6- [ IM+H et hyl - pi peridin 5 4-yl)-propoxy]-nicotinonitrile (380 ng,

1.30 mmlml.o equiv) In toluene (10 m-)

Example 118

Cl
: P

N_
2-{4-Chloro-6-[3-(1-methyl-piperidin-4-y|)-propoxy]-pyridin-S—yl}-4.6—dimethyl—

1H-benzoimidazole.
15 MS (electrospray): mass calculated for Ca3H20CIN4O, 412.20; m/z found, 413.4

Z

Iz

[M+H]".
Example 119
0/

20 ' 2-{4-Mefhoxy-6-[3-(1-methyl-plperidln—4-yl)-propoxy]-pyridln-3-yl}-4-methyl-1 H-
benzoimidazole.
A solution of 4-chloro-6-[3-(1-methyl-piperidin-4-yl)}-propoxy]-nicotinonitrile
(Example 115) in methanol (0.2 M) was treated with sodium methoxide (4
equliv) at reflux temperature for 4 h. The mixture was cooled to rt, dliuted with
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at 0 C was added 1.5 M dil sobutyl al um num hydride in toluene (1.72 nm., 2.60
nmmol, 2.0 equiv). The mxture was warnmed to rt and stirred for 2 h. Methanol
was added (5 nL), followed by 1.0 M H2SO4 (5 nL). After stirring for 30 mn,
the solution was neutralized with satd. aq. NaHC03, diluted with satd. ag. 10
sodi um pot seiewsi¥4sot rate (10 nl), and stirred an addit ippTais200d/08188s or unti |
clear. The m xture was extracted with chloroform (3 x 15 m-) and the

conbi ned extracts were dried (Na2SO4), filtered, and concentrated to afford
132 ng of the crude product which was used w thout purification. This crude

m xture (33 #gtd. 8a.NaHRH@s and extragied with ghlorcierey  Ehe efeapiFientiactwesGener al 15

10" oqui v) anPRASESGHS lerea i e SRR eld o AR TR by Nt hod

2 af forded 1Pipegdin26yh- pm‘powi-mqﬂpom’a;%a (106%). Nm(smtermeddﬁpmy)conmw cal cul at ed
65 ot s o 9 BmbBindhésgrghdih e 1k e (el Al N | SESED

20 J= 6. 65Hz caIBH{)atedzfoQQzaﬂadQN@a 394p4, rﬂlefOJl‘lds 393M)M+RII"25 (s, 3H) 2.06-1.95
(m 2H), 1.138-1.69 (m 4H), 1.47-1.18 (m 5H). The follow ng conpounds in
Exanpl es 116-118 were prepared according to the procedures described in
Exanpl e 115. BEXamipleatgdl e 116 Cl N ~)--( 0 HN~N
2-{4-Chl oro-6-[3-(1- mat)”l - pi peridin-4-yl)-propoxy]-pyrldin-3-yl}-4-nethyl -
H benzoi m dazoi 1099\WO 2005/ 044807 PCT1US2004/031855 MS (el ectrospray):
mass cal cul atR@fNCZ ClNAQ, 398.19; mz found, 399.3 [MtH *, Exanple
N

117 pary
F -
H N—

5-Fluoro-2-{4-methoxy-6-[3-( 1-methyl-piperidin-4-yl)}-propoxy]-pyridin-3-yl}-4-

10 methyl-1H-benzoimidazole. '
The title compound was prepared according to the procedures described In
Example 119. MS (electrospray): mass calculated for CasHzgFN4O2, 412.23;
m/z found, 413.4 [M+H]".

15  Example 121

eias) ARV

5-Fluoro-4-methyl-2-{6-[3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl}-propoxy]-

pyridin-3-yl}-1H-benzoimidazole.

A 6 -1,2,3,6-tetrahydro-pyridin-4-yl)-propoxy}-nicotinonitrile.
20 = stirred solution of 3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yf)-propan-1-ol (1.23

g, 7.94 mmol, 1.1 equiv) in DMF (50 mL), under an atmosphere of nitrogen,

I

was added 60% sodium hydride (433 mg, 10.8 mmol, 1.5 equiv) portion wise.
Once the initial effervescence had subsided, the mixture was heated at 60 °C
for 1 h then cooled to rt. A solution of 6-chloronicotinenitrile (1.0 g, 7.21 mmol,
25 1.0 equiv) in DMF (5 mL) was then added and the mixture was stirred for 16 h,
The reaction was quenched with satd. ag. NaHCO3 (10 mL) and brine (10 mL).
The mixture was extracted with chloroform (2 x 50 mL). The combined extracts
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C ~NC I HNO ~\

6- Chl or o- 2-{4-chl oro-6-[ 3- (1- net hyl - pi peri di n-4-yl)-propoxy] -pyridin-3-yl)-4-
nmet hyl -1 H benzoi m dazole. Ms (el ectrospray): nass cal cul ated for

C22H26CI ZNAO, 432.15; mz found, 433.3 [MH . 10 Exanple 118 CI N &N

2- { 4- Chl or ex®2008edadoret hyl - pi perri ~~d PCT/US2004/031855
I n-4-yl)-propoxy]-pyridin-3-yl)-4,6-dinethyl- 1 H benzoimdazole. 15 M5
(el ectrospray): nass cal cul ated for C23Hz9CI N\dO, 412.20; mz found, 413.4

e e T
H benzoi m dawas purrﬂédswlmnthmmaffordmg 1.43 g (77%) of the title compound MS

4-chl 6-[3;(1-neth rl I Ex I

115) i n met halrsepeprank sR Sap el o GRE RSB R SR 288 St vy ot
r281(‘)|5;1>64£1§gpelr3%,11_4lu-{]g THJE;\AR gﬂmz rOD(?IQr&AMdd Nvice X Yool B(Hzl,tlH) dil 76J(£deJW| th 109 WO
chl or of or 1939(%?‘3&@\%& 8. &f@@&,\lamdﬁy@g?f S%a(ﬁ

concentrat ed 6@ Hﬂ Ql-wl 249212t3|7QW2ﬁ) L&1(&, JEesfaHh 2H), 2.34 (s, 3H), 2.18-2.08
plpe(d|n4ylz prop -nicotinonitrile (100% . This internediate was

converted to "Nfé")tiﬂg'é' Golp@d according to Exanple 115. MS (el ect ros.pray):
mass 5 cal cul gt gdafPivdtiigARsE a2 gmdth-4-08-brdpeiidyridige.zt [ MHH

carbaldehyde To a cooled (0 °C}) solution of 6-[3-(1-methyl-1,2,3,6-tetrahydro-
10  pyridin-4-yl}-propoxyl-nicotinonitrile (1.42 mg, 5.56 mmol, 1.0 equiv} in toluene
(40 mL), under an atmosphere of nitrogen, was added 1.0 M
diisobutylaluminum hydride in hexanes (8.34 mL, 8.34 mmol, 1.5 equiv).
dropwise. The mixture was warmed to rt and stirred for 2 h. Methanol was
added (5 mL), followed by 1.0 M H,SO, (10 mL). After stirring for 30 min, the
16  solution was neutralized with satd. aq. NaHCO;, diluted with satd. aq. sodium
. potassium tartrate (25 mL), and stirred an additional 30 min or until clear. The

mixture was extracted with chloroform (3 x 50 mL) and the combined extracts
were dried (NazS0,), filtered, and concentrated to afford 1.29 g of the product
which was used without purification. HNMR (400 MHz, CDCls): 9.93 (s, 1H),

20 8.60(d, J=2.3Hz, 1H), 8.05 (dd, J= 8.7, 2.3 Hz, 1H), 6.81 (d, J=8.7 Hz, 1H),
5.45-5.39 (m, 1H), 4.40 (t, J = 6.6 Hz, 2H), 2.92-2.86 (m, 2H), 2.54-2.48 (m,
2H), 2.30 (s, 3H), 2.18-2.08 (m, 4H), 2.98-1.84 (m, 2H).
C. 5-Fluoro-4-methyl-2-{6-f3-(1-methyl-1.2 3 6-tetrahydro-pyridin-4-yl
propoxyl-pvridin-3-yl}-1H-benzoimidazole. This compound was prepared by

25 the method described in General Procedure 3 using 6-[3-(1-methyl-1,2,3,6-
tetrahydro-pyridin-4-yl)-propoxyl-pyridine-3-carbaldehyde (100 mg, 0.39 mmol,
1.0 equiv), 4-fluoro-3-methyl-benzene-1,2-diamine (66 mg, 0.39 mmol, 1.0
equiv) and Na;S,05 (96 mg, 0.51 mmol, 1.3 equiv). Purification by Method 2
afforded 24 mg (16%) of the title compound. MS (electrospray). mass

30 calculated for CzHzsFN4O, 380.20; m/z found, 381.4 [M+H]". '"H NMR (400
MHz, CDCl3}: 11.8-10.8 (br s, 1H), 8.86-8.58 (m, 1H), 8.24 (dd, J= 8.7, 2.5 Hz,
1H), 7.58-7.36 (m, 0.5H), 7.21-7.03 (m, 0.5H), 6.93 (t, J = 9.9 Hz, 1H), 6.73 (d,
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Exanmple 120 O F o N ~(

5- Fl uor o- 2-{4- net hoxy- 6-[ 3- (1- net hyl - pi peri di n-4-yi } propoxy] - pyridi n-3-yl) - 4-
10 net hyl - 1H benzol m dazole. The title conmpound was prepared according to the
procedures described In Exanple 119. Ms (el ectrospray): nmass cal cul ated for
C23H29FNAGRRo dsfosdsds ™ z found, 413.4 [MrH'. 15 Exanpber/is2tos/digssH ~(/ }~_
5-Fl uoro-4-nethyl-2-(6-[3-(1-nethyl-1, 2,3, 6-tetrahydro-pyridin-4-yl)-propoxy]
- pyridin-3-yi)-1 H benzoi mi dezole. A -

6- 13- (1- Met hy) - ] t 0 (] - 4A- ¥l I i HpQnitrile. To
6-13 (1 MeLY)< & 7343 1P, 045 BRSU01RY 4.5 @ = Bl 2 2RI 2181, R

3- (1- et hyl - 2.58-2.48 (et HRI236-220Ym| 4k ) 24:8y2.02 (mofidin11936i.8Z (m224). g, 7. 94 mmol ,
1.1 equiv) in DMF (50 nL), under an atnosphere of nitrogen, was added 60%
sodi um hydride (433 ng, 10.8 mml, 1.5 equiv) portion wise. Once the initial
ef f er vescencernageliswilgtstgourids th Exarhples 192326 wetestepare@@ctordingito 1 h t hen
cooled tot hAsolu i on of ﬁ-ahl roni coéi nonitrlle (1.0 g, 7.21 mol, 25 1.0
equi v) i nDVENG Brogpdyresgesqring "h'g'd)’('%'&P'%ﬂ Tthe nixture was stirred for 16 h.
The reaction was quenched with satd. aq. NaHCO3 (10 m -) and brine (10 ni).
The m xture was extracted with chloroform (2 x 50 nlL). The conbi ned extracts
110 WO 200510288 2| US2004/ 031855 were dried (Na2SO4), filtered, and

concentrated to give a crude residue, which was purified by Method 2
affording 1.4 79 f the title compound. M5 (electrospray): nass

cal cul ated f 159&@— 57.15; mz found, 258.3 [M+H'. 'H NMR (400 MHz,
CDCl 3): 8.46 NJ =E2N4, 8- —1 H), 7.76 (dd, J 5 =8.7, 2.4 Hz, 1 H),
6. 80 (dd, J=28.7H06 Hz, IHMNG.44-5.39 (m 1 H), 4.35 (t, J =

4-Methyl-2-{6-[3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl}-propoxy]-pyridin-3-
10 yi}-1H-benzoimidazole.

MS (electrospray): mass calculated for CaoHa6N4O, 362.21;. m/z found, 363.4

[M+H]". ' “

Example 123

C‘/ﬁj:ﬁ\}—QO\_\-CN—

15
6-Chloro-4-methyl-2-{6-{3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl}-propoxy}-
pyridin-3-yl}-1H-benzoimidazole.
MS (electrospray): mass calculated for CooHosCINSO, 396.17; m/z found, 397 .4
[M+H]".

20
Example 124

4,5-Dimethyl-2-{6-[3;(1 -methyi-1,2,3,6-tetrahydro-pyridin-4-yi)-propoxy]-pyridin-
3-yl}-1H-benzoimidazole.
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6.6 Hz, 2H), 2.92-2.87 (m 21-1), 2.51 (t, J = 5.8Hz, 2H), 2.34 (s, 31-1),
2.18-2.08 (m 4H), 1.96.1.83 (m 2H). B.

6- 13- (1-Methyl -1. 2, 3, 6-tetrahydro-ovrldin-4-vl|nropoxvl-oyrid ine-3-

car bal dehyde. To a cooled (0 C solution of

6- [ 3- ( 1- mremty boodip4dsdd, 6-t et rahydro- 10 pyri di n-4-yl) - pr opoxAs2004/6855noni tril e
(1.42 nmg, 5.56 mmol, 1.0 equly) in toluene (40 nm.), under an atnosphere of
nitrogen, was ‘added 1.0 M diisobutylal um num hydride in hexanes (8.34 ni,

8. 34 mmol , Xt r nd stirred
For 2 het D elttprey R caRupRto sl oL S A RIS 310 ) W ter
stirring for [@®Hffi n, the 15 solution was neutralized with satd. ag. NaHCCB,
diluted with said. ag. sodium potassiumtartrate (25 nlL), and stirred an
additional 30 min or until clear. The mxture was extracted with chl oroform
(3 x 50 ni-) Bxachpleht25conbi ned extracts were dried (Na2SO4), filtered, and
concentrated to afford 1.29 g of the product which was used w t hout
purification. gNIﬁQMOOM—Iz CDClI3): 9.93 (s, 1 H, 20 8.60 (d, J = 2.3 Hz,
1 H, 8.05 (dd .3 Hz, 1 H, 6.81 (d, J=8.7 Hz, 1 H, 5.45-5.39
(m 1 H, 4.4 , 2.92-2.86 (m 21-1), 2.54-2.48 (m
21-1), 2.30 (s, 31-H), 2.18-2. , 2.98-1.84 (m 21-1). C

5- Fl uor o- 4 net hyl - 2- (6-13-(1-neth ,2.3.6-tetrahvdro-pyridin-4-vll-

R B L e e e e e

t et r ahydr o- p\&vidih-bénzdinidazapoxy] - pyri di ne- 3- car baI dehyde (100 nyg, 0 39 mml,

1.0 equiv), or o 2t hyl - benzeng- 1..2: di ,

equi v) and Ni\dé%%@r(o%ra ,m%.sﬁ%Hﬁqu,efoiC%?Héﬂﬁ&v?faég &qe'é'?q 327 I\/bt hod 2
af forded 24 nfg+dE6% of the title conpound. MS (el ectrospray): mass 30

cal cul ated for C22H25FN4AQ, 380.20; mz found, 381.4 [MtH'. "H NMR (400 MHz,
CDCl 3): 1T.8-10.8 (br s, 1 H, 8.86-8.58 (m 1 H), 824 (dd, J = 8.7, 2.5 Hz,
1H), 7.58-7. ¥xafriple fe51-1), 7.21-7.03 (m 0.51-1), 6.93 (t, J =9.9 Hz, 1 H),
6.73 (d, 111 WO 2005/ 044807 PCT/ US2004/031855 J = 8.7 Hz, 1 H), 5.42-5.33
2.44 (m
e fo

(m 1H), 429C|t 6.7 Hz, 2H), 2.92-2.81 (m 2H), 2.58- ( 4H) ,
2,36-2.26 (m \82‘2(m 4H), 1.93-1.82 (m 2H). The follow ng
conmpounds I n EX g\ME\_(ﬁ_L/\epared according to .

H N—

5-Chioro-4-methyl-2-{6-[3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl)-propoxy}-
pyridin-3-yl}-1H-benzoimidazole. .

15 * MS (electrospray): mass calculated for CooHasCINGO, 396.17; m/z found, 397.4
[M+H]".

Example 127

20  5-Fluoro-4-methyl-2-{6-[3-(1-methyl-piperidin-4-yl}-propoxy]-4-pyrrolidin-1-

yimethyl-pyridin-3-yl}-1H-benzoimidazole..

ridine. To a stirred

solution of 3-(1-methyl-piperidin-4-yl)-propan-1-ol (2.0 g, 12.7 mmol, 1.0 equiv),

13



5 the procedures described in Exanple 121. Exanple 122 NO / H\ NONMN

4- Met hyl -2-{6-[3-(1-nethyl -1, 2, 3, 6-tetrahydro-pyridin-4-yl)-propoxy]-pyrl din-
3- 10 yl}-1 H benzoi m dazole. M5 (el ectrospray): nass cal cul ated for
C22H26N4A0O, 362.21; mz found, 363.4 [MrH)t Exanple 123 ~ NO C | & N VN

15 WO 2005/044807 PCT/US2004/031855
6- Chl oro-4-net hyl -2-{6-[3-(1-nethyl -1, 2, 3, 6-tetrahydro-pyridin-4-yl)-propoxy]
- pyridin-3-yl}-1 H benzoi mi dazole. MS (el ectrospray): mass cal cul ated for

C22H25C1 4O, @9?5](?%0 L3 uﬁ&)ﬂ'ncfl atﬁ’n%Zprf’ere BM“HL or? WaE5AERY 60%%d,u§}hpr / HN

4, 5- D et hyl tetranydro-pyrid opoxy] - pyri
din- 3-yi}- 1hb=ﬂrb1@r(254mgdaadlremolllé&nghéogewomﬂmnhethM 031855 Ms

(el ect 1 03pr ay).ABs5ALaULAGASS, B mikAe Wb hated 826336 167 7! Al Tos 377 4

[ MtH] + Exanpl e
'cooled to rt. A solution of 2,5-dibromopyridine (3.0 g, 12.7 mmol, 1.0 equiv) in

5 DMF (7 mL) was then addéd and the mixture was stirred for 16 h. The reaction
was quenched with satd. aq. NaHCO3 (25 mL) and brine (25 mL). The mixture
was extracted with chloroform (2 x 30 mL). The organic extracts were dried
{Na;S0Qy), filtered, and concentrated to give a crude residue, which was purified
by Method 2 affording 3.31 g (88%) of the title compound. "H NMR (400 MHz,

10 CDCls): 8.18-8.13 (m, 1H), 7.65-7.58 (m, 1H), 6.65-6.60 (m, 1H), 4.21 (t, J=
6.7 Hz, 2H), 2.87-2.80 (m, 2H), 2.26 (s, 3H), 1.94-1.62 (m, 6H), 1.43-1.17 (m,
5H).

B. 5-Bromo-2- i ridine-4-carbaldehyde.

To a cooled solution (-78 °C) of 2.0 M LDA In heptane/THF (4.05 mL, 8.07
15 mmol, 2.0 equiv) in THF (20 mL), was added a solution of 5-bromo—2-[3-(1-
methyl-piperidin-4-yl}-propoxy]j-pyridine (1.2 g, 3.85 mmol, 1.0 equiv) in THF

(15 mL) dropwise. After 30 min, DMF (1.49 mL, 19.2 mmol, 5.0 equiv) was
added dropwise and the mixture stirred for an additional 20 min at-78 °C then
warmed to 0 °C and quenched with satd. ag. NaHCO3 (5 mL). The mixture

20 was warmed to rt and extracted with chloroform (2 x 30mL). The combined
extracts were dried (Na;S0Oy), fitered, and concentrated to afford 1.10 g of a
crude oil, which was used without purification. 'H NMR (400 MHz, CDCla):
10.3 (s, 1H), 8.39 (s, 1H), 7.15 (s, 1H), 4.31 (t, J = 6.7 Hz, 2H), 2.87-2.75 (m,
2H), 2.28 (s, 3H), 1.97-1.60 (m, 6H), 1.43-1.15 (m, 5H).

25 C. 5-Bromo-2-[3-(1-methyl-piperidin-4-yl}-propoxyl-4-pyrrolidin-1-yimethyl-
pyridine. To a mixture of 5-bromo-2-[3-(1-methyl-piperidin-4-yl)-propoxy}-
pyridine-4-carbaldehyde (85 mg, 0.25 mmol, 1.0 equiv) and pyrrolidine (0.05
mL, 0.62 mmo!, 2.5 equiv) in dichloroethane (5 mL), was added sodium
triacetoxyborohydride (156 mg, 0.74 mmol, 3.0 equiv). After 24 h, the mixture

30 was neutralized with satd. ag. NaHCO; and extracted with chloroform (2 x 15
mL). The combined extracts were dried (Na;SO,), filtered, and concentrated to
give a crude oil product, which was purified by Method 2 to give 38 mg of a
white solid. "H NMR (400 MHz, CDCl): 8.15 (s, 1H), 6.90 (s, 1H), 4.24 (t, J =
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4,6-Di net hyl -2-{6-[3-(1-nmethyl -1, 2, 3, 6-tetrahydro-pyridin-4-yl)-propoxy]-pyri
din- 3-yl)-1 H benzol m dazole. MS (el ectrospray): nass calculated for
C23H23N40, 376.23; nmlz found, 377.4 [M+H +. 10 Exanple 126 CI NO H (/ N
5-Chloro-4-nmethyl -2-{6-[3-(1-methyl-/1, 2, 3, 6-tetrahydro-pyridin-4-yl)-propoxy
}  pyridi n-v8oybosadastt benzoi mi dazol e. 15 MS (el ect r ospr ayporisasi/ossksul at ed
for C22H25CI N4O, 396.17; nmz found, 397.4 [M+H +. Exanple 127 NJ F NO HN
20

o et oot oyt M) 8263 GHrEBRATIND 2. 8- 58/ RHRO b Srgy Tl i
> Br omo- 2- 13 1(%’17352|(l}'ll1¢1ﬂpér4i2d120¢m>5|-)) propoxvl pyr| dine. To a sti rred
(d |

sol uti on of "uﬁ
der an

equiv), 113

at nospher e ofylthylggddm-mgﬂa{wazblmﬁmzsled Tura cdtn;etdlrsoﬂmoﬂ-aa °mg of89.1 mmol, 1.5
equi v) porti had t he

i rvesc e

m xture wWas ﬁ’%ﬁ‘%éﬁaﬂ%ﬁ@ r@i 'ﬁ}'ﬂ@ 0 'é'PYEB@CP%g y[hgetRyP ﬁ] Bution of
2, 5-di br onopyss egne.103nrkoly 1. OjéhuKl)iﬁm'yTHF @ rmgpmndernan atmbiphetgofrL) was then
added and the m Xt ure St | rr';aﬂ1 or _} t] The re‘iﬁ%r“ﬁ—n v¥a Penched W th
satd. aq. NafE@eL¥an V\g m &7 %M hexanes; 0.19 mm

1.1 equiv) dropwise. After 10 min, DMF (0.07 mL, 1.00 mmol, 10.0 equiv) was

added. The solution was warmed to 0 °C, quenched with satd. aq. NaHCO; (2

10 mL), and extracted with chloroform (2 x 10 mL). The combined extracts were

dried (Na2S0Q,), filtered, and concentrated to obtain a crude residue. This

residue was immediately dissolved in DMF (2 mL) and treated with 4-fluoro-4-

fluoro-3-methyl-benzene-1,2-diamine (15 mg, 0.11 mmol, 1.1equiv) and

Na»S205 (25 mg, 0.13 mmol, 1.3 equiv) according to General Procedure 3.

15  Purification by Method 2 afforded 10 mg (22%) of the title compound. MS
(electrospray): mass calculated for Co7H3FNsO, 465.26; m/z found, 466.5
[M+H]". 'H NMR (400 MHz, CDsOD): 8.81 (s, 1H), 7.42 (dd, J= 8.7, 4.3 Hz,
1H), 7.01 (dd, J = 10.3, 8.8 Hz, 1H), 6.95 '(s, 1H), 4.40 (t, J = 6.6 Hz, 2H), 3.79
(s, 3H), 2.94-2.81 (m, 2H), 2.77-2.66 {m, 4H), 2.51 (s, 3H), 2.25 (s, 3H), 2.00-

20 1.92 (m, 6H), 1.89-1.70 (m, 4H), 1.46-1.19 (m, 5H). '

Example 128
Br.

4

OxxCN_

_ 24{5-Bromo-2-{4-(1-methyl-piperidin-4-yi}-butoxy]-pyridin-4-yl}-4-methyl-1H-
25 benzoimidazole.
A. 5-Bromo-2-[4-(1-methvl-piperidin-4-yi}-butoxyl-pyridine. To a stirred
solution of 4~(1-methyl-piperidin-4-yi)}-butan-1-ol (3.98 g, 623 mmol, 1.1 equiv)
in DMF (100 mL), under an atmosphere of nitrogen, was added 60% sodium

<

T

hydride (1.26 mg, 6.81 mmol, 1.5 equiv) portion wise. Once the initial
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was extracted with chloroform (2 x 30 nL). The organic extracts were dried
(Na2SO™4), filtered, and concentrated to give a crude residue, which was
purified by Method 2 affording 3.31 g (88% of the title conpound. 'H NWR
(400 MHz, 10 CDCI3): 8.18-8.13 (m 1 H), 7.65-7.58 (m 1 H), 6.65-6.60 (m 1
H, 4.21 (twolooswsfso” Hz, 2H),,2.87-2.80 (m 2H), 2.26 (gorniiResndzsSd-1.62 (m
6H), 1.43-1.17 (m 5H). B.

5- Brono- 2-f 3- (1- net hyI pi perl dl n-4-vl|-propoxyl -pvridi ne-4-carbal dehyde. To

ol 5. 0° oq TeeRrorER o e by hedHRaRRG Bl or 0 Pinyies o (Y

met hyl - pi per |adbled4e ytl )A sotofomwof 12; Mblomowndtﬁe 3] gm,g, 21 85nrm:bh 0 equiv)émqui v) I n THE

acdaed b opes VGRS ThEwae el e Fbo e Mgt ive e d TR AP P n i - 76 then

warmed to O Gnistuee weepanitenet bdween shtd.aat. NYBIBORR10®mitl) and Thierdféntt ur e 20 was
warnmed to rt and extracted w th chl or%rg\éé X ?i_OrrL . The conbi ned extracts
were dried® (NA9EME). The chigralorm layey was fsied AN )iferad; gpdicanceptrateds 4 crude
oi |, which 10.3 (s,
85 \sNété Héq%dcr%é Hﬁbﬂ@rePWﬂ)bﬁ%@?bﬁﬁbd bwchLY% (:fh% d\% pmgggaz e
2H), 2.28 (s gebi10% (%qumn(arw mgtianol) m@cmomqtmneamaﬁgg 2@39

oyr i e To GOATELS¥hROLORL “ﬁ%é%’;’féra?&%% AR P i T2 oy -
pyri di ne- 4- ca'i%'dl.tﬂdhmd(w FiM+1a] 2 400 MHadEDGM ﬁrﬂd ([dyJ F@I.5 di ne (0.05

m., 0.62 | S um ,
tri acet oxy oroﬁ‘iyd i de {%6’378 %@%@ ﬂ%%%gdoﬁe Ul v V\ﬁﬁf?grg?gﬁ ct’dét he m xture
30 was neut r dfiz, 2&l), 2.01-B.80(mg 2HHR.2 NesiHEIAR 18861 B&I(maZIﬂ)ed 79-1.83 ¢h) 4)pf orm (2 x
15 nL). The led (Na2SO™4), filtered, and
concentrated fgﬁé’gﬁﬂ’ gﬁé’ ﬂ%{e?gmﬁ" ?%fiuct whi ch was purified by Method 2 to
gi ve 38 ny ofB. a5-BM5mb-e-[sl€(h+mhthvﬂﬂwmh3¥-c£bd5eﬂvﬂ_§ Th), 6.90 (s,
1H), 4.24 (t =1 J Q4 Us2004/ 3.65 (s,
2H), 2.87-2. dl%wtm“%a%scgég B}Wﬁe taﬂgfl?@é wL, 55%'5‘“1 Olg2 (m 10H),
1.42-1. 201§ m2, 5Hhuwﬂn THF (10 ML), was added a solution of 5-bromo-2- [4 (1-methyl-
5- Fl uoro-4- met byl ir2a Sy Toyaing (1 18 & 847 himor? 1.0 din] ReY (A5 Py rot rdin-1 -

dropwise. After 30 min, DMF (1.07 mL, 13.9 mmol, 4.0 equiv) was added

dropwise and the mixture stirred for an additional 20 min at -78 °C. The

mixture was warmed to 0 °C and satd. aq. NaHCO; (5 mL) was added. After

20 warming to rt, the mixture was extracted with chloroform (2 x 20 mL). The
combined extracts were dried (Na,SO,), filtered, and concentrated to give 1.34

g of a crude orange oil which was used without purification. 'H NMR (400
MHz, CDCla): 10.3 (s, 1H), 8.39 (s, 1H), 7.14 (s, 1H), 4.31 (t, J = 6.7 Hz, 2H),
2.89-2.79 (m, 2H), 2.28 (s, 3H), 1.96-1.63 (m, 9H), 1.43-1.20 (m, 4H).

i ridin-4-yl}-4-methyl-1H-
benzmmidazole. This compound was prepared by the method described in

25

General Procedure 3 using 5-bromo-2-[4-(1-methyl-piperidin-4-yl}-butoxyl-
pyridide-4-carbaldehyde (100 mg, 0.28 mmol, 1.0 equiv), 3-methyl-benzene-
1,2-diamine (38 mg, 0.31 mmol, 1.1equiv) and Na;S,0s5 (70 mg, 0.37 mmol, 1.3
30 equiv). Purification by Method 2 afforded 25 mg (20%) of the title compound.
MS (electrospray): mass calculated for Cx3HzBrN4O, 456.15; m/z found, 466.5
[M+H]". "H NMR (400 MHz, CDCl3): 10.6-10.3 (br s, 1H), 8.45-8.28 (m, 1H),
7.76-7.62 (m, 2H), 7.25-7.21 (m, 1H), 7.19-7.07 {m, 1H), 4.29 {t, J= 6.7 Hz,
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yl met hvl - pyridi n-3-y11-1 H benzoi m dazole. To a cooled solution (-78 C of 5-
5

br ono- 2-[ 3- (1- net hyl - pi peri di n-4-yl)-propoxy] -4-pyrrolldln-1-yl methyl -pyridin
e (38 ng, 0.10 mmol, 1.0 equiv) in dry THE (2 nL), under an atnosphere of

ni trogen, vaeo ecdemon-butyllithium (2.75 Min hexanes, GddfydshossFrgdst ol ,
1.1 equly) dropwi se. After 10 mn, DV (0..07 nm., 1.00, mmol, 10.0 equiv) was
added The solution was warnmed to 0 C, quenched with said. ag. NaHCO3 (2 10

) ea” (N2 SO P12 A 2eid (reaf Atk St 820 0P Al e Thi <

resi due was i1getlea(m| HY 1351 .48 4HDOM- (2 ml-) and treated with 4-fluoro-4-
fl uoro- 3-net hyl - benzene-1, 2-diamne (15 ng, 0.11 mmol, 1.1lequly) and Na2S206
(25 nmg, 0.13 mmol, 1.3 equiv) according to General Procedure 3. 15

Purificati on Ty ffwircompdunas deExsriple® 122239 weie prbsared akeorgimground. M5

(el ectrospra;l@? mass cal c‘:‘y}lf at ed foa]rﬂp 7H36FN50 4%5&26 n z fggﬂd 466. 5

[ MtH] progedures desoribehin Exa 7.42 (dd, J = 8.7, 4.3 Hz, 1
H),7.01(dd J =10.3, 8.8 Hz, 1 H, 695(s 1H),4.40(t,J=6.6Hz,

2H), 3.79 3 94-2.81 (m,21-1), 2.77-2.66 (m 4Hj, 2.51 (s, 3H),
2.25 Is, 3H) )@m'{»%m) 1.92 (m 6H), 1.89-1.70 (m 4H), 1.46-1.19 (m 5H).

Exanple 128 Br ;H O g
2-{5-Brono- 2-§.4_41- qet < pi peridin-4-yl)-butoxy]-pyridin-4-yl)-4-nethyl-1 H
25 benzoim daz*

5- Br ono- 2- [ 4- ( Ixwetfyl -pperi di n-4-vi ) -butoxvl -pyridine. To a stirred ‘
solution of 4-(1- nthyI pi idin-4-yl)butan-1-ol (3.98 g, 623 mmol, 1.1
equiv) in DWVF (100 nmL), und sphere of nitrogen, was added 60%
sodium hydride (1.26 ng, 6.81 N—5 equiv) portion wise. Once the
Initial 115 WD 2005/ 044807 PCT/ US2004/ 031855 effervescence had subsi ded, the

m xture was BfEBdmat2-GO(1Gnbibyl-gipéridin-hef)-butoxy]-moidinestyl-G-fioro-4- sol uti on of
2,5-dibro pyr%lﬂ nﬁ'léS ”Eh 21.1 mmol, 1.0 equiv) in DWMF (50 m-) was then
added and WrIfiRengomidazqle.cq for 16 h. The mixture was partitioned
bet ween sat d.M8¢eledisbidy): (M4¥s calcu)atedfdr ChH}BIFRLDN474.14; m/z found,

477.4 [M+H]".

Example 130
Br,

Cl

O
15

2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)}-butoxyl]-pyridin-4-yl}-6-chloro-4-
methyl-1H-benzoimidazole.

Iz Z
=
|

MS (electrospray): mass calculated for Cz3HzsBrCINSO, 490.1; m/z found,
493.4 [M+H]". '
20
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5 (200 m.). The chloroformlayer was dried (Na2SO4), filtered, and

concentrated to give a crude m xture, which was purified by col um

chromat ography (silica gel, 0-10% (2 Mamonia in nmethanol) in

di chl oronet hane) to afford 2.73 g (40% of a white solid. M5 (el ectrospray):

mass cal culvwoeosfoass80CLSH23Br N2O, 326.1; m z found, 327. p”tmwmglggg-l NMVR (400

MHz, CDClI3): 8.17 (d, J = 2.5 10 Hz, 1 H, 763(dd J=7.6, 2.5 Hz, 1 H,

6.63.(d, J =88 H, 1 H, 4.24 (t, J =6.6 Hz, 2H), 2.91-2.80 (m 2H), 2.27

(s, 3H. 1.9%—)(%ml8)%1(3q1 2H), 1.79-1.63 (m 4H), 1.49-1.38 (m 2H), 1.34-1.20

(m 5H. B

5- Br ono- 2- 14- ( 1-jmet hyBr, pi peri di n-4-vl) - but oxvl - oyr| dl ne- 4- car bal dehyde. To a

cool ed solutio (@) 2.0 MLDA In heptane/ THF (3.47 nmL, 6.94 nmol, 15

2.0 equiv) in ( )N was added a sol ution of 5-bronmo-2-[4-(1 - rrethyl
)>Buthbxy]=pyridine (1.13 g, 3.47 mml, 1.0 equiv) in THE (15

pi peri di n-4-
mL) dropwi se. After 30 mOT\ DMF (1.07 mL, 13.9 mml 4.0 equiv) was added
dropwi se and the m xture stirr&d for\ an additi onal 20 nin at -78 C. The

m xture was warned to 0 C and sat q. NaHCOB (5 rrL) was added. After 20
warmng to it, the mxture was extracted with chloro %szo m.). The
conbi ned ext rza{@t%’OW@r?e[4dﬂ r@@tthMH-ymnbubéY]wnd'amylbé metwt-td- t o gi ve
1.34 g of ap ﬁ idakapge oil Whl ch vvas used W|thout purlfl catl on. 1H NMR
(400 MHz, 10.3 (s, 1 é 7.14 (s, 4.31 (t, J =
6.7 Hz, 2B), M&(W@smyrmasamculateg!éor( g4HaﬁyN4Q, 436 11.6?sztwﬂd941)141 43-1. 20
(m 4H). 25 +

2- (5- Brono- 2- Z{l met hyl - pi peridi n-4-vl)-butoxyl -pvridin-4-yl)-4-methyl -1 H
benzoi m dazol e. Th| s conpound was pr epared by the nethod described in

Gener al Proc%(%g % |ng 5- brono- 2-[ 4- (1- met hyl - pi peri dl n-4-yl) - but oxy] -
pyridi ne-4-ca Iéee}nyde (100 ng, 0.28 mml, 1.0 equiv), 3-nethyl-benzene-
1,2-dianmne (38 |ng, 0Bl mml, 1.lequly) and Na2S2G (70 ng, 0.37 mml, 1.3
30 equiv). P Gl Met hod 2 afforded 25 ng (20% of the title
conmpound. IVB ): mass cal cul ated for C23H2@Br NAO, 456.15; m z
found, 466.5 : MR (400 MHz, CDCI3): 10.6-10.3 (br s, 1H),
845828(m 1H) 7.76-?. m 2H), 7.25-7.21 (m 1H), 719707(m 1H),
4.29 (t, J= 6.7 Hz, 116 WO 2005({ 0448Q7 PCT1US20041031855 2H), 2.87-2.77 (m
2H), 2.76-2.63 (m 3H), 2.25 (s, 3HY/ 1.95-1.61 (m 7H),

10  2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl}-butoxy]-pyridin-4-yi}-4,5-dimethyl-1H-
benzoimidazole.
MS (electrospray): mass calculated for C24H34BrN4O, 470.17; m/z found, 471.4
M+H]'.

15 Example 133
Br,
cl —
o :

O
2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-5-chloro-4-
methyl-1H-benzoimidazole.

MS (electrospray): mass calculated for Co4H31BrN4O, 4_70.1 7 m/z found, 471.4

20 [M+HT'. MS (electrospray): mass calculated for Ca3H2sBrCINSO, 490.11; m/z
found, 493.4 [M+H]".

Iz 2z

118



1.53-1.39 (m 2H), 1.35-1.15 (m 4H). The foll ow ng conpounds in Exanpl es

129-135 were prepared according to 5 the procedures described In Exanple

128. Example 129 Br F NH

2-{5-Brono- 2-[ 4- (1- met hyl - pi peri dl n-4-yl)-but oxy}pyridin-4-yi}5-fluoro-4- 10

met hyl - | H lwemzokmdgezol e. MS (el ectrospray): mass cal culpgtrag2dosnsisss

C23H28Br FNsO, 474.14; mz found. 477.4 [MtH *. Exanple 130 Br N C | N

15 2-{5-Brono-2-[4-(‘1- net hyl - pi peridi n-4-yl)-butoxy]-pyridi

n-4-yl)-6-chloro-4- nethyl-1 H benzoim dazole. M5 (el ectrospray): nass

cal cul ated for C23H28Br CI N50, 490.1; mz found, 493.4 [M+H *. 20 117 WO

2005/ 044807 Ezampe2H34/ 031855 Exanpl e 131 Br N

2-{5-Brom)-2-[-(1 met I-pI peridi n-4-yl)-butoxy]-pyridin-4-yl)-4, 6-di net hyl -
i R 9I5 | (el ectrospray): mass cal cul ated for C24H31Br NAQ,

MH—l] +. Exanple 132

N._.

2-{8-Bromo-2-[4-(1-methyl-plperidin-4-yl)}-butoxy}-pyridin-4-yl}-5-tert-butyi-1H-
5 benzoimidazole.

MS (electrospray): mass calculated for CogHasBrN4O, 498.20; m/z found, 501.4

[M+H]".

Example 135

o
O
10
5-tert-Butyl-2-{2-[4-(1-methyl-piperidin-4-yl)}-butoxy]-pyridin-4-yl}-1H-
benzoimidazole. _
MS (electrospray): mass calculated for CsHagN4O, 420.29; m/z found, 421.5

15  [M+HJ.

Example 136

2-{5-Chloro-2-{4-(1-methyl-piperidin-4-yl}-butoxy]}-pyridin-4-yl}-5-fluoro-4-
20 methyl-1H-benzoimidazole.
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Br N/ N HN 10

2-{5-Brono- 2-j 4- (1- met hyl - pi peri di n-4-yl)-but oxy] - pyridin-4-yl }4,5-di net hyl -
H benzoi m dazole. MS (el ectrospray): mass cal cul ated for C24H31Br NdQO,
470.17; mz found, 471.4 |[M+H +. 15 Exanple 133 Br Cl H

2- ( 5- Br ono-wo pebs/duasemet hyl - pi perl d i nn--4-yl)-but oxy] - pympicaius2ebaspss chl or o- 4-
net hyl -1 H benzoi m dazole. MS (el ectrospray): mass cal cul ated for

C24H31Br N4Q, 470 17 rﬂz found 471 4 20 [I\/H—I]+ M5 (el ectrospray): mass

cal cul ated faqr otidirfk? oﬂ? sMeldlsbiution 8 WO

2005/ 044807 BeERE
2- (5- Br onp- 20f 41 m&ﬂ'ﬁﬂl-hsﬂendhﬁeyl) bmtarn-d-oi(yﬁBb&iBﬂWOlpﬂfﬁcﬁqw\mlyDMFS tert-butyl -

ro 20 "o = (LR Oy ofSufEhHS R A, BSOS a5 BB MO
(573 mg, 14.3 mmol, 1.5 equiv) portion wise. Once the initial effervescence
5 had subsided, the mixture was heated at 60 °C for 1 h, then was cooled to i.
A solution of 2,5-dichloropyridine (1.42 mg, 9.55 mmol, 1.1 equiv) in DMF (10
mL) was then added and the mixture was stirred for 4 h. The mixture was
partitioned between satd. aq'. NaHCO; (20 mL) and chloroform (40mL). The
chloroform layer was dried (NazSQ,), filtered, and concentrated to give a crude

10  mixture, which was purified by column chromatography (silica gel, 0-10% (2 M
ammonia in methanol) in dichloromethane) to afford 1.62 g (65 %) of a white
solid. 'H NMR (400 MHz, CDCls): 8.07 (dd, J = 2.5, 0.4Hz, 1H), 7.51 (dd, J =
8.8, 2.7 Hz, 1H), 6.67 (dd, J = 8.8, 0.4 Hz, 1H), 4.27 (t, J = 6.6 Hz, 2H), 2.86-
2.78 (m, 2H), 2.26 (s, 3H), 1.94-1.60 (m, 7H), 1.52-1.37 {m, 2H), 1.35-1.14 (m,

15  4H).
B._5-Chloro-2-[4-(1-methvyl-piperidin-4-yl)-butoxy]-pyridine-4-carbaldehyde. To
a cooled solution (-78 °C) of 2.0 M LDA in heptane/THF (5.74 mL, 11.5 mmoal,
2.0 equiv) in THF (10 ML), was added a solution of 5-chloro-2-{4-(1-methyl-
piperidin-4-yl)}-butoxy]-pyridine (1.62 g, 5.74 mmol, 1.0 equiv) in THF (15 mL)

20 dropwise. After 30 min, DMF (2.22 mL, 28.7 mmol, 5.0 equiv) was added
dropwise and the mixture was stirred for an additional 20 min at -78 °C. The
mixture was warmed to 0 °C and quenched with satd. aq. NaHCO; (5 mL).

The mixture was warmed to rt and extracted with chloroform (2 x 20 mL). The
combined extracts were dried (Na;SO,), filtered, and concentrated to give 968
25 mg of a crude residue, which was used without purification. 'H NMR (400
MHz, CDCl3): 10.4 (s, 1H), 8.26 (s, 1H), 7.13 (s, 1H), 4.31 (t, J = 6.6 Hz, 2H),
2.87-2.80 (m, 2H), 2.25 (s, 3H), 1.99-1.60 (m, 7H), 1.51-1.38 (m, 2H), 1.43-
1.20 (m, 4H). _
C. 2-{5-Chloro-2-[4-(1-methvl-piperidin-4-yl}-butoxy}-pyridin-4-yi}-5-fluoro-4-
30 methyl-1H-benzoimidazole. This compound was prepared by the method
described in General Procedure 3 using 5-chloro-2-[4-(1-methyl-piperidin-4-yl)-
butoxyl-pyridine-4-carbaldehyde (45 mg, 0.15 mmol, 1.0 equiv), 4-fluoro-3-
methyl-benzene-1,2-diamine (23 mg, 0.17 mmol, 1.1 equiv) and NayS,0s(37
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{ 10 5-tert-Butyl-2-(2-[4-(1-nethyl-piperidln-4-yl}butoxy]-pyridin-4-yl)-1H
benzol m dazole. M (electrospray): mass cal cul ated for C26H35N40, 420. 29;
mz found, 421.5 15 [M+tH]'. Exanple 136 ci F Ilizz N/ N H -(

2-{5-Chl oro- 2-[ 4- (1- net hyl - pi peri di n-4-yl)-but oxy] - pyri din-4-yl)-5-fl uoro-4-
20 met hyl - vdhkdogoaed7m dazol e. 119 WO 2005/ 044807 PCT/ USpo@ATSEa4/851855 A

5- Chl oro- 2-f4-(1- net hyl - pi peri di n-4-vl)-butoxvl-pvridine. To a stirred
solution of 4-(1ynethyl-piperidin-4-yl)-butan-l-ol (1.5 g, 8. 77 mmol, 1.0

equly) i n( %%?zo&ﬂﬁngl}rﬁr%ﬁ@?: @iuaﬁéeﬁbﬁrbg Mfthdd 3 BfsHaed 1% ﬁ@d@)fbfGO% sodi um

hydri de 5 equiv) portion w se. he ‘I nitial

ef f er vescencdhe Blanempoundi MSi(elactrespraxk mass arlculpled frCalds6FNaGor 1 h, then
led t . i 6-14l i . . 55 [, 1.1
was cool e DN%S?E]S. fﬁ{@)ghhﬁ 1434 @N%I&deg-l ﬂﬁgo(tﬁﬁ@WHngb?Ob% €30 {E?*Hr-{ mo

equly) in wds th an e mxture was stirréd for 4 h.
The m xture Wadd (ddaf & 8t9, difedz,tdHWEER-TsH (1, 144, 7. QR (d00d =(102,8.9 Hzand chl or of orm

(40m) . The I o Mgl r I bh t ncent r at ed
to give a%CI‘l:I]%Q' @%P{td{(t'gragﬁf\/ﬁﬁyggB%S%m'%ﬁgs'égbuﬁ%f&?gx%t gr aphy
(silica gel, 1080190261, 1VB4-dr&dgmi, #4H),M.5%84 42rm, 2H),n.37-thb ¢mpbd).hane) to afford
1.62 g (65 %9 of a white solid. 1H NWR (400 MHz, CDCI3): 8.07 (dd, J = 2.5,
0.4Hz, 1H), 7.51 (dd, J = 8.8, 2.7 Hz, 1 H, 6.67 (dd, J =8.8, 0.4 Hz, 1
H, 4.27 (t, Bkampfe 87Hz, 2H), 2.86- 2.78 (m 2H), 2.26 (s, 3H), 1.94-1.60 (m
71-1), 1.52-1.37 (m 2H), 1.35-1.14 (m 15 4H). B.

5-Chl oro-2-14-(1-ne h9' - pi peri di n-4-vl | -but oxyl - pyri di ne- 4- car bal dehyde. To
a cool ed sol uth W8 C)'Nof 2.0 MLDA in heptanel THF (5.74 n_, 11.5 mmol,
2.0 equiv) in ¥ 0 4 was added a solution of 5-chloro-2-[4-(1-nethyl-

10  2-{5-Chloro-2-[4-(1-methyl-piperidin-4-yl}-butoxy]-pyridin-4-yl}-4,5-dimethyl-1H-
benzoimidazole.
The title compound was prepared according to the methods described in
Example 136. MS (electrospray): mass calculated for Cz4H31CIN4O, 426.22;
m/z found, 427 .4 [M+H]".

15
Example 138
fl”\ C
N
H fo) .
e
N N—

N/
4,6-Dimethyl-2-{2-[4-(4-methyl-piperazin-1-yl}-butoxy]-pyridin-4-yi}- 1H-
benzoimidazole.

20 -isonicotinonitrile. To a solution of 4-

(4-methy|-piperazin-1-yl)-butan'-1 -ol (2.5 g, 14.5 mmol, 1.0 equiv) in DMF (25
mL) at 0 °C was added sodium hydride (60% dispersion in oil, 0.70 g, 17.4
mmol, 1.2 equiv). The mixture was warmed to rt and stirred for 1 h before re-
cooling to 0 °C. A solution of 2-chloro-isonicotinonitrile (2.01 g, 14.5 mmol, 1.0
25 equiv)in DMF (12 mL) was added dropwise. The mixture was stirred at rt for
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pi peridin-4-yl)-butoxy]-pyridine (1.62 g, 5.74 mol, 1.0 equiv) In THE (15
m-) 20 dropw se. After 30 min, DVF (2.22 nL, 28.7 mmol, 5.0 equiv) was added
dropwi se and the m xture was stirred for an additional 20 min at -78 C. The
m xture was warned to 0 C and quenched with satd. aq. NaHCO3 (5 nlL). The

m Xt ure wawoenosedst’o rt and extracted with chl or of or m PETAS2M4/031855 The

combi ned extr agti W@adﬂdrﬁﬁadmmmwétei (5&hE)dand8§mH e MNaRICCRYeS! to give 968
25 ng of a crude resi due was us 1H NMR (400

MHz, CDCl 3) 0. ) wasad dfleE’n MigUreaase rfcﬁel)i W'tg %@"%m ?;?lf’?ﬁ'-)sinctt J=28.6

EZH) 2';) ha 183%8065%&6& e)?tiadté werd- odncértratedt) RurificatRm byoethtd 2dordel 51- 1. 38 (m

o5 Gt or o o 1107 g gtumum/porapwr Mass salpHiptedt for G pHeadePh aTH18: 93 - 5. 1| uor o- 4-
30 net hyl - It-,l—l-(tge Frs . This conpound was prepared by the method
described in nera P ocedur e 3 usin

5-chl oro- 2-[ 4814 4-(m Hi-bal dehyde (45

0017 ol . Péa@m%%%*@%@ *‘%&%%Pﬁ% @%@%ﬁﬁﬁﬁ%ﬁpﬁiﬂ?@é@ﬁﬂﬁgsﬁszs
mg, 0.20 mmol ischic®tieeniirild).in Rluenki(g.8tnldrat 0yCMeasrasided 1 Mor ded 12 ng (18% of

43010, 7 1 GlRgp USRS BiignaTF A5 B LS Bhuve S’ 1)

7.45 (dd, 1D = 18 nidthahob(SHnL) dnd).0 M HZS07(109nl()rwerd abbled. 7THY mdicte whs= 10. 2 8.9
H 51 4. 3 2.24
(s, 3H), . 2. 0550 Te@@'%’%mﬁkﬁnﬁbﬁi%"é‘é%%ﬁ#) “"égg‘idgf’ zPi°Y‘%ﬁ’ b!ﬁﬁ’%H) 37-1.15
(2 n} 55I(—:|)hI Exgraml sodidim pltdtasblurﬂ-taﬁrat% (40112L) and dichloromethane O€1()0 mL). After & di met hvl
oro in ri -di ne -
| H benzoi ni dafhf@gjm%em{q I“f)ee'%mWﬁﬁax&%é %‘P’@b&'@%‘( r’iﬁ-’%éuﬁ dhe net ho)d/s
described in tﬁawmbiﬂedaﬁtrad@wéﬂlmwmmyihe dred{Nas8C4), mierst, bad
C24rs1d N4 oncen%ratecrd ‘Fhe resl%ue wgg {)artlahy purtfied by Method 2 to afford 240 mg

of a mixture of 3-[3-(1-methyl-piperidin-4-yloxy)-propoxy]-benzaldehyde and

several other unidentified products. A portion of the the crude 3-[3-(1-methyl-
piperidin-4-yloxy)-propoxy]-benzaldehyde (40 mg), 3,5-dimethyl-benzene-1,2-
. diamine (17.6 mg), and Na;S,0s (32 mg) were stirred in DMF (4 mL) at 90 °C
20 for 18 h. The reaction mixture was ioaded directly on silica gel and purified by
Method 2-which afforded 19-mg of-the title dompound\ MS (electrosprayy):..
mass calculated for Cz3HsgNsO, 393.25; m/z found, 394.5 (M+H]". 'H NMR
(400 MHz, CD30D): 8.26 (d, J = 5.4 Hz, 1H), 7.63 (d, J = 5.5 Hz, 1H), 7.49 (s,
1H), 7.25 (brs, 1H), 6.95 (s, 1H), 4.38 (1, J = 6.3 Hz, 2H), 2.76-2.33 (m, 16H),
25 2.32-2.24 (s, 3H), 1.92-1.79 (m, 2H), 1.79-1.66 (m, 2H).

The following compounds in Examples 139-142 were prepared according to
the procedures described in Example 138.
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15 Exanple 138 /N H O-\ N

4, 6- D net hyl - 2-(2-[ 4- (4-net hyl - pi perazi n-1-yl }but oxy] -pyridin-4-yl)-1 H
benzol m dezole. 20 A

2-f4-(4-Met hyl - pi perazin-|-yl)-butoxvl-isonlcotinonitrile. To a solution of
4- (4- met hywlo2pespassezi n- 1-yl }butanil -o] (2.5 g, 14.5 nmmROT/UR0S/ESHSv) in DVF
(25 m-) at 0 C was added sodi um hydri de (60% di spersion In oil, 0.70 g,
17.4 ol , 1Exemnpeildy. The mixture was warnmed to it and stirred for 1 h

before re- cooljing to 0 C. A solution of 2-chloro-isonicotinonitrile (2.01 g,
14.5 mmol , 1.0&5 gaui In DMF (12 m-) was added dropw se. The m xture was

stirred at rt 2005/ 044807 PCT/ U52004/ 031855 18 h. The reaction
was dil uted LA vt e m-) and said. aq. NaHCO3 (25 ml-) was added. The
m xture was extradted wi chloroform (3 x 25 nL), and the conbined extracts
were concentrated. Purificat+qn by~\Method 2 afforded 1.07 g of inpure
conpound. Mass cal cul ated for H2PINAO, 274.18; mz 5 found, 275.4 [ MtH| +.
B. 4.6-Di nethyl-2-(2-f4-(4-nethyl=dl perazi n-1-vll-butoxyl-pvridin-4-yl1-1 H
beroi( mi dazﬁl G-MeThyI-a-{SI[l-(tt-ﬁdalﬂ?ﬁgmbiaam]-bﬂl)—butoxy]-pyrldin-4-yl}-1ll-l-) I (
2-[4-(4-net hy] - pi perazin-1-yl]-butoxy]- isonicotinonitrile) in toluene (5.0
m-) at 0 C V\é@%&@'ﬂgﬂzc’l@ﬁ M dil sobutyl al uni num hydride in toluene (3.9 ni,

5.86 mml , 5 1. KiSqekcrosprdy)t masScaléuldted fortOsHYEN: G, B70124) mitnfbuhd B8P.412S04 (10 nl)
wer e added. TW+A_‘1A11Exture was stirred for 30 mn, and then 1.0 M NaCH (10 ml -)
fo

was added, d by said. eq. sodiumpotassiumtartrate (40 nml-) and

di chl oronet hane (100 nL). After stirring for 30 mn, the m xture was
extracted with chloroform (3 x 50 nl-) and the conbined extracts were washed
with brine, dF¥¥BPIEN49SO4), filtered, and 15 concentrated. The residue was

partially purified by Method 2 to afford 240 ng of a m xture of
3-[3-{1- net hyhkg phpemn di -yl oxy) - propoxy] - benzal dehyde and several other
uni dentified prt : prtion of the the crude 3-[3-(1-nethyl-
N : .
: H o
_\—\_N/_\N__
N—/

10  4,5-Dimethyl-2-{2-[4-(4-methyl-piperazin-1-yl)-butoxy]-pyridin-4-yi}-1H-
benzoimidazole.
MS (electrospray): mass calculated for Ca3H31Ns0O, 393.25; m/z found, 394.5
M+H]".

15 Example 141
o
3 N
H 0
l\_N/‘"\ N
N/ .

5-Fluoro-4-methyl-2-{2-[4-(4-methyl-piperazin-1-yl}-butoxy]-pyridin-4-yl}-1H-
benzoimidazole.

MS (electrospray): mass calculated for Ca2HzsFNsO, 397.23; m/z found, 398.4
20 [M+HJ".
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pi perid! n-4-yl oxy)-propoxy]-benzai dehyde (40 nmg), 3, 5-di nethyl -benzene-1, 2-
diamne (17.6 ng), and Na2S2b (32 ng) were stirred in DVF (4 mM-) at 90 C 20
for 18 h. The reaction m xture was | oaded directly on silica gel and purified
by Method 2. which afforded 19-ng of-the title conpound, M5 (el ectrospray):
. mass calwobkensesdbor C23H31LN50, 393.25; mz found, 39%cTnishHboaloiisss H NVR
(400 MHz, n$149 (d, J =54 H, 1 H, 7.63 (d, .J =55 H, "1 H, 7.49
(s, 1 H, 7. %r s, 1H, 6.951s, 1 H, 4.381t, J =6.3 Hz, 2H),
2.76-2.33 (m 16H, 25 2.32-2.24 (s, 3H), 1.92-1.79 (m 2H), 1.79-1.66 (m
2H). The fol | owigTtrye S in Exanples 139-142 were prepared according to
t he procedures desgdr] i p~ Exanpl e 138. 122 WD 20051044907 PCTI US2004/ 031855
Exanpl e 139 N"N™N B --\=N. N
4- Met hyl - 2-{2-[ 4- (4- et hyl - Thg_r\gii n-1-yl)-butoxy]-pyridin-4-yi}l H
benzoi m dazole. 5 M5 (el ectrospr /:‘—ﬁ@_ss cal cul ated for C22H29N50, 379. 24;
mz found, 380.4 [MtH]'. Exanple 140/ - NN~N H NN 10
4,5-Dinet hyl -2-{2-[4- (4 - Ri Zin-1- - Q -pyridin-4-yl}-1 H
benzoi m dazol é‘.‘:{“ﬁ%‘%‘eﬂg%@ﬁ%‘%k@(@)’%ﬁ@?&"%@ﬁ'%{‘ﬂ)ygi%@h”ﬁ'&y’%%ﬂ%' 393.25: nlz
found, 394.5 bérdbiflidazolés Exanpl e 141

5 MS (electrospray): mass calculated for Co;HzCINsO, 413.20; m/z found, 414.4

M+H]".

Example 143

10 5-Fluoro-4-methyl-2-{2-[4-(4-methyl-{1 4]diazepan-1-yl}-b utoxyl-pyridin-4-yi}-
1H-benzoimidazole.

-isonicotinonitrile. To a solution of
1-methyl-[1,4]diazepane (21.3 g, 185 mmol, 2.0 equiv) and 4-chloro-butan-1-ol
(10.0 g, 92.6 mmol, 1.0 equiv) in 1-butanol (200 mL) were added KzCO§ (38.0

15 ¢, 278 mmol, 3.0 equiv) and Nal (13.9 g, 82.6 mmol, 1.0 equiv). The mixture
was warmed to 95 °C and stirred for 36 h. The mixture was then cooled to rt,
diluted with water, and extracted with chloroform (3 x 100 mL). The combined
extracts were washed with brine, dried (MgSQ,), filtered, and concentrated.
Purification by Method 2 afforded 9.3 g of 4-(4-methyi-{1 .4]diazeban-1-yl)-

20 butan-1-ol with a small unidentified impurity. A portion of the impure alcohol
(5.0 g) was dissolved in DMF (50 mL}) and cooled to 0 °C. Sodium hydride
(60% dispersion in oil, 1.28 g, 32.2 mmol, 1.2 equiv) was added. The mixture
was warmed to r, stirred for 1 h, and then re-cooled to 0 °C. A solution of 2-

chloro-isonicotinonitrile (3.72 g, 26.8 mmol, 1.0 equiv) in DMF (25 mL) was
25 added dropwise. The mixture was stirred at ri for 18 h, then was diluted with
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FN I N NH

5- Fl uor o- 4- net hyl - 2-{2-[ 4- (4- net hyl - pi perazi n- 1-yl ) - but oxy] -pyridin-4-yl}-1
H benzoi m dazole. MS (el ectrospray): mass cal cul ated for CnH25FN50, 397.23;
mz found, 398.4 20 [ M+H] +. 123 WD 2005/ 044807 PCT/ US2004/ 031855 Exanpl e

142 N cl Iwdl2605044807 - - -\ PCT/U820041031855
6- Chl oro-4-nethyl -2-{2-[4 nmet hyl perazi n- -butox% 1din-4-yl)-1,
H benzoi ni dawaiee(ZSBnMEn@eﬁa&tanoNpHGE?y(1Q95mb) ang W@‘ﬁ axiearte wﬁ'mzszscl N50,

glél 3grom4zrrfe@ﬁ&g' Hﬁﬂ’gxqgowkﬂrpﬁ%%eg eﬁ%?%%énd%;ﬂ%a %ﬂfbr;(nﬁ pyr| di n-4-yl)

-2 f14Hi Ze%?lh wﬁegggieggiggé wnc\zggagz;ipézﬁcauoa;; Zlgeg;o% 2 afforfi;%?the 'Ig)ea col ution

f hyl l (sl o b a g pes

\%\,efgllggglémyt a;n}jf;ﬂod\d 2694. [M+g£(] IR, MR800 MHzOCBG): \8)28 (ddldbutiahlaloezgg gLZle

1.0 equiv). K%‘%)qrfﬁ() ?985&5’%53 %fﬁggoﬂﬂ) é§8&§ gﬁa %?ﬁlr gﬂr%& G%'?)ng The ni xture

was then cool 2d5i268 4 12.64-2G7Viirt, BHYH.56-2.48100, BMY, R85 (603M), iB4achl or of orm (3
(h\ HY, Vi, BHYYE, e, 291}, (€03,

x 100 nmL). The_conbi
1.74 (m, 4H) 1 .66-1.55 (m, 2H).

B. 5-Fiuoro-4-methyl-2-{2-[4-(4-methyl-[1,41diazepan-1-yl)-butoxy}-pyridin-4-yi}-
10  1H-benzoimidazole. To a stirred solution of 2-[4-(4-methyl-[1,4]diazepan-1-yl}-

butoxy]-isonicotinonitrile (1.0 g, 3.47 mmol, 1.0 equiv) in toluene (5.0 mL) at 0
°C was added 1.0 M diisobutylaluminum hydride in toluene (5.2 mL, 5.2 mmol,
1.5 equiv). After 3 h, methanol (9 mL) and 1.0 M H,SO4 (10 mL) were added.
The mixture was stirred for 30 min, and then 1.0 M NaOH (10 mL) was added,

15 followed by satd. aq. sodium potassium tartrate (40 mL) and dichloromethane
(100 mL). After stirring for 30 min, the mixture was extracted with chioroform
(3 x 50 mL) and the combined extra;:ts were washed with brine, dried
(NazSQ,), filtered, and concéhtrated. The residue was partially purified by
Method 2 to afford 268 mg of a mixture of 2-[4-(4-methyl-{1,4]dlazepan-1-yl}-

20  butoxy]-pyridine-4-carbaldehyde and several other unidentified products. A
portion of the impure 2-[4-(4-methyl-[1,4]diazepan-1-yl)-butoxy)-pyridine-4-
carbaldehyde (63 mg), 4-fluoro-3-methyl-benzene-1,2-diamine (30.3 mg), and
Na;S;05 (563.4 mg) Were stirred in DMF (3 mL) at 80 °C for 18 h. The reaction
mixture was loaded directly on silica gel and purified by Method 2, which

25 afforded 5.0 mg of the title compound. MS (electrospray): mass calculated for
CzsHaoFNsO, 411.24; m/z found, 412.5 [M+H]". 'H NMR (400 MHz, CD;OD):
8.27 (dd, J= 4.8, 0.5 Hz, 1H), 7.63 (dd, J = 4.0, 1.4 Hz, 1H), 7.52-7.40 (m, 2H),
7.10-7.01 (m, 1H), 4.27 (t, J = 6.3 Hz, 2H), 2.86-2.77 (m, 4H), 2.77-2.68 (m,
4H), 2.65-2.57 (m, 2H), 2.53 (s, 3H), 2.37 (s, 3H), 1.90-1.66 (m, 6H).

30
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extracts were washed with brine, dried (MyS04), filtered, and concentrated.
Purification by Method 2 afforded 9.3 g of 4-(4-nethyl-[1, 4] di azepan-1-yl) 20
butan-1-ol with a small unidentified inpurity. A portion of the inpure

al cohol (5.0 g) was dissolved In DM (50 m-) and cooled to O C. Sodi um
hydri de (6Q¢n6dspeg@esion in oil, 1.29 g, 32.2 mol, 1. 2mg¢b04mgsgdded The
m xture was warned to it, stirred for 1 h, and then re-cooled to 0 C. A

sol ution of %Xﬂkﬂ@ﬁ@-‘l'som cotinonitrile (3 72 g, 26.8 mmol, 1.0 equiv) in
DVF (25 ml - added dropwi se. The m xture was stirred at ri for 18 h,

t hen was di I utedfwth 124 WO 2005/ 044807 PCT/11S2004/031855 water (25 m-)
and said. aq. ~NhNaREeS (1 m.), and was extracted with chloroform (3 x 100
m.). The conbi tsNwere washed with brine, dried (Na2SO4), filtered
and concentrated” Purific éion by Method 2 afforded the title conpound (1.0
g). MS (electrospray): nas al cul ated for C16H24N40, 288.20; 5 mz found,
289.4 [M+H +. 1H NMR (400 I\/I—}_@gﬁ’:a 8.28 (dd, J = 4.4 Hz, 0.8 Hz, 1 H),
7.05 (dd, J =3.9, 1.1 Hz, 1 H) 6.96 Ns, 1 H), 4.33 (t, J = 6.6 Hz, 2H),
2.75-2.68 (m 4H), 2.65-2.57 (m 4H), 2.56-2.49 (m 2H), 2.35is, 3H), 1.84-
1.74 (m 4H),4,5-086ethyb2-{2-{#-(42nethyl-{1B]digzepao-led)sbutoxidpigdina-yil2iti-4- (4- met hyl - f
1.41d iazepa Q-1 .- utoxyl-oyrid in-4-yll- 10 1H benzoi m dazole. To a
stirred sol utlﬁ‘e&kogﬁé#ofeb (4-nmethyl -[1, 4] dl azepan-1-yl) -

but oxy] - i s®Bni Thi$ commpound Wwas prepored acBordingnortie, méthdedescoriped in Exdmpae (5.0 nl)

at 0 C was adde : dllsbut N ydri [ | uen .2 nm, 5.2
mmwol, 1.5 eqﬁﬁ;:}\ﬁé'&%lggﬁosgw ’P@%{" k&gtﬁéggﬁkz‘?[aﬂ?fg)’faatz& ﬁq%@'('glo m-) were
added. The n40g.5i[M+Ms stirred for 30 min, and then 1.0 M NaCH (10 m -) was
added, 15 followed by satd. ag. sodium potassiumtartrate (40 nL) and

di chl oronet hane (100 nL). After stirring for 30 mn, the mxture was
extracted w thxgidlenasorm (3 x 50 nL) and the conbi ned extracts were washed
with brine, dried "(Na2SO4), filtered, and concentrated. The residue was

partially purifieg Met hod 2 to afford 268 ng of a m xture of
2-[4-(4- et hyl - . n-1-yl) 20 butoxy]-pyridi ne-4-carbal dehyde and
several other 7 I fhed products. A portion of the inpure

2-[4-(4-net hyl - -1-yl)-but oxy] - pyridi ne-4- carbal dehyde (63 ng),
4-f1 uor o- 3- met hyl - benzene- %D)-dl\ir@ (30.3 ny), and
N_...
10

4,6-Dimethyl-2-{2-[4-(1-methyl-piperidin-4-yl}-butoxy]-pyridin-4-yl}-1H-

benzoimidazole.

A. 2-j4-(1-Methyl-piperidin-4-yl}-butoxyl-isonicotinonitrile. To a solution of 4-

(1-methyl-piperidin-4-yl)-butan-1-ol (1.0 g, 5.85 mmol, 1.0 equiv) in DMF (25
15 mL) at 0 °C was added sodium hydride (60% dispersion in oif, 0.28 g, 7.02

mmo!, 1.2 equiv). The mixture was warmed to rt and stirred for 1 h. The

mixture was then re-cooled to 0 °C and & solution of 2-chloro-isonicotinonitrile
(0.81 g, 5.85 mmol, 1.0 equiv) in DMF (10 mL) was added dropwise. The
mixture was stirred at rt for 18 h, then was diluted with water (25 mL) and satd.
20 ag. NaHCOj3 (100 mL). The mixture was extracted with chloroform (3 x 100

mL), and the combined extracts were concentrated. Purification by Method 2
afforded 0.44 g (28%) of title compound. MS (electrospray): mass calculated
for C1gH23N30, 273.18; m/z found, 274.4 [M+H]". 'H NMR (400 MHz, CD;0OD):
8.28 (dd, /=5.2, 0.7 Hz, 1H), 7.05 (dd, /= 5.2, 1.3 Hz, 1H), 6.99-6.95 (m, 1H),
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Na2S206 (53.4 ng) were stirred in DVF (3 m-) at 90 C for 18 h. The reaction
m xture was | oaded directly on silica gel and purified by Method 2, which 25
afforded 5.0 ng of the title compound. M5 (eI ectrospray): mass cal cul ated for
C23H30FN5QO, 411.24; mz found, 412.5 [MH—I] "H NVR (400 MHz, CD30D): 8.27

(dd, J = 4.\80200shbadda; 1 H), 7.63 (dd, J 4.0, 1.4 H, bdﬁuszﬁmﬁ)?mis 40 (m
2H), 7.10-7.01 (m 1 H, 4.27 (t, J:63Hz 2H) , 286277(m ,
2.77-2.68 (m4214(H)J .66, 21-57288F279I1'm 2E|) 5’325((9, 38)11,9521.83 (fs2HBH) , 1 90- 1. 66
(m 6H). 005/ 0 Example 144 N N /N H

4, 5-Dl et hyI 1@131{%2/\9?%rl ‘ﬁ"%ﬁdgﬁ 3?? &%"}’ but oxy] - pyrl di n-4-yl}-1 H
ben20| m dazoIBe 46.DTrhem e (PR cnshg .y»-- gh-botoeyjebvnidint 4> .I19|- nmet hods
described in le el ectros r C24H33N50,
407.27; mz % akﬁ 50@' %f”}f&?énﬁpaﬁﬁlf’%fﬂ"i@ ?0"3’?

6- D et hyls- 1io%rcbﬂndrﬂm|@E(T4@Uthol1lBﬁﬁhﬂol ﬂﬂ‘bq:aiv)rrblbﬁﬁhykﬁ mﬁﬁl.cslaw%yl} 1 H

benzoi m dazol e. fa-(1- yl - pl peri dl n-4-vl | -butoxvl -i sonl COtI nonitrile.
To a sol uti orWa§fad§ed (‘P—M’é’!’?@hmﬂﬁlﬂ@mu& Wdﬁ!dwf)mls{?nar@ 141 L. 2#longols. 85 ol |
1.0 equiv) In, unf)25‘ft§|1§ h’qne}ha?'lb @rﬁ.)vﬁﬁ W)W&é'agﬁecf 60%

di spersion in ol equi v m xture was warnmed tort

and stirred flow mixre Wa%stlrrﬁ&fpua@:"U@@nﬂm T@ @Db’d%dﬁlﬂ v@satded, sol uti on of
tes. added dr qoleg B3l sy Fsadhihn Botelsm el o i g RRfictpmiefhar” L0 T g
wi th wat ef0 ( Z!lSOOnInL) Aftat s$iering.for 30 min, the mixture was extracted with chloroform
(3 x 50 mL) and the combined extracts were washed with brine; dried
(NazS0O,), filtered, and concentrated. The residue was partially purified by |
Method 2 to afford 318 mg of a mixture of 2-(4-piperidin-4-yl-butoxy)-pyridine-
4-carbaldehyde and several other unidentified products. A portion of the crude
15  of 2-(4-piperidin-4-yl-butoxy)-pyridine-4-carbaldehyde (100 mg), 3,5-dimethyl-
benzene-1,2-diamine (70 mg), and NazS;0s (93 mg) were stirred in DMF (3
mL) at 90 °C for 18 h. The reaction mixture was loaded directly on silica gel
and purified according to Method 2, which afforded 38 mg of the title
compound. MS (electrospray). mass calculated for C,4H32N4O, 392.26; m/z
20 found 393.4 [M+H]". "H NMR (400 MHz, CDsOD): 8.25 (d, J = 5.3 Hz, 1H),
7.62 (dd, J=4.5, 1.0 Hz, 1H), 7.48 (s, 1H), 7.24 (s, 1H), 6.95 (s, 1H), 4.34 (t, J
= 6.6 Hz, 2H), 2.91-2.83 (m, 2R), 2.58 (s, 3H), 2.43 (s, 3H), 2.25 (s, 3H), 2.07-
1.95 (m, 2H), 1.86-1.69 (m, 5H), 1.57-1.18 (m, 6H). '

25 The following compounds in Examples 146-151 were prepared according to
the methods described for Example 145.

Example 146 -
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20 sq. NaHCO3 (100 mL). The m xture was extracted with chloroform (3 x 100
m.), and the conbi ned extracts were concentrated. Purification by Method 2
afforded 0.44 g (28% of title compound. M (el ectrospray): mass cal cul at ed
for CL6H23N3O, 273.18; mz found, 274.4 [MH +. 'H NWVR (400 MHz, CD30D):

8.28 (dd, JIw02008p44807/ Hz, 1H), 7.05 (dd, J= 5.2, 1.3 Hz,pcéhhlbszooﬁ,oﬂgsﬁ 95 (m

1H), 126 WD 20051044807 PCT/ US2004/031855 4.21 (t, .6 Hz,
2.88-2.79 (m4-Mq}hyl-%-{%64 (smetiwi-piperidindy)dutqxyl-pyi h'4-Yll}'1$'!t 1. 59 (m 4H) |
1.51-1.38 (m fir 1.16 (m 5H). B.

46DIrrethI% -|4 lrrethyl-plperldln -yl)-butoxvl-ayridin-4-vl}-1 H

benzoi mi dazolfés (glectepspray):rraasssesliculatemh o £23HaoN4O, 378.24; m/z found, 379.4

2-[4- (1- et hy, ]perldln 4-yl)-butoxy]- 5 isonicotinonitrile (440 ny, 1.61
mml, 1.0 equiv) “i'n toluene (5.0 mM-) at 0 C was added 1.0 M

di i sobutyl@l um num hydride in toluene (2.41 nL, 2.41 nmmol, 1.5 equiv). After
3 h, met hanoééSﬂia% and 1.0 M H2S04 (5 m -) were added. The m xture was
stirred for anRie ?‘Id then 1.0 M NaOH (10 m -) was added, followed by
said. ag. sodiumpotassiumtartrate (40 n-) and dichloronmethane 10 (100 niL).
After stirring @ B the m xture was extracted with chloroform (3 x 50

m-) and the cg ne trdcts were washed with brine; dried (Na2SO4),
filtered, and coO ceh‘tra The residue was partially purified by Method 2

to afford 318 ng of Ha nlxt of 2- (4 pi peri di n-4-yl - but oxy) - pyri di ne-
4- car bal dehyde and sever al ot € ntified products. A portion of the
crude 15 of 2-(4-piperidin-4-yl- Y- pyri di ne-4-car bal dehyde (100 ny),

3, 5-di met hyl - benzene-1, 2-di am ne (70 ng), and Na2S206 (93 ng) were stirred
in DMF (3 m-) at 90 C for 18 h. The reaction mxture was | oaded directly on

silica gel a&#llﬁkﬁ-#%é?ﬁbl@c&q&iﬂ%tﬁﬂp%Fl&ﬁﬂcﬂbW%xﬁlﬁﬁﬂﬂggﬂ38 my of the

title {Eound MS (el ectrospray mass cal cul ate N40, 392. 26;
m z 20 folthd BBE@oimidageld.' . ' H NMR (400 MHz, CD3OD): 8.25 (d, J = 5.3 Hz, 1

H, 7.62 (dfﬁwsjeléctf’os‘ééay} ﬂaé‘ézl_ﬁaléuf%d fogcdfg-h%ﬁ%ml'_'?% 237@?1(3(1% 34%7'19 6.95 (s,

1 H), 4.34 ( 2.43 (s
3H), 225(s[NB1I=|)] 2.07- 1.95 (m 2H), 1.86-1.69 (m 5H), 1.57-1.18 (m 6H).
25 The followi ng conpounds in Exanpl es 146-151 were prepared accordi ng to
t he met hods descri bed for Exanple 145.

Example 148

cl
N\ —
Oy
: H o}
15
4-Chloro-2-{2-{4-(1 -methyl-piperidin-4-y|)-butoxy]-pyridin-4;y|}-1 H-
benzoimidazole. '

MS (electrospray): mass calculated for CxHz7CIN4O, 398.19; m/z found, 398 4
20 [M+HT.
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Example 146 N H 127 WD 2005/ 044807 PCT/ US2004/ 031855
4- Met hyl - 2- (2-[ 4- (1- net hyl - pi peridi n-4-yi)-butoxy]-pyridih-4-yl)-1 H
benzoi m dazole. MS (el ectrospray): mass cal cul ated for C23H30N40, 378.24; mz
found, 379.4 [MtH *. 5 Exanple 147 F ) H
5- Fl uor o- 4-wetdusis48er 2- [ 4- (1- net hyl - pl per | di n-4-yi) - but e¢rhrspoosjosisss 4-yl } -1
H 10 benzoi m dazole. MS (el ectrospray): mass cal cul ated for C23H29FN40,
396.23; nlz fxample 387. 4 [M-H °. Exanple' 148 C N NH 15
4- Chl or 0- 2- { 244-( 1- net hyl - pi peri di n-4-yl)-but oxy] -py(din-4-yl)-1 H .
: el ectyospray): mass calculated for C22H27CI NAO, 398. 19;
y. 128 WD 20051044807 PCT/ US20041031855 Exanpl e

N
O

O
4,5-Dimethyl-2-{2-{4-(1-methyl-piperidin-4-yi}-butoxy}-pyridin-4-yl}-1H-
benzoimidazole.

5 MS (electrospray): mass calculated for Cz4H32N4O, 392.26; m/z found, 393.5
IM+H]". '

N
149 ~, N
H

Exampie 150 ,
s
AN
N
Cl H

10  6-Chloro-4-methyl-2-{2-[4-(1-methyl-piperidin-4-y1)-butoxy}-pyridin-4-yi}-1H-
benzoimidazole.
MS (electrospray): mass calculated for Ca3H2gCIN4O, 412.20 m/z found; 413.4
IM+HT".

16 Example 151

5-Chloro-4-methyl-2-{2-[4-(1-methyl-piperidin-4-yi)-butoxy]-pyridin-4-yi}- 1H-

benzoimidazole.

MS (electrospray): mass calculated for C23H2CINsO, 412.24; m/z found, 413.4
20 [M+HT.

/
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H 4,5-D nmet hyl -2-{2-[4-(1-nmethyl - pi ppiipeeridin-4-yl)-butoxy]-pyridin-4-yi)-1
H benzoi m dazole. 5 M5 (el ectrospray): mass cal cul ated for C24H32N4O,

392.26; mz found, 393.5 [MtH. Exanple 150 N C I/ N Hp 10

6- Chl or o- 4- net hyl - 2-{2-[ 4- (1- et hyl - pi peri di n- 4-yl ) - but oxy] - pyri di n-4-yl) -

H benzoi m\ﬂgml_r,,guad\fs (el ectrospray): mass cal cul at ed f@m@gmgghmo 412. 20
mz found; 413.4 [MH +. 15 Exanple 151 C N N,

| or 0- 4- net hyIE>@1'l'(PlBﬂ52(1 met h~~~yl - - pi per| di n- 4- yI) butoxy] pyr| din-4-ylri H

benzoi m dazol e, M5 (el ect rospr ay): nmass cal culated for C23H29CI NMAO, 412. 24,
m z found, 41 . 129 WD 20051044807 PCTI US2004/ 031855 Exanpl e
2 [

152 7N N~~ ~{ ~ N
5-tert-Butyl-2-[ 2<£4=Ni p&i{di n- 4-yl - but oxy} pyri di n-4-yl]-1 H benzoirhi dazol e.

The title conpound was prep d according to the nethods described In 5
Exanpl e 145, substituting 4-(4 dr - butyl)-pi peridine-|-carboxylic acid -
tert- l’G\%’X—C)lNH '

5-tert-i3utyl-2-[2-(4-piperidin-4-yl-butoxy)-pyridin-4-yl]-1 H-benzoimidazole.

The title compound was prebared according to the methods described in

§ Example 145, substituting 4-(4-hydroxy-butyi)-piperidine-1-carboxylic acid tert-

butyl ester for 4-(1-methyl-piperidin-4-yl)}-butan-1-ol to give 4-{4-[4-(5-tert-butyl-

1H-benzoimidazol-2-yi)-pyridin-2-yloxy]-butyl}-piperidine-1-carboxylic acid tert-

butyl ester. This intermediate was then converted to the title compound as

described in Exampie 14. MS (electrospray): mass calculated for CasHxN4O,

10  406.27; m/z found, 407.5 [M+H]".

Example 1563 '

4,6-Dimethyl-2-[2-(4-piperidin-4-yl-butoxy)-pyridin-4-yl}- 1H-benzoimidazole. -

16 The title compound was prepared according to the procedures as described in
Exampie 1562. MS (electrospray): mass calculated for Cz3HsgN4O, 378.24; m/z
found, 379.5 [M+H]".

Example 154

(o]
i} O
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butyl ester for 4-(1-nethyl-piperidin-4-yl)-butan-1-0l to give
4-{4-[4-(5-tert-butyl- 1

H benzoi m dazol - 2-yl ) - pyri di n-2-yl oxy) - butyl } - pi peri di ne- 1-car boxylic acid
tert- butyl ester. This internediate was then converted to the title conpound

as descri pagladogroda¥@npl e 14. M5 (el ectrospray) mass calpetiusiceslofisss
C25H34NAO, 10 406.27; m z found, 407.5 [MrH'. Exanple 153 N NH-{ NH

4, 6- Di et hyl - 2= {44 HEMybBippedin-4a b utenylrpwsdin-4 4, 2rdimethy)i H- 1

H-benzoi m dazg hﬁzo"q\@ I@g t|tIe conpound was prepared according to the
procedures as ESCI’IB Exanpl e 152. MS (el ectrospray): mass cal cul ated
for CCZ3I—BO\I4CDhe$’ﬂec@npouﬂdzwas prepared3iteording e e methedsigescribsdin /N N H N-\

20 130 WO 200 RCd/ 5 )
22 4~ ( 1- Bt RRTBIS (M5 ROl s coliylete or St 408 2Ty - 1 1t
benzol m dabol céoun‘ﬂhéOIMMeH]forrpound was prepared according to the nethods

described In Exanple 90. M5 (electrospray): mass cal cul ated for C25H34N40,
408.27; mz 5 found, 407.4 [ MtH'. Exanple 155 NN . P~'InH
4, 6- Di et hyl - Exadpleetddy| - 2- [ 4- (1- met hyl - pi peri di n-4-yl)-butoxy] - pyrldin-4-yl}
-1 H 10 benzoi m dazole. A
3-Met hyl -2-f4-(1- rret'@yl - pi peridin-4-yl)-butoxyl-isonicotinonitrile, To an
oven 2 \‘” N

/

N
o
O

H
4,8-Dimethyl-2-{3-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-p yﬂdln-4-yl}-1H—
10  benzoimidazole. :
A. 3-Methyi-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-isonicotinonitrile. To an oven
dried flask under N, was added 2,2,6,6-tetramethylpiperidine (2.13 mL, 12.8
mmol 1.5 equiv) and THF (50 mL). The flask was cooled to —~78 °C and n-
butyllithium (2.5 M in hexanes, 5.03 mL, 12.6 mmol, 1.5 equiv) was added.

15 The mixture was warmed to 0 °C for 1 h, and then was re-cooled to -78 °C. A
solution of 2-[4-(1-methyl-piperidin-4-yl}-butoxyl-isonicotinonitrile (2.3 g, 8.38
mmol, 1.0 equiv) in THF (15 mL) was added dropwise and the resulting mixture .
was stirred at -78 °C for 1 h. Methyl iodide (1.30 g, 9.22 mmol, 1.1 equiv) in
THF (10 mL) was added dropwise. After 1 h, the reaction was quenched with

20 " satd. ‘aq. NaHCOs;, warmed to rt, diluted with chioroform and washed with satd.
aq. NaHCOj3. The organic layer was dried (Na,S0O,), filtered, and
concentrated. Purification by Method 2 afforded 405 mg of a mixture of 3-
methyl-2-{4-(1-methyl-piperidin-4-yl}-butoxyl}-isonicotinonitrile and other
unidentified products. MS (electrospray): mass calculated for C17H2sN30,

25  287.20; miz found, 288.4 [M+H]J". -

B. 4,6-Dimethyl-2-{3-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yi}-
1H-benzoimidazole. To a stirred solution of impure 3-methyl-2-{4-(1-methyi-
piperidin-4-yl)-butoxy}-isonicotinonitrile (283 mg) at 0 °C was added 1.5 M
diisobutylaluminum hydride in toluene (1.32 mL). After 3 h, methanol (8 mL)
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dried flask under N2 was added 2,2,6,6-tetramet hyl piperidine (2.13 nL, 12.6
nmmol 1.5 equiv) and THE (50 nlL). The flask was cooled to -78 C and n-
butyllithium (2.5 Min hexanes, 5.03 nL, 12.6 mmmol, 1.5 equiv) was added. 15
The m xture was warnmed to 0 Cfor 1 h, and then was re-cooled to -78 C A

sol ution o{v()?zowmga}nrret hyl - pi peri di n-4-yl) -but oxy] - i sonpcpts2emzisssl e (2.3 g,
8. 38 mm 1.0 equiv) in THE (15 m -) was added dropw se and the resulting

m xture s H@d 18%%‘%@3“@ Jkdée}g agd&i WMuré%b@ﬁrré&fcﬁ%Ogmngthga mol 1.1

equiv) In e. After e reaction was
quenched wi t ht.@0 BaOH. (18 mL) nesiedded, ial hysatd. aqoﬁqdmr@aommnbm or of orm and

hed with

:‘Nfilst:re\(lj\’1 égh’%é%g@ﬁplr'w&gurﬁ% C(Qtg ?&&@Lfi@%‘é@ﬁ!ﬂ%for@ed 05 rrg of a
m xt ure of 3 mixture was extracted with chioroform (3 x 50 mL) and the combined extracts

t hyl ' - ' ' i I d ot her .
ni dont 115 8 dteeied RRBG. dpd oS Rerbl aREREBFAIRR, 1h T/ DSNs0! s
287. 20; rr{1 zI frgugge wﬁsﬁama[lyvbthﬂﬁed big.Method 2 to afford 180 an c|>f a rgixtture of 2-(4- di gyl
4, 6- Di met eridin-4-vl)-butoxyl-pyridin-4-vl|-
T bensol i BT Ybuo Sy EE St S b ateta o dRnined { 1 o
8' pe(glP I4 ?/'ﬁro&kﬁt@ﬁb(goﬂmmfﬂﬁ?h'{mfuzm -piperidis4- M%f?ﬁ)—&jr@n‘éaﬁ aﬂdedI 1(2 m )
i i sobutylal umn in tolue er ano
151°00 2005/ (PRGBS (16180, SSTBaRY bsheene b WAIBEE-25W 900 o o added.
The m xt ufe waézssm (1r6®m§PWe|%Osthﬁeﬂ in bYEN3 nﬂL)@tbbh@%ﬁ 1(819 The retRfiomdded,

foll owed by satd. a I um potassium tartrate % and "di chl or onet hane

(100 nmi). Aftmixtuse WPF jongled 9#’9@(5 QR Sicaigeband purifigd Ey\héﬁéh‘& rWed wit h
chl or of or m ( 3aftorgdy @h?ﬂg Weil@c%ﬁ&l@%@@lé&%ﬁra?) YWJS% caRrafagsh t4 t h brine,

dried (Na2SO4), filtered, and concentrate resi due wascg)artlally

purified by s, 406.3F; WF@LE@O4%5W+'5] m'SllNM%("(QO MHg/CD;0D .
pi peri di n-4-yd oy 5, @%;dwr%gmﬁ?%(gah%ewé dajm5wgr1ﬂ3x§% uni dentified

products. A portron of t eridin-4 r|d| ne- 4-

car bal dehlfle 1HP486G) = ®4$'izd2Hbt2H%ﬂ ﬁéﬂneﬂ'é)v 2 5.@-(@l.|?d'h)l Rd3((s. 32'!)5‘@33 and 10
Na2S205 (16. 6 h t
m xture \(/vas I sg%%)d\égrec );égg Sl @:@FQE ) anémg(ur'i ?ll)' &gt' mzkﬂ-; \r/vheaghI o

af f orded 9.4 h#0-d{15(me 5H)t | e conmpound. MS (el ectrospray): mass cal cul ated for

The following compounds in Examples 156-157 were prepared according to
20 the procedures described for Example 155.

Example 156
GO
N
H 0
O

4-Methyl-2-{3-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
25 benzoimidazole.

MS (electrospray): mass calculated for C24H12N4O, 392.26; m/z found, 393.4

[M+H]'.
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C25H34N40O, 406.27; mz found, 407.5 [MtH'. "H NWMR (400 MHz, CD30D): 8.06
(dd, J =5.3, 0.4 Hz, 1H), 7.23 (s, 1H), 7.13 (d, J= 5.3 Hz, 1H), 6.94 (s, 15
1H), 4.36 (t, J= 6.4 Hz, 2H), 2.92-2.81 (m 2H), 2.56 (s, 3H), 2.43 (s, 3H),
2.33 (s, 3H, 2.24is, 3H), 2.07-1.94 (m 2H), 1.87-1.67 (m 4H), 1.60-1.46
(m 2H), WwoMdeshadde7(m 5H). The foll owi ng conpounds i npéwesmbas18556- 157 wer e
prepared according to_ 20 the procedures described for Exanple 155. Exanple
156 N N H Example157

4- Met hyl - 2-{3-net hyl - 2-[ 4- (1- net hyl - pi peri di n-4-yl)-butoxy] -pyridin-4-yl)-1

H 25 benzol m dazalen M5Lgl ectrospray): mass cal cul ated for C24H32N4Q,
392.26; mz fou =4\ NHH] S . 132 WD 2005/ 044807 PCT/ US20041031855
H ~N

Exanmpl e 157 Ck \

6- Chi or o- 4- net hyl 2{"% t 9 2- [ [ 444- (1- net hyl - pi peri di n-4-yl)-but oxy]-pyrid
in-4- yl)-1 H benzoi m dazol e. ectrospray): nass cal cul ated for
C24H31CI NMAO, 426.22; nlz found, 4 NIW+H ~ Exanple 158 Ngj NN HO O
~( 10

2- { 3- Chl or o- 26{Chigro-4amethyl-2-{3-methybi2-4-fi-mehybpiperidit-4pyrbutoxyl-pyrdin-44- met hyl - 1 H
benzoi m dazol 9!}—1 H-benzoimidazole.

5 MS (electrospray): mass calculated for Cp4H3,CIN4O, 426.22; m/z found, 427 .4

[M+H]".

-
X

~

Example 158
Peey
N
Ha o
pves

10  2-{3-Chloro-2-[4-(1-methyi-piperidin-4-yl)-butoxy}-pyridin-4-yl}-4-methyl-1H-
benzoimidazole. .
The title compound was prepared as described in Example 155, substituting
hexachloroethane for methyl iodide. MS (electrospray): mass calculated for
CaaH26CINGO, 412.20; m/z found, 413.4 [M+H]".

15
The following compounds in Examples 159-164 were prepared according to
the procedures described in Example 158. '

Example 159

a o
| O
20
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The title conmpound was prepared as described In Exanple 155, substituting
hexachi or oet hane for nethyl iodide. M5 (el ectrospray): mass cal culated for
C23H20CI MO, 412.20; m zfound, 413.4 [M+H]'. 15 The foll owi ng conpounds In
Exanpl es 159- 164 were prepared according to the procedures described in

Exanpl e 15§¢ 2hesaaddoe 159 N HC O-\ -( N 20 W 133 p/e200ners4807
PCT/ U820041031855

2-13-Chl or - 345 folo-@ﬁ%lzm&m eﬂamwywtw JpgdinRUAL s Rntatplyb g S df et hyl -

1 H benzoim azo ectrospray)”’ nmass I'cul at'ed for Cl NdO,
426.22; m z benmcimidazule.4 . 5 Exarrple 160 C N/ HdOA "-(

il oro-2 (s @%W&&?@F‘fe"%%? E@%@é%’%@g@a‘%“sa AR 22%%0&%5%% oo
432.15; mz {Mthid, 433.3 [MH*, Exanple 161 Fj( NN 10 N Cl
5

Example 160
Cl

N\ ——
H

4-Chloro-2-{3-chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy}-pyridin-4-yl}-1H-
benzoimidazole.

10  MS (electrospray): mass calculated for szHngIzN4O 432.15; m/z found, 433.3
[(MEH]",

Example 161

15 2-{3-Chloro-2-[4-(1-methyl-piperidin-4-yl}-butoxy}-pyridin-4-yl}-5-fluoro-4-
methyl-1H-benzoimidazole.
MS (electrospray): mass caiculated for Ca3HzsCIFN4O, 430.18; m/z found,
431.4 [M+HJ".

20 Example 162
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--C 15

2-{3-Chl oro-2-[4-(1-nethyl -pi pe(di n-4-yl)-butoxy]-pyridln-4-yl)-5-fluoro-4
nmet hyl -1 H benzoi m dazole. Ms (el ectrospray): nass cal cul ated for

C23H28CI FNAO, 430.19; mz found, 431.4 [MH *. 20 Exanple 162 N NHC O~
134 WO 200/ (P%h48644s0PCTI US2004/ 031855 PCT/US2004/031855

2-{3-Chl oro-2-[4-(I|-nethyl -pi peridin-4-yl)-butoxy]-pyridin-4-yl}-4,6-dinethyl

426 22, e 15bnd 82 R fREHPERIT RS Rk Shife st di2 T

6- Chl or o- 2 {3barubiondaz®le[4 (1- et hyl - pppl peri di n-4-yl) - but oxy] - pyr|d|n 4 yl)-4

23080 280, W AREsBSY o e LRI p B A AT, T,

Cl O 15 [M+H]",
5-Chl oro-2: {3-chloro-2-[4-(1-nethyl - p//pl peridin-4-yl)-butoxy]-pyridin-4-yl}-
4- et hyl -*1 H benzoi m dazole. MS (el ectrospray): nmass cal cul ated for

C23H28CI 2NAQ, Exeipld 663 M z found, 446.4 [MrH'. 20 Exanple 165

ﬁiN‘ _

N

H ¢ o)
KCN-—

6-Chloro-2-{3-chloro-2-{4-(1-methyl-piperidin-4-yl)-butoxyl-pyridin-4-yl}-4-
methyl-1H-benzoimidazole.

10  MS (electrospray): mass calculated for CasH2sCI2N4O, 446.16; m/z found, 446.4
[M+H]".

Example 164

15 5-Chloro-2-{3-chloro—2-[4-(1-methyl—piperidin-4-yl)-butoxy]-pyﬁdin-4-yl}-4-
methyl-1H-benzoimidazole.
MS (electrospray): mass calculated for C2aH2sClaN4O, 446.16; m/z found, 446.4
[M+H]".

20 Example 165
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F 6--_ NNN H O 135 WO 2005/ 044807 PCT1US2004/ 031855
5- Fl uor o- 4- net hyl - 2-{5- net hyl - 2-[ 4- ( 1- net hyl - pi peri dl n- 4-yl) - but oxy] - pyri di n-
4- yl]-1 H benzoi m dazole. A

5- Brono- 2-[ 4- (1- et hyl - oi oeri dl n-4-vl)-butoxvl-pyridine. To a solution of 4-
(1- net hyl - NoPRos/6hagy74- y! ) -but an-1-0ol (14.9 g, 86.9 mmol pciuboeqesisss i n DVF
(180 5 rrL) at 0 C was added sodi um hydride (60% dispersion in oil 4.86 g,

122 mol , 2 o WAL D hen was re-
cooled to 0O éﬁg\&b‘q? i3 }&FZ%%W2%?E E’BEFS@'IPT‘ ?’% pgﬂfﬂnh% 9 mol,
1.0 equiv) |y|j-1IBIxFer(zlemdaz)olavas added dropW| se. The mxture was stirred at rt
for 18 h, t ed W : HCO3 (250
10 The w . ‘ 'F@égsluﬁagn ?{\%nd t he
corrbl ned ext(t-mdllwldpmeeidmmylpmta&ummmmw 8 atmain1.0\yeqlviv) MmODIME (480 or ded 8. 82

i th several At Aakiras aser B ikBe (0% iobRioRRn PRy o6 4rd8e "Cal e l 2t o0 or

G 6H23Br N20 mmalo1 11Qaqu ZTIﬁ@mﬂdure%'é v@ar[erltﬂ» rt-forlh,Band then was re-

5- Fl uor o- 4-net h h | but va ridin-

4-v11-1 H beff? Pfjntfdgzgl '°§ oéédhsémeﬁ?%\“*mﬁ"{’ t?%hé] QrPé? %3‘"’%‘ 9 m_py36 4
nol , , 2. 2 eC“éhWJLWDM@ ééb M'ﬂzﬂaQMQd!bdjdfo |sé0Qh§h11)Et9rWWa§3§ﬁr|‘erBti't3f§k was added

a solution of r ono r@B per di n- ) - but oxi/ pyr| dine (5.40

g, 16.6 mol 18h U‘%‘q&ﬁ%i{uﬁw VY‘HE”?‘ED(" r?'-)(ﬂnérﬁmdséq NaHCOs (470 k) was 20
stirred af - ﬁe%n&fﬂﬁa ﬁgs giétrbuttémﬂltﬁm&o% (§§1@5 nﬁ!iq’an%3h§c8ﬁ9ﬂned5 0 equiv)

was added dropw se. I on was quench said, ag. NaHCO3 (25 mnl-)
and extract e®xtpctswerd mmoﬁaﬁ@sPun@atmw MFH@d(?oﬁlﬁﬂrﬂ%(m@)'Zthicﬁts were washed

i th bring A fengsnt iloibinSs #iBubBilHandas a kit eaitblbrict Nanol (5

m-) and treate | SU reci hat 25
formed was cainideotified impuritias. MS {electrasprayj mass caleolatat! for ChsHisBrNBQ] et her. The

solid was dil I (50 m.) and washed with said. aq. NaHCO3
(50 nmL). The égrbgg)hwgﬁaﬁgrﬁmﬁ%rl ed (Na2SO™4), filtered and concentrated to

15 B. 5-Fluoro-4-methyl-2-{5-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy}-pyridin-
4-yl}-1H-benzoimidazole. To a solution of LDA (2.0 M in THF, 18.2 mL, 36.4
mmol,.2.2 equiv) at =78 °C in a oven dried 100 mL round bottomn flask was

added a solution of 5-bromo-2-[4-(1-methyl-plperidin-4-yl}-butoxy]-pyridine
(640 g, 16.6 mmol, 1.0 equfv) in THF (20 mL.) dropwise. The solution was
20 stirred at -78 °C for 45 min, and then DMF (6.05 mL, 82.8 mmol, 5.0 equiv)
was added dropwise. The solution was quenched with satd. aq. NaHCO; (25
mi) and extracted with chloroform (3 x 50 mL)., The combined extracts were
washed with brine and concentrated. The crude residue was diluted with
ethanol (5 mL) and treated with sodium bisulfite (2.1 g). The precipitate that
25 formed was collected by vacuum filtration and washed with diethy! ether. The
solid was diluted with chloroform (50 mL) and washed with satd. aqg. NaHCO;
(50 mL). The organic layer was dried (Na;SQ,), filtered and concentrated to
afford 5-bromo-2-{4-(1-methyl-piperdin-4-yl)-butoxy}-pyridine-4-carbaldehyde
as a mixture with several other unidentified products. A_solution of this crude
30 mixture in methanol (15 mL) was treated with conc. HSO4 (1 mL) and the
resulting solution was stirred for 14 h. The mixture was diluted with satd. aq.
NaHCO; (25 mL) and extracted with chloroform (3 x 25-mL). The combined
extracts were concentrated to provide 5-bromo-4-dimethoxymethyl-2-[4-(1-
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afford 5-brono-2-[4-(1-nethyl-piperdin-4-yl)-butoxy]-pyridine-4-carbal dehyde
as a mxture with several other unidentified products. A solution of this
crude 30 mixture In methanol (15 m-) was treated with conc. H2SO4 (1 i) and
the resulting solution was stirred for 14 h. The m xture was diluted with
said, agq. WwWoke80448@5 nL) and extracted w th chl or of or mpcarus2da/osisss The

conbi ned  ext ek riairm nfo trfldihe. Ar-8i°dssolution of the pyridine (2.0
5- br ono- 4- dl net ho@yﬁn@;h |- i< T 5‘ﬂpf’}ﬁ'se WD 20051044807 Pc1plyuszo<§4/ M1855
D]

met hyl - pi per i cﬁmmﬂﬂ%}IbOBGWM V5P aily avas Areaies withsabubyiiium£2.6Minoy r i di ne
(2.09, 5.0 fﬂ&éneslg% ALK, B)nrhél 1T Héq(n59 ﬁ‘he)soMﬁ&w%?@ﬁr?tfthQ@n{h butyliithium

(2.5 MIn hexanes ui v) tion was stirred
for 30 min, and tlnenametmtlnglue|(@aiag f(@ﬂm@ bo equy) was edded. oAt #0v) was added.

After 30 5gm t tg%% t 0O m-) and
extracted 5W|t m’c‘ﬁ?oro gH’nﬁ?@@%ﬁHw Cﬂ%’ﬂ??ﬂ&‘ chﬁg dried
(Na2S™4), fi Iwibrobtbrofarm (3 XrSemb) éﬁl’lectomlrwfdfmmcts were dried (Na;S0,),

4- di met hoxy iyl 52 (eLinen £abd s dndiEWlbiheBltFath il byl b B gl 1 di ne as

a crude m xtur
di met hoxynet hydipesidimed-gi-butdxKpyfidinees @ydruge medurdi A-sblytiohlofidoxy] - pyri di ne (0. 64

10 in THE (10 . th t
vas htirred ehonmaty EnetyEZiCHM doeridi-H e aoniiets ana
(eﬁl; r2 g& )ed 1ofM ltrhg)qﬁl TeIFQfion mL) araxttrbatt@dmuh 1.0 MeHCO@OInIEhnethe AMitSrewRise dri ed

| on nira
5- et hyl - 2- [ 4- "ffe&r\g{ I‘@" d.[)h C ‘HPN’aﬁ Qﬁ\‘t}’g“g‘bts@i‘g]aqpv?b*gphé“ﬁem dehyde. A

portion of thiygthadhtebioen (3 klﬁxormu)z efdomir%dje&trgctﬁmbﬁé@wa‘ssg 1, 2-diam ne
(60 mg), and Na2S2 -).at 90 C for 36 h.

The reaction ritRfegy B"‘é\l&%“cég%@éﬁttq B’Pi'ﬂeé"rfﬂethﬁltﬁ'["rﬁéagw E"B‘?f@'% Yphase HPLC to
provide the tigy cg(gpwmenﬂcamadebﬁieem F@rﬁsﬁ 8¥/this d%dé}‘iwmﬁﬁuf)ﬁ&

C24H31FNAO, 410. m z found ) . 8.17
(s, 1H), 7154-3mathybenzepg-1.2:diamined6q mgm, qnﬁNqﬁ)zOsmO@m)twers strgd W 1z, 2H)

gH)53 g gg ( mQS%(Z gyh?éfgo *?(gfd{@e t2he re%t% rh&ture?\%s c@nc@ﬁtréféﬁi aﬁ%e f20|4|30\(/msng

conpounds i n Mpusfied by reveceb@seuiPe p@m@dha@ﬂ@p@nnwrt% M85 the procedures
described for. ExpRltayhomass calculated for CogHaFN4O, 410.25; miz found, 411.5

[M+H]". *H NMR (400 MHz, CD3OD): 8.17 (s, 1H), 7.54-7.43 (m, 1H), 7.19-

20 7.05(m, 2H), 4.34 (1, J = 6.4 Hz, 2H), 3.53-3.43 (m, 2H), 3.04-2.89 (m, 2H),
2.84 (s, 3H), 2.53 (s, 3H), 2.43 (s, 3H), 2.06-1.95 (m, 2H), 1.85-1.76 (m, 2H),
1.64-1.29 (m, 7H).

The following compounds in Examples 166-168 were prepared according to
25 the procedures described for Example 165.

Example 166

cl N‘)—é

Fﬁﬁ \_4 :
\_CN_
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Exanple 166 d F NH --{ N 137 WO 2005/ 044807 PCT/ US2004/ 031855

5- Chl oro- 6-fl uoro-2-[ 5-net hyl - 2-[ 4- ( 1- net hyl - pi peri di n-4-yl) - but oxy] - pyri di n-
4- yl}-1 H benzoi m dazole. MS (el ectrospray): mass cal cul ated for

C23H28CI FNAO, 430.19; mz found, 431.4 [MtHr. 5 Exanple 167 O

5-tert - But yWo 20§/B64480t hyl - 2- [ 4- ( 1- et hyl - pi peri dl n-4-yl } perasydos/nyessdi n- 4-yl } -
1 H benzoimdazole. 10 NS (el ectros&r ag%: mass, cal cul ated for C27H38MN40,
434.30; niz foeiaro-Gfupre-2-Symethyl-2-Bedrpetbylrigeridig-4-y)-bytoxy]-pyridin-4-

4, 5- Di et hyl yﬁﬂﬁ-ﬁ?é}ﬁbfﬂmhafﬂ 4-(11-net hyl - pi peridi n-4-yl)-but oxy] - pyri di n-4-yl
}-1H benzoi m'dazole. M (e ectros?ra ). mass_cal cul ated for C25H34N40,
406.27; m z NRiriectwspras): Magsigpicyla er%EQadeCéFN@ 480/1Q; myz founds WO

2005/ 044807 %T-/“Lfﬁﬁ 4/ 031855 2-{5-C

hl or o- 2-[ 4- (1- nethyl - pi peri di n-4-yl }but oxy] -pyridin-4-yl)-4,6-dimethyl-1 H
benzol ni d&zol e. The title compound was prepared as described in Exanple 165,

substituting Example 167

TZ _Z
/
|

o

5-tert-Buty}-2-{5-methyi-2-[4-(1-methyi-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole.

10 MS (electrospray): mass calculated for C27H3sN4O, 434.30; m/z found, 435.5
[M+HT".

Example 168

15 4,5-Dimethyl-2-{5-methyl-2-[4-(1-methyl-piperidin-4-y!)-butoxy}-pyridin-4-yl}-1H-
berizoimidazole. _ :
MS (electrospray): mass calculated for CzsHasN4O, 406.27; m/z found, 407.5
[M+H]".

20 Example 169
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hexachl or oet hane for nmethyl iodide. M5 (el ectrospray): mass calculated for 5
C24H31CI N0, 426.22; mz found, 427.4 [MtH +. The foll ow ng conpounds in
Exanpl es 170-172 were prepared according to the procedures described In
Exanpl e 169. 10 Exanple 170 G C NN H ~N

5- Chl or 0- 2w{d2008042809- 2- [ 4- ( 1- net hyl - pi peri di n-4-yl) but pgyjupo0d/ehigss4-yl ) -1 H
benzoi m dazole. MS (el ectrospray): mass cal culated for C22H26C 2N4AO, 432. 15;
m z found 43R-{-Chierg-2441-methybpiperidin3yl)diutoxg]-pyddin-4ty4H-dimethyl-1H-

5-Chl oro- 2-{ 5%&1%“@5 ie. 4- (1-met hyl - pi peri di n- 4-yi } but oxy] - pyri di n-4-yl)-6-fl
uoro- 20 1 HDbenzol m dazole. M (el ect rospray): mass cal cul ated for
C22H25CI 2FNAC heAtiiie. compotind wias preparetbas desched in ExagpieB5R Gobstituting07

o tort- Butyl epenorcbfERe Srbeipifioads, s HleBrocpfey)mess calcdated for, g1 4y

-1 H 5  CauH3:CIN,O, 426.22; m/z found, 427.4 [M+H]".

The following compounds in Examples 170-172 were prepared according to
the procedures described in Example 169.

10 Example 170

5-Chloro-2-{5-chlbro-2-[4-(1 -methypiperidin-4-yl}-butoxyl-pyridin-4-yi}-1H-

benzoimidazole. | .

MS (electrospray): mass calculated for CzH26CI2N4O, 432.15; m/z found 433.3
15 [M+H]'.

Example 171

5-Chloro-2-{5-chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-6-fluoro-
20 1H-benzoimidazole.

MS (electrospray): mass caiculated for CxHasCl2FN4O, 450.14; m/z found

451.3 [M+H)'.
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benzol m dazole. 5 M5 (el ectrospray): mass cal cul ated for C26H36CI NAO, 454. 25;
mz found 455.5 [M+H]'. The foll ow ng conpounds In Exanples 173-175 were
prepared according to the procedures described for Exanple 128. 10 Exanpl e
173 € Br N N~ / HO ~(

2-{ 5- Br ono-weo bebsodsseet hyl - pl peeri di n-4-yl } but oxy) - pyr | dipgrAsyéohnsisssh! oro-1 H
benzoi m dazol g. 1':'1 ﬁ (el ectrospray): mass cal culated for C22H26Br Cl NMdO,
476.10; mz fotBP€472 3 [MH'. Exanple 174 Br O NF1 j N N Hp N 20
2- {5- Brono- 2- [ 1- net hgl - pi peri d~~~~di ~nJJJn- 4-yl

- but oxy] - pyddi N5-C ro-6-fluoro- 1 H benzoi m dazole. 140 WO

2005/ 044807 PCT/ 04, 8 M5 (el ectrospray): mass cal cul ated for

C~H25Br Cl FN4AO, 49#0 ﬁ m c)ound 495.3 [MtH]'. Exanple 175 Br

O

5-tert-Butyl-2-{5-chloro-2-[4-(1-methyl-piperidin-4-yl}-butoxy]-pyridin-4-yi}-1H-
benzoimidazole.

5 MS (electrospray): mass calculated for CgHsCINGO, 454.25; mvz found 455.5
[M+H]".

The following compounds in Examples 173-175 were prepared according to
the procedures described for Exampie 128.

10
Examble 173

cl Br.
N\ —
N v N
H o]
O

2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl}-butoxyl-pyridin-4-yl}-4-chloro-1H-
benzoimidazole. _

15 MS (electrospray); mass calculated for C22HaBrCINsO, 476.10; m/z found
4773 M+H]". '

Example 174

20  2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]}-pyridin-4-yl}-5-chioro-6-fluoro-
1H-benzoimidazole.
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C NN 5H-( N

2-{5-Brono- 2-[ 4- (1- net hyl - pi peri di n-4-yl } but oxy] - pyri din-4-yl)-5-chioro-1 H
benzol m dazoie. MS (electrospray): mass cal cul ated for C22H26Br Cl NAO, 476. 10;
mz found 477.3 [MtH]'. 10 Example 176 N H {2-(5-Fl uoro-4-nethyl -
Ftﬁenzlol m d@bmkm&sml( Z{ g— [3-( é ][r:et hyl - pi peridin-4-yl) ppeprsytesdiigRy! }-m

et hano - (4- Br ono- 3-

. 31di oxan- 2- ngﬂéﬁ&ﬂayﬁ%@% Galquiated {0 CoakiosRAFd¥a0a 49499 Wizfoptd i on of

3 (1- net hyl - Hﬂ; MY 4- yl)propan-1-oi (7.07 g, 45 mmol, 1.0 equiv) and
nethaneSU|fonyI loride (4:18 nL, 54 mml, 1.2 equiv) in dichloromethane
(100 mM-) at 0 C was added trlethylanlne (9 41 m., 68 mmol, 1.5 equiv). The
reaction m xtgy Jﬁ" gh was allowed to warmto rt, was stirred 20 for 30 mn
and then poure Into satd eq. NaHCO3. The aqueous m xture was extracted
W th chlorofo§p1and t hBR et hyl acetate. The combined extracts were dried’
(Na2S™), fil d entrated. The residue was dissolved in
acetonitrile (1 : ds4- br omo- 3-[ 1, 3] di oxan- 2-yl - phenol (11.7 g, 45
mmol, 1.0 equiv) anH cesi carbonate (29.2 ng, 90 nmol, 2.0 equiv) were
added. 25 The m xture was sti dag gyt for 12 h, then warnmed to 50 Cfor 1.0
h. The m xture was poured Into i/d. Wag. NaHCO3 and extracted with ethyl
acetate 181 WO 2005/ 044807 PCT/ US /031855 (2x) and chloroform The

Rt ca o BRI i 1 o

(400 MHz, CD31@@)zo|niidah’ble(d J 8.8 Hz, 7.19 (d, J = 1 H, 1 H, 6.83
(dd, J =8 8’M§ (ele'&lz dspray). rhass ca%culéctéd ?‘or@zzHggBraNﬁ),jﬁﬁga; m%zHPound
477.3 [M+H]".
10
Example 176

o

{2-(5-Fluoro-4-methyl-1H-benzoimidazol-2-y1)-5-[3-(1-methyl-piperidin-4-yl)-
propoxy]-phenyl}-methanol.

15  A. 4-[3-(4-Bromo-3-[1.3]dioxan-2-yl-phenoxy)-propyii-1-methyl-piperidine, To
a solution of 3-(1-methyl-piperidin-4-yl}-propan-1-oi (7.07 g, 45 mmol, 1.0

equiv) and methanesulfonyl chloride (4.18 mL, 54 mmol, 1.2 equiv) in
dichloromethane (100 mL) at O °C was added triethylamine (9.41 mL, 68 mmol,
1.5 equiv). The reaction mixture, which was allowed to warm to rt, was stirred
20 for 30 min and then poured into satd. aq. NaHCOj;. The aqueous mixture was
. extracted with chloroform and then ethyl acetate. The combined extracts were
dried (Na2S0y), filtered, and concentrated. The r‘esidue was dissolved in
acetonitrile (100 mL) and 4-bromo-3-[1,3]dioxan-2-yl-phenol (11.7 g, 45 mmol,
1.0 equiv) and cesium carbonate (29.2 mg, 90 mmol, 2.0 equiv) were added.
25  The mixture was stirred at rt for 12 h, then warmed to 50 °C for 1.0 h. The
mixture was poured into satd. aq. NaHCO; and extracted with ethyl acetate
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4.10-4.00 (m 2H), 3.97 (t, J= 6.4 Hz, 2H), 2.93-2.85 (m 214), 2.28 (s,
H, 2.25-2.11 (m 1 H), 2.07-1.97 (m 2H), 1.85-1.72 (m 4H), 1.52-1.21 (m
H. B 2-(2-fl

, 31Di oxan- 2- vl - 4-f 3- (1- et hyl - pi peri di n-4-yl) - propoxyl - phenyl ) - 5-

fluoro-4- nwvdsydosm4hb7benzoi m dazole. To a stirred sol utlcm;mfszm,bﬁsssél br ono- 3-
[ 1, 3] di oxan- 2- Kl-phenox -propyl]-1-nethyl -piperidine (4.82 12.4 mmol, 1.0

10 equiv) In nesghigrptoyma (The rombinggexiiacts wete drieg Oy f'FQTﬁqf @i n hexanes

22 L, 55 e I s stirred for
go m n then%e?tgatéd nEHﬂﬁ%ﬂomMeﬂﬂdééﬁWdéHﬁﬂgg (Qﬂézhf fhe ‘;\I’g sol ution was
war ned tort aeempaundr &d NMR (4000Mhzt 65@9b7g§dﬂeﬂ= 88 Hzg H). A8 (datwl. aq.

NaHCO3 d t d 15

ot oot ot T 7 SR -408 LELE LS 7b s, O SRR M BEL 2T
filtered, @nd4.d0#ciinim, 2HMB.9T (toJ srediBizy 2i4), 2.98-2/88s(np2H)| 228 ys,[Bi)j fi ed by

Met hod 2. Th I

2- (103] di oxangg‘%??‘HI {"?QH)'lz %t1r?§7l (-"'blzlp'lé'ﬂ ?ﬁ HTZ ((/“r ?Hb % ?]1 (mbgﬁ%al dehyde (491
ng, 1.41 nmol 8. 2-{0-[£a|Dioxanv nwﬂ$wmrmdhwmmﬂﬂuww}i

thyl-b 1, 2-di 198 | 1. SZQS 20 (350
rrng {84emrﬁ 0 T ﬁ?a)snﬂg?d Q‘é”t@"f‘%r“'é)'(ﬂ%rmﬁg xture \(Nas

| oaded onto S1I36|ax4nei- nid b ’mvh eriding .84 §01204 RfoIMIO(77%) of
the title conp 1.3 ym c?f)t)ésr M emn?’sglgcal cu at e%l for C27H34FN3CB,

e e OO TR (55 s of 7o T it 5 s BB b g3 S g
e, 1. 7. af Toddana, Aeag.: ﬁl’%ﬁ'&ﬁﬂtu%or(ange Sl ded gl GPaSgd (1 219,

5.97 is, 25 1H) 95-3.86 (m
2H), 2.95-2. 8then(DrMF(9-§mL2 mrol, mequwﬁ @ddenghezoMoqwag (m 3H),

1.93-1.76 (m wé#ﬁeqhta r?fr,_d‘_ %m%% f&r"ﬂ @-cqo)led to ~78 °C and

(2-(5-Fl uoro- enzolm azo 5-f3-(1- rret cf plper|d|n4v11-
pr opoxvl - phen®aHCRx wan added.. Tire frixtgre, VEﬂSI]/aimd-tQﬂyIPOLHGCE gﬁqwatestargdl - pi

peridin- 43yl } ol fl‘Pé‘tM}l a%E%[%"l‘hbesc%HmHﬁ’éd)eﬁr t»l?%la dﬁeb"([g%] m dazol e (401

ng) and p oluenesul oni ¢’ acl were stirr on of acetone
(10 mL) and fitered, apd concantratest Thef drude fesidue gvals pafﬂaﬂypnﬂﬂlﬁdlhermgd poured into

vere dried 143 07 BOOLTSZAG B LB BB BRI o, ot and
concent r at ed. bénzatdehyde(48f nid)d .41 mdwl,red eqling watXtifedwith 4-fluoro-3- -
methyl-benzene-1,2-diamine (198 mg, 1.41 mmol, 1.0 equiv) and Na;S;05
20 (350 mg, 1.84 mmol, 1.3 equiv) in DMF (7.0 mL) at 90 °C for 2 h. The mixture
was loaded onto silica gel and purified by Method 2 to afford 509 mg (77%) of
the title compound. MS (electrospray): mass caiculated for Cz7H34FN3Os,
467.26; m/z found, 468.4 [M+H]". "H NMR (400 MHz, CD,0D): 7.62 (d, /= 8.5
Hz, 1H), 7.44-7.37 (m, 1R), 7.35 (d, J = 2.7 Hz, 1H), 7.09-6.99 (m, 2H), 5.97 (s,
25 1H), 4.19-4.13 (m, 2H), 4.09 (t, J = 6.4 Hz, 2H), 3.95-3.86 (m, 2H), 2.95-2.87
(m, 2H), 2.53 (s, 3H), 2.30 (s, 3H), 2.22-1.99 (m, 3H), 1.93-1.76 (m, 4H), 1.51-
1.22 (m, 6H).
C. {2-(5-Fluoro-4-methyl-1H-benzoimidazo}
propoxyl-phenyl}-methanol. 2-{2-(1,3]Dioxan-2-yl-4-{3-(1-methyl-piperidin-4-yl)-
30 propoxyl-phenyl}-5-fluoro-4-methyl-1H-benzoimidazole (401 mg) and p-

toluenesulfonic acid (1.0 g) were stirred in a solution of acetone (10 mL) and
water (1.0 mL) at reflux for 16 h. The solution was poured into satd. aq.
NaHCOQ; and extracted with ethyl acetate. The combined extracts were dried
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was di ssolved In ethanol (2.0 nL) and sodi um borohydride (300 ng) was added.

The m xture was stirred for 1.0 h and then poured Into said. ag. NaHCO3. The
aqueous m xture was extracted with ethyl acetate and the 5 conbined extracts
were dried (N82S04), filtered, and concentrated. The residue was purified by

Met hod 2 t owebdosiaiséz O ng of the title conpound. M5 (elpeaisosRiodigss NBsSS

cal ul ot 00 €0l S8 BARYRHan bl 0ot o bl 4 m‘msH)
7.06-6.97 (m waddisolved mtr@anol(zzH)mL;La@@sqmumbormyendecsonrﬁ)g)was 2 94 2 86 (m
0, 2 %2 (5 ol bt e i 7 29

{4- (4, 6- D met NgHCO5t The aquesudaniaiurewss xtfaciet With etbyiracktate ped thdi n- 4- y1 ) - but oxy

LB oot & VESTTSA R Rets were giied (NesSQh Tered, andl conpeDFatat: 5081 - pyr i dine (0. 5

g, 1.25 mTDI rekndae%slp(mfiwswe&mlmechﬂom 8. biEnngtﬁbtme a@dpﬁmﬁi erdsto -718 C. A
2.5 Msol ution of n-butyllithiumin hexane 2 equiv) was

20 adtded. dr op(HISHORAAY: F15eB CISHRRATOL S REN:Oa A 11551 PuRG A1eh ovE (0. 55
m, 1.25 mmtwﬁrownw 400%?@} D) 82(d, ymswhme pRwqm, de (38 "o

1.36 mmol, 1.1 equiv) was ad he ‘m xture was allowed to warmto -4

for 30 nmin, ﬂHbH a5 18 (rantile d 0frG- 87 §ai 2H), 442 (N2HOCBOP {loJ 716.3 HzndH ) xt ure vvas
extract edl?"' ?QQQﬁ@ﬁ%rg‘dﬁ 323%0 3)B-29 @ﬁ) 39‘?@”89%2 fi"% miere dried

25 (Na2S0 I'tere rate oxymet hyl - 6-[ 4-(1-
met hyl - pi per i 4Hj-1462y1 }’rlbl(mogdsl] 1¢Mr1a1fm.34!'y)l) rret hanol as a crude mixture. This
crude material (88 ng) was dissolved in THE (3 n-) and 1.0 MHC (3 nL) was
added portionwi se over 3 h at 60 C. The m xture was cool ed, said. aq. 143 WO
2005/ 044807 PEX4rtysed@4/ 031855 NaHCO3 was added, and the mi xture was
extracted with chlorof oy (3 X 30

o) .

15 {4-(4.6-Dimethyl§1 H-benzoimidazol-2-yl)»-6-[4-(1-methyi-piperidin-4-yl}butoxy]-
pyridin-3-yl}-methanol.
5-Bromo-4-dimethoxymethyl-2-[4-(1-methyl-piperidin-4-yl}-butoxy]-pyridine (0.5
g, 1.25 mmol, 1.0 equiv) was dissolved in THF (6 mL) and cooled to -78 °C. A
2.5 M solution of n-butyllithium in hexanes (0.6 mL, 1.5 mmol, 1.2 equiv) was

20 added dropwise. The solution was stirred for 45 min, and then DMF (0.55 mL,
1.25 mmol, 1.0 equiv) was added. After 1 h, sodium borohydride (38 mg, 1.36
mmol, 1.1 equiv) was added. The mixture was allowed to warm to -40 °C for

Iz .z
P
|

30 min, then was quenched with satd. aqg. NaHCOj3 (10 mL). The mixture was
extracted with chloroform (3 X 30 mL), and the combined extracts were dried

25 (NazSO0,), filtered, and concentrated to afford {4-dimethoxymethyl-6-[4-(1-
methyl-piperidin-4-yl}-butoxy]-pyridin-3-yl}-methanol as a crude mixture. This
crude material (88 mg) was dissolved in THF (3 mL) and 1.0 M HCI (3 mL) was
added portionwise over 3 h at 60 °C. The mixture was cooled, satd. aq.
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m.). The conbi ned extracts were dried (Na2SO4), filtered, and concentrated.
A portion of the resulting crude

5- hydr oxymnet hyl - 2-[ 4- (1- et hyl - pi peri di n-4-yl)

but oxy) - pyri di ne- 4- car bal dehyde (33 ng), 3,5-dinethyl-benzene-1, 2-diam ne 5
(22 ng), arwoMed®He4sdy (36 ng) were stirred in DVF (2 nl) ?Tél%lﬁ(ﬁ’l? 36 h
The reaction m xture was purified by Method to afford tshetltle

compound. M5 Nalie@s was grdgd, andhegmi rgwpﬁp&eqt with shicrpferam(3 Qc’é 27, mz
found, 423.5 I{I%ﬂ'ﬂhe GO%lM%)&AQ@VM‘BdHWOfﬂ@e& Sandjdd}lcelﬁragh (S 1 H,
7.23 (br s, 1 (b , 4 (t Hz, 2H),
2.95-2.82 10 A Rortiopipf the resulting cﬂms hzdr@aym%!hylﬂﬂg“ (12nwy'(%Pef®m;4-yt} 11-1.98 (m
249, 1. 86- 1 Giiol Mo + aitlcbndds (Bmdd o-dmdfydeelBohdh Sl o 00l ca

Exanpl es 15 say on conbi nant Human H |stam ne Receptor SK-N MC
cel I's or GOS722@g)sanNe:S;0n(36 ea)werestiaed ind2MEd2 mL) at ﬂ@-ﬂ@fqrri?@ h.grown.in 150

win o cor - stiedsBpibonnRine wes pautE(ss MAROFE Wi bR b 57 SRR

menbr anes werampospdr 815 ((e}ectrosmgp)nmas cajculated foreCglddsN. Qg I4I231271 m/zQO 20 mvi

tormgenat o e tbAesTGA P B PPE e EosORY: £:4) 8, M. "HRIsCHRE nat ant v

then col | ect exl2a (o s¢ ¢H), Blg5Upes, 1), 2868 2H), 434 ¢ty J 2B.41Hp, 2H), 2.96-2.8he fi nal

S hi st anfhe (527 0 (& Aok 2276, Sl e ATEl Of (B of W e 25

(10,000 nM . (mawhat.51N0.44q612HEC.39-116¢m sEyperature for 45 mn: Menbranes
wer e harvested by rapid filtration over Whatnan G-/ C filters and washed 4

times with ice-cold 50 MM Tris HCl. Filters were then dried, mxed wth
scintillant and counted for radi ogigfogi¢ht Bxampfed\- MC or COST cells expressing
human hi stam ne H4 receptor were used to neasure the affinity of 3 30

bi ndi ng of other conpounds and their ability to displace HIlgand binding by

i ncubat i n@stfmnahgy\%saeéﬁnw bih&R Hundh Hiatahhﬁen RS @r Of various
concentrati ons nnit plrtor or conp ounda to corrpet ition bindi ng

144 WO 2005/ oamwcﬂ@w %@@@Z/@ﬂ%ﬁ@ 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 20 mM Tris-HCI with a polytron tissue homogenizer for 10 s at high speed.
Homogenate was centrifuged at 1000 rpm for & min at 4 °C. The supemnatant
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 E'H-histamine (5-70 nM) in the presence or absence of excess histamine
25 (10,000 nM). Incubation occurred at room temperature for 45 min,
Membranes were harvested by rapid filtration over Whatman GF/C filters and
washed 4 times with ice-cold 50 mM Tris HCI. Filters were then dried, mixed
with scintillant and counted for radioactivity. SK-N-MC or COS7 cells
expressing human histamine H, receptor were used to measure the affinity of

' 3
30 binding of other compounds and their ability to displace H-ligand binding by
incubating the above-described reaction in the presence of various
concentrations of inhibitor or compound to be tested. For competition binding
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studi es using 3H histam ne, K, values were cal cul ated, based on an
experinentally determ ned KD value of 5 nMand a |igand concentration of 5
nM according to Y: C. Chang and WH. Prusoff (Biochem Pharmacol. 1973,
22(23):3099-3108): K4= (1C50)/(1 + ([L]/(Ko)). 5 Binding Assay Results Table
EX K, EX KiwBxotspoassrw (nM (nM (nM (nM 1 46 45 110 pg&ndsibhabdfhssl7 2 9
46 113 90 73 135 47 3,21 47 129 91 633 136 1 4 26 48 154 92 113 137 3 5 43
49 173 93 7 136did6usifi H-hisbarii3, K4alliss hafb GlculdteGibased DR@N5 4 140 144 8 138

52 .641 96 1 141 60 25 14 10 89 54 3 28 143 6 11
59 55 203 99 %’@eiﬁ'ﬁn@ﬁy %@tegalae%zggl&efgé A’ﬁ ’fﬁ%"%a"dl@"ﬁ?ﬁ“eg'? 101 55 146 5
14 497 58 101nNOabcdrdin t@Y&) CH'ang%nEW%Ph%ﬁ‘&&o&ﬂé}nlﬁharﬂrﬁcémm 39 104 266

149 4 17 136 61 49 1 18 64 62 51 106 12 151 21 19 18 63 57 107

26 152 117 22°(8¥: @@91%081054%@3@%1 4 {8 (Ke}). 84 65 157 109 6 154 111 22 1 68
32 110 6 155 13 145

Binding Assay Re'sults
Table

ex Ex N ex ex N
- (nM) (nM) (nM) (nM)
1 46 45 110 89 120 134 117
2 9 46 113 90 73 135 47
3 21 47 129 91 633 136 1
4 26 48 154 92 113 137 3
5 43 49 173 93 7 138 - 46
6 61 50 187 94 13 139 69
7 66 51 278 95 4 140 144
8 138 52 641 9% 1 141 60
9 250 53 872 97 25 142 73
10 89 54 30 98 28 143 6
11 59 55 203 99 38 144 8
12 224 56 324 100 41 145 3
13 257 57 17 101 55 146 5
14 497 © 58 101 102 321 147 8
15 22 59 86 103 41 148 17
16 16 60 39 104 266 149 4
17 136 61 49 105 85 150 19
18 64 62 51 106 12 151 21
19 18 . 63 57 107 26 152 117
20 65 64 121 108 31 153 179
21 84 65 157 109 6 154 111
2 1 66 32 110 6 155 13
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WO 20051044807 PCTI US20041031855 23 103 67 1 111 21 156 20 24 109 68 5 112 .
6 157 28 25 119 69 6 113 4 158 21 26 142 70 20 114 11 159 19 27 74 71 26
115 4 160 53 28 9 72 5 116 12 161 20 29 326 73 69 117 5 162 15 30 22 74 22
118 4 163 12 31 9 75 28 119 51 164 7 32 93 76 121 120 94 165 3 33 81 77 4
121 60 166 Vo 2008044887 78 21 122 71 167 4 35 28 79 14 123G fushbifinGigss36 35 80
128 124 86 169 1 37 36 81 150 125 77 170 5 38 65 82 23 126 427 1/1 12 39
66 83 161 127 2873 42 1 40 gy 84 267 128431173421 41 7Fg85 AP 129 5 174 31
42 79 86 103 130 5 175- 6 43 82 87 61 131 3 176 4 44 87 88 52 132 5 177 4
133 12 Mast - C¥ ot axi s Bssayd Mast cellf2acclnul ati orS7n mMftosal epithelia
I's a well-knows chpfact eri stggc ofg al l ergiqqarhipitis and|5%st by, I'n addition,
it is known that nmast cell nunbers 5 increase in a nunber of inflamuatory
conditions. S@®e of42 his is ue ©8 chenot dlds dff nast celB9s tP the sites of

I nfl anmati on. 5Bhi soghenot axis t 04sSpecifi genys can b I mgked in vitro..
Transwel | s (Coz-sl;t ar ,ﬁCanbri dg@, M&)6 of a g‘grge s%ze 8 m :Irdgl coéz;dt(ed with 100
p.L of 100 ngl28L huhan fibrdofRecti®m (SignmdiBforl22 h at ridm t2hper at ure.

After renoval 2%f t% fibr one,%ti n69600 L 117 5 162 15
30 2 . 74 22 118 4 163 12
3 9 75 28 119 51 164 7
32 93 76 121 120 94 165 3
33 & 77 4 121 60 166 6
34 112 78 21 122 T 167 4
35 28 79 14 123 67 168 6
36 35 80 128 124 86 169 1
37 36 81 150 126 77 170 5
38 65 82 23 126 427 171 12
39 . 66 83 161 127 773 172 1
40 74 84 267 128 3 173 21
41 78 85 39 129 § 174 31
42 79 86 103 130 5 175 6
43 82 87 61 131 3 176
44 87 88 52 132 5§ 177

133 12

Mast Cell Chemotaxis Assay

Mast cell accumulation in mucosal epithelia is a well-known characteristic of
allergic rhinitis and asthma. 1n addition, it is known that mast cell numbers
5 increase in a number of inﬂémmatory conditions. Some of this is due to

chemotaxis of mast cells to the sites of inflammation. -This chemotaxis to
specific agents can be mimicked in vitro. Transwells (Costar, Cambridge, MA)
of a pore size 8 um are coated with 100 pL of 100 ng/mb human fibronectin
(Sigma) for 2 h at room temperature. After removal of the fibronectin, 600 plL

10  of RPMI with 5% BSA, in the presence of 10 uM histamine, is added to the
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10 of RPM with 5% BSA, in the presence of 10 M histamne, is added to the
146 WO 20051044807 PCTI US2004/ 031855 bottom chanber. To test the various

hi stam ne receptor (HR) antagonists, 10 isMand/or I Msolutions of the test
conpounds are added to the top and bottom chanbers. Mast cells (2x105/ well)
are added @ sbdspedsep chanber. The plates are incubat ededTws280403885 37 C.
Transwel | s are renoved and the cells in 5 the bottom chanber are counted for
si xty secondsbattsin*@amb‘eroiﬁodgstmesiaéous istaminehiebeptoniR)crdagonists,H0s obt ai ned.

Cel | -type Di st esgsi.on RNA e from he different
cel I's using aHM ?“MOWI‘I%"%BE{QB%%S °9/5'P85‘Q‘Y\§?re ?g‘gﬁ’t pde o the
manuf act ur er Hbﬂbﬁﬁ&faﬁﬁiek@rﬁast'%ﬂﬂ&m%m&re @adeaa@tmobrcﬁmnbwlfheed human

cells using the RNeasy Kit enci a and re erse transcribed to
cDNA usi ng ttﬂaﬁﬂ'a%ﬁ@{qaﬁﬂ ffer?»h(qtﬁ?/ fv‘ h@%’?ﬂ”e"%ﬁr Pmoﬁﬁdf’B theecalaiur acturer' s

i nstructi gns. mé‘ﬂoﬁtﬁﬁ%ﬁéﬁbeﬂ\’écﬁﬁﬁe@ﬁr%ﬁ cBMds iSin %ﬂ%‘yféﬂld@m HA
receptor-specific primers 5' AATAGCACA and

5' CAGTCGGTCAGIW@TWGTWMS@MQQWM PCR band for H4 receptor is 1170 bp.
Results The RT-PCR results indicate that the H4 receptor |Is expressed on
mast cells, dendrltlc ceIIs basophlls and eosi nophils. These positive

results are Zelciyps 1 ession i shed literature (e.g.- Gda at at.
Nguyen at al Accunul ati on of
mast cel | s. an%&‘ Q@fa?ﬁd ﬁ&m%e dn*‘fPreEPged@ﬁg@ t?g;mg% %t @!Qgteﬂb princi pal

charact er1Gst |\ta|emn‘ia ﬂA)acgordmgnu the masufactdreds idstractlcﬁsnﬁ e@aHRNﬁe_aa@t or
O e o b BH (o AR HEBih oI g TSGR BB AR o Y 1
hi st am ne: TheAYard revensg transdribed G:pcDI‘SIA using téeRT réaation kD(lavitrogrt)i on of H4
bendr &1 0 ol EE0rANa R 0 Hapialire s neblahe, Hi FoBabttr RNATER dofected by™™ ' ©
RT-PCR using human H, receptor-specific primers 5'-
15 ATGCCAGATACTAATAGCACA and 5'-CAGTCGGTCAGTATCTTCT. The
amplified PCR band for Hy receptor is 1170 bp
Results
The RT-PCR results indicate that the H, receptor is expressed on mast cells,
dendritic cells, basophils, and eosinophils. These positive results are
20  consistent with the published literature (e.g. Oda et al., Nguyen et al., and
Morse et al. in the Background section). Accumulation of mast cells. and .
eosinophils in affected tissues is one of the principal characteristics of allergic
rhinitis and asthma. Since H, receptor expression is found in these cell types,
Ha receptor signalling is likely to mediate the infiltration of mast cells and
25 eosinophils in response to histamine. The following table reports the Cell-type
Distribution of H4 Expression by RT-PCR.

Species Cell Type Ha
Human Eosinophils

Immature Dendritic Cells +

Mature Dendritic Celis +

Mast Cells +
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Mast Cells + 147 WO 2005/ 044807 PCT/ US20041031855 Basophils + CD144
Monocytes - CD4+ T Cells + CD8+ T Cells B Cells - Neutrophils - Musel (Rat)
Eosi nophils + Peritoneal Mast Cells (Rat) + Bone Marrow Derived Mast Cells

| mmature Dendritic Cells + Mature Dendritic Cells + Bone Marrow Derived _
Macr ophagesvd’mostqasimal Macrophages - CDA+ T Cells - CDSPCT/USHI0d/a31888 Cel | s

The I nhibition of Eosinophil Shape Cha ISHi stam ne Hg Receptor

Ant agoni sts 5 Eosi nophil accurmulation in sités of allergic reaction is a

wel | -known characteristic of aller @4’ Morotytesand ast hma. Thi s exanpl e
denonstrates that histam ne H4 recep%l%*q.&%goni sts can bl ock the shape
change response in hunman eosinophils r nse to hi §tanmine. Shape change
is a cellular characteristic that prepgdecdiesi nophil chenotaxis. 10 Methods
Human granul ocytes were isolated from hunan bl ood by a Ficoll gradient. The.
red blood cells were lysed with 5-10X QBdeplls | ysis buffer at roomtenperature
for 5-7 mn. G anul ocytes were harvestﬁg{maor&ﬂ“g/\ashed once with FACS buffer.

Mouse/(Rat) Eosinophils +
Peritoneal Mast Cells (Rat) +
Bone Marrow-Derived +
Mast Cells’
immature Dendritic Cells +
Mature Dendritic Cells +

Bone Marrow-Derived

‘Macrophages
Peritoneal Macrophages

CD4* T Cells -
CD8* T Cells -
B Cells -

The Inhibition of Eosinophil Shape Change by Histamine Hy Receptor
Antagonists
5 Eosinophil accumulation in sites of allergic reaction is a well-known

characteristic of allergic rhinitis and asthma. This example demonstrates that
histamine H4 receptor antagonists can block the shape change responsé in
human eosinophils in response to histamine. Shape change is a cellular
characteristic that precedes eosinophil chemotaxis.

10 Methods
Human granulocytes were isolated from human blood by a Ficoll gradient. The
red blood cells were lysed with 5-10X Qlagen lysis buffer at room temperature
for 5~7 min. Granulocyles were harvested and washed once with FACS buifer.
The cells were resuspended at a density of 2 x 10° cells/mL in reaction buffer.

148



The cells were resuspended at a density of 2 x 106 cells/nL in reaction
buffer. 148 WD 20051044907 PCT/ US2004/ 031855 To test inhibition by specific
hi stam ne receptor antagonists, 90 gL of the cell suspension (-2 x 105
cells) was incubated with 10M of one of the various test conpound sol utions.
After 30 mwg 204/044807 of one of the various concentrati opeT/USEoolydEBSETI Ne was

added. Ten m I fixed with
250 gL of |ce$§t(g?ps3 r*‘h?%'(tg{nl %ﬁ@k hﬁ%t}g{ ﬁ@féﬁ%gﬁq‘f&for °5th%%"The shape
change vvas quenuﬁpehab&@-msno ceélsgwasamcmamﬂwmwpumf@nbmmwvhrloasaéster assay
GAFS) an at Res re. Me

(165( 12) 1602 E@%B‘?”" F&Q@ﬁﬂ%% E}ig& '°&"é%°fé8§|"ﬂ%%ﬁ?°f§ﬁ%ﬁb9é'°mange

Through HA Res&mét%mé@asw@d@mmmeghamhet:elmra@m&eﬁeuio fge to
cytoskel etal changes that preceed chenptaxis and thus is a neasure of

chenot axi s§ Thad txadawitm25thel of ice-coldifixativedivfier @Homauahydegﬁqm mén. | nduces a

d d d HR
ant agon ot 5 wiig SR A0 s flafitaigH PR e uaed aAMoBRaLRERBMER L) i
for the shapescdttengssayAGA&KS) ($.4¢ Bryshb et pleddrh.i L Resgpir. tCri. GarstMed. 1290211 recept or

(di phenhydra h receptor (ranatidine) did not alter the
hi st am ne-|i nghgg(ézg‘[@% ?@Sh_%h However, a dual H31H4 ant agoni st

(tgl OEler am deReamiti—eHls@mimé Medfaleﬁﬁmﬂmhl—ﬁha@ ndrge TI&ﬁm@HQRetegto
chlorg er,az ano
b b t e 1R oThRCHRnge i shees Soaseinopiss BE e deskrbil shamathstcSo of 1.5 20

Hi stam ne 10 MY No 11.21 01 1.00 Antagonist 10M
H4 1.09 1.05 ollggmg t@ﬁe fh% hq&m HF ucesa ose~-dependent shape change

in eosinophils. Histamine receptor (HR) antagonists were used to sort out

and 0.27 M ?Ed@ﬁéd bN@hMaxu&éﬂdWsZQ@%&éé&Qﬁ chémbleRid0 OPheQidt8mtthe Fol d Change

which histamine receptor is responsible for the shape change. Antagonlists
15  specific for the histamine H receptor (diphenhydramine) or the H. receptor
(ranatidine} did not alter the histamine-induced shape change. However, a
dual Hi/H,4 antagonist (thioperamide) and a specific histamine H, receptor
antagonist ((5-chioro~1H-indol-2-yl}-(4-methyl-piperazin-1-yl)-methanone, K;= 5
nM) inhibited histamine-induced eosinophil shape change with an ICs of 1.5
20 and 0.27 pM, respectively.
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The Inhibition of Eosinophil Chemotaxis by Histamine H4 Receptor Antagonists

Eosinophil accumulation in sites of allergic reaction is a well-known

characteristic of allergic rhinitis and asthma. Eosinophils are purified from

human blood with standard methods. Chemotaxis assays are carried out using

transwells (Costar, Cambridge, MA) of a pore size 5 pm coated with 100 pL of

100 ng/mL human fibronectin (Sigma) for 2 h at room temperature. After
removal of the fibronectin, 600 pL of RPMI with 5% BSA in the presence of
histamine (ranging from 1.25-20 uM) is added to the bottom chamber. To test

10

the various histamine receptor antagonists 10 uM of the test compounds can

. be added to the top and bottom chambers. Eosinophils will be added to the top

chamber whereas histamine or chemotactic factors will be placed in the lower

chamber. The plates are incubated for 3 h at 37 °C. Transwells are removed

and the number of cells in the bottom chamber can be counted for 60 s using a

16
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flow cytometer, or can be quantitated by using Giemsa staining.



the peritoneal cavities are washed with 3 nL of PBS containing 3 mM EDTA

The nunber of mgrated | eukocytes is determ ned by taking an aliquot (100 PL)
of the lavage fluid and diluting 1:10 in Turk's solution (0.01 % crystal
violet in 3%acetic acid). The sanples are then vortexed, and 10 pL of the
stai ned celWO2s9¢80T i on is placed in a Neubauer haenocycangseusnsiess f erenti al
cell counts are erforrred u5| ng a lig BO61). In view
of their chrot&!nk ’ &4t opl asm

appear ance, M@WMM@# — I@ar I eukocyt es (PI\/N >95% neut rophils) can be

easily identi reatnent with zynpsan increases the nunber of

neut r ophi | s, W\h@&:’Pﬁqu%OﬂséfﬁtegéEﬁthﬁt?m@ed'k reserterrantaaeRisty san klegiothse.
Treat ot w SRRy ROBA N 1 Rrlisoliilh ol asaRBfde | i bI 11 on of

Mast Cel | Chenotaxls ceptor Antagonist in an Aninal Mdel of Asthna
and Allerdic mmnnnentsorlztbemll wall ﬁﬁsafr*ﬁbé@lmMCGS aerewsiag. {Thlstis cor@meplyer vat i on t hat

et Ce S SR Bidficd BortoRAPAEo B 3bhaSisad i A BRIt thi S can

be bl ocked by rece agonrs I nventi on
can be test ednamerh Cs’mpndads ofttbe dmsemsnvantlen caebe tasderd lasucln aanodshtos f or

allergic rhinit e, |ze rltoneal
| nj ecti.on of ‘iﬁ%‘f'ﬁﬁm&ﬁ gﬁ??ﬁaﬁ'ﬁ’ﬁ?'ﬁ"@ g\‘ﬁwéﬁ Qﬂ‘ne’bay 0 and Day
14. 0}] Day gicdrdiﬁ%muﬂhrt?ﬁsn‘lemmroﬁo?pbaFiﬁmg(ﬂdnlht;s%e:bhmmjsbum n, ﬁnd )
sacrifice after the |ast al l.eng section of the trachea
o eroveld araceves amaATSEAR A (R BY e Mo B aReHiEesel AT i na
E‘é% Iu ggb 82/ ggthb mlaﬁtaa o&ﬂﬂe@@r][ef\msﬁ@d with |3 rﬁwﬁflzbts cloﬁﬁ(ﬂjmm ngEDﬁAﬁ§07 Civel

st ai_ni.ng, o S W ol ui di ne u ernatively,
trachea are fl'!f‘z%‘ﬂ" §f Of Fyigr Ie‘%&ﬂ@ﬁ'%‘%ﬁmﬂw taking aﬁﬁgﬂu‘?ﬁgﬂ?@ Ly e
identified bYOfltlﬁk.Ela%g"é flid@nd Uﬂ\ﬁhg 16 thSTuACEsélitit (0f0198lcrgstaPUfletiCc Osal  or
sub-epithelial depending_on their location within each tracheal section.

Exposure to adfacinadtoihg seRples-are thenyortgxed, @pd 1044 of i etained el al  nast
cells, angst fuo?utﬁhf.@sﬂacwmta RERRbePHadiod Iygﬁf‘&érormﬁéﬂéhﬁﬂ%ﬂ thints dRe features

and advant ages of the invention are a{)cﬁa to one of ordinary skill in the
art. Based onperfarmed usiag @dighbmicrassppgi{QlympueBaGihmin yiew of their chromatic

characteristics and their nucleus and cytoplasm appearance,

polymorphonuclear leukocytes (PMN; >95% neutrophils} can be easlly
identified. Treatment with zymosan increases the number of neutrophils, which

20 s representative of an inflammaiory response. Treatment with H, receptor
antagonist blocks this incease.

Inhibition of Mast Cell Chemotaxis by Hs Receptor Antagonist in an Animal

Model of Asthma and Allergic Rhinitis
25 An animal model is used to test the observation that mast cells accumulate in

response to allergic inflammation and that this can be blocked by H4 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 are
sensitized by intraperitoneal injection of ovalbumin/Alum (10 pg in 0.2 ml

30 AI(OH)s, 2%) on Day 0 and Day 14. On Day 21 through 23 mice are
challenged by PBS or ovalbumin, and sacrificed 24 h after the last challenge
on Day 24, A section of the trachea is removed and fixed in formalin. Paraffin
embedding and longitudinal sectioning of tracheas are performed followed by
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10 detail ed description, background, exanples, and clains, one of ordinary
skill in the art will be able to nake nodifications and adaptations to
various conditions and usages. Publications described herein are
incorporated by reference in their entirety. These other enbodinents are
al so wi t hi nwDIeoswe480r of the invention. 15 152 What s pdydesdobfess 1. A

d of f ; . 5 AN ~~ -7 (11
\(/:\ﬁgrr) 2?2 Xoi S Eﬁawqa%f(rhés)t lﬁ?ﬁ‘g‘fwagtro %%Hfg Al\(?'nla@eﬁﬂ; i ?ré f@z e!e'?ch( of ) R14 is,
i ndependent | y OQTofior froteay sestidsing, tand mash salisganeridentifiedby IGE. staihikg.] Ma€R 5al kenyl ,
C2_ balk I : l.eal.kyl . - w- G Aal kyl amino.. -
Cl. 4al ﬁyl %’Q?’Omﬁ%@%&%g@g#éﬁ‘;m%ﬁ%# g%‘?@‘@i}%@ﬁ@l‘?%%%h, cyano,
- CF% RF, ﬁ: 1, :oBatiorl witrlﬂh each tradeEFsecﬁorSCOEﬂqosuﬂ%o alléBen sh&él@rﬁ&e:;gwg_lé NRaRb
- , nyl, pen = - - - ‘
o broaR S pireber o7 s AptEelal dbstgsiis RS pect s Moghad B f5oRBbm of ner

substituent agstegomEwl s, selected fromH, Cl.4alkyl, C3. 6cycloal kyl,
phenyl, (C3.6cycloal kyl) d _2al kyl-, benzyl and phenethyl, or Ra and Rb taken
together with the nitrogen to which they are attached, forma 4-7 nenbered

heterocyclic ringrigfebiisds aﬂmmh@ﬂé@bﬂhé ifV8nddH dréGpbafiibtdbrielof! additional
het eroatons selected from 0, S, >NH and >NC1. 6al ké and wherei n any phenyl,

phenet hyl, berednary skikiptheart. Bpsedan s disglesrs, ingu ':*@t’@fSWWRl- 4, Ra, Rb,
Subst 1 tuony” aeried Sacetfich, baoRRbIr enipledafg ooERFBRT draitery bAITC! Ner
the art will be able to make modifications and adaptations to various conditions
and usages. Publications described herein are incorporated by reference in
their entirety. These other embodiments are also within the scope of the
invention.
15
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selected from C1. 3al kyl, hal o, hydroxy, am no, and Cl.3al koxy; each of R5-7
i's, independently from other substituent assignnents, H, Cl.6alkyl, F, C 1,
Br, I, CF3, -OCF3, -OR -SR -S(OR, -SOQ2R, C1l.4al koxy, cyano, nitro,
-C(O NRLRb, - C(Ophenyl, - C(O Cl.6alkyl, -S(O Cl4alkyl, or -S@ C,

al kyl; 153 or, R7 and R6 for a compound of formula (I1) taken together with
the carbon atons to which they are attached forma cyclic structure Cyc2
selected fromaryl, heteroaryl, 5- or 6-nenbered carbocycle, and 5- or

6- menber edVhatieclaimedlie with 1 or 2 heteroatons, wherein said cyclic
structure Cyc2 is, independently fromother substituent assignnents,
substitutgd wi tAhcchpolmd of foPmGlalgHY:i t uents sel ected from Cl_3al kyl, hal o,
hydroxy, amino, and G _3alkoxy; R8 is H, Cl 6al kyl, G -4al koxy, or OH each
of RO and R10 is, independently from ot her substltuent ®si gnments, H or

C . bal kyl, or RO and R10 taken together forma 5- %}__{Eered cyclic
structure Cyc3, wherein said gyclic Sstrugture 54, Or 6-nenbered
carbocycle or a 5- or 6-penbefed het & wiAh" 7Rheteroatoms and
wherein said cyclic struct Y i = &‘%(% ot her substltuent
assignnments, substituted w fnts selected from

Cl. 3al kyl, hal o, hydroxyg3-€mNgD, \ B8 aI koxy; R11l is H, Cl.4al kyl; each
of R12 and R13 is, independeni) y Hrorﬁsothr substi t uentll pssi gnnents, H or
Cl. 4al kyl ; or, when Y i s CRIBR13 R12 and R13 taken together with the carbon
menber to which they are attached forman optionally substituted cyclic
structure vegdn Wherein said cyclic structure Cyc4 is a 3- to 6-nenbered
carbocycle or a 3- to 6-membered heterocycle with 0 or 1 additional

het er oat orsiSNr CRI2R13 is C=O Rl14 is H Cl.4alkyl, OH, or O Aal koxy; an
enantloneH(quqﬁieQﬁqﬁgu 13yacemate thereof, or a pharnaceutically accept abl e
salt, am de or ester thereof provi ded that when Y is O or NRLlZ, then R8
is not OHZis (B'“4al koxy; and neither RL nor R4 is O(O)NH2. 154 2. A

conpound as, iln cI aim1l, wherein Y is CR12R13.
nis l;

each of R'* is, independently from other substituent assignments, H, C;.4alkyl, C,.salkenyl, C,.
salkynyl, Cs.scycloalkyl, - C_4alkoxy, - C;4alkylamino, - C;.salkylthio, - C;.
salkylsulfonyl, - OCs_¢cycloalkyl, -OCH,Ph, cyano, -CF3, F, C1, Br, I, nitro, -OCF3, -
SCFs, -OR®, -SR°, - S(O)R®, -SO,R°, -C(O)R®, phenyl, benzyl, phenethyl, -C(O)NR*R®, -
C(O)OR®, - NR*R®, -CH, NR®R" or -CH,OR® ; wherein each of R?, R® and R® is,
independently from other substituent assignments, selected from H, C,.salkyl, Cs.
scycloalkyl, phenyl, (Cs.scycloalkyl) Calkyl-, benzyl and phenethyl, or R* and R taken
together with the nitrogen to which they are attached, form a 4-7 membered heterocyclic
ring HetCyc 1, wherein said ring HetCyc 1 has 0 or 1 additional heteroatoms selected from
O, S, >NH and >NC, salkyl, and wherein any phenyl, phenethyl, benzyl, alkyl or
cycloalkyl moiety in any of said R, R, R®, R, and said ring HetCyc 1 is optionally, and
independently from other substituent assignments, substituted with 1, 2 or 3 substituents
selected from C,salkyl, halo, hydroxy, amino, and C,_jalkoxy;

each of R> s, independently from other substituent assignments, H, Cy¢alkyl, F, CI, Br, I,

CF3, -OCF;, -OR’, -SR°, -S(O)RS, -SO,R°, C,.4alkoxy, cyano, nitro, -C(O)NR®R®, -
C(O)phenyl, - C(O) C,.salkyl, -S(O) C,.alkyl, or -S0, C;4alkyl;

153



3. A compound as in claim1l1, wherein Yis CH2. 4. A conpound as in claim1,
wherein Zis CH 5. A conpound as in claim1, wherein R is selected from
the group consisting of H nethyl, ethyl, isopropyl, cyclopropyl, F, d,
Br, cyano, phenyl, carboxynethyl, dinethylcarboxam do, and CH2Owe. 6. A
conpound as in claiml, wherein R is H nethyl, F, or d. 7. A conmpound as
inclaiml, wherein R2 is selected fromthe group consisting of H  nethyl,
et hyl, isopropyl, t- but6y cycl opropyl, CF3, OCF3, F, d, Br, cyano, phenyl,
car boxynet hyl , olereetnldyR for Basoapouind OEﬂmmbbr(ﬂc)yaken 80geAhe¢ owplm!nnctaﬁwnlatpms @i m
1, wherein R2 | d as

e R iyt ataclEd e oSl s iRty CSEa Sadi o A b EPRI Be S

ethyl, isopropglmerbdded Ydrbog¥Rl and GpYt 6- rﬁﬁﬁber@ﬁ&ero@clawnh& or QYRdi€toatbme) nyI
car boxyrret hyl, di nethyl car boxam do, and_benzoyl. 10. A conpound as in claim

1, wherein R3 werin gaid eyclic giugiyte Cyepas, i I@@:@deeﬁy fromatlyar Su1151ltueAt %,Sékgp@eﬁa, as
in claiml, ‘A’“%]'ib%hﬂn bvﬁh%)e'le%‘s} gdsugtf? t &1 QURorf htl‘k&l '?19100 ”ﬁﬂx ¥
y heﬁy ¥

et hyl, isoprop opr opyf r cyano, carbo
di et hyl car boxamddp;allamgl CHZOVE 12. A corrpound as in claiml, wher ein R4 is

H, methyl, sF,_or ) 5 onpound as in claiml, wherei n one or two
of R "dar & vl @l‘fgkﬂ ClAaIEB’f‘PbB&Qg{ 'as in claim1, wherein R5 is H F, d,

met hyl , or 9 . 11p10 | .
met hyl , 1538;A%rr?)n§u}§d lg\slﬁ(?%gmq% 1, %ﬁgﬂr S’e%{bn%t&entweﬁgﬁh éhtﬁﬁi b‘SCF“all@l Or(K

17. A corrpound and Ri takdnatogether fmhmaeﬁi @nﬁmbﬁsdmycllﬁc sttucmroﬂyn%twnelrem sa_13 cydhc
conmpound as in claim wher CI or

claim1, wheref 'ﬁu%éf éyclzi Is r?efhgfl e5d Caﬁtffcy%\e @Brﬁ)%'u?fdégkm}r{ﬁre?%t%??'cg
wherein R8 is Kith2ler Z\h@t@tmmdalﬁﬁwhaeﬁl saldaylic Wk Tyo9 ia ctePdddeatlE from
i ndependently, selected fromt he group consi sting H, b) methyl,

ethyl, propyl, oawasub%tpmiwlgmentsasw Wity g, i, ar 3 p@bsn%@ntsmléeted fro@ach of
RO and Rl%liﬁlkyl', RASRASBHEST dnfino HhndTc, TRk ENY; -
R" is H, Calkyl;
each of R'? and R" is, independently from other substituent assignments, H or C.salkyl; or,
when Y is CR'’R", R'? and R" taken together with the carbon member to which they
are attached form an optionally substituted cyclic structure Cyc4, wherein said cyclic
structure Cyc4 is a 3- to 6-membered carbocycle or a 3- to 6-membered heterocycle with
0 or 1 additional heteroatoms, or CR'*R" is C=0;
R%is H, C;_salkyl, OH, or C,_salkoxy;
an enantiomer, diastereomer, racemate thereof, or a pharmaceutically acceptable sait, amide or
ester thereof;
provided that:
when Y is O or NR12, then R®is not OH or C.salkoxy; and
neither R! nor R* is C(O)NHo..
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23. A conpound as in claim1l1, wherein R1is H nethyl, or ethyl. 24. A
conpound as in claim1, wherein RI1is nethyl. 25. A conpound sel ected

from 2-{ 5-Brono-2-[4-(1-nethyl-piperidin-4-yl)-butoxy]-pyridin-4-yl
}-4-nmethyl-1 H benzoi m dazol e; 156

2-{5- Brono- 2-[ 4- (1- et hyl - pi peri di n-4-yl ) -but oxy] - pyri di n-4-vyl
}-5-fluoro-4-nethyl-1H benzoi m dazol e;

2-{5-Brono-2-[4-(1-net hyl - pi peridin-4-yl)- butoxy] pyridin-4-yl}-6-chloro-4-m
et hyl -1 H2. benAmompdalzd)hsn cRm{ll wherein Y is CR'’R"

5- Brono- 2-[ 4- (1- met hyl - pi peri di n-4-yl)-butoxy] - pyridin-4-yl }-4,6-dinethyl-
H benzoi m dazol e;

2-{5- Br ong: 2- [ A-dohpdBhdyd mRIpar dhdreflr yli9 €yt oxy] - pyri di n- 4-yl

}-4,5-di nethyl -1 H benzoi m dazol e;

2- {5- Brono- 2-[ 4- (1- et hyl - pi peri di n-4-yl)-butoxy]-pyridin-4-yl)-5-chloro-4-m

ethyl -1 H ,benzqi .o
2-{5-Br om‘)1 2- [% { ‘fi%ﬁigﬁ mﬁlla[l)lgrll mhﬁr-ew-%/fs)q}t{)'ut oxy] - pyri di n-4-yl

}-5-tert-butyl-1 H ben20| m dazol e; 5-tert-Butyl-

{2-[4-(1-net hyl - p| peri di n-4- ){I) but oxy] - ﬁyrl di n- 4 ) - 1H- benzoi m dazol e

2-{ 5- Chl oPo- 2- P4eQMRIBE 1 InIFBY | AR R) inriesisd vrﬁha.gﬁoup 9q>l}smyns|q§di,o 4-
met hyl - | Hy P20 dazg

2-{5- Chl oro- ét@ h‘?/)ipypl p Clo%t ORyl 31/:l ) Cllout%&y]cyayr’ i d’lhenyl y%rboxymegm

|- | H bdnmjhytczdhmhedo and CH,OMe.

4,6-Di met hyl -2-{2-[4-(1-nmethyl -pi peridin-4-yl)-butoxy]-pyridin-4-yl)-1H benz
oi m dazol e;

4- Met hyl - 3: { 2- \McotmpotRd BYin-cRiiRelr, whbRirR Vis H, MéttgX)H, oPy.i di n-4-yl) - 1H benzoi m

dazol e;

5- Fl uor o- 4- net hyI 2-{2-[4-(1-nethyl -piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H
- benzoi mdazole tompo as, in claim | her1 is selected from h royp consisting of H,

4- Chl or o- 5{2 [A4 ?Tpr%lfjhyl pi perl’dl a B) Hit'S yd] Byr di R ?I} i g

H- benzoi mintben0) @thyl, isopropyl, tbutyl cyclopropyl, CF;, OCF;, F, Cl, Br, cyano, phenyl,

4,5-Di net hyl -2-12-[4-(1-net hyl - pi peri di n-4-yl) - but oxy] - pyrld in-4-yl }-1
H benzoi nicaRowymesthyl, d1methylcarb0xam1 0, and benzoyl.

6- Chl or o- 4- net hyl - 2-{2-[ 4- (1- net hyl - pi peri di n-4-yl)-but oxy]-pyridin-4-yl)-1H
- benzoi m dazol e;

5- Chl or 0- 4. met Aydonthofiad hkin(claimet, krepri Rizis IFHFnCY-nydthyl HOF 0 OF)F py ttibdiyh- 4- yI ) - 1
H

9. A compound as in claim 1, wherein R’ is selected from the group consisting of H,
methyl, ethyl, isopropyl, t-butyl, cyclopropyl, CF;, OCF;, F, Cl, Br, cyano, phenyl,
carboxymethyl, dimethylcarboxamido, and benzoyl.

10. A compound as in claim 1, wherein R}isH, F, Cl, methyl, CF3, OCF;, or t-butyl.

11. A compound as in claim 1, wherein R* is selected from the group consisting of H,
methyl, ethyl, isopropyl, cyclopropyl, R, Cl, Br, cyano, phenyl, carboxymethyl,

dimethylcarboxamido, and CH,OMe.

12. A compound as in claim 1, wherein R*isH, methyl, F, or CI.
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benzoi m dazol e; 5-tert-Butyl-2-[2-(4-piperidin-4-yl-butoxy)-pyridin-4-yl]-1

H benzoi m dazol e;

4, 6-Di net hyl - 2-[ 2- (4- pi peri di n-4-yl -but oxy) -pyridin-4-yl]- |

H benzoi m dazol e;

2-{2-[4-(1-Ethyl -piperidin-4-yl)-butoxy]-pyridin-4-yl}-4,5-di met hyl -1H benzo
i m dazol e; 157

4, 6- Di net hyl - 2- {3- et hyl - 2-[ 4- (1- met hyl - pi peri di n-4-yl ) -but oxy] - pyri di n- 4-yl
}-1H benzgi nmi daswipdundtasMatchivh-12 whérefBdne ok two BﬁR(ﬂaramml - pi peri dl n-4-y

| ) - but oxy] pyridin-4-yl)-1 H benzoi m dazol e; 6- Chl or o- 4- net hyl - 2-{

3-met hyl -2-[4- (1 -met hyl - pi peridin-4-yl)-butoxy]-pyridin- 4 yl} -1 H

benzoi m dazol e,

2 (8- Chl ore- 2- [0 PoRd i jp claim 1, whereinR s . £y CLmethvl oreiyl 4 1 1 - 4-methyl -
| H benzoi m dazol e;

|2_|{|?3|_ Cgleﬁrigi r2n gﬁfi’ lp@}r}r? stl Pan%el“w erein ils)F, BFto?Xm%lhyP,y“ din-4-yl}-4,5-dimethy
4-Chl oro-2-{3-chl oro-2-[4-(1-nethyl -pi peridin-4-yl)-butoxy]-pyridin-4-yl}-1H
- benzoi m dazol e; 2-{

3- Chl or o- 26] 4- Alconmom aginéaimdi, whﬂrf:ylll} sk, &x ), opyethgi.n- 4-y1 }
-5-fluoro-4-nethyl- | H benzoi m dazol e;
2-{3-Chloro-2-[4-(I-nethyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4,6-dinmethy
| -1 H benz0i m dacomipiundasGilcim-12wherein R7 is H, F, C1, or methyl.

3-chl oro-2-[4-(1-net hyl - pi peridin-4-yl)-butoxy]-pyridin-4-yl }-4-nmethyl- |

H benzoi m dazol e; 5-Chloro-2- {

3-chl oro- 3g[ 4- %1 o%én@ag%ggaﬁqu Q/h‘ellie}{-glif’l@%tl%}ﬁleﬂa‘}y“ din-4-yl } -4-methyl- |

H benzoi m daz uor o-
S-met hyl -2-[4-(1- et hyl - pi peridin- 4 yI) but oxy] -pyridin-4-yl)-1 H
benzoi m dggol e; 5-Chlo quuoro 2-

P

5-met hyl - 221 4- (1S9RAH ndi wharegm} B &L SR QR n-4-y1 }-1 H
benzoi m dazol e; 5-tert- Butyl
S-met hyl - 2-[4-(1- et hyl - pi perldln 4- yI) but oxy] - pyridin-4-yl }-1H
benzoi m d&fol eA ebntpobDndret llnysllalm-lf wherein R® is H.
5- et hyl - 2-[ 4- (1- et hyl - pi peri di n-4-yl)-but oxy]-pyridin-4-yl}-1 H
21. A compound as in claim 1, wherein R’ and R are, independently, selected from the
group consisting of
a)H,

b) methyl, ethyl, propyl, and isopropyl
22. A compound as in claim 1, wherein each of R’ and R" is, independently, H or methyl.
23, A compound as in claim 1, wherein R'! is H, methyl, or ethyl.
24. A compound as in claim 1, wherein R'" is methyl.
25. A compound selected from:
2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4-methyl-1H-

benzoimidazole;
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benzoi m dazol e;

2-{5-Chl oro-2-[4-(1-nethyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4,6-dinethy
| - I H benzoi m dazol e; 158 5-Chl oro-2-{

5-chl oro-2-[4-(1-net hyl - pi peridi n-4-yl)-butoxy]-pyridin-4-y1 }-1 H

benzoi m dazol e;

5- Chl oro- 2-{5-chl oro- 2-[ 4- (1- net hyl - pi peri di n-4-yl) - but oxy] - pyri di n-4-yl }-6-
fluoro-1H benzoi m dazol e;

5-t er t - Butyy{s=Brotf-ZM-0r-Rrethyl-fipeAditRLNY-botkPesyrdimfa 41 Y5 Akysb QsydthPyriidi n- 4-yl
}-1H benzoil m dazol e;
2- { 5- Br omberzojmidazoleiet hy| - pi peri di n-4-yl ) - but oxy] - pyri di n- 4-y1}-4-chl oro- 1
> (5B one: 2 P PL R B RS A oIS or -6 ¢
| uor o- | H- veesdiAiIdatslgzol e;
o B 3 Tt Rl Pt L) B )i 0y o or -
Hl- b_enzoi mbglﬁz%%fdéi&f%) -6-[4-(1- et hyl - pi peridi n-4-yl)-butoxy] - pyridin-3-
yl } - met hano and pharmaceutically acceptable salts of any of said
conpounds 2-{518&mo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-4,5-dimethyl-1H-
benzoimidazole;
2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-y1)-5-chloro-4-methyl-1H-
benzoimidazole;
2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-5-tert-butyl-1H-
benzoimidazole;
5-tert-Butyl-2- {2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-1H-benzoimidazole;
2-{5-Chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-5-fluoro-4-methyl-1H-
benzoimidazole;
2-{5-Chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4,5-dimethyl-1H-
benzoimidazole;
4,6-Dimethyl-2-{2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl } -1 H-benzoimidazole;
4-Methyl-2-{2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl)- 1 H-benzoimidazole;
5-Fluoro-4-methyl-2-{2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole;
4-Chloro-2-{2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-benzoimidazole;
4,5-Dimethyl-2-{2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-benzoimidazole;
6-Chloro-4-methyl-2-{2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole;
5-Chloro-4-methyl-2-{2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-1H-
benzoimidazole;
5-tert-Butyl-2-[2-(4-piperidin-4-yl-butoxy)-pyridin-4-yl]-1H-benzoimidazole;
4,6-Dimethyl-2-[2-(4-piperidin-4-yl-butoxy)-pyridin-4-yl]-1H-benzoimidazole;
2-{2-[4-(1-Ethyl-piperidin-4-yl)-butoxy]-pyridin-4-y1}-4,5-dimethyl-1H-benzoimidazole;
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4,6-Dimethyl-2-{3-methyl-2-[4-(I-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-1H-
benzoimidazole;
4-Methyl-2-{3-methyl-2-[4-(1-methyl-piperidin-4-y1)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole;
6-Chloro-4-methyl-2-{3-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole;

2-{3-Chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]}-pyridin-4-yl } -4-methyl-1H-
benzoimidazole;

2-{3-Chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-4,5-dimethy!-1H-
benzoimidazole;
4-Chloro-2-{3-chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole;

2-{3-Chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl } -5-fluoro-4-methyl-1H-
benzoimidazole;
2-{3-Chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4,6-dimethyl-1H-
benzoimidazole;
6-Chloro-2-{3-chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4-methyl-1H-
benzoimidazole;
5-Chloro-2-{3-chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl} -4-methyl-1H-
benzoimidazole;
5-Fluoro-4-methyl-2-{5-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-1H-
benzoimidazole;
5-Chloro-6-fluoro-2-{5-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole;
5-tert-Butyl-2-{5-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-1H-
benzoimidazole;
4,5-Dimethyl-2-{5-methyl-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole;
2-{5-Chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4,6-dimethyl- 1H-

benzoimidazole;
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5-Chloro-2-{5-chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-1H-
benzoimidazole;
5-Chloro-2-{5-chloro-2-[4~(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-6-fluoro-1H-
benzoimidazole;
S-tert-Butyl-2-{5-chloro-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl }-1H-
benzoimidazole;
2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-4-chloro-1 H-
benzoimidazole;
2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-5-chloro-6-fluoro-1H-
benzoimidazole;
2-{5-Bromo-2-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-4-yl}-5-chloro-1H-
benzoimidazole;
{4-(4,6-Dimethyl-1H-benzoimidazol-2-yl)-6-[4-(1-methyl-piperidin-4-yl)-butoxy]-pyridin-3-
yl }-methanol,

and pharmaceutically acceptable salts of any of said compounds.
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