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HEDGEHOG PATHWAY ANTAGONI STS AND THERAPEUTI C APPLI CATI ON wmmmMWWLELD o -
THE | NVENTI ON The present invention relates to org S, -
phar maceutical conpositions thereof and their use for therapyssadd/ or
prophyl axi sWPR0®/0fEMal , in particular to heterocyclic MIBPIWREYIThat—
modul at e the hedgehog 5 signaling patway. BACKGROUND OF THE | NVENTI ON

Aut opr ot eol ysi s of a 45kDa Human Shh precursor protein gives a 20kDa
N-termnal fpRRSRROEN2P A PHWRRON A RTA d ONISTS™!A MBI0FRAIR ARG TIENT and

a 25kDa C-ternrrar fragrient 1nvorved 11T aut opr ocesst g actrvrty rirwhi ch 10

the N-termQpprICASPRYNS PHEGE OFAt ed to chol esterol (Lee et al. Science
266 1528-1 Buncrot etal. Ml. Cell Biol. 15 2294-2303

(1995)). Norrmal Iy functioni ng Hedgehog (Hh) signaling specifies _
enbryonic pattern by directing cellular differentiation and proliferation,
whi ch was first FIELD (06 THE BNGBENTIION:. nel anogaster (Nusslein-Voll hard et
al . Roux. Arch. 15 Dev. Biol. 193: 267-282 (1984)). Cellular responses to
the secreted HhThsl prespnt deveationneadatas ¢d bsganwo contpegnds, pearrageetigalot ei ns,
Pat ched (Ptc) and_ Snoot hened (Snp). Hh binds to the twelve transnenbrane
protei n Pt cCComprPsiiprse thergef sand ttheir puse feri thewdys appiosspTaphylaxis Ha geven
transmenbrane protein Sno, This Snmp activation, then trijggers eri es of
i racel | ul BEmBAn e s o e C RO SHs P madh LS e PedEehog
transcriptigon factor, Cubitus interruptus (G ) and the expression of

G -deper?genﬁg'baéﬁ.‘&l?atq’w&e events are recapitulated during mamal i an

devel opnent and Ewﬂ 6#:&@9&%1‘%@@ prot ei n honol ogues,

i ncluding three ic (Shh), Indian (Ihh), and
Desert (Dhh)], Moﬁ&ecﬂ?ﬁ%?bﬂ% @BkoA Humidh RN Plecudst phRsem Givds ke
25transcription factors (di 1, Gli2, and GLi 3). However, there is a single
1111111111130k Alteirhink] Feabhdeht 1Hat1lid Fdsbbnsible féformMhedgehog signalling

2009/ 074300PCMP2008/ 010470 2 vertebrate honol ogue of Snmo, which is

i npl i cat ed and @R SkPeCrerofindhfragrgent] inmglviey igemetprocessalgyariyifyninBvbisbphi | a,
m ce, and zebrafish (Chen et al. PNAS 99(22): 14071-14076 (2002)). Sno
initiat¥s dheiMmenmiaak fragmeatis cogugpedaer shalesterl dLeaiet alr Spisare géPon 5

factors an ej ue nucl ear sl ocati on I i e control
of transcr ?'p‘{%gomﬁ&%}ﬁgéﬂgmgﬁ ‘i“‘n‘r’l;m' geﬁ%‘é’?'i lﬁeﬁ%éh@%ki%g adi

i nfl uences tran rri tl'o Oft' Pt.c dd HihB 1@ edgeh g—inter ctin rotein 1
(Hip 1)) which il fuietgring diSaerhBe (R swniivy theeles sibryomc
activation I fob b i i range
o cancer s H e B R B PR B o
(Romer and r@géxftédl in @i&egthnﬁﬁ{nb@astéSZﬁusslé&z%(lﬂgﬂﬁ}b afNRo@k.| AdASt oma
(Bar et al. Stem Cells 25(10):2524-33 (2007)); prostate cancer (Sanchez et
al . PNAS 1¢B4Bid125B13:126B282201984)). Qatialaeatdsponsescer thd hsegesteét Hal .
Nature 423 851 - 856 (2003)); non-small cell lung carcinoma (Yuan et al.
Oncogene 2@olppeptidessre med{ared by; tvearantegrad hembrapecproteins, Patched{Pet) al .

Nat ure 422 313-317 (20Q3)); breast cancer (tKubo et al. Cancer Res 64
6071- 6074 (FdodmpotRened ffme). Jatbinds {9 she tyalvsuranspnpeaRerrotgin Rigt ur e

RN N I e O
(2006)): b | _ T

2003)); i . -yl nt.ani.|J i . 8(7
(2002)) TSmO R8s B T AR el 27
1139-47% 2 yatBroCEl e i ; i h '
129 20pbln Ot ORIG o  FASSIAn HLS, UG ERTEnOes

4048- 4053 (@iP4nd 1hdre§;&a§shw&ifcq hdefUgdhea STEERElen&adre G8Balitilefedet al .-
Am J. Pathol. 25 168(1) 321-330 (2006)), clear cell sarcoma of the kidney
(Cutcliffe dirirg madimalidtadeeslopasnt 4dd 2Rhou9gnd3s (i260ghH mudtiple protein
rhabdonyosarcoma (Tostar et al. J. Pathol. 208(1) 17-25 ('20081%)); chronic
nyel oi d | edkaeslogu¢ssangluging tireatlistineukbnfami1msmbeap[SEEc (307 hdian
endonetrial carcinoma (Feng et al. Cin, WO 2009/ 074300PCT/ EP2008/010470 3
~Cancer Res.(Ihigg and Degoct (Bd)], swoAtc pretsimnsddéch lupng Pichldi anshidseq Cirkikg et al .

Gar i nagencel s 2162 AZEACLRAN, (Z009) iy O6) IS b Siflre CRTOST
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It has al so been found that Hh signaling regulates the expression of the 5
ABC transporter proteins multi-drug resistance protein-1 (MDRL, ABCB1,

P-gl ycoprotein) and (BCRP, ABCX), and that targeted knockdown of NMDR1l and
BCRP expression by small interfering RNA partially reverses Hh-induced
chenor esi sWARH69/07339) s woul d suggest that the Hh pat hwa§CHER20pR018470 ar get t o
overcome MDR and increase chenotherapeujic response (Sins-Murtada et al 10
Oncogene 26(38) 5674-5679 (2007)). The bl ockade of sonic hedgehog si gnal
pat hway wa C i N i t Ry:
i nhi bi tor S%Fﬁggﬂalg%bgrgt% ?@aﬁc%@gtgﬂﬁdsm%wp (ljcrage]td_ M%éfgofrﬁﬁaorﬁrﬁa%g]% |hH.g 28(8)

1224- 30 (299%9“&@%;)9‘?? 1§&rﬁg‘rﬁg<§a‘-gfeif]dz%c%f @Manparhfiste(CREn M. PN AgNCer

118(4) 102 (2006 og pat hway has al so been associated to
‘tunour regnoyddy: 240 Pr-14096¢2e0H)pt herapy and as a potential target to

i nprove radiation response (Sins-Murtada et al. din. Cancer Res. 12(21)
6565- 6572 ( 2006¥modindtiatys b aiaral eescade vadsiagabe petivatbon e Ghgoaisstiptioncr eases
the cytotoxic effects of paclitaxel and radiation in Hh expressing

pancr eati ¢ factnrseand ¢hdis sBbsgqBleaf aveleet tmhsloCaner restiengtineghe denénotraxdol .

58(6) 765-70 (2006)). It has al so been reported that the inhibition of
t he Hedgehd&@nserapiion Phiprgel SrRey- Maspugh aonegativedpedhagk lpep folidntluences range

f di I d i nfl ion, i lial,cell h ,asta, fibrosi
of 1 ssuc. SFMPFHARINEN (F $5F BSHOL I dee e InieractisgoniSy e bivFise D) GHIISh soni ¢
hedgeh i, L.i h b d h i C.rej i d
pr of ong ai 15U (R, PERMATY e Bevecft BRERL eVEnae cBataiot oLibs Mt at i on
model . Al t?gﬂ%\)gﬁyg ®eh sk éiﬁieﬂc{w'itﬂnar??ﬂcxlégsi&g%hgé loqd%zméers inc.ludiggby

i MMunosuppressi agents, chronic rejection, ich®rs characterize

arteri qgcl ghog aiffédi‘ingr‘tﬁe%Qﬂrs&h%%E&ﬂﬁ%@stohﬁ @®om¥ and Curran, Cancer

2009/ 074300PCT/ EP2008/ 010470 4 major hurdle to long-term allograft

survival . ®e3f6502) 47 -i4978 (2009) tdnat gribblastomd (Bawed:r 4l Stepl @eliati on
nodel was significantly prolonged after anti-Shh anti body treatnent

conpar ed w2501 @)H5 2433 NERP0GH)| prosGiteonsnaslr (IAhez. ef7 7.5 FMAS) 108034)agen
deposition and vascul ar occlusion in the nesentery were 5 narkedléﬁreduced

in recipi ed286bf125p6 (2R04))spAnerseiie sapcqraiidayer eapl. Natyre ARAMHt + 8A683( 10)
mb h d

1351- 1357 07); L EP1183040B

that sFRP- iﬁ?@)&sh%or?ragoﬁ@t @Ll}ﬁrgga?ﬁsfnog%m& B0 Bh aki éﬁwgﬁgiﬁgﬁfﬁ-ﬁ@ﬁfg%t od

et vanson @Y DREmEEEal g Pet bZaBing <Rt o Ratur 2 Ho 7o A

i nhibitory j j t . J(f43)- : :

281(47) 35553%@%%'&&? ﬁgg‘gf )?’ g?%ésﬂb%ﬁgésmégu?(gﬂtli 8ﬁ’%@‘&@)’3§§‘ﬁgf digestive

ant agoni si RghctHiuRBLAWER edhdrP 8 /s Natark 4241184 6Pg PV '(21@03‘32 naldh@Cedsoe: bhe
treatment of a range of diseases such as osteoporosis (A et al. Ml. Cell.
Bi ol . 25( 1ast9éfitedSlogy (12005) )6%6+dN0 RI0S) R Hakalocedt caatinoheb@Valiames ef

| nvestigation, 1587, 97-103-(2007)). Various inhibitors of the Hh

pat hway hawé JB€ASI NWO$8) gbiled462 he(2003ny niadignantr sielamoothucfPongclangani ne,
which is believed to act by binding to the heptahelical region of Sno.

Addi t i @Ral IQuintapilieflins Eigas h&Ineelsnd(7 r‘r‘élée&ﬂ e(Z06orsqgemons cad Smo

PO BGATE R eA R i onst T S
bt soh e g B s G S DO ARk B o WBrcer s
(V020000204920 1281048 9519260 thelkoGPSTE! R6AS YBAPRADRRRLAYs 3 Aagspr | 1o

feature is 1presence of"a cdrbanoyl noiety at t 4-position of "“the
benzi m daz%&eﬁbl&%xal%hﬁd@ré stthads ch¥PdQ0AQ3aR8¢Tiecand MEAMKS]. epathbl.
(W2004093873 - 2009/ 074300PCT/ EP2008/ 010470 5 and US2004214857)

di scl 098 a 1%8(1)e32 1083@(ROGH)Y, clbanzdIsdtedmhacoftthe ikididyvE@utakiffe e ek pOlint
kinase 2 inhibitors for the cure of cancer, further characterised in that

t he 5-posi tCameenReshd 1022)27986494 a12606))ngnd shabd@ygosandsha t(Tiosthrwert bl ei t her
a carboxyl ate, a carbanoyl or a sul phanoyl group. 5Cheneng et al. :
(W9911627 JaRathabs52a8(H32)7-25 {200&)e; ehromi¢ aryeddidslepkadmniay(Stingupiadessal.

2- phenyl - benzi m dazol es _conpounds _as anti bacteri al agents. I&al [ i

etal . (vwzmkmgazz?)l(%)e%% e 4097 h sndeEsitiak spreama 35?%& df Qiserj es
of 2-phenyl -benzi m dazol e derivatives. 10Al ekshun et al. (W2004041209 and
W)2006076009) di sclose a series of 2-phenyl-benzim dazol ol derivatives with
antibiotic activity. Khaled et al. (Bulletin of the Faculty of
Pharmacy (Cairo University), 40(1), 7-13, (2002)) describe the synthesis
and anti hypertensive activity of 2-phenyl -benzi m dazol es derivatives
whereas the DNA binding properties of



15 sone others are described by Kobuta et al. (Nucleic Acids Research

Suppl enent, 2(Twenty-ni nth Synposi um on Nucl eic Acids Chem stry), 193-194
(2002) and Nucl ei ¢ Acids Synposium Series, 35(Twenty-third Symposi um on

Nucl ei ¢ Acids Chem stry, 1996), 151-152 (1996)). Cuicherit et al.
(W02006050308200988ahy et al . (W2003088970) and 20 RulFICA/ERR00§/P10470
(W2003011219) disclose Aryl- and al kylg am do/ureido derivatives of

2- phenyl - benzi m dazol e as Hedgehog pat hway antagoni sts for the cure of

vari ous-for n %ﬂ, THE 1 W@é‘g Thi

i nvention p%‘\‘/ﬁég&ég%sc?u%?gﬁ)& mul’a %Bk%l%%r9%$TSOOP H\%%Oejgﬁgloﬂo 6

Wherei n, asCyRifsenesind 761233401840 §2004)); ovarian tdndus (Chérd Bear CaRt@nched
or cyclic (Cl-C4) al kyl group optionally substituted with one or nore

hal ogen, a $¢iafB{19b8a¥6 (20079). (Cl - C4) al koxy or a 5 nono- or di- linear
branched or cyclic (Cl1-C6) al kylam no group r equals nil, 1, 2 or 3;

R1' represent, ilhtepahsddraenyfound thandh sngitdlimg relgelatessthe dxpresyeon Of theear |
branched or cyclic (Cl-C4) al koxy group; l|inear, branched or cyclic (Cl-C4)
al kyl opti ofABQ yraggperten prefeing myltrdragaasisencorpattied (MDRL) ARG@BLy, 10
al kyl am no, _or di al kyl am roup;. R2_.can be H d, F or Br X can be either
N or CH P-&‘Y%ﬂmﬁel%y@&@%{l’zA&C@?),tqﬁlé t?amairg?temor%&%&@EMD&land
‘g‘;g{‘iff '(gll“ggﬁg%?%ggggﬁ@ﬁ}mﬁ?in]ter]t%ffﬁg TN Al (Oles BRARGNGS O

al kyl car bon J.sul.ph I I r l.,

al kyl am noc%ltﬂrebngé{%%{l,sga%zg% Egﬁyvgégai‘%%g@gown%/ﬁpé%gﬁgn@?gére baoﬁa)?g?t to

al keny! oxy cardeas MBRKERY bt AAHERRMrap Atk HdsI6RS (SHhisM @il BOal

hydr oxy, al koxy, al kenyl oxy group optionally substituted wth carbanmoyl or

20 one ¥ NOKEoddré0Z6(38) S6PNB67A (2007 ))2Mhe A aEkuARY S, schit ih@@?éhdgr sigh@inched
(C1-c4) al kyl, al kyl am no, azaal kyl, oxaal kyl, al kyl carbonyTl,

al koxycar bopathway vedskfduvaudi tocarimabonyie gmtiprpliferbtve tefifeet o MEIGT Boichibitotswo  Ar
and optionally substituted with one or nore fluorine atons;, WO

2009/ 074300RCPAERRA0S/ @noar7 @elts (Hu ef alQAgasPidrmasat Sio. A8t 284130 i s
formed between two nitrogen atons or between a nitrogen atom and an oxygen
at om and nef?9é))c apdoprasiate nsanserrasdisy(MimeaHbgf| ahi 8. Ji faneer dd8(4) i near

1 uor e at M2 4t efFine et hyl one roup may be repl aced by 0, NRx.
carbonls o SCE At WORLAS BIMBNCHAIERpIE RUGECIR BRI P 2o
Ar is a 5 tgrdl ReREIARGIRIPPRIEAG Ak HepslABAP BRIt fd NehRBld aRAldton
response (Sims-Mourtada et al. Clin. Cancer Res. 12(21) 6565-6572 (2006))
and cyclopamine’, a hedgehog pathway antagonist, increases the cytotoxic
effects of paclitaxel and radiation in Hh expressing pancreatic cancer cells
20 (Shafaee et al. Cancer Chemother. Pharmacol. 58(6) 765-70 (2006)).

It has also been reported that the inhibition of the Hedgehog signalling
pathway may be of use for the treatment of a range of diseases related to
inflammation, epithelial cell hyperplasia, fibrosis of tissue or immune
disorders (Lamb er al. EP1183040). Inhibition of sonic hedgehog signaling

25 has been reported to reduce chronic rejection and prolong allograft survival in
a rat orthotopic small bowel transplantation model. Although acute graft

rejection can be controlled by immunosuppressive agents, chronic rejection,

which is characterized by arteriosclerosis in the donor organ vessels, is a



10 substituted with one or nore groups independently sel ected from hal ogen,
hydr oxy, nercapto, am no, cyano, nitro, carbanoyl, sul phanoyl,

trihal omethyl, trihal omethoxy, linear, branched or cyclic (Cl-C4) alkyl,
hydr oxyal kyl , nmono-or di-al kyl am no, al koxy, al kyl carbonyl,

al koxyxcar WO9/0780ky| car bonyl ani no, oxaal kyl, azaal kyPCT/ERR408403¢430 t hat t wo
of these substitutents may forma 5-to048 15 nenbered ring with a fused
junction to Ar. Rx may be 1-1 or a linear, branched or cyclic (Cl-C4)

- alkyl, di hal0akilrd¥ td [drpdRRRAIKEraftbuthYaRGAs Qurdlval il aY op@loaoepia 3 or
p, p' d d ly be 1,2 or 3t may

4 201, m n, and s may | ndependently be 1, be zero, 1 or

2 the sumsshaNbdwdl tPinsPlatiatior atvtRl vexscaghlifleantly prélobped Efter etEeSERL |
i ndependently from one another, hydrogen; a |linear, branched or cyclic

(C1-C6) al kitibodyz alatiwent ocxmphied widl Kenymmuaogddtuhy |G cahtrokdal kenyl ,
chain optionally substituted with hal ogen, am no, cyano, hydroxy, oxo,
| i near, br @hchdaysprCollagdancd€kitGs) and kpswdaboentiisionlik dhy cmsboteyy were
al kyl car bonyl am no, al kyl am nocar bonyl , car banoyl , guani di no, WD

2009/ 074 300Rckedip2 oalyced oayoregipients of the anti-Shh antibody (Chen et al

et T G R AR o
Ho1i , ic 5 (Cl- "
e o e flo B Pt ) il AR e

fluorine ag@ﬁg%lr anld t%%héﬂgegp&m%}gé% )(25 ;gec@-kt!ed f;izzl%gﬁ%%a%%cli Foé?inégio; and

Y2 i ndepen resent hal ogen, amno; ¢c

linear, or ({prpLahgoliédingChdtidHtion of fHeEhGaliwhy Ip%ﬁabéﬁﬁe nRIER1 &Y link 10

al kyl car bonyl , oxaal kyl car bonyl , al koxycar bonyl ,al kyl am nocar bonyl ,

al kyl capbomyd ané ninh#bikaryy leffeek agh kenit! signaHag kKeMy | er atikeny Beall bohgn.

oxaal kenyl car bonyl , al kenyl oxycar bonyl, al kenyl am nocar bonyl, al kyl am no,
mer capt oal R§1(4733 K598y3 560K y(2006). gFlmusp tbept modalatipns obsWrtusigdaling hbpne or
nmore fluorine atons; wherein two Y2 gro}glg)s may forma 5- to 8-nmenbered
15ri ng wi t An@gpnising Hhupethwaphdhtowgh sFRP-1aaguldi provide aewsitied dar dhe

2-[4- (4- et hyl - pi perazi n- -y1l) - phepnyl] - 1Hbenzqi m dazo] e; 2- )

[ 4- (4-pyri Hieﬂmzermo%ai raesaf% ﬁlseﬁsewgm%@smpmq%@ﬁw i Yo CeliaBiRlef er red

oroue, o CRRNEAG ALEIS) LRLH IS o, arh Flbarpor PABRARA
2009/ 014308PC7 553998690470
Various inhibitors of the Hh pathway have been investigated, including
the natural product cyclopamine, which is believed to act by binding to the
heptahelical region of Smo. Additionally a number of synthetic small
molecule antagonists of the Smo receptor have been reported in recent years:
20 for a review see Kiselyov Anti-Cancer Agents in Medicinal Chemistry 6
445-449 (2006)
PRIOR ART

Lubisch ef al. disclose a series of 2-phenyl-benzimidazoles as PARP
inhibitors for useful for the cure of various diseases including cancer

25 (W02000026192) and in the field of cosmetics (WO2001082877). A recurring

feature is the presence of a carbamoyl moiety at the 4-position of the
benzimidazole ring.

Arienti et al. (W02003032984) and Ameriks et al. (W02004093873




9 R3 is linear, branched or cyclic (Cl-C6) al kyl, oxaal kyl,
alkylcarbonyl alkylsulphonyl, oxaal kyl ar bonyl , al koxycar bonyl ,
alkylan1nocarbonyl, oxaal kenyl , al kenyl carbonyl, oxaal kenyl carbonyl ,

al kenyl oxycar bonyl or al kenyl am nocar bonyl group optionally substituted

wi th car bafQPR00®P749MWe or 5 nore fluorine atons; Ar; Ar PERERYOHPWOEHY| ; a

| i near or branched (Cl-C4) al kyl, al kylgm no, azaal kyl, oxaal kyl,

al kyl car bonyl , al koxycar bonyl or alkylaninocarbonyl group substituted with

one or two ﬁfd Y320085 | P85 disSiBES §é1'fe§d% eRPELAZifRASold URFiVRGV&! ONs;

Qis such t ond 'S orrre en"two nitrogen atons or
between a nid ém&poaﬁm&@dz i’fﬂnﬁitbfﬁ;efbrath@féh?é\df RBYcdE firtd? UMkacterised
am nocar bonyl ; carbonyl am no, imne; SO2; |inear or branched (C1-C6) al kyl

optionally mutlmttltheltﬁ@omlbh @fleheolbetmmdﬁiulermmss witwayd substituteslt ythene 15
group may be replaced by 0, NRx, carbonyl or SO2 or wherein tw subsequent
net hyl ene geithgrs mbondatreeplcadmﬂnwyltd! assutphidmoyll groipo, ani nocar bonyl

sul phonyl am no, am nosul phony rou I n a second art i cul ar enbodi nent of
formulada, X iPmengaérala( asg e )sdisainsdi areseries ofi s zero

and R3 ssletedfromZO Y2) y(Y. a ), 13 k n z
(Y2)y' Ib) arhoxyimgjdami es-( M%Mfﬁ%m)guém#w@%m&%ﬂwoambfﬁytenal)

Anot her preferred enbodi nent falling under fornmula la, hereafter referred

to as G 1, e(?ﬁﬁps t hose conpounds for which q is 1 and R3 1S
Mjalli et al. (WO2003075921) describe the pharmaceutical applications
of a series of 2-phenyl-benzimidazole derivatives.

10 Alekshun et al. (W02004041209 and WO2006076009) disclose a series
of 2-phenyl-benzimidazolol derivatives with antibiotic activity. -

Khaled ef al. ' (Bulletin of the Faculty of Pharmacy (Cairo University),

40(1), 7-13, (2002)) describe the synthesis and antihypertensive activity of

2-phenyl-benzimidazoles derivatives whereas the DNA binding properties of

15 some others are described by Kobuta et al. (Nucleic Acids Research

Supplement, 2(Twenty-ninth Symposium on Nucleic Acids Chemistry),
193-194 (2002) and Nucleic Acids Symposium Series, 35(Twenty-third
Symposium on Nucleic Acids Chemistry, 1996), 151-152 (1996)).

Guicherit et al. (W02006050506), Beachy et al. (W0O2003088970) and

20 Rubin et al (WO02003011219) disclose Aryl- and alkyl- amido/ureido

derivatives of 2-phenyl-benzimidazole as Hedgehog pathway antagonists for
the cure of various-forms of cancer.

DETAILED DESCRIPTION OF THE INVENTION

This invention provides compounds of formula I

25



Wthin G, those conpounds in which Qis carbonyl; linear, branched or
cyclic (C1-C6)al kyl, (Ci1-05)alkyl carbonyl or carbonyl (Cl-05)al kyl
optionally substituted with one or nore fluorine atons constitute a
preferred enbodi nent. 10The pharmacol ogi cal activity of a representative
group of cHWREMHELBf fornula | was denonstrated usi ngPEHEPRNP1P40vitro
assays descri bed bel ow. According to adurther aspect, the invention is
therefore directed to a nmethod of treaging cancer or osteoporosis which
conprises adm nistering to a subject, pteferably a human subject in need
thereof, an effective anount o d of formula |I. Types of cancer
that may be treated u§Rng-sug itedly i f¥Dyde non-smal | cel

| ung carcinoma; smnall-cell , ovarian tunours;

di gestive tract tunours; bralmx : ¢k’ as\ nedul f obl ast oma and

gli obl astonm; prostate cancer; pancteatitl cancer Jal cell carcinomg;
mal i gnant nel anoma; squanous cel |l dQrci nomas; 20 Iple nyel omg;

| ynphonas; nesenchynal cancers such as cfbndrosal , clear cell sarcomm
of the kidney-and rhabdonyosarcoma; chronic nyel oiid Ibqkaenia; endonetri al
carci noma; hepatocel lul ar carcinomas. |In general, the c®ypounds of fornula
| can be used to treat any disease, 25 condition or dysfunction that may
benefit from t hWherbinbas valenoé andetdbéiitygieemipat hway by binding of the
conpounds to the Sno receptor, and not limtedly including osteoporosis and
cancers sel ect eR, fisohh; nemeaseirhnadsid of wyglicWE 200D /a0kyi3 @orET /008y 010470
11 carcinoma; snmall-cell lung cancer; breast cancer; ovarian tunours;

di gestive shb#itutednwithoneqranarechaessn ashranched erloeardlsh ko atkoxnher a

gl i obl astoma; prostate cancer,; pancreatic ncer,; basal cell carcinong;

mal i gnagt RO Sl ﬁ??é?hfﬁ%c@éil r W&?‘&i(ﬁd' alkylpming 8'9WPe| omm: | ynphonmas:;
mesenchymal 5 cancens ﬁugh ag chondrosarcoma, clear cell sarcoma of the

ki dney and rhade%yé%ch h%; ghroniq nyel oid | eukaem a; endonetri al

carci noma; hepagoc Aleh AR e t .C ds for
use in therapy &ﬁy%k #%a{éggﬁg#ng ugénFQPbﬁigiéggﬁgg rﬁgnagﬁ¥n?§?%g$ion
route, theli’ﬁ@hﬂr&aﬂaﬂecﬁgy%zbliy w,-cnealkaxgl gr8apelinkhr, AARERd ofltyereept abl e
phar macol ogi cal effect in humans nmay be obtained with daily dosages rangi ng
from 0. 01 {(GC,-Z0Y aikylkaptionally substititedawiithr 4 hideamepbednchet €Cij1G g raikaxy,r ef ers
to a pharmaceutical conposition containing one or nore conpounds of formula
|, in d8soelktlamimoyior idigdkplamboegroepl | y acceptable carriers and exci pi ents.
The pharnmaceutical 15 conpositions can be in the formof solid, sem-solid
or liquid prepaRacpohs Hfrlefe@raBry in form of solutions, suspensions,

powders, granul gs, tablets, ca | es, syrups, suppositories, aerosols or
controll ed deIi%3?9l§§?ﬁ§ﬁ§§°fﬁ§¥conpositions can be adm nistered by a

vari ety of rout i ncl udj ng, or al |, .S | 9t rayenous,
i ntranuscul ar, {reg%q jap"aéllr:tgé ?’n% %é?a%%‘% gﬂggggﬁ@al}oet e%?gﬁ&}e?%g‘w l?%dr 5r?u'lseaiyed in
uni t dosag Lty dosage fornms may contain fromabout 1 ng to
about 1oooﬂ#%p%$ﬂﬂﬁifﬂ§8§ggdnd of the invention. For those conpounds which
can bejsn the fRymmal béeH; bias&s, BrBhchddnvenéyddie @Cm:gP nglikyresxadryr, acid
addition salts, preferably salts with 25 pharnaceutically acceptabl e acids.
The i nvent iatkyledrbonylncl uddisylsephoayled | saaslkglicansbmilast eakoxgcarbonyl,
conpounds |, or mxtures thereof (e.g. racemc mxtures). The principles
and net hodglk¥ydaminvesapranyhr ataxaalkenyphharatkeengiearbanyle onpyadlkényisarhonyl,
described for exanple in Rem ngton's Pharnmaceutical WO o

2009/ 074308Hcny kpygathanyba7@lkenyduniesarbonybk  rlisilidgneng dkyexyiminoast on

(PA) . he conpounds, of formula I, .th tical,isomer

i bt er eomByartyn A AkTAoR! Bt oarionsi sopuitiS BTToFIBRRGHA or

pr 0cedyes opoh bhdte! Bfbinb "L 8. REUMRRO:BBRY:; 4 e Y blnciB T and

(C-C4) alkyl, alkylamino, azaalkyl, oxaalkyl, alkylcarbonyl, alkoxycarbonyl

or alkylaminocarbonyl group substituted with one or two Ar and optionally

substituted with one or more fluorine atoms;



5COVPOUNDSSYNTHESI SANDEXPERI MENTAL PROCEDURES
present invention can be prepared using various synthetic routes,

The conpounds of the
I ncl udi ng

t hose described by nethods A-Z below, starting fromconmercially avail abl e
10METHOD A WD 2009/ 074300PCT/ EP2008/ 010470 13 METHOD B step b 1

conpounds.

METHOD C W@R&POH300D 2009/ 074300PCT/ EP2008/ 010470 14 PNEERUDS0D470E
2009/ 074300PCT/ EP2008/ 010470 15 METHOD F N-- O

10

15

20

25

- Y2y (Yz)y (Ya), S Ry’ (YZ)Y
—@-N, —(Q)q—lﬁ; —(Q)q‘m)m ; _(Q)G_T-iq)p ;o —(Q), Iy
T
Z .
) (—nry (h—2 t

Q is such that no direct bond is formed between two nitrogen atoms or
between a nitrogen atom and an oxygen atom and may be carbonyl;
aminocarbonyl; carbonylamino, imine; SO,, linear or branched (C;-Cg¢) alkyl
optionally substituted with one or more fluorine atoms wherein one methylene
group may be replaced by O, NRx, carbonyl or SO, or wherein two
subsequent methylene groups may be replaced with a carbonylamino,
aminocarbonyl, sulphonylamino, arhinosulphonyl group;

Ar is a 5 to 10 membered aromatic or heteroaromatic ring optionally
substituted with one or more groups independently selected from halogen,
hydroxy, mercapto, amino, cyano, nitro, carbamoyl, sulphamoyl, trihalomethyl,
trihalomethoxy, linear, branched or cyclic (C-C,) alkyl, hydroxyalkyl, mono-
or di-alkylamino,- alkoxy, alkylcarbonyl, alkoxyxcarbonyl, alkylcarbonylamino,
oxaalkyl, azaalkyl, and such that two of these substitutents may form a 5-to 8
membered ring with a fused junction to Ar.

Rx may be H or a linear, branched or cyclic (C,-C;) alkyl, dihaloakyl or
triahaloalkyl;

q may be zero or 1

k may be 1,2,3 or 4

l, m, n, p, p’ and s may independently be 1,2 or 3

t may be zero, 1 or 2

the sums I+m, n+p or p’+s+t cannot exceed 5

T and T’ represent, independently from one another, hydrogen; a linear,
branched or cyclic (C;-C¢) alkyl, azaalkyl, oxaalkyl, alkenyl, azaalkenyl,
oxaalkenyl, chain optionally substituted with halogen, amino, cyano, hydroxy,
oxo, linear, branched or cyclic (C;-C;) alkylcarbonyl, alkoxycarbonyl,

alkylcarbonylamino,alkylaminocarbonyl,carbamoyl, guanidino,

)



WD 2009/ 074300PCT/ EP2008/ 010470 17 METHODS L, M
2009/ 074300PCT/ EP2008/ 010470 21 METHOD P METHOD P
boc step d 1 N R RL N R2

19 METHODS 0, QA WO
comercially avail abl e

10

15

20

WO 2009/074300 PCT/EP2008/010470

8
alkenylcarbonyl, oxaalkenylcarbonyl, alkenylokycarbonyl,
alkenylaminocarbonyl

Z may be O, S, SO,, SO, or NRy’

Ry and Ry’ independently represent H; linear, branched or cyclic
(C-Cg) alkyl,,alkylcarbonyl, alkoxycarboﬁyl or alkylaminocarbonyl group
optionally substituted with one or more fluorine atoms |

y and y’ may independently be nil, 1, 2 or 3

Y, and Y, independently represent halogen; hydroxy; amino; cyano;
nitro; oxo; linear, or branched (C,-C¢) alkyl, dihaloalkyl, azaalkyl, oxaalkyl,
alkylcarbonyl, oxaalkylcarbonyl, alkoxycarbonyl, alkylaminocarbonyl,
alkylcarbonylamino,alkenyl, oXaalkenyl, azaalkenyl, alkenylcarbonyl,
oxaalkenylcarbonyl, alkenyloxycarbonyl, alkenylaminocarbonyl, alkylamino,
mercaptoalkyl, alkoxy, alkylthio group optionally substituted with one or
more fluorine atoms; wherein two Y, groups may form a 5- to 8-membered
ring with spiro or fused junction.

And with the exclusion of 2-[4-(4-methyl-piperazin-1-yl)-phenyl]-1H-
benzoimidazole; 2-[4-(4-pyridin-2-yl-piperazin- 1-yl)-phenyl]-1H-
benzoimidazole

A preferred group of compounds is that of formula Ia

(la)
A particular embodiment of formula Ia groups those compounds
wherein

XisN



WD 2009/ 074300PCT/ EP2008/ 010470 22 METHOD O rN:s1l INHP in + | boc
comercially avail abl e n=12 510 WO 2009/ 074300PCT/ EP2008/ 010470
24 METHODS U, V, W Ab\ SCde n = 1,2 WO 2009/ 074300PCT/ EP2008/ 010470
26 MATERI ALS AND METHODS Al'l reagents and sol vents were obtained
comer ci al IWO 20PP744Md noi sture sensitive |iquid sol uti ®I/ERRIEOFANST erred
via syringe. The course of reactions wag followed by thin-I|ayer

chromat ography (TLC) and/or liquid

Rj is linear, branched or cyclic (C-C¢) alkyl, oxaalkyl, alkylcarbonyl,
alkylsulphonyl, oxaalkylarbonyl, alkoxycarbonyl, alkylaminocarbonyl,
oxaalkenyl, alkenylcarbonyl, oxaalkenylcarbonyl, alkenyloxycarbonyl or
alkenylaminocarbonyl group optionally substituted with carbamoyl or one or

5 more fluorine atoms; Ar; Ar-aminocarbonyl; a linear or branched (C;-C,)
alkyl, alkylamino, azaalkyl, oxaalkyl, alkylcarbonyl, alkoxycarbonyl or
alkylaminocarbonyl group substituted with one or two Ar and optionally

substituted with one or more fluorine atoms;

Y. (Yy) (Yz) .
T My * * s WY (Y2)y
—(Q),—N/\ : _(Q)“_Tj ; —(Q)q-li—(-‘)m : —(Q),—N*‘-t-‘)p . —(Q), Ip
T ) (H—NRy (L)TZ ; z

10 k
Q is such that no direct bond is formed between two nitrogen atoms or
between a nitrogen atom and an oxygen atom and may be carbonyl;
aminocarbonyl; carbonylamino, imine; SO,, linear or branched (C;-Cs) alkyl
optionally substituted with one or more fluorines wherein one methylene
15 group may be replaced by O, NRx, carbonyl or SO, or wherein two
subsequent methylene groups may be replaced with a carbonylamino,
aminocarbonyl, sulphonylamino, aminosulphonyl group;
In a second particular embodiment of formula Ia, X is CH. Under a

preferred aspect of this embodiment, q is zero and Rj is selected from

20
(Y, (Yo)y
o —h b
e (LTZ
(Y2, NRY'




5 chromat ogr aphy-mass spectronetry (LC MS). Al'l nucl ear magnetic
resonance spectra were recorded using a Varian Mercury Plus 400 MHz
spectronet er equi pped with a PFG ATB Broadband probe. The 10 m nute mnet hods
were run using a Waters 2795 separation 10 nodul e equi pped with a Waters -
M cromass YO 20¥97#8%i sati on) and Waters PDA 2996, usi nBCHERRASM T XTerra M5
Cl8 3.5 gm2.1 x 50 mm col um. Prgparative HLPC was run using a Waters
2767 systemwith a binary Gradient Mddul e Waters 2525 punp and coupled to a
Waters M cromBsgndfer ERefefredatiabsdRtdd BABngUshad FosHiR! §8, HesGRiery HS
C18 5.0 gm 1510 x 21.2 nm col umm. G adi %nts were run using 0.1%formc
aci d/ wat er refegre@.td%sf@m c aci d/acetonitrile with gradient 5/95 to 95/5 in
the run tine indicated. Purifications were performed with a silica gel
cartridges isol gicupklthsse Gmpoudds forimihicteg inband RS% 20AI I TLC anal yses
were perforned on silica gel (Merck 60 F254) and spots reveal ed by W

vi sual i sation at 254 nm and Kivhat or ninhydrin stain. M crowaves: Personal
Chem stry, EmysT Opti m zét)y mcrowdde reactor, %bsorption s —r Qp)rmal pre
stir tine 19_%,, N —a—~nEXAMELR) Tt —(o)q—Nﬂ)p —y o
(2-{443-(1H &nzoi'm dazol -'vl)-i(- Roro-ohenng#Z .

25pi per azi n- 1-v1} - et hyl ) -di et hvl ='am he n
2- Chl or 0- 544- ( 2-.di met hyl am no- et hyl ) - pi perazi n-1-yli-benzoi caci d et hyl
ester Method A- Wathip Gi thesqygompayislydnsvhigh & easbemyle lingarg grajichegyor
2009/ O74300Pﬂ{>

2008/ 010470 27 3. 04 1) .
Fac-2, 2 - bRATH Shatd BREL iy aRkyIcariPRULAR atborsl (Gars ) ptiy] orgiongliyg
nol ), tri i vl 1 deneacet one) di pa [,yum ( (0,2 30
mol ) and ggg%tﬁﬁggarﬁgﬁatogﬁ( (é)lgdégkeo(bhgghg a&ﬁ% %tﬁh\ﬁerae gf%grer di n a
Schl enk t uReRAEHMBKY 9ed by repeated nitrogen/vacuumcycles for 5 30
mnutes. Dry toluene (6 nL) and 1-(2-di nethyl am noethyl) piperazine (0.55
m., 3.Gp nmol) TREphhificclegivdl ackhaty 6P& képrBsdiitativyg ErotpSofSdompamds@f 10 mn
at roomtenperature, heated at 85C overnight and then cooled to room
t enper at ur éornfile Eelastdeamonsmmted lusingdthesi twio Bk OAo-o( 8B8ayd Yesdriteed belowubl e
material was filtered off and the filtrate was washed with saturated 10
brine (15 wiccordihg torayfintherpisneet, e inkentidn dy dherrfre@irected taop auethnd
concentrated under reduced pressure to obtain a residue that was purified
by flash cRf&ieatiBgcapasr Qersierrorgsisaviish copmaigss agpinistqupig-jo1a subject,

(o T A T Eal bt Sl ol 'S 8570
(or s 2chgipynd (Oontliy 2 358 1 Gber Bhat o ob Hibarll usTnf%uln 09 (1H

2- Chl or 0- 54dethédd (ﬁiolfﬂﬁrmfédwi i'ﬁ@hﬁltehﬂér)-sﬂhﬂede@lzldﬁg' cardhrdaeN Zoh A1R€11 dung
Met hod A -Step b- A solution of -

2- chl or 0- 544ndet; Biewet bacer] oeaidly funioure; dilebtive yrhit eneRiscbaih ¢antdtyl ester
(0.46 g, 1.36 nmol) in EtOH 20 (6 nL) and NaOH 10% (2 nmL) was heated at
refl ux ovesnclght medalobidstoma and ighiobhistama; grostateccmicer pancreatio daaogrer at ur e
and the or%ani c solvent concentrated by evaporation under reduced pressure.
The resul t basplseellt icarcingmananalignante malgnamapwiquamaysi celbncacinomascl and
the water was then evaporated under reduced pressuyre. The resulting residue
was di 80! Wtiple 25msz&mq;1o hrmphomas; | nassemthymalt eSRAFCRas SHENt eR8d of f

o obt i n. GheRGsGROMR. Pt Cell GAER oF SB6) FARERGOE. IRATIORGpsproomia; | <
ificati 1- .400 0). . 2.486- , :

Vo 2000/ 07336 EVBE o fiBemEk S Fpgom st s Rpteigoma, dRpRpRybR

6.92-6.93 (:;,Lam;pr, s.7.07-7.09 (1H m. _ |

N- ( 2- Am no- pheny ?-2-Ch| or 0- 5-[ 4- (2-di net hyl am no-et hyl )-

pi perazinl-yli- hﬁ‘%@r@dfhl!@he d6inbeands ofSt@uta I Eon BeiRbdtd @Rabiny disease,

2-chl oro-5-[4-(2-di net hyl am no-
25 condition or dysfunction that may benefit from the inhibition of the Hedgehog

t

pathway by binding of the compounds to the Smo receptor, and not limitedly

including osteoporosis and cancers selected from non-small cell lung



5 ethyl)-piperazin-1-yl]-benzoic acid (0.40 g,' 1.29 nmol) in dry DV (5
m.) was added 1-(3-dinethylam nopropyl)-3-ethyl carbodiimde hydrochloride
(EDC) (0.25 g, 1.29 mmol), followed by 1-hydroxybenzotriazole hydrate
(1-HOBt) (0.11 g, 0.77 nmol ) and di net hyl - pyridi n-4-yl -am ne (DVAP) (0.08
g, 0.64 mmu¥Q 2004914890 3h stirring at roomtenperature, ZPGI/EP2008/010470

1, 2- phenyl enediam ne (0.21 g, 1.93 mmol); was added, and the resulting

m xture was stirred at roomtenperature overnight. The solution was

evapor at ed undgbnf2dneAtcol 338 c%gﬁncérh%?eai& lchedt: wvhhaﬁhtﬁmowtm B&ive20 1)
and washed w th safurated Na2 solution (2 x 5 nL). The organl C fayer was

dried over tNectStfmotrst traRd cander8V sieH %tseﬂ]ednﬂ@bla%ﬁﬁmaﬁxdprmwS%mJ,he 15
resulting solid was purified by flash chromatography (el uent:

di chl or onet prestate ddatddr;NrthcreatMeédice2Nas8l elbediconiay mdligiant Gnel8n@gng 35% of
the title conmpound. 1H- NMR (400 MHz, DMVBO): 8 2.13 (6H,
m, 2.35-2.sfuamils o3l] QardihonsB3 haHiple) myslama;3 Iv8phdidas;mmeséneiyma@H, br
s), 6.54-6.59 (1H, , 20 6.73-6.75 (1H, m, 6.92-7.00 (2H, m, 7.11-7.12
(1H, m,5 7.cmcers25ueh His rﬁlondrozg:cpnm; ¢lear agfl sorapmy 1o, the kdyney and (2-
{443- (1H- Be i.m dazol 4-chl oro phe | | - pj perazin-|-y1)

et hyl ) - di mef T"ﬁg O‘QPFP?%CWEP%OHHRI“CSHBW]& BP 13on eBf Omema)f carcinoma;
N-(2-am'nolﬁ g%/ -2-chloro-5-14-(2- 25

di net hyl ani |ufarpqab<‘ép8%ﬁ 1-y1] - benzani de (0.35 g, 0.87 nmmol) in

ti d 15 d t d
3ﬁ§elrcrggluce((:l pressuéé\%%gnﬁa{h%ecgrrgéoﬁha{ ?%urlgt egpava%'t h‘é&%%epeﬁﬁ& e 0. 25

g (75% of Iﬁfﬂ ﬁgﬂ@oﬂféda&%nﬁsﬁ%érﬂ r%t‘eh%@ nfaﬂfrtahcﬁfd E’Wdrftkq‘%t}&n WO
2009/ 074300 fEP2008/ 0470 29 5 2.12

(6H, s)10 2. $iSeadedIn (g@h'eraflf) an %cé%ytabl%7 Ka‘ihi,acm)oglc%l Je@fe%t 119 HufiAnsithay 7oe07 (1H,
dd), 7.18-7.23 (2H, m, 7.33 (1 7.38-7.41 (1H, m, 752(1Hd)
7.65-7.67 (dbtaimed viizh daily Hblsages. rangmgSMn((M}H)oirZO@ atggkgion time 0. 68.
SEXAMPLE 2: 443-(1H Benzoi m dazol - 2-y1) - phenyl | - pi per azi ne-1- car boxyI ic
acid tert-butyl lasyer a furtBeCaspesty - thige tiyventionpaefars re- a- phatsesogntiealaci d
tert-butyl ester . . Met hod B- Step b- A sol utian, of

4- ( 3- et hoxyRURBRHPD SRBIAANE $heeF @ﬂrﬁézqmwﬁéxgﬂ f%m&&aa e AESOSIALAN est er

(o %32 | poith A Piohed fisaliSr dceptibls. Eontieh! Snd Batlokints Tk Bhleiiteulily {Re
or Gani ¢ 0l s SNBROLE 4 HOHRY R EANPSHIEY Sampcpa BISGRB kPR BALLL 1 On

was neutralize € dropw se addition of e ‘aqueous Sol uti on
was extract fé’i’hbl@ Eﬂoﬁ\.ﬁm( %fxséﬁtlma shSPRnS MR NRAV &A1&y Sfadldg! e
dried over 254, 15 | tered, d’ concentrated under “reduced pressure to
obtai n 3. 90capsales} hﬁrupsth@pmtmnaadac(@m o domatallleduddlRety Bystehisc athieon.

"H NMR (400 M—Iz, DVSO): 8 1.40 (9H, s), 3.15-3.18 (4H, m, 3.47-3.49 (4H,
m, 7.27-7.@9ngdsidonsmcan7b@admidist¢rtH, byg varapy nfddoytesd, inglyding Sdral,1H, br
S). 20413-(2- Am no- lphenyl car banoyl) - phenyl] - pi per azi ne- 1-carboxylic acid
tert-butyl &aasdermal, subgpianeesp-inGa¥enals, mtsajnmquw gectal and intranasal,

4 (3 car box heny1l) - pi era2|ne 1- carbo cid t - but ester (5.80
g 18, 9% rm%}‘f %f l%b %ﬁsam T mdlgztoﬁ agerfo e Y it $segs B i n
acetonltrlle S |rre 0 eratur en
15 phenyl eRati e fam, 4850 1omacth, WBhy ol B LETBORELHRE ol 1R
suspensi on Mmas &f | uxed for 3h then cooled to roomtenperature and the
sol vent rem)ve%I under reduced pressure. The resulting residue was dil uted
with di chl onet hang (280 dHnlpoutiashtiol tin BCIPARG/BAASOPRER BRRADEHRLO04TO
30 water (3 x 40 nL) and the organic layer dried over Na2SO4, i {tered and
evapor at ed investion ealgo ethqhidess uheir 1tid caﬁddﬁ)rprsadsctpmmablgcrsym abiithzed
fromEtOAc to obtain 2.99 g (40% of the title compound. 1H NVR (400 MHz,
DVS0) : B 1.plarfm@kkutially3 atéeBalile adids. fhe nveRtios- 3ls47irfcdetlesmpepara®d (2H,
br s), 6.56-6.60 (1H, m, 6.75-6.77 (1H, rrl 6.93-6.97 (1H, m, 7.11-7.14
(2H, r‘r) 7.13omprs3ang mstqﬁ:omwssgf vom@oplm B, mvxtgaeS(tbpreOtfr(e@) racemgiy (1H,

br s) 1H oi m da erazj ne-| - ar box acid
tert- butyl '@é’%tBFeSEO%T SRR CSSP% rﬂgthﬂg%gghlheohp cgpration o P Smacettiod
443-(2-am & ;%asrl] i)r?sarat%gnggs%)nbed for example in Remington’s Pharmaceutical



phenyl] - pi perazi ne-1-carboxylic acid tert-butyl ester (1.20 g, 3.03 mmmol)
in acetic acid (12 nL) was heated overnight at 55C, then the solvent was
renoved under reduced pressure. The solid obtained was triturated with Et20
to afford the title conpound as a white solid (0.90 g, 79% w thout further
15puri f i caWOFA09/074300 1H NVR (400 MHz, DMVS0): SPAT/BR20¢841)47¢y)
3.19-3.21 (4H, m, 3.48-3.50 (4H, m, 7205-7.08 (1H, m, 7.17-7.18 (2H, m,
7.35-7.40 (1H, m, 7.51-7.73 (4H m, 12.80 (1H br s). mz 379 (M+H) +;

retention ;
EXAMPLE3: 2b @ﬁeﬁ%raggipﬁ‘bi“h‘l"g% M3y FaH B i dazol e 20 di hvdr ochl ori de

2- (3- Pi perazi n- izha'co p%uxaa o#r&%ﬁnzq' meﬂaaﬁh@al%&mrs%mxm%mers can Mt hod
B- Step e- To a solutfron of 443-(1H benzoi m dazol -2-y1)

pheny1] - pi ber ified br Gaphaxed laGc@ﬁl tenrelprhywnesioeedirks,80o0 linfiteddy ol )
in MeOH (2 nL 2M HC1 |n Et 20 (8 nmL) was added and the resulting m xture
25 was sti mcﬂddmgrchﬁd)matoglrmhy Wwithpeeclatalmratrix and frheticml eeystaliastidéhen
renmoved under reduced pressure, and the resulting salt triturated with Et20
to obtabn 1.66 GOMP@OYNMS t he SYNTHESEPoundANDdi hy EIXRERIMENTAdLt. WO
2009/ 074300PCT/ EP2008/ 010470 31 111-NWMR (400 MHz, CD3013): 8
3.34-3.37 PROCHDU BF@ 3 57 (4H rr) 7.34-7.37 (1H m, 7. 52 7.58 (41-1,
m, 7.74-7.77 (iﬁi R} retention tine = Q

EXAVPLE 4: {4-1 %fpmeﬁg § &B%BFCSQHS/%VCBHQH\PEE %ws&qdnuﬁngyanous

vl) - (1-nethyl eri |n4

(3151 T OB R e daTion MeSringd by mefhoginy Ac% befypgiarting

pi peri di n- Mﬂ" - Step f- To a solution of

1- net hyl pi g%%é?ﬁ?é}fe%gl gd(;")?;/l Plgéz}@ltld rochl oride (0.13 g, 0.72 mmol) and
N, N- di ijgopr opy! stfrri@ypne 10 (DI PEA) (0 16 mL, 0.72 mol) in acetonitrile
(8 mL), was added CTDr (0.12 g, 0.72 mmol) and the resulting suspension was
stirred at roomtenperature for 5 h.

2- (3- Pi perazin-1-yd - pgenyl) - 14 bgnzoi m dazol e di hydrochlorige (0c20 g, 0.57
mmol ) was then_added and the res g sol utgon eated df 65C

overni ght. The sel u §n C pd 4 0 r:éom ?@514;@};\& i

sol vent was rem)ved e crude prot€t waRifesRii ssol ved in d| or onet hane
(15 nl) and saturated!NaHCCB sol utign (6cdfmercdfavarded with stiyring. The
preci pitate obtained fas t hen flltered washed with water (3RHL '{Rand

di et hyl et her cfBmendially axzilgbledr i exrmsisidlyevaiasidu ced pressure to afford 0.20 g

(87% of the title conmpound. 20' H-NMR (400MHz, CD30D): 8 1.80-1.84 (4H n,
2.19-2.26 (2H, nm), 2.35 (3H, s), 2.79-2.83 (1H, m, 299 o 7 12H m,
3.28-3.33 (4H, m), 3.78-3.79 (4H, m), 7.10-7.15 (1H, m, 7.24-1.27 (2H, n),
7.40-7.44 (1H, m, 7.55-7.59 (3H, m, 7.73-7.74 (1H, : n12 404 ( M+H) +;
retention time = 1,10. EXAMPLE 5: H. Cl

2-{3-14- (1- Met hyl - BiPer i di n- 4- Irret plcperazd,n 1- 25,0

yl I - phenyl } - ‘ azol ¥ % step c

{344-(1-Meth 4- yT et hyI )- pi pRT a 1 ‘y‘l‘l’LphenyI}

- 1Hbenzoi m dazol eH Met hoy B, Step g- To a s on of

{443- (1H benzoi nmi dazol -gfyl)- WD 2009/ 074300 CT/ EP2008/ 0104%0 3@2

phenyl ] - pi perazin-1-yl)-(1-nethyl - pi peri di nri4- y,:b) met hanone(0. 12g, 0. 35
nmml) in dry THF (4 nL) boran-nethyl sulfide conplex in THF ((CH3)2S. BH3)
(0.07 nmL, 0.74 mmol) was added and the resulting suspension was heated at
60C overnight. The reaction was then cooled to room

15



5 tenperature, the solvent renoved under reduced pressure and IN HC1L (3 i)
was added to the residue before heating at 100C for 5h. The reaction was
then cooled to roomtenperature, neutralized with 10% NaOH and extracted

wi th dichloronethane (3 x 10 nmL). The conbi ned organic | ayers were dried
over Na2SOWORPAEYWY  and concentrated under reduced ;?FE&%’&W%’O’(%”afford a
10 residue that was pUI’IfI ed by Preparat3 ve HPLC, to obtain 0.08 g (69% of
the 15 title conpound. 11-1- NMR (400MHz, CD30D): 5 1.55-1.61
(2H m, 2.01-2.MEXROD® . 2.63-2.81 (5H, m, 2.94-3.00 (2H, m, 3.09-3.11
(4H, m, 3.43-3.48 (6H, M, 7.08-7.11 (1H, m, 7.26-7.28 (2H, m, 7.38-7.42
(1H, m, 7.57-7.63 (3H, m, 7.70-7.71 (1H m, 8.36 (3H, s). mz 390

(MtH) +; retention tine = 0.21. HEXAI\/PLE o

6: 4-[ 3- (1- Met hyl - 1H beqzo 'ni dazd] - gepyl) il- pii ne- 1- car boxylic
acid tert-butyl estér° 4-(13

-(1- Met hyl - 1H benzoi m da -2-yY) - pher{y—l | - pi &‘Pam ne: 1{:} carboxylic acid
tert-butyl ester 20Method C a.- Amx e of >=o

443- ( 1H benzoi m daz@imnRalydgjiale ph || - pi per azgg e=2- car boxyddl ¢ acid
tert-butyl ester (0.83 g, 2.cafkcammdige (0btain as d‘?o%n?errc.!,nyba%%' n net hod B)

and NaH 60%oil (0.11 g, 4.39 mml) in THF (10m) was stir red at room
tenperature for 1 h. ‘Methyl iodide (0.27 nL, 4.39 mm,t,),, s added and the

resulting solution was stirred overni ghtHc,V\at er 25 was added to the
reaction solution, then Ht e suspen5| onm eutraI| th IN HC1 and
extracted with EtO d orga yers were dried
(Na2s&™4), filtered, NCO entrate Her ced pres . The residue
was triturated with Et20 an e seobkid obta| St\’7\1)
2009/ 074300PCT/ EP2008/ 010470 friftered, to d‘ & 0.76 %% of the title
conpound. 11-1- I\/§F?400 VHz, : 8 1.40 m, 3.18-3.20
(4H, m, 3.45-3.48 (4H m, B5 (3H, br s),” 7.14-7.15 (1H, r’r), 7.22-7.29
(3H, m, 7.33 (1H, br i&gpﬂ 39742(1H m, 7.60-7.62 (1H, m, 7.65-7.67
(1H, m. mz 393 5 (M retentlontlrre:256 H,CI
EXAMPLEY: 1- Met hy1- 2- ( 3- pi perazi n-1-yl - nyl) 1H: zo \ dazol e
di hydrochl oride 1-Met hy«:kﬁ 2- ( 3-pi pe z | - ph enzoi m dazol e
di hydrochl oride 10 St &R | #pd_on o
443- (1- met hyl- 1H be oI 7"- heny N p| per azi ne- {k_—g?ar boxylic acid
tert-butyl ester (1.30 §, g mml) in IVEO 4rrL) was added 2M HC1 in
Et20 (9 nL) and the resultin oI ution was st >r=roed for 6h af room
t emper at ur e.
METHOD C
5
-0 @"@
N stepa N
- -
) >/"°>L
o )L 0
step b 1



The sol vent was then renoved under reduced pressure, and the resulting 15
salt triturated with Et20 to obtain 1.21 g (100% of the title conpound as
di hydrochl ori de salt. 11-1- NMR (400MHz, CD30D): 8 3.42-3.44
(m 4H), 3.60-3.63 (m 4H), 4.13 (s, 3H), 7.41-7.48 (m 2H), 7.53-7.55 (m
1H), 7.65- WOR2805(03430% 1 1) 7.85-7.88 (m 1H), 7.97-7.99PCHEP20§3010439 7 203
(MtH) +; retention tinme 0. 30. 20EXAVPLE 8:
Cyclopropyl-{4-13-(1-nethyl-lH—benzoinidazol-2-y1)-

PhenY11- pi per azpfrtmtbs i Ranone Cycl opropyl - { 4-P-(1-nethyl -

1H benzoi m dazol-2-y1J-phenyl | ni verazi n-1-y11-met hanone Method C -Step c-
To a solution of cycl opropanecarboxylic acid 25 (0.06 g, 0.68 mol) in
acetonitrile (8 nL% was - added CDI (Qtﬁl g, 0.68 mml) andH big resulting

suspensi on was sﬁt ed at roomtenpe ra e for 5 h.
7 -bteyb- nzo az I ori de
: added 2od thNhe res |t|lﬁLdﬁ@|u n-th

eat ed at 65C WO
2009/074300" / EP2008/ 6.0470 34 ove¢n|ght e reactlon Wety the oled to
room tenperatur e the gbl ent renoved undé_( educed pressure. rude

product was redissol ve di chl or onet han 5 nL) and washed w
sat ur at ed NaHR®®BCHDI ution |2 x 3 ni): ifl ¢ | ayer was rlejzjxer

Z

Na2SO4, filtered and concentrated 5 der re uced pressure Nr esi due was
purified by flash chronmat ography (eluen cl ohexam-enit r ag+ent from
100% cycl ohexane to 100% et hyl te)oto afford g&&@@ of the title
conpound. 1H NMVR (‘a'ggh OD) 5 Bebdgied (2H, m,
0.89-0.91 (2H, m), 1.99-2.00 (Tehodf 3 28 (2H, n) 3 29-3.35 (2H, m,
3.67-3.78 (2H, nm), 10 3.85 (3H, br s) 3 89-3. 95 (2H 7.16-7.22 (1H,

m, 7.28-7.35 (3H, m, 7.44 (1H yxtg, 7.51-7.53 ( -7.68 (1H, m.
mz 361 (MiH)+; retention tige g 1.
2-{344- Cycl opr opyl net hyl - pi 1- phenyll

1- met hyl- 1H benzoi m dazol e &orma 2- {3{ ‘7>

- Cycl opr opyl net hyl - pi per azi n- I-ﬁll-phe } -1 nethyl 1H— bé¥_ I m dazol e
Met hod C -Step d- To a sol ution of {2j>
cycl opropyl - {443- (1- net hy1- 1Hbengzoi m dazdl| - 2-y1) - phenyl] - pi p Zi n-

1-yl | -nmet hanone (0.17 g, O0.47 ) in dr HF (3.50 nL) mas added
(CH3)2S.BH3 in THF (0.11 niSeRc 18 nmml Y 2 and the resultin spensi on was
heat ed at 65C overnight. The rea tiof” tion was then cooled to room

tenperature, solvent was renoved under reduced pressure and 1N HCL (3 nl)
was added to the residue before Hé ing at 100C for 6h. The reaction was
cooled to roomtenperature : basi ¢ by the dropw se addition of 15%
NaCH and extracted with Et x#10 mL). The conbi ned organic | ayers
were dried over Na2SO4, f||tereu and cyngentrated under reduced pressure to
afford a residue that was purified by nS})arative HPLC, to obtain 0.05 g
(32% of .the title conmpound. WO 2009/ 300PCT/ EP2008/ 010470 35 1.14-1.17
(1H, m, 3.06-3.08 (2H, m, 3.47|(4H, br P 3.57 (4H, br s), 3.86 (3H, s),
7.21-7.38 (5H, m, 7.47-7. 55543&4 m, 7.88-7.70 (1H, m, 8.33 (2H, s). nlz
347 (MrH) +; retention tine 0.6 10:

3-14-[3-(1- Met hyl - lH-ben20|nidaz I-2-y1)-uheny||- 5

pi perazi ne- 1- car bonyl j - nor phol i n&€K- carboxylic acid tert-butyl ester 3-

{443- (1- Met hyl- 1H benzoi m gazoN2- henyl ] - pi per azi ne- 1-

car bony1} - nor phol i ne- 4- carr tert-butyl ester Met hod D, E-
Step a- To a solution of noD phoYi ne-3, -di carboxylic acid-4-tert-butyl
ester (0.16 g, 0.71 mmol) in acBtonitrile (8 n.) was added 10 CDI (0.16 g,
0.71 mml) and the resulting suspensiéu_ s stirred at roomtenperature
overni ght. 1-Methyl-2-(3-piperazin-1-yl-phenyl)-1lHbenzoi m dazol e

di hydrochloride (0.20 g, 0.55 mml) (o I ned as described in nethod C) and
DI PEA (0.19 nL, 1.10 nmol) were addedMand the resulting solution heated at
65C overnight. The reaction was then cooled to room 15 tenperature, the

sol vent renoved, the crude product was dissolved wth dichloronethane (15
m.) and washed with saturated NaHCO3 solution (2 x 3 nL). The organic |ayer
was dried over Na2SO4, filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography (eluent: gradient from
cycl ohexane to cycl ohexane: EtOAc 20 2:1) to afford 0.11 g (40% of the
title conpound. 11-1-NMR (400 MHz, CD30D): 8 1.44 (9H, br s),
3.30-3.89 (16H, br m, 4.02-4.18 (2H, m, 7.20-7.26 (2H, m, 7.30-7.37 (3H,
m, 7.47 (1H, t), 7.55-7.57 (1H, m, 7.67-7.68 (1H, M. mz 506 (MtH)+;
retention time = 2.24.




EXAMPLE 11: {443-(1-Methyl-1H benzoi m dazol - 2-y1) - phenyl |- 25

pi nerazi n-1-yl | - nor phol i n- 3-yl - met hanone hydrochl ori de 44341- Met hyl -
1 H benzoi m dazol - 2-y1) - phenyl } - pi perazin- 1 -yl norpholin-3-yl-nmethanone
Met hod D- Step b- A solution of 3-{4-[3-(1-methyl-1H benzoi m dazol- WD
2009/ 074300FCRNPMTIO®/ 010470 36 PCT/EP2008/010470

2-yl) - phenyl ] - pi perazi ne- 1- car bonyl | - norphol i ne- 4- car boxylic acid
tert-butyl ester (0.15 g, 0.30 mmol) in 2MHCL in Et20 (3 nL) was stirred
at roonlteqwﬁzgggﬁlpvernlght The precipitate was filtered, washed with

di et hyl et solid 5 solved in water (15 nL) and washed wi t h

di chl oronethane (2 x 3 nL). The organic |ayer was then dried over Na2SO4,
filtered and concentrated under reduceaipressure, to affipgd 0.09 g (79% of

the title conpound AIVR 0 MHz, CR30RQ): 81 (2H, d),
3.12-3.25 (7H, 6 f(,A@« 3$¢Pbbr 89 (2H m,
7.04-7.10 (2H, A N? .40 (1H, d),
7.56-7.58 (1H, Wﬂz 40o M+H) +; retentlo ‘T}ne = 0.52. EXA 12:
14-1-3-(1- Met hy1- 1H benzoj i Yazol - 2- vl) - oh '2 >

pi perazi n- 1-y11- (4- net hyl \amy phol i n- 3- 171 - et anone N
{443- (1- Met hyl - 1H benzoi m dazgl - 2-y1)-p nyl - era2|n | -yl - 15

met hyl - nor phol i n- 3-y1) - met hanone -Step c- Tq+aNsu pensi on of
{443- (1- Met hy1l- 1Hbenzoi m dazol - 2-y1) - phen 1 I perazin-|-yl}- hol i n- 3-yl
- met hanone (0.08 g, 0.20 nmol) and sodi un?tri acet oxyborohydri de

(NaB( 0Ac) 3H) (O. ) in dichloroethane (2 nlL) forml dehyde 37%
(0.64 nL, 20 7. ggixigéiggded. The reaction m xture was stirred at room

tenperatdre overni ght, quenched wi th saturated Na2C38 solution (3 nL) and
t hen extracted wi th dichl oronet hane (4 2 nL). The conbingd organic |ayers

were dried over ¥, filtered, an% co ﬂPQﬁ%ﬂ under . redyuced pressure
to obtain a C i . G&erg, N IVIReg WHz : .24 (3H,
s), 2.33-2.3¢% [ 78=28 N M N3 25-3728 Nm /30- 3. 32 (2H,
m, 3.34-3.37 -3.52 (1H, m, 362 3.68 (lH m, 3.#6~3.85 (4H,

m, 3.87 (3H, s), 3.94- /96 (2H, m, 7.18-724)(2H, m, 7.28-7436 X3H, m,
7.44-7.48 (1H, m, 7.53- o WO 2009/ 07430 / EP2008/ 010470 3 1H m,
7.66-7.69 (1H m. nmz 42G ( H)+, retention tiome = 1.12. EXAMPLE 43:

1- Met hy1- 243- 14- (4- met hyl - nBr phol imethdd g1 meedyy| ) - .

pi perazi n-1-yl1l- phenyll- 1H benzoi m dazol¥% formate 1- Met hyl- 2-
{314- (4- nmet hyl - nor phol in-3-yl nethyl)-pipgrazin-1-yll- 5 phenyl}

- 1H benzoi mi dazole Method D -Step | uti on of {443-(1-Methyl-1H
benzoi m dazol - 2-y1) - phenyl | - pi per § 4- met hyl - nor phol i n-3-y1) -

nmet hanone (0.06 g, 0.16 nmol) in d 1 (2—L) at roomtenperature under a
nitrogen atnosphere was added I|th|un1alun1n|fT;Zydride (Li A1IH4) (0.02 g,
u

10 0.47 mmol ). The reaction was heated at ref\ux/for 2h and other Li AlH4
(0.01 g, 0.24 mmol ). After 30 min the solution s cooled to room
tenperature, quenched with 10% NaOH (3 nlL) and yHen extracted with

di chl oronet hane (3 x 3 nlL). The conbi ned organi yers were dried over
Na2SO4, filtered, and concentrated under reduced pressure. The crude was
then purified by 15 Preparative HPLC to obtain 0.03 g (41% of the title
conpound. 11-1-NWVR (MHz, CD30D): 8 2.49-2.54 (1H, m,
2.66-2.77 (4H m, 2.88-2.94 (1H m, 2.96 (3H s), 3.09-3.16 (1H, s),
3.57-3.63 (1H, m, 3.29-3.43 (6H, nm, 3.78-3.86 (1H, m, 3.88 (3H s),
3.92-3.97 (1H, m, 4.01-4.05 (1H, m, 7.16-7.18 (2H, m, 7.31-7.39 (3H m,
7.38-7. ﬂp (1H, m, 20 7.55-7.58 (1H, m, 7.67-7.70 (1H m, 8.28 (2H, s).
mz 406 (M+H) +; retention time = 0.92.



EXAMPLE 14:

3-14-1[ 3- (1- Met hyl - 1H benzoi m dazol - 2-y1) - phenYl | pi perazi n-1-yl met hyl}-noro
hol i ne-4-carboxylic acid tert-butyl ester formate 253-

{443- (1- Met hyl - 1H benzoi m dazol - 2-y1) - phenyl | - pi perazi n-1-

yl met hvn- nOR4e¥47#880 4- car boxyl i ¢ acid tert-butyl esterPCT/EP20Q¥NM3YH E- Step
e- To a solution of 16

3-{443- (1-net hyl- 1Hoenzoi m dazol - 2-y1) - pheny1] - pi perazi ne-1 -carbonyl }

- nor phol i ne- 4- cR{PPODS 1. YOK2009/ 074300PCT/ EP2008/ 010470 38 aci d
tert-butyl estel (U.2I G, U.42 mml) in dry THF (3 nL) at room tenperature
under a nitrogen atnosphere was added |ithium alum ni um hydride (Li ALH4)
(0.05 g, 1.27 mol). The reactlon was heat ed at reflux for g2h. The sol ution
was then cooled to roo K re, ﬁ%ﬁchem’h’ 1 OH and t hen
extracted with dichl ordgethane (g x 10 nl) ganic | ayers
were dried over Na2SO4, fil'tered,sand concenty, F undercoh@,dé,lggq pressure.
The crude was then purifl ed by Preparative %H &tc 0 obt aigvaft® g (43% of
the title conmpound %p %’R 400MHz, CD30D): 5 1.48 (9H, s), 302325
(6H, m, 10339346?H , 355359(1H n') 376-3.90(6H, m,

4.15-4.35 (1H, rr) 72 mETﬁo§k7 , 7.45-7.49 (1H, m,

7.58-7.60 (1H, , Vi +, etention tinme =

1. 45. EXAI\/PLE 15 h 43- gl@pranr phoI [ n-)B-pyI i;;.k - pi oer azi n- 1-
n=1.2

n-ohenvll- 1H da oJe
\1/51 Met \rllyl 2- [&%%LEKZI i n-3- nﬁé?m)?py perazin-{-yl)- p‘lgoenyl] 1H

benzoi m dazol e 0 a sol uti pstepé

3-{443-(1-ne nzoi m daf'SPCZ y1) - phenyl | - pi p ra2| n-1-yl met hyl }
-rmrphollne ic aC|d x bu ester 0 15 mol) in
dlchloromet FHeN S (Y?@Cl in and the resulting
sol uti on was st|>r~n=ed th at oointe rature. resultl ng
precipitate was filt GP:F was W gl d| ethyIFet'her an "t hen purified
by Prep- HPLC. Thsee‘?'r ct"i *3As were basified M@ 0|'tf1an event ual
fornylation and then'the sol vent was rem)ve"gﬁgér uced 25 pressure. The
(15 and the organic | ayer

crude was the ve wth di chI or omet ha

was washed w X 4 nl), NaZS d and

concentrated u de ressur (1 b@f the title

conpound. WO 20097 43@&%@008/010}70 32‘}} MR ( , DvVB0): 8
58 6243,

211224(2H sepm 2.|48 , 71-2 , F2. 3-
rp), 2.98-3.06 (1H, : .24 (4H, : 038 (2H, rr)
(2H, m, 3. 86 (3H, s) 7 08 7 12 ( 1Htepm 7 1 30 (4H, m, 7. :
m, 7.58-7.67 HNrr) 1z 392 (MrH) +; Sketent time = 0.77. Exanpl e
16: (2-{443-( 0 Nazol - 2-y1) - pheny! | -pi perazi n-1-

11) - 2- oxo0- et hﬁarb cragid tert @

(2-{443- (1H-Ben20|ﬁkdazoPL wla-phen i peraz q-l-yl}
- 2-oxoet hyl ) -carbdnic ac - but yl eg f 1gf52hod F- Step a- To a
solution of N-(tert-butexycar, yl)-glycine ( g, 0.74 mmol) in
acetonitrile (8 m) was addBd CDI (0.12 g, &-168 ) and the resulting
suspensi on was stirred at roomtenperature oveg;h ht .

2- (3- Pi perazi n-1-yl - phenyl) - 1H benzoi m dazol e ydrochloride (0.20 g, 0.57
nmol ) (obtai ned as described in method B) and DI PEA (0.20 nL, 15 1.14
mmol ) were then added and the resulting solution was heated at 65C
overnight. The reaction was then cooled to roomtenperature, solvent
renoved, the crude recovered with dichloronmethane (15 nL) and washed with
saturated NaHCO3 solution (2 x 3 nmL). The organic |ayer was dried over
Na2SO4, filtered and concentrated under reduced pressure. The residue was
20 purified by flash chromatography (eluent: cycl ohexane: Et0Ac/2:1) to
afford 0.14 g (56% of the title conpound. 'H-NMR (400 MHz, CD30D): 5
1.46 (9H, s), 3.29-3.36 (4H, m, 3.69-3.71 (2H, m, 3.67-3.80 (2H, m, 4.00
(2H, s), 7.13-7.16 (1H, m, 7.24-7.27 (2H, m, 7.42 (1H t), 7.56-7.62 (3H
m, 7.73-7.74 (1H, m. mz 436 25(MtH)+; retention tinme = 2.13.

EXAMPLE 17: 2-{443-(1H benzoi m dazol - 2-y1) - phenyl |
-piperinn1-y||-ethy|anine




2-{4-1-3-(1H benzoi m dazol - 2-y1) - phenyl | -piperazin-I|-yll-ethylam ne WO
2009/ 074300PCT/ EP2008/ 010470 40 Met hod F-Step b- To a solution of
(2-14-[3-(1H benzoi m dazol - 2-y1) -

phenyl] - pi perazin-|-yl}-2-oxo-ethyl)-carbamc acid tert-butyl ester (0.12
g, 0.28 mowvo 2000/0ts80 THF (3.50 nL) (CH3)2S.BH3 in THF (PCTOB2008/01007069 nmol )
was added and the resulting suspension s heated at 65C overnight. The 5
reaction was then cooled to roomtenperature, the solvent renoved under
reduced pressurmm%#{f m.) was added to the residue before heating
at 100C for 6h. was cooled to roomtenperature, then nade
basic by the dropw se addition of 15% NaOH and the white solid obtained was
filtered and hed with water and diethyl ether, to obtain 0.06 g (73% of

the 10 title chppound:e corteRMR (400 Mz, CD30D) 8 2.60-2.70 (6H m,
2.98-3.01 (2H, n')""’33, AvaidiE], ), 710(1H d), 7.24-7.26 (2H, m, 7.39
(1H, t), 7. 523;‘(;;‘35"“ .58-7.60 (2H, m, 7.73 (1H br s). mz 322 (MH) +;

retention time = 0. 2
EXAI\/PLE7 143- (1H— Benawep a dazol - 2-y1) - 4- chl or o- phenyl | - 15pi peri di n- 4- ol

8- -(1H-B m, dazo ;. METHOD L
1- 2 yl) 4-chl Y1ldepd, 4 azespi AQeeawe ©:>—®e sane
drtin

procedure as that" dain e s_us_e_d' from

1, 4- di oxa- 8- azaspi rof 4. 5]decane hydrochlorlde 01.25 g of the tlfle
corrpound wer e obtai ned (MOQM tstesit ep) . stepe ‘Z-LNIVR (400MHz, DvsO): 8 1.70
(4H, br s), 3.31-3.34 (4H, , 3.90 (4H, br s). 09-7.12 (1H, m,
719721(2Hn)73774 , 760( ), 12.62 (1H $).

1- 13- (1H Benzoi m dazol - 2-y1) o pheny ojl n-4-one 25 Method

G H Step a- To a suspensi on of +>

y1) - 4-chl oro-phenyl ] -1, 4- di osam -aza spi ro[ 4stedfdecand.U2. 00 g, 5.42 nmol)
in water (50 nL) was added H2S 50 nL) dropw se and the resulting
solution was stirred for 72 Né@)ﬂterrper e’ he sol uti on was
neutralized WD 2009/074300 QNA:IE;OIOM Na2CO3 and the oil

1 H- ben20| m aA

obt ai ned solidified on standing™in "er. The preci ate was filtered and
dried to obta|n160g(90% of t he T I'"e conpound.\_;
11- 1- NVR (400MHz, DVBO): 8 2°43 (4H 1), 3. 68ten(q H o t), \{s3-7.25 (1H, 5m),
7.33-7.36 (2H, m, 746750i2J-| : 769771(2H m .\ EXAMPLE 18:

143- ( 1H Benzoi m dazol - 2-y1) - phenyl d| n- 4 ol
henyl [>pi @hod G Step

143- ( 1H Benzoi mi dazols*e@e )-Z4-¢chlor

b- To a suspepsi n 3- (1H enzo{_ "dazol - 2- y1)
chl or o- phenyl 6F1°é’ (0 05 *g. 0. 17 rmﬂf)’ %@'&t hanol (% n) was
d

added sodi um bor ohyd 01 g, 0.17 t he r.esal Y-t ng

m xture was stirregd f rrperaturete guenched Wlth few
drops of water. The soL>=%nt was'r e under re uced pressure, the crude
di ssolved in EtOAc (5 nL) and f Ite " tzhen d ani ¢ phase was
evapor ated 15 under reduced sb?‘é sure affo (3699 of the title
compound. ' H NMR (400MHz, DMSO0): -1. 45 ]n 78-1.80 (2H, m,
2.89-2.94 (2H, m, 35636@@H : 68(1H d) <L 6-7.08 (1H, m,
7.18-7.21 N °

N n H n=12
n=12



(2H, m, 7.33-7.40 (2H, m, 7.52 (1H, d), 7.66 (1H, d),12.59 (11-1, s).
mz 328 (MtH)+; retention tinme = 1.55.

20EXAMPLEL9: 2- 15- (4- Azepan- 1-yl - pi peri din-1-y1)-2-chl oro-

phenyl1- 1H benzoi m dazol e 2-[5-(4-Azepan- 1 -yl-niperidin-1-yl1)-2-ch
or o- pheny 1WO120p0172390 m dazol e Method H Step c- To a SuBQEERI008010470

143- (1H benzoi m dazol - 2-y1)-4- 25 chl ggo-phenyl]-pi peridi n-4-one (0.10 g,
0.31 mml) in dichloromethane (2 nL) was added azepane (0.05 nmi, O0.46
mol ). After 30$ﬂ¢£¥ﬁ5hﬁﬁing at roomtenperature a drop of acetic acid was
added, and afte ther aliquot of azepane (0.05 nL, 0.46 nmmol) was
added, followed by sodium WD 2009/ 074300PCT/ EP2008/ 010470 42

triacet oxyborohydri de (NaB(OAc)3H) (0.10 g, O0.46 . The reaction
mxture was st{TadN 4 ogm.t efipehat ur etepger ni g \ e\ sol vent was
removed under 0 ﬁ%{pressure, afid the crude Nss¢l ved in

di chl or onet hane (10 ). To the s® ution PS-isocyanate resi r(PS- NCO 5

(Argonaut, | oaginmgreBlyd3 rﬁ&ﬁg‘ﬁg?ny ¥ added, then the fixture was shaken at
room t enper at LAV@lBBger ni ght and filtered. The sol ¥€AP Jwas renoved under

reduced pressure to RinN g=s0lid residue that was shed with Et 0Ac and
Et20 then dried tdl giye 'red ploduct (0.07 g, 58%. 11-1-NMR (400

Mz, DVBO): 8 1.45FPSON(9HNm{, 1.74 (2H d), A02-N1-2/ (6H m, 3.31
GlH m, 7.20 D -@ 7.33-7.38 (2H,
m, 7.52 (1H, d), 7.66 (1H d){ TP"60 (1H $). nmi¥ 409 (M retention

(2H, s), 3.78 (2H, d), 7 06-7.G
time = 1.32. MPLE 20: _boc Br

1- (44443-(1-Difl uor th'gtclj’]y| -1H benzc” m dazol - 2-
t h- Phenvl | - pi per azi &M %car bonv1}- 11, 41di azepan- 1-v1) - et hanone

152- ( 3- Br ono- phenyl ) - 1H benzoi m dazol e \et Rod | K-Step a
0- phenyl enedi am n 8. 8 ¢ 56. 6 nmol ) anI i b>—a 3.40 g, 37.8 mmol)
wer e conpl et el yI thanéfeP\R/aterﬂ ) S e i ously warnmed at
80C. Then 3-Brond#énzYl dheéyde (44 1 nL, 378.3 mmol) was jadded dropwise to
the solution. The reaction m re was 20 stirred overniight at? 70C to the
open air fort two days. Soli%filtered off and tri -Oth net hanol
(150 n) to afford the product” aweg pale yellow solid (27.5Hg).” 3.8 g of
product were recovered fromthe nother |liquors. Total yield 31.30 g (30%.
11-1-NVR (400 MHz DVBO): 8 7.24 (2H, m), 7.54 (2H, m), 7.70 25 (m 2H),
8.19 (11-1, m, 8.B7W&AH, t), 13.2 (1H, s). mz 273 (MH +;, retention tine
8.60. 2-(3-Brono-phenyl)-1-difluoromethyl-1H benzoi m dazole Method

l,J,K-Step b- | E\ngﬁgg?g‘gve 2- (3-Brono- phenyl)-1H WO

2009/ 074300PCT/ EP20 10470 43 benzoi m dazol e (14,10 g. 51.6 mmol) 50% acq
NaOH (8.3 ni, 1 M%IQ,OJgEQO.SSst@,a 2.5 N ,,@ F (120 mL) were
pl aced. The m xt s stirre roomt enpe g for_% h, then

chl or odi f I uor onet hane tas Lgdgntil conplete conversign of the starting
material (2 bar ;32;;%?3%). adidlem xt ure 5 was dil tte&?_ with DCM (100 ni), the
organi ¢ phase was decanted and dried over Na2SO4. e sol vent was

evapor at ed under regut presSsure to ord a dark red oil that was
purified by flash m on«sﬂ?ﬂ-earver af | ash (1-g product/30 g
silica) (eluent: cyclohexane: AGOEt gradient f cy ne 95: AcCEt 5 to
cycl ohexane 7: AcOEt 3) to affoy 4.30 g of theAAON it NeXconpound (86% .
V. 75(1l; m), 7.83(2H,

1H NVR (400 MHz DVBO): 8 7. 45( L poc7. 59(1H, t):
M, 7.95(1H, m, 8.ojgtngd s). mz 323 (MrH) + retention time 8. 60.

1-(4-
{4-13-(1-Di fluoronet hyl- 1H benzoi m dazol - 2- -phen pi per azi ne-1-car bonyl
111, 4] di azepan- 1- @—\eﬂha N\
stepe N
N\, T; \ \
R
| N3N

Nt P

N 0]
NH, H




15Method J - Step c- 2-(3-Brono-phenyl)-1-difluoromethyl-1H benzoi m dazol e
(0.10 g, 0.31 mml), cesiumcarbonate (0,14 g, 0.43 mmol ), rac-2, 2

bi s(di phenyl phosphi no) -1, 1' - bi naphtyl (BINAP) (0.007 g, 0.01 mmol) and
tris- (dibenzilideneacetone)-dipalladiunm(0) (0.004 g) were placed into a 7
n. seal ed WQRWHAW3IWur ged by repeat ed nitrogen/ vacuum ®ETIER0$/Q040en 20
mnutes. Dry toluene (0.6 nL) and N-acefgyl honopi perazine (0.05 nL, 0.37
mol ) were added and reaction m xture was heated at 85C for 24 hours with
stirring. cItH dgoledto roomtenperature and filtered through
SCX cartridge ( DCM net hanol 1:1). The organic |ayer was 25
concentrated under reduced pressure and purified by
afford 58 ng of the title conpound (48% . 1H N , %)21
1.95-2.08 (5H, m, 3.48-3.55 (2komPhercial) 700 7 % NF%'&{@& %'X?O 44
7.41-7.67 (4H m), 7.73-7.82 (2Kyaldble M z 3 bt MABNCt i e 3. 30.
EXAMPLE 21: 1-Difluoronethyl-2-(3-piperazin- 1- -phe gltHbenzoi m dazol e
hydr ochl ori de 443 -(1-Difluoromethy 1-1H benzoim

i dazol - 2-y1-)-phenyl | - pi perazi ne-1- 5car box &L%% cid tert-butyl ester
Met hod K- Step d- 2-(3-bronp-phenyl)-1-difl uor rrthgl 1Hbenzoi m dazol e

(1,00 g, 3.10 mml), grazine- 1-carboxylicacid tsect-butyl ester (0,75
g, 4.02 mmol) and c@%\ ate (5.04 g, 8\ m@ were placed into a
dry 250 nmL round bo fl as\—and purged by refp i

cycles for 30 m nut g%an dry tel uene (50 nL) wa addenr At the sane tine
pal | adi um acetate ( , 0 62 nmmol ), and r¥EPE 12"

bi s(di phenyl phosphi ng).- 1, 1' aphtyl (BI NAP)

pl aced into a dry l@ bot t om f | ask ),

ni trogen/ vacuum cycles %(ra nut es. 15Dry . g0 nL) was added and
d 10

this suspension was stir am nut es before be| ra@ added to the first
round bottom fl ask. Sf@h@ eactl on m xture vvasstépaf uxed overni ght under

o ear atr ve HPLC to

ni trogen and cool ed nperature. The mx urg was filtered and the

i nsol ubl e material \ vvrth EtOAC(S m_) he organi c sol ution
was concentrated u ~- 0 red ced pressure purified by flash
chr omat ogr aphy (el uent: ‘cycl o e ne Ac CEt grl e Nt f 100% of cycl ohexane

to cycl ohexane 5: AcOEt 1) to ord 1.10 g of th@‘;trtl onpound (83% .
11- 1- NVR (400 MHz, DWVBO): 5 1. €9H s) 3.19-3.22 4@, 3.46-3.48 (4H,
m, 7.08-7.10 (1H m, 7.20-7. g %7}/46 (3|-| § 257.71-7.80
(3H, M. nmlz 429 (M-H) +; retention t) t’? Di f | uor of yl-2-(3

- pi perazi n-1-vl - phenyl) - 1H ben&temt da oI e d K- Step e- To a sol ution
of 4-[3-(1-Difluoronethyl-1H WD 2009/ 074300PCT/ EP2008/ 010470 45

benzoi m dazol - 2-yl +pheny1] - pi perazr e ar lic acid tert-butyl ester
(1.10 g, 2.57 mmol) in DCM (2 m) HC1 in Et20 (11 nL) and the
resul ting suspension was stirred at oorﬁterrp ature overnight. The
precipitate was frltered andthe resultr sal tstep ured with Et20 (3 X
20 5 nm) to obtain 1.02 thetrtle hl ori de
salt. . 1H-NI\/R (400 8 3.2 BES@I'%@@ 3.50 (4H,
m, 7.11-7.20 (1H, nm, 725732)@?%J 741751 , 7.74-8.02 (3H,

m, 9.35 (2H, bs). mz 329 ( Mti)ut; retentron tinme 1c7ﬂf EXAMPLE

22: 1-{443-(1-Difl uoro 1H zoi m dazol

phenyl | - pi perazi n- 1- y11 pan- 1- one

{4-[3-(1-Di fl uoronet hyl- éhzoi azol 2-y1) - he I] p 'perazr nl-yll
g

- 2- et hyl - pr opan- 1- one lVé’t"hod Step f- 05/0, \0. 32 nmol ) was
added to a solution of isobutyric axi (0 029 g, 0 32 in acetonitrile
(2 50 rrL) The resulting 15 solution wgs.stirred at roomte pature for 5
-Di fl uor onet hyl- 2- ( 3- pi perazih- 1 -yl -phenyl)-1H bénzoi ni dazol e
(0 10 g, 0 27 mmol ) and N, N-dii sopropyl et hyl am ne (DI PEA) (0.05 nmL, O0.27
nmol ) were added and reaction was heated at 65C overnight. The reacti on was
cooled to roomtenperature, the solvent was renoved and DCM (3nlL) was



20 added. Organic solution was washed with water (2 x 2 nL) and with
satured Na2CO3 solution (2 x 2nL). The organic | ayer concentrated under
educed pressure and crude was purified by flash chromatography (el uent:

cycl ohexane: AcOEt gradi ent from 100% of cycl ohexane to cycl ohexane 3: AcCEt
1) to affoW® 2000680 of the title conpound (61% . 2511PAL/ERPOS MGG VHz,
CDC13): 8 1.09 (6H, d), 2.77 (1H, septgplet), 3.21-3.29 (4H m, 3.64-3.75
(4H, m, 7.04-7.07 (2H, m, 7.10-7.41 (5H, m, 7,40- 3.73 (1H, m, 7.77-7.81

(1H, m. nmz 399 (MtH)+; retention tinme 3, 68NH EXA Zg’dmmercially

4-14- 13- (1-Di fl uor onet hy 1- 1H-doenmercisligaf 34_1()- available

2009/ 074300PCT/ EP2008/ 010470 aAMilable

phenyl | - pi perazi ne- 1-carbonyl1}- D peri di ne- 1- Car boxy#i teraci d tert-butyl
ester 4-

443- (1-Di fl uor onet hyl- 1H benzoi m dazol - 2- gté -dp enyl ] - pi perazi nel -carbonyl}
- pi peridine-1-carboxylic acid tert-butyl es eMet hod K- Step g- CDI
(0.053 ng, 0.32 o-~ vvas dedtoasolu NOf

pi peridi ne- 14d bo y aC|d m)noter’% (0.074 g, 0.32 mmuol)
in acetonitrile (2 {he resulting setuiN on sstlrred at room

t enperat ure flve . 1 Di¥ | uor onmet hy1- glsg pi perafin- |

-yl -phenyl) - 1H ben20| i dazole (0.10 10 g, %7j rrm)l) and

N, N- di i sopropyl e m ne | PEA) (0.05 |) were added and
reacti on was hea erni ght . Tht* s cooled to room
tenperature, the SO v nt renoved and i) s added. Organic

sol uti on was vvashed th wat®r (2 x 2 nbL) and wict h s& ured Na2CO8 sol ution
(2 x 2m). The of%§ B | ayer was concent rsdept iunder 15 reduced pressure and

t: cycl ohexane: AcOEt
AcOEt 1) to afford

crude was puri f| eq fI chr omat ogr aphy (el'u
gradient from u hexane to cycl
0.067 g of the ti e \co nd (70% . NVR (400 WMHz, CDC13):

5 1.39 (9H, s)160174 M, 2.57-2°77 (\3H, W\ _3.21-3.26 (4H ),
3.64-3.74 (4H, nm), 4.10 (2 ) 20 7.04-7.07°(2H, n') 7.11-7.41 (5H, m,

7.71-7.73 (1H, m), 7.78-7.824( H rr) n12 540(M+H) gtention time 4.25.
EXAMPLE 24 {4-13- (1 Di fluoro dazol - )-
PhenY11- pi perazi n-1-yl}-pi peri d| n- 4 yI rret hafione {4-13
-(1-Difluoronethyl-1H benzoﬁ%‘?‘&i&zo -2-yl)- pz'éfyl | - pi perazin-1- 25

K- Step h- To a sol ution of

y1} - pi peridi n-4-yl - met hanone Met Add
4-{443-(1-Di fl uoromet hyl- 1Hbenzog g

1} - pi peri di ne- 1- carboxylic acid !e ster (0.075 g, 0.14 mmol) in
DCM (0.5 nL), 2MHC1 in Et20 WO 2009),Qs/430QEPCT/ EP2008/ 010470 47 (2.5 nl)

was added and the resul ensi on was (st | r #teR i r oom t enperature for
6h. The precipitate vvasMIE:w'l@gg tritur

. WErHoD ga20 M) . The

solid was purified by preparatsuepen LC. HPLC cract ons were neutralized
wi th K2CO3 and concentrated. DCM ¢S5 nL) and water (5 nL) were added,
organi ¢ phase was separatedC d concentrated to 99'e 44 ng of the title
conmpound (72%. 1,82-2.15 (4H, m,

1) - phenyl1] - pi per azi ne- 1- car bony

2.72-2.86 (1H, : u / .48 (N , 3.63-3.83 (4H,
nm, 709715(2Hn’) 9A7 30 2H m, 7.37- 7\4,13(3-n'),'7.75-7.78(1H,
m, 7.81-7.85 (1H, m. 10 n12 440 (\WHH) +; retention t{ne)2.03. EXAVPLE

25: 1-13-(1-Difl uoronet hyl- 1H behzgi m dazol - 2-y1) -

ohenyl -1 pi oeri di ne- 4-car boxyl i c aci §—et hyl ester N—R2

143- (1-Di fl uor onet hyl- 1H benzoi m dazol - 2- y1) - phenyl - I pi p‘erl di ne-4-
carboxylic acid ethyl ester 15Method |- Step i- Sane procedure described in
Met hod K, step d but starting from piperidine-4-carboxylic acid ethyl ester
i nstead of piperazine-1- carboxylic acid tert-butyl ester. Quantitative

yi el d. 1H NVR (400 MHz, CD30D): 8 1.26 (3H, t), 1.77-1.87 (2H,
m, 2.01-2.05 (2H, m, 2.50-2.57 (1H, m, 2.88-2.94 (2H, m, 3.76-3.81 (2H,
m, 204.12-4.17 (2H, q), 7.09-7.11 (1H, m, 7.24-7.26 (1H, m, 7.29-7.30
(1H, mg 7.41-7.81 (6H m. mz 400 (MrH) +; retention tinme 4.25.



EXAMPLE 26: {1-13-(1-D fluoronethyl-1H benzoi m dazol -2-y1)-

phenyl | - pi peri di ne-4-01- (4- et hyl - oi perazi n-1-y1) - nmet hanone :

113- (1-Di fl uoronet hyl- 1H benzoi m dazol - 2-y1) - phenyl i pi peri di ne-4- 25
carboxylic acid Met hod |- Step 1- NaOH powder (0.24 g, 6.02 nmol) was
added to a WORPLOEIT PCT/EP2008/010470
143-(1-Di fl uoronet hyl- 1H benzoi m dazol -2+ y1) - phenyl Thi peri di ne- 4-car boxylic
acid ethyl ester (1.20 g, 3.01 mmol) in ethanol:water WO

2009/ 074300PCT/ B3O8 01 P470 48 3:1 and the reaction was heated at 80C
overni ght. ReactTon was cooled to roomtenperature and the organi c sol vent
concentrated I@%Tﬁb@)ﬁr ation under reduced pressure. The resulting solution
was neutralized by dropw se addition of 6N HClL. A pale brown precipitated
and it was fil@ered of f camsd dried o0 5 afford 0.80 g of the title conpound

(729% . 111-INVR (400 _FCD30D): 8 1.83-1.93 (2H, m),
2.06-2.11 (2f, nystema 5o 58eA0LH m)], 3.14-3.17 (2H, m), 3.71-3.76 (2H m,
7.33-7.35 (1M /), 7.4Q:7/42 (2HN@, 7.44-7.78 (6H m. nfz 372 (MH+;

retention timel3.25. 1 |

143- (1- Di f | uor Bfet hy1- 1Hebenzoi m %50l - 2-y1l) -phenyl ] - pi peridine-4- 10

y11- (4- met h§AMMBIcElr azi n- 1- y1) (gt Hanone Method |- Step m HATU (0. 11
g, 0.30 mmoff"RRd dii sopropyl et hyl|ani ne (DI PEA) (0.09 ni, 0.54 mmol) were
added to a suspension of 1-[3-(1-

Di f 1 uor omet hy1- 1H benzoi mi dazol - 2~yf) - phenyl dpi peri di ne- 4-carboxylic acid
(0.10 g, 0.27 mmol) in dichloronethane at roomtenperature. Reaction was 15
heated at 35C overnight. Reactio cooled to roomtenperature and washed
wi th satured Na2CO3 sol ution (2 4)m.) and with water (1 x 3 rnL). The
organi c | ayer was concentrated undgr reduced pressure and crude was
purified by flash chromat ography (%fuent: cycl ohexane: AcOEt gradient from
cycl ohexane 1: AcOEt 1 to 100% AcCet and finally with AcOEt: 2.0 N anmoni a
in nmethanol 20 5:1) to afford ®rl2p g of the title conpound (20% . 1H NWR

(400 MHz, CD30D): 5 1.79-1.88 (4H,Ynm), 2.31 (3H, s), 2.39-2.48 (4H m,
2.80-2.92 (3H, n), 3.60-3.68 (4HN-, 3.85-3.88®i , -7.10 (1H, m,

7.20-7.25 (1H ™. 2 9 (1K n—F7. 4CHePEg1 }3_@2 454 (MFH) +;
retention ti 0 LE 2K \ "
{4- 14- FI uor o- 3°(1- et hy I- A benzoi mizdazol - 2- y1) -

phenyl | - pi perazin-1-yl1-roBrrolidi Rl - yl - met hanone F
N- (2- Am no- phenyl ) - 5- br ono- 2- f | uor o- benzam de Method L, M Step a-
5- Bromo- 2- f | uor o- benzoi ¢ acid (4.96 g, WO 2009/ 074300PCT/ EP20087 010470 49

0 T™S 0
F
step a Xy stepb .
N N
| !
boc

N
|

boe boc
commercially
available step c
R\N/R
ff
N
boc
stepd
N F stepe @:
A\ + _ N
N \ N
R1%

N—R2
/
R1



22. 6mol ), benzene- 1, 2- di am ne( 4. 90g, 45. 3nmol ),

1- ( 3-di nmet hyl am nopropyl) - 3-et hyl car bodi i m de hydrochl oride (EDC) (5.21 g,
27.2 mmol ), 1-hydroxybenzotriazole hydrate (1-HOBt) (3.67 g, 27.2 mmol) and
di mret hyl -pyridin-4-yl-amne (DVAP) (0.03 g, 0.2 mml) were placed into 5 a
100 L rouM® BBYUHW | ask. Dry DVF (60 nL) was added aREI/EPR80%MeA39i on was
stirred at roomtenperature overnight. 280l vent was renoved under reduced
pressure, then the crude diluted with DCM (15 nL) and 0.4 M Na2CQO3 sol ution
(15 nL). A whit ypigate formed and it was filtered off and washed
again with DCM d dried to afford 4.96 g of the title 10 conpound.
Sol utions were collected, the organic phase Was separated fromthe aqueous
one and concentrated under reduced pressure: er precipitate formed and
it was filtered off, washedwl DCM (3 nl) t ffoFd\ boher 0.68 g of

desi red conpound. Tot y| el 81% o LHsBR ( 40 5 4.84-5.14 (2H,
nm, 6.54-6.59 (1H rr) )ﬁG gH—m , (‘1H, m, 7.21-7.24
(1H, m, 7.31- 35(1' , Ta 76 (1H, n)pl . 2-9.64(1H, m. in/lz
308/ 310 (MtH) +; ret i mesmnikreBily.

2- (5-Bronp- 2-f 1 uor of‘ﬁ"&%&f"ﬁ 1palsdRzoi mi dazol e H’N@ﬂf s lM Step b- A
suspensi on of N (2-am no-phenyl)-5-brono-2- *PPuo zé‘ﬁﬁ, r'ad .64 g, 18.3
mml) in acetic acid (20 rd.) was heated at 20 60C. After 30 min, the

suspensi on became" @ and idowes Ltc' el nitghé The sol vent was
renoved under reduce\@;ﬁN and resi > ritugg Edﬁﬁ/ith DCM (10 )
and filtered off. The precipi eﬁ) DS shéd W JIINDQA( 3 X 0 m.) and dried
to afford 4.76 g of the titl ! :

ound (89%. 1% ;
7.24-7.27 (2H, n), 7.43-7.48 (IH, n), 257.63-7 (2H, c772776(1H
m, 8.33-8.35 (1H Mg ll|z 290/292 (IVH-|)+ retention tlrre

2- (5-Brono- 2-fl uoro- phen 1)-1- Rt H b€& 20|mrdtaz L- Step c-
NaH 60% suspeasi on in® neral 0| [ m
2009/ omsoopcw@g oI ut i

2- (5- Brono-2-f| Nph )-—LH-benzmmdazoI eN e g, 12 76 moiylin dry
11-1F (100 nL) and the rm on was stlrredmfﬁ oomterrperatur 0 m nutes
[ P

bef ore addi ng net hyl i odi '1 19 m., 19.1 D=oReaction was | °
stirring for 2 h, then quenghed with water (2@). The solutio was
concentrated, then AcOEt ( m.) was added. Th rgani ¢ solution S
separated, washed with brime(10 n), dried over Na2SO4 and concentrat ed
under reduced pressuse to afford 3.80 g of desired conpound. (97% .

1H NMR (400 MHz, CD30D): 5 3.76 (3H, s), 7.31-7.42 (3H, m), 7.59-7.61 (1H,
m, 7.70-7.72 (1H m, 7.78-7.82 (1H, n), 7.85-7.87 (1H, m. 10 nlz 304/ 306
(MtH) +; retention tinme 1.80. {444-F

| uor o- 35( 1- net hyl- 1H benzoi m dazol - 2-y1) - phenyl | - pi perazin- 1 - yll
-pyrrolidin-1-yl-methanone Method L- Step d- The sane procedure descri bed
in step ¢ method J was foll owed but starting from

2- (5-brono- 2-fluoro-phenyl)-1-nmethyl-1H 15 benzoi m dazol e and

pi perazin-1-yl-pyrrolidin-I-yl-nmethanone. The crude reaction m xture was
purified by preparative HPLC to afford 0.06g of the title 20 conpound
(449 . "H- NVR (400 MHz, CD30D): 5 1.82-1.89 3.40-3.42 (4H, m,
3.44-3.47 (4H, m, 3.77-3.78 7.24-7.26 (2H, m, 7.31-7.40 (2H, m,
7.57-7.59 (4H m, 3.20-3.23 (4H m, (3H m, 7.20-7.22 (1H m, (1H m,
7.69-7361 (1H, m.

15



mz 408 (MtH)+; retention tinme 2.32. EXAMPLE 28:
4- 14- Fl uoro- 3- (1- net hy1l- 1H benzoi m dazol - 2-y1) -

phenyl | - pi perazi ne- 1-carboxylic acid tert-butyl ester 4-[4-F
| uoro-3 - (1-net h)/l - 1H benzoi m dazol - 2-y1) - pheny1l] - pi per azi ne- 1-
25car boxyl |‘¥°é’&5’? Q748%rt - butyl ester Method L- Step e-  PCT/EP2008/010470

2- (5-Brono- 2-fl uoro-phenyl)-1-nethyl- 13 benzoi m dazole (2.10 g, 6.9 mol),
pi perazi ne-|-carboxylic acid tert-butyl ester (1.16 g, 8.3 mmol), cesium
carbonate (3. 14 rTHODYR. ). fAC-2,2' WO 2009/ 074300PCT/ EP2008/ 010470 51
bi s(di phenyl phogpmm—l—r‘—b‘-haphtw (BINAP) (0.17 g, 0.28 mmol) and
tris-(di benzilideneacetone)dipalladium0) (0.06 g, 0.07 nmol) were pl aced
in a Schlenk tube and purged by remaat ed nitrogen/vacuum cycles for 10

m nutes. Dry toluene HIQ 4y _was adde d the reaction was stirred at 85C
for 24 h. 5 Reaction was coo enperature, diluted with AcOEt (20
m.) and washed with water (10~ N Th gani c layer was dried over Na2SO4
and concentrated under reduce prese re. N e GLUGKETHERTt i on m xture was
purified by flash chronmat ogragphy (eI uent ¢ oh nestp@OEL gradi ent from
100% cycl ohexane to quahebexane 2:° AcOEt )N to affor .14 g of the
starting 10 material and 0.70 g of the tlt|"b conpound (5%#%

11-1-NWR (400 MHz, CD30D): /8 1.47 (91-1, , 3.14-3.17 (,.Abi , 3.57-3.59
(4H, m, 7.20-7.26 (3H, rr|)Tl 7.30-7.39 (2H HrK)ICHZS 7. 8 , 7.68-7.71
(1H, m. m (NH—|)+ &entio . 90.

2-Di met hyl o SeC 4N, ?Ttrhgﬁﬁ P

15benzoi m dazol - nv pera2| n-fL-vl)-et hanone H, CH,

2- (2- Fl uor o- 5- pi perazi n-1-yl -phenyl) - 1-net hyl - 1H benzoi mi daz@]n

Met hod L- Step f- To a s&l%hio Uba] N

444- Fl uor o- 3- (1- et hyl- 1Hbenzo\m zol -2-y1l) - phenyl Fpi perazi ne-1 rboxylic
acid tert-butyl ester (0.86 g, mmol) in DCM (2.0 nL) 2.0 M%Cl in Et20
(10 nm.) was added 20 and the resu ng suspensi on was stirreq atyrgpm
tenperature overnight. The precipltate/was filtered off and f§rgbured with
Et20 (3 x 15 nL) to afford the ti compound (quantitaf'fRie Viel d).
11-1-NWR (400 MHz, DVS0): 8 3.22- 4H m, 3.44-3.47 (4HY m, 3.94 (3H,
s), 7.43-7.53 (3H, n), 7.60-7.67 ML §7 7.89 (1P1°' 258.01-8. 03

(1H m, 9.42 (2H, m. mz 311 (M4, ret'en \spl' peak.
2- Di met hyl am no- 1- {44di-dH, S yl - 1H bd da @ -yl)- phenyl]
-ni perazin-1-yl -ethanone o g- Sane pro'&edure used i n net hod

L-step h. WO 2009/ 074300PCTAEP2808/ 0 470 52 H.CH, i MR (400
MHz, CD30D): 8 2.30 (6H, s), 3. 18H3cn-25 , 3.74-3.78 (g_ :
7.21-7.28 (3H, m, 7.31-7.40 (2H, m, 159(1H m, 7.6 .71 (1H, m.
mz 396 (MtH)+; retention time split pe EXAIVPLE 30:
(S)-2-{4[4-fluoro-3-(1-nethyl- 1H—ben20|md -2-

yl) - phenyl | - ui perazi ne-1-car bonyl } - pyr rigLiNdi ne- 1- car boxyI i c aciNiR2ert butyl
ester (S)-2- (4[4-fluoro-3-(1-nmet hylgiH benzoi nmi dazol - RW1) - phenyl | -

Di per azi ne- 1-carbonyl) -pyrrolidine-Il-carboxylic acid tert-butyl ester

Met hod L- Step h- CDI (0.05 g, 0.31 mml) was added to a solution of 10
N-Boc-L-Proline (0.07 g, 0.31 mmol) in acetonitrile (2.50 nL). The
resulting solution was stirred at roomtenperature 6 hours.

2- (2- Fl uoro-5-pi perazin- 1 -yl -phenyl)-1-nethyl-1H benzoi m dazole (0.10 g,
0.26 mml) and N, N-diisopropyl ethyl am ne (DI PEA) (0.09 nL, 0.52 mmol) were
added and reaction was heated at 65C overni ght. The

10



15 reaction was cooled to roomtenperature, the solvent was renoved under
reduced pressure and DCM (3nlL) was added. Organic solution was washed with
water (2 x 2 nL) and with satured Na2CO3 solution (2 x 2nmL). The organic

| ayer was rated under reduced pressure and crud rified by
flash chr oﬁ&%ﬁ%&ﬁ% (eluent: cycl ohexane: AcOEt gr adi eﬁ?%%ﬁﬂ? Ut

cycl ohexane 2: AcCEt 1 to 100% AcOEO t@4afford 0.067 g of the title
conpound (51% . 1H NWVR (400 MHz, CD30D): 8 1.40-1.45 (9H, m, 1.82-1.97

(3H, m, 2.23-2METHODST, VIWSAB. 29 (4H, n’) 3.42-3.57 (2H, m, 3.69-3.85
(7TH, m, 4.72-4.77 (1H, m, 722729(3H , 7.31-7.40 (2H, n‘), 7.57-7.59

(1H m, 257.69-7.71 (1H mM. nlz 508(M+H)+ retentlontlrre . 63. EXAMPLE

31: {444-fl uoro- I-1H-b de
‘dl ﬁ—i- ¥| ori de
benzo m Aazo yl)- phen \Pi perazin- 1-

phenyl | - pi peraz
ey ny
2009/ 074300PCT/ EP2008/ 010480 53 y11-( ) pyztfb d|n 2- yI netha

(S)-2-{444-fl uoro-3-(1-nethyl-1Hbenzoi m daz NE‘2"‘y1) pheny1J- pi p&am ne-|-ca
rbonyl -pyrrolidine-I-carboxylic aC|d terg,-butyl ester (0.05 g, 0.10 mmol)
in DCM (0.5 nL) 2M HCL in Ew#26. ch, ) Was added and the resulting
suspensi on was stirred agpcroomte
concentrated under redrech pre &n 0 my, was added and the
hgm;r; Jo' A& conpound as
0%: 85-2.04 (4H, m,
2.42-2.51 (kg 8. 1Q 3,BON3. 81 (4H, . 9 (3H,
m, 460469(1‘?@\ .44 (3 m, N\62-7.68 (2H"m,7.77-7.80 (1H,
m, 7.89-7.93 (1H N 8 (MrHY,; retenlgpglrre spl'l"tc'peak
EXAVPLE 32: 1-{4- 13- ( 1h Benzdini dazbl-2-v1) \4-FT
pi perazin-1-yl}-2-di net hyl and\_ ket hanone
1)
ester Met hod M St ep Rl ion in nmineral o{_ 0. 70 g,
17. 34 mml) was added to a sﬂ tjon of
3.87 g, 13.3 mol )=t dry THF
(140 m.) under nltrogen at 20 rjoom t enper at ur After 10 mnutes a solution
added and reaction was | efstep 3 h. Vater (20 dded and Feaction was
/ a¥ added and the
organi c | ayer was separated./The wat er solution vxas' waghed with AcCEt (2 X
concentrat ed under' Teduyg The crude reactio 1 Xture was
purified by flash chrons | uent: cycl ohexane: AC&O gradient from

e p
100% cycl ohexane to cycl ohexgpg, 10%,_AcOEt 1) to 4.7 g(O‘thhe title conpound
(90% . WO 2009/ 074300PCT/ EPZOOQI @p J

f4-14-f1 uoro- 3-
Met hod L- Step i- To a solution of
ight. The reaction was
m xture was concentr at ed W affor'dlcﬂao
chlorhydrate salt (86%. NVR (400 ,
, 3.23-3.36 (51-1,

152- (5- Brono- 2- f | uor o- pheny r§?n 0| nmerazowey 1- car boxyl |Hcgp| dyjtert-butyl
of Di-tert-butyl dicarbonate (.30 g,4 433 i)N'?'ﬁ' dry THF (50 MR was
10 m.). Organic Ig)é%& were 2B%ol l ected, dried over 2 and

SOMe

n=1,2

10



11-1-NVR (400 MHz, CD30D): 8 1.44 (9H, s), 7.23-7.27 (1H, m, 7.41-7.50
(2H, nm), 7.73-7.77 (2H, m), 7.84-7.86 (1H n), 8.10-8.12 (1H, n). mz 392

(MFH) +; retenti on time 2.88. 245- (4-tert-butoxycarb
onyl - pi per azi n- _}/ - 2-fluoro-phenyl]- 5benzoi m dazol e- 1-carboxylic acid
tert-butyl ‘@9?@?’04 O Method M Step m PCT/EP2008/010470

2- (5-Brono- 2-fl uor o- phenyl ) - benzoi m dazsl e- 1- carboxylic acid tert-butyl
ester (2.52 g, 6.5 mml), piperazine- 1 -carboxylic acid tert-butyl ester
(1.56 g, 8.40 MMETKROY Xesi um car bonate (10.50 g, 32.20 mmol ) were pl aced
into a dry 500 AL round bottom fl ask under 10 nitrogen and dry tol uene (140
m.) was added. At the sane tine palladiumacetate (0.29 g, 1.30 mml) and

BINAP (1.20 g, 1.93qnol) pl aced into a dry 250 m_ round bottom fl ask
under nitrogen andt . (146tdp awas_ag A 10 m nutes the
suspensi on cont ai ntgf BNNAPYadd Pal | adi umt dded to the 500 niL
round bottom flask. The Yeacti % nixture 1 o Nhea at 85C over ni ght
under nitrogen and cooled to room tenperature. The ni x vvas filtered and
the insoluble material was washed with Et OAC (3 x 20 he organic

sol ution was concentrated under reduced Rit&s pH1 € and crude gvas purified by
fl ash chromatography (eluent: cycl ohexane: AcOE{ gradi ent #f rom 100% of

cycl ohexane to cycl ohexane 4: AcOEt 1) to affofd 20 2.48 g of the title
) -

conmpound (76% . 1H— %64 u, : 8 1.36 (9H, s),
3.08-3.10 (4H, w@: : m, 7.20-7.25 (2H, m),
7.38-7.47 (2H, H rr) mz 497 (MH) +;
retention tinme 2 93. 2\ (2 FIu 1 pi pera2| n- ) - 1H benzoi m dazol e
25Method M Step n- To a sol utjjon qf 245-(4-tert-but ar bonyl - pi perazin-
1-y1)-2-fl uoro-phenyl Fbenzoi m e-1-car boxylic acid tnq'_t-butyl ester
(0.45 g, 0.91 mml) in DCM (1. m?‘) 2MHC1|n Et 20 (8. was added and
the resulting suspension was sti rred roomtenperature overnight. WO
2009/ 074300PCT/ EP2QQ34 0340470 55 2M HCI in Et20 (5.0 n) nore were added and
reaction was left stirring for 24 h. The precipitate was filtered off and
tritured with EMEgTHBODSLY, ) to afford 0.21 g of the title conpound

(559 . 17-1-NWR (400 MHz, DMS0O): 5 3.26 (4H, bs),
3.49-3. %1 (41-1, m, 57.36-7.40 (1H, rr) 7.45-7.53 (3H, m, 7.80-7.84 (2H,
m, 7.91-7.93 (1H, m, 9.28 (2H, bs)CI z 297 (MrH) +; retention time= split
peak. 1- {4 It 3- |I

. \ N
H Benzoi m dazel - y1 4 - y peg&@pzbn-@[;\-
di et hyl am t 2 tep 0 (0 0) ol ) was
added 10 a soFutfon YO of NNd.rret%y|g|@>F (0.033 0.3 1) in

n

2N
acetonitrile (2.5%°m).%*The resulting sol Uti on was st étéﬁ@ aLgicP)om
\_

tenperature for 5 hours. Then 0
2- (2- Fl uor o- 5- pi pera2| n-1-yl - phenyl) - 1H ben20| m dazol Q. 10 ¢, O27 mol)

and N, N-di i sopropyle am ne=( DI PEA) ( é wer e added and
reacti on was heated 6 p i ght. Regacti on 4S o p room 15
tenperature and sol ve END ng ungefudeguced pressure. (2 n) was
added to the crude, organl c sol n was washed with water (2/¥"4 niL) and
w th satured Na2CO3 sol ution ( ) and concentraled. The\crude
reaction mxture was pigegéi'ed by @ chr omajpegaphy| $tepuent 7 NEOH AcCEt
gradi ent from 100% of ty to MBOH U} 6: AcCEt 4) to wmfford 0.049 g of the

20 title conpound (43%. °°°11 | - NVR (400 M—Iz CD30D): 5 2.33

(6H, s), 3.22-3.29 (4H, M, a 29(2H s), 3.77-3. , 7.16-7.24 (2H,
m, 7.26-7.31 (2H, hO- 0 (2H, bp), 7.75 mz 382
(MtH); retention ti b . EXAMPLE 33:

4-{44341H Benzoi mi daz Z“yl)-A or o- phenYl 1-
25pi perazi n-1-v11- pi peri di n- 4-yl whanone
{4-]3-(1H Benzoi m dazol - 2-v1l) - 4-T\uorQ- phenyl ] - plpera2|ne 1- J
carbonyl } - pi peridine- 1 -carboxyl ycfac)d tert-butyl ester Mt ok M Step p-
CDl (0.047 g, 0.29 mmol) was addel to @ solution WD
2009/ 074300PCT/ EP2008/ 010470 56
n=1,2,3




of piperidine-1,4-dicarboxylic acid nono-tert-butyl ester (0.07 g, 0.29
nmol) in acetonitrile (2.50 nL). The resulting solution was stirred at room
tenperature for 5 hours.

2- (2- Fl uor o- 5- pi per azi n-1-yl - pheny1l) - 1Hbenzoi m dazol e (0. 10 (9 0. 27 mmol)
and DI PEA W@.’@%’Wﬂ""o. 26 mmol ) were 5 added and react i BA/BRR8I¥MUTRd at 65C
overni ght. Reaction was cooled to roomgenperature and sol vent was renoved
under reduced pressure. DCM (2 nL) was added to the crude, organic sol ution
was washed w t hpRTERIGA S ANDIMEIROPS h satured Na2C33 solution (2 x 4
m.) and concentTated. Tne crude reaction mxture was purified by flash
chromat ogr aphy Adl réagérits 2Ad sybleabiewarcothalded @hadeidlly. rAoiMah@foisfure

cycl ohexane to 100% AcOEO to afford 0.08 g of the title conpound (60% .

1H NVR (406emditive GRBRDjoluBlods Herd Shinsfejred vidSyringd TlHourpe of réddtibng6 ( 2H,
m, 2.82-3.00 (3H, m), 3.21-3.31 (4H, m, 3.77-3.83 (4H, m, 4.07-4.17 (2H,
m, 7.17-7vas (fHlowgd by26thinslayénH chngmatpgsaphy7. ¥2LCIH, and/or  dBRi¢s5- 7. 78
(1H, m. 4-

{ 4- [ 3- ( I+ sBruBteEtARPhyImassspecirometiyr G-y | | - pi per azi n- 1-v11 -

pi peri di n-4-yl - et hanone . Method M Step g- To ol uti ong,of.

o Faa3- (11 BensBTiUEISE: maspesie ARG SPEEhyYSte sepuled isiis oY Prany | |

-pi peri diRe-1 -carbho i Cj t - ter ) , 1) in
bt (1 ) NS P B 0THE el icter Sl b Wi P TE: REaRefine) on
was sti rre?rﬂge_r oom tenperature for 3 days. The reaction was concentrated
under reduced pressure, water (8 nL) was added and the sol uti on was
concentrated ungtge 1®AHERAe nheﬁx%use»veflmumhdiﬂ%(vuawattrré f3md Ryparagearative
HPLC. HPLC fractions were neutralized with 25 K2CO3 and concentrated. DCM
(5 nl) 1and nvedudé eqipped withea adldets Micgamass ZIQRSES vieaisatpa)y ahddWangts
concentrated to give 44 ng of the title conmpound (72% . 1H NVR (400 WHz,
CD30D): 6 PDA29960ugingia Wptere X BIS C8.5rgm 2. MOS0 mm column.

2009/ 074300PCT/ EP2008/ 010470 57 2.91-2.98 §NJ?_1H, 3.13-3.17 (2H, m,
3.20-3.28 (4H, FRyepamtive HLPL was rum using acWaters , sypfemwigh_aybgrry oH

B E 5 0rstienhghute Walehy 254 e SR saplst o oo Mcromass 2Q
Vet ho N - (EpBgin: Wit Kbt RIS ke £ Sepeitd TRBORRE I I SR oo o

(3.4 9453718 J9Ph)mdetfuspP! et el y dissol ved in EtOH-H20 / 1:1 (2 L)
previ ously g/ar me'g Igt 8(8& 3- Bronobenzal dehyde (44.10 ni, 10 378.30 mmmol)

was then added drafvhSewere trbﬂ_@sﬁh%{to.q)% foRRic agidrwater Nindt O BoWRSnfEi rred
overnight at 70C to the open air. The day after solid was filtered off and

triturat edavid/dcebaiittile Moidh gtagdiemt YO eo OB jr hdurah timse éndiedtedyel | ow sol i d
(27.50 g). 3.8 g were recovered fromthe nother liquors. Total yield 31.30
g (30% . 151H Nwificadonswenipeyformed. with (@5ilica)gel Tasidges iselpte flagy (m
2H), 8.19 (1H .m, 837 (11-1. t), 13.2 (1H s). mz 273 (MH)+ retention
time 8.60. 52 VBhPUSHSS BRENG PP - met hy1- 1H benzi mi dazole Method N - Step b-

i SeorBa 1 he o SHEC S08 s Vers, ot Rime R wich L ATy SO FASET Fitlas
|50 in dr | the : ¢ _
tas st rr edPhH Eredif bl U RGP 284 Hh A slifo: bERKRSHRRTAHEPET O
reaction mxt ugﬁqd%%vavek.fpggoﬁél @P{&g%ig@t‘%mrwQ)ﬂtﬁﬁfz%h%id&"@%aqy?&f‘c@&‘? wi th

H20 (300 m), extracted wmth Et
Absorption set to normal pre stir time 10s.

EXAMPLE 1: (2-{4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-
25 piperazin-1-yl}-ethyl)-dimethyl-amine

2-Chloro-5-[4-(2-dimethylamino-ethyl)-piperazin-1-yl]-benzoic

acid

ethyl ester
Method A- Step a- Ethyl S5-bromo-2-chlorobenzoate (0.80 g,



25 (2 x 450 mL). The organic extracts were dried over MgSH4, filtered and
evaporated, to afford the conpound as a brown-yellow solid (7.4 g, 70%.
1H NWVR (400 MHz DVS0):8 3.90 (3H, s), 7.30 (2H, m, 7.55 (1H, t), 7.64 (1H,
d, 7.70 (1H, d), 7.77 (1H m, 7.88 (1H m, 8.05 (1H nm. WO

2009/ 074300PCTYEPA®E/ 010470 58 m z=287[ M+H] , r et ent i oRCT/ER2008/01Pp47P0
{14341- Met hy1l- 1H benzoi mi dazol - 2-y1) - phgnv1l-pi neridin-4-yllcarbamc acid
tert-butyl ester Method N- Step c- Into a four-necked round bottoned

g, SRR A, IR
o t ok rourgg 0, 3@n%§{(ﬂr ad 19 r| ed méﬁ%@gﬁﬁfé&m%ﬁﬂ%hﬂ? {PHZ?d&BBt ner

four- necke botto

2- (13- br omohpery e@ormmyﬂaricrlc@ﬁaﬁﬂwrg@mé ) U Sloy ,d4 36 P8P wérelO 300
m of anhydrousé% ol uene, (9.0 g, 31.3 mmuol )@cp{ l\#-)go agm nopi perlgdl ne (8.18
g9, 40.7 mmoplacahih &sSHEREhK hibeOshd)pudded. by repRiajedigit® gehAaedumTbyeles Rirur e was
stirred for ca.10 mnutes then the content of the first flask was added
into theé sedbmiinutes. Dhe toleanei (6n mias asd i I(2dimethylarghtoedtyl) gfiperazine
tenperature, After cooling to roomtenperature, the suspension was filtered
15 on a goudwwmlh ho6eenmod yate thpnea eéaihgdpmtiqzhmm@r@moﬁamh QInder

duced dth d db BE af f ordi
225(%: eof p;ﬁfs%ﬁl()%&qorggtergfpseétg? <£ léé{gl&eover}/ug t and then cécﬂ%d to

3. 44(bs, - LHOMS G 399#5%% H)fge ﬁ*g&w ed%%tfﬁ( Wiy o BOgi
m z=407 [ MHﬁ'Lo u'i)get ﬁ'%iér tere% O dand the ﬁﬂfa@é‘ :Lvalyb\rv%ﬂ h\}«lth.s&turated

H benzoi m azo p| peri am ne ori

Met hod ¥ - 63&P (@5 TRID, nTH‘é LUrgalﬂf: phdse was dried over Na,SOQ,, filtered and

43- (1- Met hy1- 1Hben20| m dazol - 2-y1) - phenyl] - pi peri di n-4-yl}-carbamc acid
tert-butyl esicentrafed(thd2® reduckdIgressmt )toidbtalinCd keyiduesttue veas( Buritidd dyd

met hanol (1nli), 2M HCl in Et20 (25 nL) was added and the resulting m xture
was stirredflasher rohgbmatgragiom t(etgeat at gradienthe Bt@Ad wddOAd: MeQdd/ 1of,f

dried under_vaccum and was re-dissolved in WO 2009/ 074300PCT/ EP2008/ 010470
59 wat er (50tQA§:MefdHPERein e @Moh:dik2hdnecaffesdi @3 )2 ofather U\F\}&s

et oent o sampsiind CShobRyBl- N8 @0 Miadivsedl sshis Gh. B L TS 583 2. o4
h s %éﬁ%ﬁ Q51 A 2230 B AR 3 Tha B8 thaf T h04 807

(1H, m, 6! X 0.17
2- Et hoxy- N- 14726% &mn)em%?%%fgg Ki;%rqrﬁ)dzggle? %$W1Bﬂgnyl ]-

pi peri di n-4-yl | -2acaiqgl ded-(AQMake it himo-&heD-Hipd@zi-$9H LtbeRsbiffacid

et hoxyacetic acid (0.05nL, 0.49 mmol) in acetonitrilTe (3 nL) was added CDI
as a stock sol utMethdod).A80-Syep (b4 A rsvbhtiorarnd 2ivhlsressH 4i(Dgliskapdmains: was
stirred at roomtenperature for 3 h. {14341-Methyl- 1

H benzoi m deihml)-lﬁpm)zimhfyrhl/-b]’:nipnipmldjlemyzi oteaniondd gy dr T mmol)de EOHI g,
0.41 mmol ) and DI PEA were 15 added and the resultl ng
sol uti off helé al)apng leerlﬂ?/gr(?- mtaewa%é@@teénamgﬂwhmeemshbdth@a

tenperature, the solvent renoved under reduced ss re The cru roduct

Wals r edi ssoree‘étdm? AT BiRd ethdO (LPOR YCTRRES i?rgaoff‘ﬁr?i’c § 'Na2CO3
2 Na2SO4,
i1 tered aroesnaater Sy gaaé%raﬁkr%@&éergdﬁ?ae@s§{ﬁss i S&%ﬂ‘%ﬂ% afifinke

purified by,f ﬁfrq,o rﬂﬂ@ d o) g i ent
from 100% di c%?%?ggg% an gt éeﬁworgée{lﬁgﬁg%% to a o?%qo 70
(449 of th@v ?b?dt@d GRHIRPYBBuced pressure. The resulting residuel Ivak- MV6o16€@GnMz,
CDC13) (3H, t), 1.51-1.61 (2H, m, 1.96-2.00 (2H, m, 2.89-2.95
(2H, n‘)25 3. EQ)I{IZ(—],O aqnl),3 e -idsallible2 hhatedial vl filped 36ff add theB6ilfratd, s),
3.91-4.01 (1H, m, 6.44-6.46 (1H, m, 6.99-7.01 (1H, m, 7.05-7.07 (1H, m,
7.23-7.35 (&icenfrated. u?l?iei rétucedpresgure at o8 3efpktdtyre; & ehtaim9.24 geof= 1. 67
EXAMPLE 35: 4-Fluoro-1 '13-(1-nethyl-1H benzoi m dazol -2-1,1)- WO

2009/ 074300betitkropepoundod8de) without additional purification.

'H-NMR (400 MHz, DMSO): & 2.27 (6H, s), 2.46-2.55 (8H, m),




60 Phenv1l1-11, 4'| bi pi peridinvl 2-(3-bromhpenyl)-1-nethyl-1H benzi m dazol e
Met hod O, Oa -Step a- 2-(3-bronophenyl)-1H benzi m dazol e (as described in
method N, step a) (7.8 g, 28.6 mmol) was conpletely dissolved in 5 dry THF
(300 nL), then NaH 60% m m (1.49 g, 37.2 muvol) was added portionw se to the
clear yel | %0 28YU#%n. The |ight brown suspen5| on was BETEPHB/UP47P oom
tenperature for 1 h, then CH3l (2.5 a, 240.0 nmol) was added dropw se. The
reaction mxture was stirred rt overnight. The reaction was quenched with

H20 (300 my)g4.3M6 @H, r.ﬁytﬁ%-\m ishp'ﬁ OAS, d.8226.¢501 1 Lh), 709-7169 o1 [am)C

extracts were dried over I'ter'ed and evaporated, to afford 7.4 g of

the title COWDOND%-A%@oaﬂf_E‘Q?i)VEJchRWoSSlM-QZ-(dTﬂ%hxlammo -ethyl)- piperhzih=N
(400 MHz DWVB0) , S 0 (2H, m, 7.55 (IH t), 7.64 (1H, d),
7.70 (1H, d)yll-benZamidd n), 7.88 (1H nm), 8.05 (1H mM. mz 287 (MH)+;
retention time= 7.70. _

15843- (1- Met hylMﬂhbdnAeiStﬂ!aono 2 wptipnequz-}chmm 5 4%2rddmgthylamino-

spi ro[ 4, 5] decane hod 0, In a 4 necked round bottom

flask edui ﬁﬁ@d)wmqﬁaannhgﬂebwosq iazndeéo %cg, dr?%dnruﬁk)em aryg PMEBt (foBbher e

BI NAP (3.7 5. P

pl aced(and ‘?%‘ftacg@ {Té? dé‘i“@ﬁﬂ)l?r%{h?pf y %) &&aﬂ?gqlﬁﬁldﬁeﬁ(ir%ﬁpﬁfqu; \é/lvere
Qgﬁggﬁs ;?u zﬁgt@t g]SL Iﬁg 3:52%&58'{3.) éﬁ?“ ‘fthydrg)t()'/brernEZ\E)trlazoieefhlyLd)lgate

i Ssol ved (RIMOPM {pH B0 dT “’?515”% Pl in 1y R AR OB ane

(3.3 n, 2?04)8”“% 463 efmol§S2AFer( 33h8 Stirrth 5 Mtoom?S fenfptratary] the

catal yst suspension were added to the solution.” The reaction m xture was
stirredoovdrDiphbihylehediafing (0e2ipey, at 98e mmblycwiangadded, cavdv etiessirosultiyigl C- V5.
The suspension was allowed to cool tor.t. then filtered on a gooch with a
cel i te pad mi3tireemaswasiredapor eeeul tampératurd 6oterpight. aThedsduton vias WO
2009/ 074300PCT/ EP2008/ 010470 61 which was purified by automatic flash

chr onat ogr &wnpomﬁﬁ%und@aredee%preﬁwe( thes édu@si With @ﬁllgmqﬂwmg@%ryﬂél uting

from Cy: MIBE=85. t o . MTBE= 3 t he product as a
yeI | ow oi | 3N4AY8s edH‘-’ atugaipd i)fqzéayg@futg)nl(% Slmg%qi-ll §F4“f§'537 (4H,

a7, 05 (R B 835k Tidhp.dod apd %’E}sre%&f& Pf%iSffe Th)
- rTEt hyg}:s z{g&?éﬂ hSni&jazQIas Lhﬁg&”y'b&p' @E)Ehd' BhfbrPit8graphy YelugRd 0. @

-Step 1H benz azol

phenyl ] -1, %&ll@i@n&hﬁﬂ@ sOHIMH3] deaaeeoH 4280/®0.908) 1vMeblaineg.1€i %sol ved
10 in 120 nL of THF. The solution was cooled at OC with a NaC -ice bath,

then HC1 6NB§%]) ofithe 1618 compoundas added. The reaction progress was

noni t ored by HPIl_Cll\/B and it was stirred rt until conpl ete conversion. The

sol uti on was conHeNM&t(é@OUNHéz PMEOad dpReks (PH, mheR. 35t-2\fkals (4Hdutmhal i zed
wi th NaOH 2M 3 and fi naII%/extracted with EtOAc (3 x 150 nL). The
organi ¢ ext& s531$ Hem), pobtSal& ety ek 4.9} i(@él’ot?/reﬁ) &bhb.59 |(I1Her"&i and

vt P a0 s Ee- @>Q6%%<ﬁ983<?ﬁpr°d%iﬁlfs, 3 5 U 076 (an

m 30 5. 90.
?(5 b?om) Zéézll?ror wggﬁﬁb’eﬁef‘)m dazole 20Method O, Ga -Step d
Into a one neckesl {a%ndm%hgmdmsf.yﬁqwcnnﬁe HicndudoiRARStIcust i rer,

5- br onp- 2- chl orObenzofr ¢ acra ((U.0 g, 297.3 nmmol), O-phe enedr am ne (64 3
g, 594.6 rmaql,}}lg_@rme]@pgﬁnggl fonic acid (140 nL) were placed and heated to
170C in ord o nelt the solids. The systemwas 25 stirred 5h at this

tenperature, thdethodtA -StepodeArdolutitre ob NJE2-amlinetphesyl)2eetileco-Gi [Hh(2NaOH 35%
(200 nL) obtaining a violet suspension (pH5) that was filtered and washed
with N2SH Glisethylamino-ethy DHRPefazin)l -y Ttbenparotiect0. Hag, QI|87edmoh)diera0¢&cuum
(60C), to give 61.6 of a pure violet solid. (67%.

2009/ 074308 @mbgmoh%e@zforrﬂb gbﬁﬁé(éeﬂ(quwemr @fcaérnerrm’vem pideg. 73

Tert-butyl 2- (5- br ono- 2- chl or ophenvl) - 1H ben
uty eéuced pressure and thepre51d\1/1e)tr1turated vzvitg1 lgtzé to obtam 0.25 g (75%)

of the title compound as a solid without further purification.



carboxylate Method O, Ca -Step e- Into a three necked round bottomed fl ask
5 equi pped with a magnetic stirrer,

2- (5- brono- 2-chl orophenyl) - 1Hbenzi m dazole (30.7 g, 99.8 mol) was
suspended in THF 1L3 50% NaOH (72.0 g, 598 mmol ) was then added. The
suspensi on Wa3MPBT05t ¢ t. for | h under stirring. (BOECIEPPUYOWO 169. 7
nmol ) was dissolved in THF (200 nL) anggadded to the reaction m-xture. The
reaction was |eft under sti rring 10 overnight. The sol vent was evaporated

under reduced prl MAzaIDRSOE sadyezv\pﬁ_ldls utze;g w4t2h(mt &h),( 500
m) filtered and |ed un er vacuum ( OC to give 8go browri sol i d.
(98% . nlz zfrwfzwﬁgnwwa 1663 20t (48N ntx) FVBO’Jl@IH4dd)2472181733¥ 9215 rn; #3di oxa- 8-
aza-spiro[ 4, 51dec y1) henyli- 15 benzoi ni dazol e- 1-car boxylic acid

tert-butyl (@8l ed), 7.38-7. 4I1/E(tlhbnh)07 50 1 5ty p7 %65-7.67 1 H,mec k240 (dHnd).batzt om
flask equipped with a magnetic stirrer and dried under argon at nbsphere
Bl NAP (13. 8&f (M2H)" ,metgnfioanttn®e(@A8) 2 (3.3 g, 14.7 mmol ) were placed and
left under argon flux for 15 min, Meantl e into a 4 necked round bottom
flask edui pped EXAMBLE; 4 [3- i dazole2 heaxt-piperazined-under

argon at nosphere Tert; | 2-(5-brono-2-chl orophenyl) 1H— benzr m dazole- 1
- car boxyl at&-&b!—b—é%&%&—t%s di ssol ved in dry toluene (1 L), then
1, 4- Di oxa- 8- az%s' .5 2.3 9.7 ; 2008 ]r19.99,
368.0 mol ) and e=Catraryst—suspers TOT—Wer € ataeo The

reaction m xtur ‘M@ﬁm"(‘PSBSt SH edb 30Ah s@futFﬂC’ ofC Qe@%ﬂ%?{&?%"?g?‘e@ﬁéﬂﬁ@p by

LC-M5. The suspension was a Powed to°cool tor.t a gooch
with a celigigefathe- BRaMIy lwa&léVﬁﬁ%lﬁ?F@skia (8100 g54 4950 nfthoB iAr BYOHOI |

whi ch was used in the next step without any further purification. WO
2009/ 07ABOOBOTHEN29RB/NION7 D0%:3 (20 ZnBY W7 2fluMet) for B! enen etie téattion. 70.
143- (1H benzordl i m dazol - 2-y1) - 4- chl or ophenyl | pi peri di n- 4- one Met hod
0, (Qa - St epmixtutenwas rwokatita ceord thowpeoaturfel ask then o gamed salvieht avamgaedi c
stirrer 2[2-Chloro-5-(1, 4-di oxa-8-aza-spiro[ 4, 5] dec-8-y1)- Phen

benzoi m daz@ider | reducB@x prassurgei Hhe eresuliingy solsionr wasg msuffaliged 9bymﬁl|e 1 eq)

The sy5t om prer g oG, FIIGEhd b avbgin sosopstiasaefin vas
filtered me%t@?&%ég 60| S ﬁlé ed\%%ggéll}é §Q)Qermeretd}1§d %%1‘ gIaF (t)t he

catal yst f gquors wer e concent &d under

d d; <10 A d
of ”C%#élac?%&%ai‘ié%%ggnﬁ%'ﬂ?‘?& Byl f"m‘*g‘;&?hﬁiﬂ@ tfo G2 0%, of BB Nl et

and made bagdmpdd(8596HVANbhlfiBtHel pudifiRagen.i d was filtered, washed with
wat er (600 nlL) and dried under vacuum (60C) to give the pure 22.8g of
product as a |i JHENMRY (4080 iMHz7 PMSAH18- L4BVOHAGY, BHS-BNBOY4H, an}i5 (411,
t), 3.70(4H, t), 7.17-7.64 (7H, m, 12. 85%1H bs). mz 426/ 428 H;
retention t3.483%4974H, m), 7.20-F.2%0d6-m), 7.32-7.37 (1H, m), 7.42-7.44 (1

-(1-nmethyl - 14 benzoi m dazol - 2-y1) - phenyl | [ 1, 41bi pi peridi nyl Met hod 0 -Step
h- Sodi um tF-PadtERHSbor ohydride (0.10 g, 20 0.49 nmol) was added to a

m xture, of 143-(1- I-1H-ben 0i 1).-

(0.1 g,20. 33 Fy3-

in dichl oro%;tg@ﬂglgﬁ l50 m) . Reactlon was Ieft at roomterrperature 18 h.

Reacti on th DCM (4 nL), and washed with Na2CO3 sat ured

solution (4 m) . e ent patze litered
t hrough SCX cartri c]ge ?g g@b(gl \ggﬁ?ﬁﬁﬁﬁ f42¢3 élidégéxya@? %qﬁl\%%%nfellthen 10

nL of 2.0 N:a&lm?'ll@ sgdidt | QBrtiuteOHsterThg5e80™NEA SIE.951 OB  and
concentrated and crude was purified by flash chromatography (eluent: AcOEt:

2.0 N anmonl,a-capbonyldiimidaddt® (CHIp(B.6%tg, 18.95 mmol) in acetonitrile (120 mL)

25 was stirred for 3h at room temperature, then 1,2-phenylenediamine (2.25 g,
20.85 mmol) was added. The resulting suspension was refluxed for 3h, then
cooled to room temperature and the solvent removed under reduced pressure.

The resulting residue was diluted with dichlomethane (200 mL), washed with



WO 2009/ 074300PCT/ EP2008/ 010470 64 from 100% of AcOEt to AcCEt 10: 2.0 N

ammoni a solution in MeOH 1) to afford 0.06 g of the title conpound (48% .

11-1-NWR (400 MHz, CD30D): 8 1.67-1.73 (2H, m, 1.86-2.06 (6H m,

2.61-2.71 (3H, m, 2.77-2.89 (4H, m, 3.89-3.93 (5H, nm), 4.61-4.77 (1H, m,

57.17-7. 19WORMINTY300 7, 28-7. 37, (3H, m, 7.41-7.45 (11-RBCT/E§2008016110 7. 56 ( 1H,
, 7.66-7.68 (1H, m. mz 393 (M+H) +; 3petention tinme split peak.

EXAMPLE 36: 1'13-(1-Methyl-1H benzoi m dazol - 2- vD- ohenv11l-

Tid pi por | aPr CLi 0, kg #id tog gribidie P MERTL O NS0l Bl ol 2.
y| ) phenyl ] BVE&Jr‘aé@dﬂnf’de?'?@dd&d%e&burQ ?hémmd): p'%aéu&' wad f&kﬁalﬁﬁe@%ﬂolﬂ 0.4

mol) with triethylamne (27 ptL, 0.2 mml) and nol ecul ar” sieves (0.5 Q)
ver e heat ecEtoa\c%Q)btmnraewgr(qb%)afrﬂtheftmeckﬁn d¢s. Sodi untyanobor ohydri de
(0.025 g, 0.4 nnDI) and zinc chloride (0.027 g, 0.2 nmol) were added and
the 15 reacti on'HM®RI (800 ®Hzr DMSO)S Shdwts (9Hhan),eadis- DA 74 ume), was
evaporated and the residue partitioned between 1N sodi um hydroxide (2 m)

and di chl oBdtfed HanetH Amm . SSFNéHorhyafﬁi, (6 56}?6&0 e, sepdrA-6d]7 éVHpankt ed and

purified by preparative HPLC. 1H NVR 1. 56 SlH bs)
1.84-1.98 ﬂ% ) (1Fb my Halsl. iz@, (@IzIHm)mﬂ 3027839‘ (21}!}4“1%’27-13&6 40 4] H4ne)zH bs),
3.36-3.43 5 3 94 (3H, 4.02-4.05 (2H,

7.23-7.26 %%ﬂ U:-ﬂ brf)es%gfz('i{? 7(47 73351 (1H m, 7(64-7TT)66 (1H, m,
7.71-7-73 (1H, at ent | :

EXAMPLE 37: 2-137

ohenv11-1- PB\@E] et;nenzm m dazol e 4- Tri rret hyl si | anyl_ oxy-3 , 6-

di hydr o- 2HPpyTI -1- carboxylicacid tert-butyl ester Method P- Step a-
Chl or ojpi et hyl Mdthog B1. §t28na, AZsdbtionds) 49302-MBino- phenylcarbamoyl)

2009/ 074300PCVP2008/ 010470 65 dry triethylamne (3.42 24. 6 mml) wer e
added t o aphenyljeiparatintilooarboxgtlicxazpd pentibiityleestér CB.Qboggy]i 03 mmal) in
tert-butyl ester (2.0 g, 10.04 mol) in dry DMF (20 nlL). The reaction was
heat ed at 8og@idachl (1Bemlgowhechaated ovarnightpet #0C€e thenl the | saleentwivah

n- hexane (120 nL Organi c solution was 5 washed with cold NaHCO3 sat ured
sol ution (&eMAYS§d ua%rewd@e%c} pressuxs Thegsalisheltaines: was Uht&é?teﬁé’ﬂl%@dz%r essur e

to afford25 title conpoun 4

DVBO): 5 0[9& {Ogﬁ tLg)tltFﬁc‘z@Pea a)a Whidsasof /‘3%&0-(99#;, %3% bt g*fth(eiH ,
3. 60- 3. §1 %aﬁﬁcmlonél 63 (1H, bs) mz 272 10 (MtH)+; retention tine 2. 78

3- Fl uoro 430X0-piperidine- 1-carboxylic acid tert-butyl ester Met hod

P- Step b- Sel ebff h) addedat e olution-
of 4-trinethyl S?II N%gé%%}g% h%%é%msg%rﬁl\é\?%}g clm)?c%rlgo%%? g}gm d)s

tert-butyl 3e68-8/50(@H4nY, 7.05-7.G8 T0H| Jn), 7. 07-y. 18D NwY r 7.88-7.50 (180 mil),) at
roomtenperature under nitrogen. After 75 mnutes reaction was diluted with
Ac OEt (5007rﬂl)-7éh§o(4ﬁhsﬂn)ed2v8(l¢ﬁb, bt §) Lings3 B (MEHH)D; etertin@ltifndG02:58) and t hen
with brine (300 niL). lz?anl c |layer Vas dr| ed over Na2804 and concentrat ed
under reduced pke crud Herpgin- hiviiphenyha -

chr omat ogr aphy through neutral al um na (eI uent : 20 cycI ohexane: AcOEt : MeOH
gradi edf f ne: AcCEt 1: 1 to cyclohexane: AcCEt 1: 2 to 100%
AcCEt anf final . H 95: afford 2 (ftle conpound.
3- Fl uor o- 4- mor p d ; Shutyl ester

Method P- St ep et%&pﬁmétgg £0’1'7o a”l"olu crmy lﬁ%e g%i)qb-alt-éﬁﬁti rred

sol ution of 3- or 0- 4- 0Xx0-pi peri di ne- acl ester

(1.60 g, 78ﬁ nwlgerhﬂng'lqgér@b&gg YLd ?grt 'Hu)cylu&qgrr &ﬂ%?ﬂ%g@’% rﬁfﬂog

m nutes sodiu acet hoxybor o e (2.35 ) was

ortionw s i 9 was
5\0 on 07%%%1;1 ch‘E"LBOO‘é'ﬁ 8;_%41?81&503@mede W@ the pésultmgﬁnﬁz&rat)

25  was stirred for 6h at room temperature.

The solvent was then removed under reduced pressure, and the resulting
salt triturated with Et;O to obtain 1.66 g (100%) of the title compound as

dihydrochloride salt.



66 added to the reaction. Organic phase was separated and the aqueous
solution was extracted with DCM (3 x 10 nL). Organic | ayers were coll ected,
dried over Na2SO4 and concentrated under reduced pressure. The crude
reaction m xture was purified by flash chromatography (eluent: 5

cycl ohexane¥V@g@gn742000 N anmoni a sol ution in MeOH gr adi ®CT/EPR@IOYO] ohexane:
AcCEt 2: 1 to 100% AcCEt and finally AcfjEt:2. 0 N ammoni a sol ution in MeOH
10:1) to afford 1.28 g of the title conpound. (57%. 1H NWVR

400 MHz CD30D

055 a5 (ars) mENME1408 i) COCSy 334L3Ng (b, o) Siseatyy (D)
m, 4.37-4.334(48Y (TH, ),9252-088 (4H, xﬁ'? 7.947 ZBB M) ’m/zrzeme(Mu@{)*tl me
split peak. 4-(3-Fluoro-piperidin-4-y -m)rphol i ne t hod P- Step d-

2.0 N HC1 i fetditddn fishe o pewas added to a solution of

3- Fl uor o- 4- nor phol i n-4-yl - pi peri di ne-1-carboxylic acid tert-butyl ester 15
(1.28 g, 4.44 mEXAMPRLECM:( 3403} (1318 enzeim ittazol-2nyl) pkenetispiperaeia-Lt i r r ed
at roomtenperature 4 days The preC| pitate was filtered off and tritured
i pl}x(15met} } : gthsglomei on (10 nL) was added and the
resulting soluti on was concentrat ed under reduced pressure1 EtgH (15 )

was added and pridcl3(iBBenzginidazol2sd)-ghenylppipgra WMEoncent r at ed
under reduced pr.essur afford 0.71 g of the title conmpound. (85%.

d m h n
1H NWVR (40 194 2H, m, 2.47-2.60 (1H, rr) 2. 66-2.68
(4H, n) 2.78-2 é rﬂ% 8 4 g 32% 36-3. 44
(1 m, 3. 68 31%‘ °z1an tegf 5 foga ) ‘i‘ﬁ 1By p it cag%?xeﬁ nti on
time= 0 acid h

-[3-(3- FI uoro 4 ?roroc 1(frlldne- - ]] n% pgrzzdlrrrll 01) 8)ndpheny Tso]Pron%){letqyl?m Hoenzoi m d
azole Neth E@H&?mﬂ O&flmagmpﬁet&nﬁﬂé wLmDYRr pael adied( CHBS 9,
WD 2009/ 074 OP P2008/ 010470 67 0. 45 nmol
2- ( 3- Br ono- (Zihbllyg,) 0172rahimoel) Jdﬂdbehameeuldmgohm;(edemr iviad stifrededthadoi, step
a, b) (0.10 g, 0.35 mmol ), and cesium carbonate (10.50 g, 32.2 mmol) were
pl aced i nt otempergtugeal B 7 Sl hvi alR-(PrBliperavin+leylephemyd)- diHberUJOireitblZQlE. 4 )
was added. At the sane tine Palladiumacetate (0.016 0.07 mmol ), 5 and
BI NAP (0. 06dihyd rthi@l%fﬂ-goﬁepé7pmmsébwam%erh qﬁieandd ¢ reaulfing svltmonw al
under nitro W th dr Af t er, about

i nut es the AR ol s R e ?lft % et e e d PR 5o,
start | nfs TGl and the aﬁvé A5 A GE 155 008 DFREEAL B3R

cool ed erat ure an ered el uen irst 10 nL

of DCM NPO"ilethérdnK@Haéeo It rﬁi Zarfil Na@PAFR8 RaBEOL koMol MPRD) Whe

ammoni a sol uti on was concentrat ed under reduced pressure and crude was

purified byaddedsWwitbhstirimlp0 dhappnecipilate bbtaidkOnabbEh filtered ewasHedowith00%
AcOEt to MeOH AcCEt 1:4) to afford 0.08 g of the title corrpound.(58%.

111- NMR (40®atdrlz(3(]ﬁ$0[h)nd 8iethydletheOtS (Ml amd drizdOdnder red@ddd prgssurgSto
2.41-2.54 (1H 67-2.75 (4H, m), 2.84-3.04 (2H, m, 3.68-3.76 (4H, m,
3.88 (3H, satfonl 203 @G %)nof theytitlescqmopaumds (1H, n), 5.06-5.19 (1H, ). mz

20 15 (4 Bensor M-biAB: (4BBMAHE CDNPED, SphElivk 4 (4H, m), 2.19-2.26 (2H, m)
S04 (4 crr o2 a3ty shy 2uh oo Plime ) 29900 TRED A B3 283 #He mhei

tert-butyl t - d
tort-butyl S9pehT (4Hy mfToREZOrS QHEind7 ph b BRC RED ra i AR S E L
ester (12.57gs. ﬁs%iHn“ﬁﬂl )/,73Pﬂ¢@‘é12i12n{)0n321 M(Mml )eter&?&rt?m%—l 10,

bi s(di phenyl phosphi noj - - bi naphtyl (Bl NAP) .4 mmol) and
cesi um car bonat EEXKMEIHB 56@ !UHN-)(IVMEﬂ) eﬂdﬁd-4LﬂniahyQD§mé25)ﬂnm.)
Reaction was refluxed 16 h then cooled to C. The reaction m xture was

pour ed 29t oyMgilemylROH-bénzoiaridazsole facmete wi t h AcOEt (3 x 150 nL). The
conbi ned extracts wer e vvashed V\D 2009/ 074300PCT/ EP2008/010470 68 with
brine, dried ovetid A -1 % ; D :

brown oil that was, purifi ed by flash chrorrat ography (eluent: n- hexane Ac CEt
gradient fr l : ACOEt 4:1 to n-hexane: AcOEt 1:1) to afford 17.2 g of

i 0
the title COWpOLM%tI‘ogcp ﬁ-' Step g- To a solution of {4-[3-(1H-benzoimidazol-2-yl)-




51H NMR (400 MHz CDC13): 5 1.37-1.48 (12H, m, 1.96-2.02 (2H, nm), 3.22-3.35
(2H, m, 3.50-3.64 (6H m, 4.39 (2H ¢qg), 6.76-6.78 (1H, m, 7.10-7.11 (1H,
m, 7.23-7.26 (1H, m. m-.z 383 (MtH)+; retention tine 7.70.

2-(2-Chl oro-511, 41di azepan- 1-yl - phenyl) - 1H benzoi m dazole Method Q Step
b- To a soW@X0eP7&P0t ri net hyl al um ni um (2.0 M sol ut i onPAUER2A0&I4TG&Nne) (90
m., 180 nmmol) in toluene (300 nL) cool gf to OC under nitrogen was added
benzene-1, 2-diamne (6.5 g, 60 nmol) portionw se. The solution was stirred

f i : : - P ' h d.
45 (4 ohi or B Epipdra ALy (- AR M e Y AR ™ LR P& e
tertbutyl @sfeimdh Inddry*THID() MEF RASEIndthyPRAIMN tdoRfpIER fhermesul ting

solution. 15 The réaction was heated to reflux for 24 h then cooled to OC
Water (70 ((@h,)y@B8HRIteD7CRLEIONT4 arhol)lvoxesdded ARDie(ré80ItiHg) suspbmsisR! 1 d
precipitated was filtered and the filtrate was concentrated under reduced
pressure. W pested pat 808CwavendghedThe t feabtibn D@ M todledO@o ntgorfi ol | owed
by AcOEt (200 nlL). The solution was concentrated under reduced pressure.
Two ext b actemperaturgOthecrobvensdemonegd mnider ectiugpd fpresshire Andidt HHABmL) el uent :

AcOEt : MeOH: NH3 dgr adient from 100% AcOEt, to AcOEt: MeOH NH3 73:25:2) to
af ford 9. 3Wgscaddgdntoythg, eesigfue before heating at 100°C for 5h. The reaction was

K2 e Bingacted G rBR adtaBRE i B R0 TeOR A pyyacgan
MtH) +; i ime=m 3. 07, 7/ +: . i 2bhtine= 4..
0115 ch or S8t WA 1 L M B bGP dnde

Q Step c- oeeﬁNa%?ﬁ';,xﬁ%Fed,)fand c%ncentrated quer reduced pressure éo afford a
2- (2-chl oro-541, 4] di'azepan- 1- yl phenyl) - 1H benzoi m daZol e an

N- (2- anp nor@i@nyy that wvhhaHifRel 8% Fraparative -HPIVE, #008¢afy emon%m%mqgé 010470

Met hod

69 benzami de (10.1 g) was dissolved in acetic acid (120 and heated at
55C for 16title deegundn was cool ed to 20C and concentrated under reduced
pressure. The rlesultin brown oil was triturated with Et20 and dried. The
acetate salt wadl-dNMEo(40MHa, CRZORYH DOM-1 L00(2H,) man2l0Wi2.06 NBHCEE,5 0.1 M

acqueous sqlution (200 plL). A precipitate formed and it was stirred for 2 h
then filteldd-add @H.en) -96&8%2%@;@-0?9.-@219(4& mhe3 #313-88 d6HpsUnd. (61%

o o b9 STARET A, (U, my, B367:28 (3H; s 7600 e BT s 6 3B 5 1y
éi 128>, 7 e 0, 85 (1, Sk Bo 3l il il 0 5100 1, 04 (2F

4-13-(1-Methyl-1H-benzoimjidazol-2-yl)-

{443- (1H Benzoi -Z- =4- - -1 1,
eridi ne- 1- padax%itlé-£-casboxyied heildUleyt-bagyledstedet hod Q Step d-
2- (2- Chl or o- , 4] di azepan- I- yT - phenyl) - IH 15 benzoi m dazole (0.25 g, 0.76
mrol ), HOBt (0.4:234d1-Mefifylrhibbenzdiid4£h1 5 -gl)-plien9 | jJapipeyazine-1-

pi peridine-1,3-dicarboxylic acid 1-tert-butyl ester (0.17 g, 0.76 mmol),
and EDC (Ocarboyylig acil tentmbytyhester di ssol ved in DCM (8.0 nlL) and stirred at
20C for 16 h. er éG.O nL) was added. Or?ﬂa!mic | ayer was separat ed, _
concentfat ed um}ér‘h? dbcedtoR cdsufe MRdUEr Me4lds(13bbpugqimidezaly2-yDash

chr omat ogr aph el uent.: 100% of AcCEL) to afford O. of titl
conpound. Pﬁeléb}é-plperaz1ne- 'Ca%OXY@HM '(eﬁfo@“ﬁviue%é?-@gsga.izgglmﬂmfnu
n, 1.56-1 , 2 01 . N 2 60:2. Jb, (3 oAbl (7H, ),
3.91-4.03 E@ﬁ?‘“ﬁ?,“?%ﬁﬁg%g‘ 3"%3,’5%3,) %@?893_%%3410-5 g 5/@411’“%“%2 "? H m,
7.63 (2H, : - i ' . R

{4-13- (1H THE (UL P 3338 5’%;& X"%‘?f‘%‘?‘@%ﬁgﬁiﬁdﬁ{ %’,%H}yéz'%%gﬁ-(o‘lﬂ-?f‘} i

pi peri di n- 3:39 migsIhaRNRAIdeVRiIndAe RsublifP sBlution was stirred overnight. Water
3-{443- (1H Benzoi m dazol - 2-y1) - 4-chl oro- phenyl] - WO

2009/ 0Z2830Q0FCTihER2Ga8/ ddedl/ Qo 7thd reddtibmazepaivar, then the suspension was

1- carbonyl} - pi peri di ne-1-carboxylic acid tert-butyl ester (0.21 g, 0.39
mmol ) was desisalizedd with | DdpHEPaamd exdracted avith dt@A¢ GhixodOden 0. The i, 2. 4

mmol ) was added. Reactjon was heated at 40C for 16 h then cooled to room
t enper at ur omBENedrganicrlay g wergalriaddN a8 Qb rfdtesed.candrepngenisatedtundesoC t o

. - 0,
afford 0. 1?ecﬁlcgzl ptrQsesuE'é.t hee l(':e%l u%u»r\]/gs iir?tugzlltgcrl] lv\c')itcﬁ]%%r(ﬁl tagd Stﬁltla tsc';l(ic? %@ta'ined




114-NWVR (400 MHz CD30D): 8 1.56-2.07 (6H, m, 3.04-3.25 (5H, m, 3.42-3.54
(1H, m, 3.59-3.87 (6H m, 3.91-4.08 (1H, m, 7.14-7.20 (1H, m, 7.25-7.31
(1H, m, 7.50-7.56 (1H, m, 7.66-7.71 (2H, m, 7.87-7.92 (2H, m. mz 438
(MtH) +; retention tine= split peak.

10{4-[ 3- ( 1MV®aN2B14M0dazol - 2-y1) - 4- chl or o- pheny1141, 4] dPEEEBHAS/A10470) -

(1- met hyl - pi peridi n-3-yl - net hanone 33 Method Q Step f- { 443

- (1H Benzoi m dazol - 2-y1) - 4- chl or o- pheny1] -

[1,4]di azeﬁﬂ%rkd{t%}zggipé Pe7q #K@S%)%?Tﬁ@iiﬂ@%ﬂﬁaoﬁﬂd.ﬁ g, 0.34 mml), was
suspended in (8 n). ifethylamne (0.5 nL 3.5 mmol ) was added to 15
give a sol uti on/HEMRWEBODVMECBNIBCY: 1)1 £NAoHDI i defednl &R anyeous
solution) (0.1 nmL). Sodiumtriacethoxyborohydride (0.14 g, 0.63 mol) was
added and thé53e48 (41 m)ed8SUBHL bd spt7. 140 S @rHhanyit UR22-7.29 (34, i) anad3t hen at
40C for 4 days. Reaction m xture was concentrated to 4 nL then formal dehyde
(0.1 mL), t(1Hetbmys)aRi3Ae7.42.(SHyrim), 3.60-m63 (LH,AopH .66-B6 (1 H, 80. anid 393di um
triacet hoxyborohydride (0.14 g, 0.63 nmol) were added again and the

reacti o wdMhldht seteptoniticmowav&.at 100C for 20 nminutes. The reaction was
guenched with . and 15 m nut es.
Organic | ayer wasrd&parat-ed—a G0 A=A/ v Bad bt ce frd i 1rylephienyl)-11,
resi due was_purifi
n- hexane: ACSEY>N
AcOEt : MeCH: NH3 1 ]
further purified E-TPCC U : 1

compound. (dB%rochM@de009/ 074300PCT/ EP2008/ 010470 71 2.56-2.62 (3H, m,
2.68-2.80 (2Fi, m, 2.98-3.06 (2H, n), 3.44-4.04 (9H, m, 6.90-6.98 (1H, m,
7.14-7. 21 (1H, MWeth6d28--8tép bt td a Blutidn @I-4L[B (1 f@dthy M H-bezaimkidzoMH) +;
retention tine split peak. EXAMPLE 39:

443- ( 1H Berizgl)rplitayb]-pipesakinet1 adalrioror jrheid/ 1chrt-bofiyl ,ed et i( A B€par3e3 A moaohoxyl i ¢
aci d phenyl am de ) ) )

4- 13- ( 1H BdrAdpeitbel mil) ovas1addedividi6l phBh(1(9 mL) 4ndithe egramtiéng solutianboxyl i ¢
aci d nhenyl am de Method R- To a solution of '

2- (2- chl or o¥aystiagd forAhvatFeom lemnegals- 1H benzoi mi dazol e (method Q step

, b, 0.10 g, 0..30 1) i.p 10 dich t 4 nL dded,.ph |

"ocyhnat e (0. 0d o nles P 8 PR R etk TN SR T o
: oY rASEY eEr e

[ ash o orallograrRbd oo EVO @ Sial 1926 g 0geb BFARY cil"§pBUEM 1By o

the title cg Hiorkdd MR (400 MHz, DVBO): 5 1.89-1.95 (2H, n), 3.39-3.42

(2H, m, 15 3.56-3.59 (2H, m, 3.64 (4H, bs), 6.88-6.93 (2H, nm), 7.16-7.24
(5H, m, 7.33-7!B5NMR,(400MHZ, 3BD70B): § 342-8)44 En52HJ, 340¢163 (m),,4H),67- 7. 69
(1H, m, 12.56 (1H, s). m z=446 [M+H]; retention tine = 5. 87 EXAMPLE
40: 443- (1H4.Benoi3Hdazdl-24§ 10mA28h) OF 53Tk Yid, f 1HA1di6hz@98ném1-Jd), boxyl i ¢
acid (2-dinethyl am no-eth

[)-am d
oo [ 5 LH R B, BOYT 0% G B omirasi, GY F s temaipa dime =10.30.
carbono} o 2ot gz Y A LVl

£ 0 thyl-1H-benzoimidazol-2-yl)-
phenyl]-piperazin-1-yl}-methanone

Cyclopropyl-{4-[3-(1-methyl-1H-benzoimidazol-2-yl)-phenyl]-

piperazin-1-yl}-methanone

Method C -Step c- To a solution of cyclopropanecarboxylic acid

25 (0.06 g, 0.68 mniol) in acetonitrile (8 mL) was added CDI (0.11 g, 0.68 mmol)

and the resulting suspension was stirred at room temperature for 5 h.
1-Methyl-2-(3-piperazin-1-yl-phenyl)-1H-benzoimidazole dihydrochloride
(0.20 g, 0.55 mmol) was added and the resulting solution heated at 65°C



Met hod S- To a solution of N, N-dinethyl-ethane-1,2-diamne (0.85 g, 0.96
nmmol ) and triethylamne (0.50 nL, 3.84 nmmol) in dioxane was added dropw se
i sopropyl chloroformate (0.10 nL, 0.96 nmol) and after 1 h stirring 25 at
roomtenperature, 2-(2-Chloro-541, 4]di azepam 1-yl -phenyl) - 1Hbenzoi m dazol e
(met hod Q WO2899/04430¢c) (0.21 g, 0.64 nmol) was added. BEHERZESM4THg ni xture
was heated for |h at 150C at the microg#éve. Sol vent was then renpved under
reduced pressure, the crude partitioned between WO

2009/ 07430Q0GHER2OHY PHRATA_ s dhel| QIoNEPLOFR8 Berithiraflid, ¢ SoIVeAL ).
organi c | ayer was separated and | oaded onto Silica colum tor purification
(el uent: Eréihevéd ArideHIedgted!i gretsure.0MhB0 chfiie? produd®: B85 2edigdoifddoisl 279 ny
of the title conmpound with quantitative yield. 5 H NW (400 MHz, CD30D): 8
1.97-2. 00 ¢ditHlommetRaB5(1(6ML)gnd Radizd2with safidated) NaHCIR- shldfor (Bx 39 ,
3.41-3.46 (4H, m, 3.65-3.74 (6H, m, 6.97-7.00 (1H m), 7.21-7.22 (1H m,
7.38-7.41 ¢dF). The org®@dc 7layer wad, dripd owez N a;8Qhnfteredeanshtcionpentiated = 4. 12
EXAMPLE 41: 144-13-(1H Benzoi nmi dazo|l - 2-y1) - 4-ehl or o- phenv1l- 10

[ 1, 41di azepaderirgduced piesmarery Theqresidae nypoparified by flashsdgomptpgraphy

oo ez 2o 1 L oL B BRE Yl el RGP g g Po e
di et hyl gl XC‘%@%&&%@@&?PH z%f%mlg}the'\h% gbr‘n%%ﬂrrlg.pyl et hylam ne (0.20 ni,

1. 14 mmol ) *¥

N,NN,N-tet _tﬁerl]( ' I ) 0.84
mml) in di ghlrg‘rngrret aﬁé@%ﬁﬁ{@%@g?&%?ﬁ@%’o@%?ﬁe@g%Sgggpc?l’ 15
mn, then 2:9(92250'()'gm-rﬁﬁls.ém.@gwﬁphﬂ);sl.zgpb.@rsy it be829 78 dagohe, (et hod
Q step a,b,c) (0.25 g, 0.76 nmol) was added. After 16h stirring at” room

t enper apur 8. 8503 r $)P3.89€3108 €dHA AT, THs-T.20d8 Hyas), (U2 8-71360(38Y, th),ds4M 20

chr omat ogr aphy( el uent: gradi ent Et OAc: hexane/ 50: 50t o Et OAc: hexane: NH3 /

80: 18: 2) t 611f Ho7 §167.58 (§Hoim), Heb6-7t68(1dhmppume 3630 +H)"; retenHotv=n¢ 400

MHz, CD30D): 8 1.93-2.04 (2H, m, 2.15 (3H, s), 2.21 (3H, s), 3.07-3.21
(2H, m, 374673.51 (1H, n), 3.54-3.57 (1H, m), 3.63-3.70 (3H, nm), 3.76-3.84
(3H, m, 6.90-6,95 H, : 7.33-7.37 25 (1 7. 64
(2H, bs). n z=4%&%~ hyl ]

(2-{4-3-(

11, 41di azeparr—t= A e (2-

f4- 13- (3H Benzoj fhdazel s RonYdn azepanslig. WO
20097 094300PCVEPS008, FoR R AERMVISTH- |\ T

CiRbL H e 4
Step b-To gesglinfidsxplOf 1-{443-(1H benzoi m dazol - 2-y1) - 4-
chl or o- phenyI[-T1, 4] di azepam 1-y1) -2-di met hyl am no-ethanone (0.13 g, 0.31
mol ) in tetrahyibthédr@nStep dt)To i MolutidHf cOcldpropyl- {&-BL( vdthylwbld- 5 added
and the resulting mxtures was stirred at roomtenperature for 72h, then
quenched wbehzoiaidazol-20y jtpheapl-pPiRetaH1¢A9-methandie (0.4dcg.i 4 7mnxmal) e was
t hen poured through a short p M), solvent renoved under reduced
3

pressure aHydphdHE (780 wak) p@lﬁ :é%ﬂgé&la(légl hl)se%la‘a an i (il mb, dddamal) 03 g
(757, 9 (3 SR et HA 08, RO 5 S, 2
3.55-3.58 (Gthiol) was tRér ToSitd( ?on(mfte%p%?étgfeggsolvent was removed under
reduced pressure and IN HCI (3 mL) was added to the residue before heating
at 100°C folr 6h. The reaction was cooled to room temperature, then made
basic by the dropwise addition of 15% NaOH and extracted with EtOAc
25 (3 x 10 mL). The combined organic layers were dried over Na,SO,, filtered
and concentrated under reduced pressure to afford a residue that was purified
by Preparative HPLC, to obtain 0.05 g (32%) of the title compound.
'H-NMR(400MHz, CD;0D): & 0.42-0.46 (2H, m), 0.74-0.78 (2H, m),



(1H, m, 7.16-7.17 (1H m, 7.26-7.30 (2H, m, 7.32-7.35 (1H, m, 7.63
(2H, bs). M z=398 [M+H]; retention tine = 4.53. 15EXAMPLE 43:

N, N- Di met hy1l- 2-{443-(1- et hyl - 1H benzoi m dazol -

2-y1)-ohenv1l- 11, 41di azepan- 1-v1}-acet am de

443- (1- Met WA 2000809z 0i m dazol - 2- v1) - pheny141, 41di azepZREEP2008/@184Moxyl i c
acid tert-butyl ester Methods U, V, W #Ab- Step a Into a four-necked round
bottoned 20 flask, dried under Ar atnosphere, BINAP (5.85 g, 9.4 mmol) and

Pd(0A02 (1.4149, 1ﬁ‘>(i3HW@W) 3. N@Bm@tme%) e AR brF S, 887 SHHT bed) 19 9% nutes
under Ar flux, then 300 ‘™M™ of “anhydrou$’ tol uene weré added. Meantinme into

anot her fOUgB‘I-De@(eViZflOPBISI o1t aned; 41 as%s (dH, egh) UndE8-7A40 dtHPSR)EB33 2- ( 3-
bronohpenyl) - 1- met hy1- 14 benzi mi'dazol e (descrl bed nmethod 0, GCa step a) 25
previ ously @Hs0) médB4 (M6 ) readntivnhjide sud.650! uene, (9.0 g, 31.3 mmol),
1- BOG- honopi per azi ne (8 O m, 40.7 rrrml) and CsZCCB (50 99 g, 156 5 mol)
were placed. ThEXAM uds 3+4{dr[3e pthyia] Hob 3
the first flask was added |nto the second one. The reactl on vvas WO

B g s 4 bbtwmdmamd teﬁf—b“ﬁyltﬁ&tﬁﬁpr at ur e.
J | fl[tered on a gouch
with a celite pad 1-Methyl-1d]-be AS3Z A NP RICBY IINPBIAZIE - ed pressure

and the resjdue 50 was, urified y to Iash chr omat ogr aphy on
silica vers%@%ﬁ%mg%%ﬁ%—él uting from Irapny
:EtO0Ac=9:1 to e am (5.2
o a1 11-1- RO Bl Seeb 78 oG R HpingS BoRaRYIRITLS o
4H); 3. 86(5ac1§hb-ter§b9t%/ﬁ (wterj(d)ls?%O@(ﬂ, nﬂaﬂ)l? i -ab@fchitrEN(8 rKL Zw&a@ adtdd:
7.59(d, 1H); 7.67 ention time = m n.
102- (3410 41@1)32(®pm’lg|, wlphrﬁmsl) hndLmetrbs{ilnﬁg-lrsluemmn d&&oét&rdi lay doomhl ori de
sal t Methods U, V, NV, Ab- Step b To a m xture of
4-[ 3- (1- Met tepipetatoenzoi m alernigh®- y1) - the]ﬂydiZ-Q}-qﬁime;ianbylL—pbamﬁMﬁ-i c acid
tert-butyl ester (2.20 5.61 mml) in nmethanol (3 nL), 2M HC1 in Et20 (10
1) was ddbencpbmiuolehydinearmis 36 07 6.Smmsi) St sacenasind in

tenperature. The sol vent was hen re er red essure, and the
resul ting smethad: C) angt RIPEA n?ﬂﬁ Era%tdég dﬁ’ﬁrr@égu'ﬁ’@ and

g;: te d underso\iutch)'rllJ rﬂetaf)edo b Schoggrnggh(tQ%‘@e reac 138 \%é Itﬁen gBPeLdngo 6}301%h| oride

15 temperature, the solvent removed, the crude product was dissolved with
dichloromethane (15 mL) and washed with saturated NaHCO; solution
(2 x 3 mL). The organic layer was dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by flash
chromatography (eluent: gradient from cyclohexane to cyclohexane:EtOAc
20 2:1) to afford 0.11 g (40%) of the title compound.
'H-NMR (400 MHz, CD30D): & 1.44 (9H, br s), 3.30-3.89 (16H, br m),
4.02-4.18 (2H, m), 7.20-7.26 (2H, m), 7.30-7.37 (3H, m), 7.47 (1H, t),
7.55-7.57 (1H, m), 7.67-7.68 (1H, m). m/z 506 (M+H)"; retention time = 2.24.
EXAMPLE 11: {4-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl}-
25 piperazin-1-yl}-morpholin-3-yl-methanone hydrochloride

{4-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-piperazin-1-yl}-

morpholin-3-yl-methanone

Method D- Step b- A solution of 3-{4-[3-(1-methyl-1H-benzoimidazol-



(2H, bs), 3.61-3.64 (2H, m, 3.84-3.87 (2H, m, 4.06 (3H, s), 7.14-7.22
(2H, m, 7.33 (1H, bs), 7.49-7.53 (1H, m, 7.62-7.68 (2H, m, 7.86-7.90
(1H, m, 8.04-8.08 (1H, mM, 9.54 (2H, bs). mz=307[M+H]; retention tine =

1H NVR (400 MHz, DMVBO): 5 2.13-2.19 (2H, m), 3.07-3.08 (2H, m, 20 3.24
H

split peakWoO 2009/074300 PCT/EP2008/010470
N, N- Di net hy1- 2- {443- (1- net hyl - 1H benzoggi dazol - 2-y1) - phenyl | 25[ 1, 4] di azepan
-1-y1}-acetam de Met hod U- Step c- A m xture of

2- (341, 4] Dzaﬁmen%pﬁhp&eﬂm)r-karmyhpchorgh&ww&micea&@ #0t-Butyd- 79

mol ), 2-Chloro-N met hyl acet am de and triethyl am ne
(0.44 ni, 3stap (0TS p, 0BO WenaNORY QM&I@PCEWEERZQGSMO&ZQ sﬁ&edl axas (8 nl)
was heated for 16h at 80C. The reaction was then cooled to room

t enper at ur gmpdratpe @vepiight e was filtered of f and the organi c phase was
evapor at ed under reduced pressure. The residue was purified by flash

chr omat ogr aphy Th¢ lmmlpltﬁteomastﬂmesﬂoe%shed mignsiabpHeie aot e E(,Dlldo 5
afford 0.11 g (349 of the title conpau H- NMR (400
MHz, coéoofolvsdllngvxatzrdAS (2} apgl washed ‘(“3111 dighlorgmothapg 2 %3 mé)o?hg 21

(31 ). 5088 davdries Hhen 2l 34 NegpDapeisd3ng cppepipedundgi {3 ("
oL abeird dressuf 3R ety BT e 119 b Btits compppna.

phenyl11-1- et hyi %“Wtyf 0

243- (4- Met hanesl? ony rt[1 41 |azgggr(1)D) yzisL)28 e?r i 1tzh:gx/ Slgb%n?lo)i m dazol
e Method ¥:54S8&3 (tH,T)a 35T YSHOBrof), ar(ﬁélsmmaagpame&-muobmymsyl 15
met hyl - 1H benzoi m dazol e (0.18 g, O. 6 mol ) and triethylamne (0

2. 30 myol ) 7ir6-ai2d4h(36t,anpthad¢1H4 t))17)38-Mald @dtlad), FEORASEUH, d)yin/chO6T | de
(0.04 m, 0.55 mml). After 16h stirring at roomtenperature water (1 ni)
was added, (M'ré'lbrgﬁmttori timer=Web2.dri ed over Na2SO4, filtered and evaporat ed
under reduced pressure The resulting crude was purrfr ed by flash 20
chr omat ogr aphy £g L QA 473561 -Methyl-fd-be midagzol-Rry)-p Honpound.
1H-N|\/R(400M—|z. , S), 319322(2H
m, 3.42-3DhRerasly PHE(2H, M), 384(3H s),
6.91-6.94 (1H, . .

7.32-7.36 (1H, .
retention E‘de@ﬁyl-m@rtﬂ'ﬁ)lm §'avl) methar@%NPLE 45:

{ 443- (1- MethyI- IF Denzolr m dazof - Z-yT) - phenv1l-

11, 41di azepan- IM/elhoM -DeLSep PePETHAZ nsulspyﬂs)lmﬁrerolra {morerS-MetﬂyBﬂpb Met hyl -
1 H-benzor m dazol - 2-y1) - phenyl ] 1, 4] di azepan- 1 -y1}

2009/ 07430bex7di @48/ 20 ¢ D) 4ptEnyH- p@emzﬁmyLylmmerpdnz)ilm-l-yvh)ethmdmnm)%

Met hod W Step e- To a solution of tri phosgeneaé‘g g, 0.13mmol) in

di chl or orregha(h%o (1emel) ,andasodididedrizcqtoxytiorahyirs p(ahB:(OAqaﬁéMQ)Ulg,

met hyl - genzor m dazol e dj hyd@ﬁlc;chl oride _salt (0.14 (9 0.37 mml) and 5

DI PEA (o 1970 mmall iofirhidsoehang ofbnelnafermaldghyde 7% @H4imin es

t t ded | ut f. N-me

(0. 0a A, 8IS TR d‘éﬁﬁ%ﬁa(rsa%werhe?xté%z%a'ﬁn%ﬁr%d.rr rapeh%&rrgﬁr@fﬁ%gﬁ'enﬁl 5
m.). Th f

ThZa mx?urgéwngépbuﬁyez&ﬁ ?o%gth\r,r\?s)% l&%{gﬁg?@? gpm&}q%an%sofu dlocr)n 0 (25
m) and di ghi-EeiwiilRaRhcrenlBland (& ug ergﬁj“lfhe' @fﬁﬁln\é@%rgidxéq‘aaﬁ‘{?(rv&@zsm

filtered, and concentrated under re pressure to afford resi due that
was puri figeelyver BRSO, m@eﬂéErLQad téncdatratdd &Qime&d&%preﬁsuweo bbialie

conpound. 15 NVR (400 MHz, CD30D): 8 2.02-2.13 (2H, m),
2.89 (3H, a)y,ellB»\O&r-l30168g,Z90%) m, 3.67-3.72 (4H, m, 3.84-3.86 (2H, m,

4.10 (3H, s), 7,08-7.20 (3H , 7.51-7.55 (1H, m, 7.63-7.69 (2H ),
7.82-7283 (2H, H-NMR q ): &t 2h(3ns) r’2rﬁe3 23&9(715~Inh)1278282 EXAMPLE

46: 1-{443-(1-Methyl-1H benzoi m dazol - 2-vl)-phenvl
[ 1, 41di azepi My 332523 g8 @H, dnh-3-3013.32 pdldomg, 3.34- 3 37 (1H, m), 3.47-3.52

(1H, m), 3.62-3.68 (1H, m), 3.76-3.85 (4H, m), 3.87 (3H, s), 3.94-3.96
(2H, m), 7.18-7.24 (2H, m), 7.28-7.36 (3H, m), 7.44-7.48 (1H, m), 7.53-7.55



201- {4-[3-(1-Methyl-1H benzoi m dazol -2-y1)-phenyl]-1-1, 4}di azepam 1 -
v1}-2-piperidin-I-yl-ethanone Met hod Ab- step f- A solution of
piperidin- 1 -yl-acetic acid (0.12 g, 0.86 mml) and

1, 1-carbonyl dii m dazole (0.14 g, 0.86 mml) in acetonitrile (3 nL) was
stirred forWapW74®om t enperature, then a sol uti on of PEE/EP2008/010470
2-(3-[1,4] D azepan- 1 -yl phenyl)-1-nmetfyl- 1H benzoi m dazol e

di hydrochl oride salt (0.26 g, 0.86 mmpol) and triethylamne (0.24 n, 1.71

mmol ) in ag [ uspeqnsi on was heat ed
over ni ght a‘fﬁeg@t 741ez(6?0 gn/r?g%%th Z’a?%#eggg%fhz 1sai]ol vent WO

2009/ 074300PCT/ ERRANSP :
resulting residde was O

(2 x 3 1) gidrid. pfyuaﬂh@nil&mi b«éhwﬁnmeanemzﬁme filtered and evaporated
under reduc pressure. € resiaue was purl y flash chromat ography
(eluent: 5 di chIlommﬁlkwer{eﬂ%@htnegrﬂdh&nﬂmiihcﬁmﬂxﬁ&%/m@ilbbﬂrzmr&tﬂa-ne to 95%
di chl or onet hane: 5% MeOH) to afford 0.12 g (32% of the title conmpound.

1H NVR (%400phery]}-DEbenzodmidazolel . 46 (711, rr) 1.83-1.97 (2H, rr) 221231
(4H, n),295302(2Hn) 3.27-3.30 (2H, 348370(5H 3.84-3.85
(311, n), 6.88- MethadHD nyStep 0d-7 To (amolmlon? of0- {483 (éé\éﬁem‘i 1Hro

M Egﬁﬁpﬁ n&?ml{dfzgl ?ﬂz}veﬁﬁéﬁﬁwr%éﬁ?ofﬁ}ggﬁw P ERiy S Fpag e =
3
Rt ”Netfﬁy%}afép (08 & 00LE B8 Ja iy, MeH A "%Wp%rrf’awee"?era%%m%xy| e

acid et hyl t

mol ), 2- (3ae TS pramy ?"?éf?“nﬂat%dd%ﬁ“fs@%.%%’m qﬁ@dfggc(?ﬁ'%gﬁfﬁn e hod 0,
OCa step@) Mﬁﬁ’mai) IrhekelBiibl waldidohed 2 &&1&%% &&S&emmhhm (8912, 2

bi s(di phenyl phosphi'no) - bi naphtyl (Bl NAP) g, nmol) and 20
cesi um car bgnare fetholf ,gfteZ 308minthg s\omtﬁ)rsu&pedu&di it rboﬂnuwmﬁ’pe(rﬁt@:rat) and
degassed with N2. Reaction was heated in mcrowave at 150C 30 m nutes.
Reacti on weguenebedwviimt@odds@H (G2odsyianddhen extracted exdthaichloxo®Ethaned@ ni) .
Organic |layers were col |l ected and concentrated under reduced pressure. The
crude react¥ dnmki)xThe sombings prgande) layers wese deigd oier NPy filteredermnd 25

n- hexane: AcOEt gradi.ent .from,100% n- hexane_t o n- exane AcOEt 7.3) to afford
0.4 g of t HONCERITaledo e dopises) pressurs. The  crudey WRpRRER0BRIEICH 3)

2 co-2. By (hiplfivedtaCsO o gl Rt hspgiiceaoon) o10iro ;
4154 21 (o1 np MR é%%o%r@’z LA AL USRS

1-[3- (1- Metng8-214% bERE Ok}l dpgelq‘ - Bloenylib- pimersh disner-3.63 (CH! haxylic
acid 5Method X - Step b- 143-( I\/Et yI 1H benzoi m dazol - 2-y1) - ﬁenyl -
pi peri di ne-B28&.4Dx6H,cmyci3d7&884 (¢ER an),( 3.88 3HS.H1 3n9mB)9M$Hd|m§s,ol ved
in MOH water 5:2 (35 nL). NaOH (0.44g, 11 mmmol) was added and reaction was
heated 3 h 401400 (Fﬁam)i Gnl 6rﬁ7 x1t8u¢2é1,vm§s T3hced (ke t)uiddB-746dUdbdn),
pressure, taken ﬁé) % and washed with AcCEt iﬁp m.). Water 10
layer wis atdailp éH‘It Gl)p7—|6§ 757%.(% E‘t)n§ézt$t(:2§¥ & e 06TIMHR tsteasiond was
filtered off andOTQ)hltured with water (20 nL) and wth n-hexane (20 nL) to
afford 1.60" e title conpound. (87% . 15 11-1- NVWR (400
MHz CD30D): 8 1. §8 . | 88 2. 6
2.64-2.71 (1H,
3.77-3.81 (
7.42-7.46 (‘A my, T
retenti on tfgFmate65.
_{1-[3-(1- MeThyT - 1H benzoi m dazol - 2-y1) - phenyl j - pi peri di n- 3-v11- (4-
met hyl -8 per azi 3-§4-{94) -Methya16heenZdiitdiad-2Xy1) henyl-pipd@din-bet hyl - 1
H benzoi m dazol - 2-y1) - phenyl] -

ylmethyl}- morpholme 4-carboxylic acid tert-butyl ester

Method E- Step e- To a solution of 3-{4-[3-(1-methyl-1H-

benzoimidazol-2-yl)-phenyl}-piperazine-1-carbonyl}-morpholine-4-carboxylic



pi peri di ne- 3-carboxylic acid (0.10 g, 0.30 mmol) was added to a stirred

sol ution of diisopropylethylamne (D PEA) (89 M, 0.36 mmol), HBTU (0.12g,
0.33 nmmmol ), and N-nethyl - pi perazine (0.04 g, 0.36 mml) in dichloronethane
(4 nl). The reactl on was stirred at 35C overnight and 25 concentrated under
reduced pr&9APE e crude reaction mixture was puri f PEYERAIOHIALS,

chr omat ogr aphy t hrough NH2 col um (el u8B8t: n-hexane: AcCEt gradient from
100% n- hexane 100% AcOEO to afford 0.055 g of the title conpound. (44%. WO
2009/ 07430QPdT1&fedy @iR47(M.ZP g, 0.42 mmol) inl dfy N (@BOnMzat CESSHR) - 5
1.59-1.69 (1H, m), 1.74-1.86 (2H m, 1.93-1.96 (1H, m, 2.35 (3H s),
2.40-2.61 (tekhpena}ureZ uner2 .a8Gifrbgbn YtmodpBere3 w8 @dded rjthiBn 66lumiGEum4H, m),
3.80-3.85 , 3.89 % , 3H), 7.16-7.19 (2H, m, 7.28-7.36 (3H m,
7.42-7. 46 ydrldﬁr)(LueilIM( B7g( 147 mmol37The rgas®n wes heptedngtzredlug fomtH) +;
retention tinme 4.75. EXAMPLE 48: .

f1-13-(1H @énz’l&iensqia%m-\@as\/memww%rta I9RBNhEMpRIBRIEdAvenched 1with-adeny| - pi p

erazi n-|

22 on r 5 NaCH- a0 Bepcstensigt Wit gictoromeshanc ety 19 Bl Fii cRBYPE1- car bo
lic ac d ate

E({ I54 g, ! 9.0 H“’b#‘&w er%‘t?eggu?n%@g@;(egoga 4’2ﬁ§%fe([§ll’ garh mﬂ:eﬂfiﬁgeﬁﬁ%&dazol e-

1 - b I

P gi(r;) gxz’ 6@%1%.‘69%8&32@%}[}?3% \Qas %’n ﬁrﬁ?e@b?bré&argtlge HPIC T ¥btain

bi s(di pheny)lwlgwgl%r)@hﬂe ﬂlﬂel@bﬂgj@;ﬁhul (BINAP) (0.90 g, 1.47 mol) and

cesi um carbonate (8.0 g, 24.5 mvl) were suspended in toluene (40 nL) 15

and degassed wi lH- NMRF{GQOMI@ZL W3 OBH] Wxddd@int9H, spnploat26 ol me),on of

starting material. The reaction mxture was filtered off, washed with water

(200 milyp. ‘Bh19-6r4@a€ﬁfé, ma,yMSvVaé%)kHr am:), éd7@u3t90 fdtEm)( 406- -hBY (éHd m)

concentrated under reduced pressure. rude reaction m xtur

purified by-34-d4¢ Gi.omdt bEfabhy (@‘éll Lﬁ@nﬂ 4§T7H’e9xélﬂé . OFS 8t QQKéHt np} som 100%
- 20 h ffoord. 1.6 f the titl
Qonpoung?(?%ﬁg'?'ﬂ Jﬁ_{’an ”Ffﬁg;%ié@lﬁp—lz?ﬁﬁﬁﬁa '%' tm%e 1. lg ‘(3H, et ) I 1.e40 (9H, s),
A . . ,

1.83-1.94 (2H,
3.63-3.68 (2H, .
(1H, M, 737 . 82(1Hn)811813(1Hn)n12484
(MH) + ' 25 = 'd%%'?e T13-(1HB

enzoi migazol - 2- YJMeﬂmewmﬂmﬁué]]in-mﬂmdtﬁwn@mérammtﬂ%mtehﬁnamd et hyl
ester Method Y, Z- Step b- 2-[2- or o- 5- (4- et hoxycarbonyl - pi perdin- 1-yl)-
WO 2009/ 07%6%@65’&2908/ 010470 80 phenyl Fbenzoi m dazol e- 1- car boxylic acid
tert-butyl ester (1. 981% 4.1 mmol ) was di ssol ved in isopropanol iSO m.) .
Acetyl chl ori deMethedg, E28Stepmift ) T\nasa adabiiaty opivi Se{4bet(1meethpltHron

m xture was heated at 40C until_no starting material renmained. The reaction

was congentbﬁaz@mld%éﬂ yBorheay 1 hpipseazies lryimethyl) ongrphading- AO‘Pa'thﬁ’é)’ilFt | e

10 1-N 0
1.60-1. 70 t@ﬁ‘fb“‘!l gyen (97 (529111]5@‘“‘%5%3‘2%&%‘0('@45 )(1 ‘QL% e{’2H m
3 gg 3 2 Ezgdgﬂgg in g}zwgg@y)wm h7r€et%31§ scﬁgnﬁon%%a SSSIrPé%T forSth Sﬂéon@

10113- (lH- @@Ilg\l/éggamrgazol 2-y1)-4-chl oro- phenyl] pi peri di ne-4- carboxylic
acid thod Y, Z- Step c- 143 -(1HB

enzoi m dazol - 2- Yhe résultih® peedipratéVas RitoRdl ¢t N@ashedaniRxiéthg] agiet afé hy!
ester (2.0 g, 5.2 mmol ), was dissolved in MeCH water 3:2 (50 nL) and NaOH

was added (Rerdpurdfied by PrepiHPLCTite Ftactioas wWere basifiedtwith &3 CQ; W0 oidt i |
conpl ete consunption of starting material. The reaction m xture was
concentrat @d evaidualr ftogdation esduthen thaksslvent waswererved3onddr) redudedashed
with AcOEt (30 nmL). The aqueous |ayer was, neutralized with concentrated
HCl, tRé wiTesuts|lihg crude wasttbwetpcaffﬁreén\ulthaisﬂdarqm%thanfa(lérm@é@nﬁﬂ}ﬂeand

111 MR (@)s@awﬁ”‘”d Sugstiec it Watef 41 LR, G4 ot RarfOnyfiltred. 5 43

7.19-7 23 0O, c%géér;%%c; iy eyl reliont 14 sfbra 002 R oo
retention tcbﬁ‘rppo n8!




25{143- (1H Benzoi m dazol - 2-y1) - 4- chl or o- pheny1] - pi peri di n-4-y1)-(4-

nmet hyl - pi perazi n- 1-y1) - met hanone Met hod Y- Step d- Synthesized as
described in Method X-Step ¢ starting from

143- (1H Benzoi m dazol - 2-y1) - 4- chl or o- pheny1J- pi peri di ne-4- WO

2009/ 074300¥CHEPR®3/ 010470 81 carboxylic acid (0.1 gPCOERPOBHIOIM and

1- net hyl - pi perazine (37 1.1L, 0.34 mmol3g Obtained 30 ng (24% . 'H NVR (400
MHz CD30D): 8 1.78-1.90 (4H, m, 2.32 (3H, s), 2.41-2.50 (4H, m,
2.82-2.89 (3H, 2 4 ) 8- 3. , 5Q9, (1H,

M 7 2607 30 (2H R ORRE DNSD): ST sk iRy

(MeH) +; ret2riinme (2HT nf), 24R3-B2OVALE 4y 2.98-3.06 (1H, m), 3.19-3.24 (4H, m),

f143- (1H Benzoi m dazof - -yl )-4-chl oro-phenyl | -

pi peri di n-43.28}3.98 p@Hz iv); 13.§2-30E1 QR @) hBABOBHOrd)(€7.08-7.12 (1H, m),
4-{1-1-3-(1H Benzoi m dazol - 2-y1) - 4- chl or o- pheny1J- pi peri di ne- 4-

10car bony1}7.pi7gkB At He -m),- T A5 o4y I(1 H, ax), 7.5 &7t6 @K mstmee 392 (M+KBt;hod Z-
Step e- Synthesised as described in Method X-Step ¢ starting from

143- ( 1H-Benetgntiaetiae-20y/7) - 4- chl or o- phenyl } - pi peri di ne- 4- carboxylic acid
(0.1 g, 0.28 mmul) and Piperazine-1 -carboxylic acid tert-butyl ester (0.06
g, 0.34 mmol). amphes 16; (2-Ndef 3c(1dh Bomzoimistazol-2eyl)-p) £ :

(4H, m, 2.
(1H, m, 7. .
(MtH) +; retenti
11-[ 3- (1H Benzoi - == - =
pi perazi n- dnyWlcABARRNRAE tert-butyl dedrhod Z- Step f-
44113- (1H Benzoir m dazol - 2-y1I)-4-"chl or o- phenyl] -

pi peri dige- 4- carMetod i PRpaal My 4- suhieox \fi M- (Bert-ButcXyicakbonyl)-gigtiie (0. 05
g, 0.11 mmol ) was suspended in isopropanol (4 mL). Acetyl chloride (55 pL,
0.77 muol ) Wak3 gddsdd mMdmmpinsacetordtr led 8rmhy tvas added CIDIg Onks g h@ &8 edmbt) 40C 25
until no starting material renmained. The reaction was concentrated under
reduced pr eangirthe t igsultingr qugpepsiop ofast Rérred t ate reemptamperafure 09¥ernight. 424
(MrH) +; ret igon time_ 4.10 Tahl shows, .a sel ection t he conpounds

synt hesi sed,f'rz |‘E?Faﬁ)é’r'E‘yl\ﬁ%eﬂbggllelé%’ﬁgéﬁ'lﬂﬂﬁﬁﬁﬁ06@5‘6‘2@&3&‘5& p?%ﬁ r el
according t he h i.ndicated in the third.cglu e | e ;and
above di scu@'gzdrqnﬁn&ze@%itefmﬁ tH ﬁﬁ%cr%lqt HégP%d%fl giaa?él stlptf?ﬂéb%@aﬂ}?’e

Structufe MeyRod MIWREL §ALA added and the resulting solution was heated at 65°C

overnight. The reaction was then cooled to room temperature, solvent

removed, the crude recovered with dichloromethane (15 mL) and washed with
saturated NaHCO; solution (2 x 3 mL). The organic layer was dried over
Na;SO,, filtered and concentrated under reduced pressure. The residue was
20 purified by flash chromatography (eluent: cyclohexane:EtOAc/2:1) to afford
0.14 g (56%) of the title compound.
'H-NMR (400 MHz, CD30OD): & 1.46 (9H, s), 3.29-3.36 (4H, m),
3.69-3.71 (2H, m), 3.67-3.80 (2H, m), 4.00 (2H, s), 7.13-7.16 (1H, m),
7.24-7.27 (2H, m), 7.42 (1H, t), 7.56-7.62 (3H, m), 7.73-7.74 (1H, m). m/z 436
25 (M+H)"; retention time = 2.13.
EXAMPLE 17:2-{4-[3-(1H-benzoimidazol-2-yl)-phenyl] -piperazin-

1-vl]-ethylamine

2-{4-[3-(1H-benzoimidazol-2-v})-phenyl] -piperazin-1-yl]-ethylamine
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Method F-Step b- To a solution of (2-{4-[3-(1H-benzoimidazol-2-yl)-
phenyl]-piperazin-1-yl}-2-oxo-ethyl)-carbamic acid tert-butyl ester (0.12 g,
0.28 mmol) in dry THF (3.50 mL) (CH;),S.BH; in THF (0.06 mL, 0.69 mmol)
was added and the resulting suspension was heated at 65°C overnight. The

5 reaction was then cooled to room temperature, the solvent removed under
reduced pressure and 1N HCI (3 mL) was added to the residue before heating
at 100°C for 6h. The reaction was cooled to room temperature, then made
basic by the dropwise addition of 15% NaOH and the white solid obtained was
filtered and washed with water and diethyl ether, to obtain 0.06 g (73%) of the

10 title compound.

lH-NMR (400 MHi, CD30D): 6 2.60-2.70 (6H, m), 2.98-3.01 (2H, m),
3.30-3.34 (6H, m), 7.10 (1H, d), 7.24-7.26 (2H, m), 7.39 (1H, t), 7.52 (1H, d),
7.53-7.60 (2H, m), 7.73 (1H, br s). m/z 322 (M+H)"; retention time = 0.22.

EXAMPLE 7: 1-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-

15 piperidin-4-ol
8-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-1.4-dioxa-8-aza-

spiro[4.5]decane

The same procedure as that used in method A was used starting from
1,4-dioxa-8-azaspiro[4.5]decane hydrochloride.
20 1.25 g of the title compound were obtained (77%, last step).
'H-NMR (400MHz, DMSO): & 1.70 (4H, br s), 3.31-3.34 (4H, m),
3.90 (4H, br s), 7.09-7.12 (1H, m), 7.19-7.21 (2H, m),. 7.37-7.40 (2H,m),
7.60 (2H, br s), 12.62 (1H,s).

1-[3-(1H-Benzoimidazol-2-vl 1]-piperidin-4-one

25 Method G,H-Step a- To a suspension of 8-[3-(1H-benzoimidazol-2-
yl)-4-chloro-phenyl]-1,4-dioxa-8-aza-spiro[4.5]decane (2.00 g, 5.42 mmol) in
water (50 mL) was added H,SO, (2.50 mL) dropwise and the resulting

solution was stirred for 72h at room temperature. The solution was neutralized
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with Na;CO; and the oil obtained solidified on standing in water. The
precipitate was filtered and dried to obtain 1.60 g (90%) of the title
compound. ‘
'H-NMR (400MHz, DMSO): & 2.43 (4H, t), 3.68 (4H, 1), 7.22-7.25 (1H,
5 m), 7.33-7.36 (2H, m), 7.46-7.50 (2H, m), 7.69-7.71 (2H, m).
EXAMPLE 18: 1-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-

piperidin-4-ol

1-[3-(1H-Benzoimidazol-2-y1)-4-chloro-phenyl]-piperidin-4-ol

Method G-Step b- To a suspension of 1-[3-(1H-benzoimidazol-2-yl)-4-
10  chloro-phenyl]-piperidin-4-one (0.05 g, 0.17 mmol) in methanol (50 mL) was
added sodium borohydride (NaBH4) (0.01 g, 0.17 mmol) and the resulting
mixture was stirred for 1h at room temperature and then quenched with few
drops of water. The solvent was removed under reduced pressure, the crude
dissolved in EtOAc (5 mL) and filtered, then the organic phase was evaporated
15 under reduced pressure to afford 0.02 g (36%) of the title compound.
'H-NMR (400MHz, DMSO): & 1.43-1.45 (2H, m), 1.78-1.80 (2H, m),
2.89-2.94 (2H, m), 3.56-3.64 (3H, m), 4.68 (1H, d), 7.06-7.08 (1H, m),
7.18-7.21 (2H, m), 7.33-7.40 (2H, m), 7.52 (1H, d), 7.66 (1H, d), 12.59
(1H, s). m/z 328 (M+H)"; retention time = 1.55.
20 EXAMPLE 19: 2-[5-(4-Azepan-1-yl-piperidin-1-yl)-2-chloro-
phenyl]-1H-benzoimidazole
2-[5-(4-Azepan-1-yl-piperidin-1-yl)-2-chloro-phenyl]-1H-

benzoimidazole

Method H-Step c- To a suspension of 1-[3-(1H-benzoimidazol-2-yl)-4-

25 chloro-phenyl]-piperidin-4-one (0.10 g, 0.31 mmol) in dichloromethane
(2 mL) was added azepane (0.05 mL, 0.46 mmol). After 30 min stirring at
room temperature a drop of acetic acid was added, and after 1h a further

aliquot of azepane (0.05 mL, 0.46 mmol) was added, followed by sodium
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triacetoxyborohydride (NaB(OAc);H) (0.10 g, 0.46 mmol). The reaction
mixture was stirred at room temperature overnight, then the solvent was
removed under reduced pressure, and the crude product dissolved in
dichloromethane (10 mL). To the solution PS-isocyanate resin (PS-NCO)
5 (Argonaut, loading 0.93 mmol/g) was added, then the mixture was shaken at
room temperature overnight and filtered. The solvent was removed under
reduced pressure to obtain a solid residue that was washed with EtOAc and
Et,0 then dried to give the desired product (0.07 g, 58%).
'H-NMR (400 MHz, DMSO): & 1.45-1.50 (9H, m), 1.74 (2H, d),
10 2.61-2.74 (6H, m), 3.31 (2H, s), 3.78 (2H, d), 7.06-7.08 (1H, m), 7.20-7.22
(2H, m), 7.33-7.38 (2H, m), 7.52 (1H, d), 7.66 (1H, d), 12.60 (1H,s). m/z 409

(M+H)"; retention time = 1.32.

EXAMPLE 20: 1-(4-{4-[3-(1-Difluoromethyl-1H-benzoimidazol-2-
y)-phenyl]-piperazine-1-carbonyl}-[1.4]diazepan-1-yl)-ethanone

15 - 2-(3-Bromo-phenyl)-1H-benzoimidazole

Method I,J,K -Step a O-phenylenediamine (81.8 g, 756.6 mmol) and
oxalic acid (3.40 g, 37.8 mmol) were completely dissolved in ethanol/water
1:1 (2L) previously warmed at 80°C. Then 3-Bromobenzaldheyde (44.1 mL,
378.3 mmol) was added dropwise to the solution. The reaction mixture was
20  stirred overnight at 70°C to the open air fort two days. Solid was filtered off
and triturated with methanol (150 mL) to afford the product as a pale yellow
solid (27.50 g). 3.8 g of product were recovered from the mother liquors. Total
yield 31.30 g (30%).
'H-NMR (400 MHz DMSO): & 7.24 (2H, m), 7.54 (2H, m), 7.70
25 (m, 2H), 8.19 (1H, m), 8.37 (1H, t), 13.2 (1H, s). m/z 273 (M+H)"; retention
time= 8.60.

2-(3-Bromo-phenyl)-1-difluoromethyl-1H-benzoimidazole
Method I,J,K-Step b- In autoclave 2-(3-Bromo-phenyl)-1H-
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benzoimidazole (14.10 g. 51.6 mmol) 50% acq NaOH (8.3 mL, 154.8 mmol),
TEBAC (0.58 g, 2.5 mmol) and THF (120 mL) were placed. The mixture was
stirred at room temperature for 2 h, then chlorodifluoromethane was bubbled
until complete conversion of the starting material (2 bar, ca.3 h). The mixture
was diluted with DCM (100 mL), the organic phase was decanted and dried
over Na,SO,4. The solvent was evaporated under reduced pressure to afford a
dark red oil that was purified by flash chromatography on silica versaflash
(1 g product/30 g silica) (eluent: cyclohexane:AcOEt gradient from
cyclohexane 95:AcOEt 5 to cyclohexane 7:AcOEt 3) to afford 14.30 g of the
title compound (86%).

'H-NMR (400 MHz DMSO): & 7.45(2H, m), 7.59(1H, t); 7.75(1H, m),
7.83(2H, m), 7.95(1H, m), 8.09(1H, s). m/z 323 (M+H)"; retention time= 8.60.

1-(4-{4-[3-(1-Difluoromethyl-1H-benzoimidazol-2-yl)-phenyl]-
piperazine-1-carbonyl}-[1.4]diazepan-1-yl)-ethanone

Method J - Step c¢- 2-(3-Bromo-phenyl)-1-difluoromethyl-1H-

benzoimidazole (0.10 g, 0.31 mmol), cesium carbonate (0,14 g, 0.43 mmol),
rac-2,2’ bis(diphenylphosphino)-1,1’-binaphtyl (BINAP) (0.007 g, 0.01 mmol)
and tris- (dibenzilideneacetone)-dipalladium(0) (0.004 g) were placed into a
7 mL sealed vial and purged by repeated nitrogen/vacuum cycles for ten
minutes. Dry toluene (0.6 mL) and N-acetylhomopiperazine (0.05 mL,
0.37 mmol) were added and reaction mixture was heated at 85°C for 24 hours
with stirring.

Reaction was cooled to room temperature and filtered through SCX
cartridge (2 g), (eluent: DCM/methanol 1:1). The organic layer was
concentrated under reduced pressure and purified by preparative HPLC to
afford 58 mg of the title compound (48%).

'H-NMR (400 MHz, CD;0D): § 1.95-2.08 (5H, m), 3.48-3.55 (2H, m),
3.65-3.77 (4H, m), 3.80-3.84 (2H, m), 6.93-6.95 (1H, m), 7.04-7.11 (2H, m),



0 A 389 2.93 66 014 KJ11111J* A 381 1.07 67 G O Ol . A 402 3.52 68 10
/,c,/-1 * A 385 1.17 WO 2009/ 074300PCT/ EP2008/ 010470 85 69 0\ O NN H A

WO 2009/074300 PCT/EP2008/010470
44

7.41-7.67 (4H, m), 7.73-7.82 (2H, m). m/z 385 (M+H)"; retention time= 3.30.
EXAMPLE 21: 1-Difluoromethyl-2-(3-piperazin-1-yl-phenyl)-1H-

benzoimidazole hydrochloride

4-[3-(1-Difluoromethyl-1 H-benzoimidazol-2-yl-)-phenvl]-piperazine- 1-

5 carboxylic acid tert-butyl ester

Method K- Step d- 2-(3-bromo-phenyl)-1-difluoromethyl-1H-
benzoimidazole (1,00 g, 3.10 mmol), piperazine-1-carboxylic acid tert-butyl
ester (0,75 g, 4.02 mmol) and cesium carbonate (5.04 g, 15.48 mmol) were
placed into a dry 250 mL round bottom flask and purged by repeated

10 nitrogen/vacuum cycles for 30 minutes and dry toluene (50 mL) was added. At
the same time palladium acetate (139 mg, 0.62 mmol), and rac-2,2’
bis(diphenylphosphino)-1,1°’-binaphtyl (BINAP) (0.58 g, 0.30 mmol) were
placed into a dry 100 mL round bottom flask and purged by repeated
nitrogen/vacuum cycles for 30 minutes.

15 Dry toluene (50 mL) was added and this suspension was stirred 10
minutes before being added to the first round bottom flask. The reaction
mixture was refluxed overnight under nitrogen and cooled to room
temperature. The mixture was filtered and the insoluble material was washed
with EtOAC (3 x 20 mL). The organic solution was concentrated under

20 reduced pressure and crude was purified by flash chromatography (eluent:
cyclohexane:AcOEt gradient from 100% of cyclohexane to cyclohexane 5:
AcOEt 1) to afford 1.10 g of the title compound (83%).

'H-NMR (400 MHz, DMSO): & 1.41 (9H, s), 3.19-3.22 (4H, m),
3.46-3.48 (4H, m), 7.08-7.10 (1H, m), 7.20-7.23 (2H, m), 7.37-7.46 (3H, m),

25 7.71-7.80 (3H, m).

m/z 429 (M+H)"; retention time= 4.53.

henyl)-1H-benzoimidazole

1-Difluoromethyl-2-(3-pi eraz_in-l- 1-

Method K- Step e- To a solution of 4-[3-(1-Difluoromethyl-1H-
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benzoimidazol-2-yl-)-phenyl]-piperazine-1-carboxylic acid tert-butyl ester
(1.10 g, 2.57 mmol) in DCM (2 mL) were added 2M HCl in Et20 (11 mL) and
the resulting suspension was stirred at room temperature overnight. The
precipitate was filtered and the resulting salt was tritured with Et20 (3 x 20
5 mL) to obtain 1.02 g (100%) of the title compound as hydrochloride salt.

'H-NMR (400 MHz, DMSO): § 3.21 (4H, bs), 3.47-3.50 (4H, m),
7.11-7.20 (1H, m), 7.25-7.30 (2H, m), 7.41-7.51 (3H, m), 7.74-8.02 (3H, m),
9.35 (2H, bs). m/z 329 (M+H)"; retention time= 1.77.

EXAMPLE 22: 1-{4-[3-(1-Difluoromethyl-1H-benzoimidazol-2-yl)-

10 phenyl]-piperazin-1-yl}-2-methyl-propan-1-one
1-{4-[3-(1-Difluoromethyl-1H-benzoimidazol-2-yl)-phenyl]-piperazin-

1-y1}-2-methyl-propan-1-one

Method K- Step f- CDI (0.05 g, 0.32 mmol) was added to a solution of
isobutyric acid (0.029 g, 0.32 mmol) in acetonitrile (2.50 mL). The resulting
15 solution was stirred at room temperature for 5 h.
1-Difluoromethyl-2-(3-piperazin-1-yl-phenyl)-1H-benzoimidazole (0.10
g, 0.27 mmol) and N,N-diisdpropylethylamine (DIPEA) (0.05 mL, 0.27 mmol)
were added and reaction was heated at 65°C overnight. The reaction was
cooled to room temperature, the solvent was removed and DCM (3mL) was
20 added. Organic solution was washed with water (2 x 2 mL) and with satured
Na,CO; solution (2 x 2mL). The organic layer concentrated under educed
pressure and crude was purified by flash chromatography (eluent:
cyclohexane:AcOEt gradient from 100% of cyclohexane to cyclohexane 3:
AcOEt 1) to afford 0.067 g of the title compound (61%).
25 'H-NMR (400 MHz, CDCl;): & 1.09 (6H, d), 2.77 (1H, septuplet),
3.21-3.29 (4H, m), 3.64-3.75 (4H, m), 7.04-7.07 (2H, m), 7.10-7.41 (SH, m),
7.70-7.73 (1H, m), 7.77-7.81 (1H, m). m/z 399 (M+H)"; retention time= 3.68.

EXAMPLE 23: 4-{4-[3-(1-Difluoromethyl-1H-benzoimidazo!-2-yl)-
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phenyl]-piperazine-1-carbonyl}-piperidine-1-carboxylic acid tert-butyl

ester

4-{4-[3-(1-Difluoromethyl-1H-benzoimidazol-2-yl)-phenyl]-piperazine-

1-carbonyl}-piperidine-1-carboxylic acid tert-butyl ester

5 Method K- Step g- CDI (0.053 mg, 0.32 mmol) was added to a solution

of piperidine-1,4-dicarboxylic acid mono-tert-butyl ester (0.074 g, 0.32 mmol)
in acetonitrile (2.50 mL). The resulting solution was stirred at room
temperature five hours.
1-Difluoromethyl-2-(3-piperazin-1-yl-phenyl)-1H-benzoimidazole (0.10
10 g, 0.27 mmol) and N,N-diisopropylethylamine (DIPEA) (0.05 mL, 0.27 mmol)
were added and reaction was heated at 65°C overnight. The reaction was
cooled to room temperature, the solvent was removed and DCM (3mL) was
added. Organic solution was washed with water (2 x 2 mL) and with satured
Na;CO; solution (2 x 2mL). The organic layer was concentrated under
15 reduced pressure and crude was purified by flash chromatography (eluent:
.cyclohexane:AcOEt gradient from 100% of cyclohexane to cyclohexane 3:
AcOEt 1) to afford 0.067 g of the title compound (70%).
'H-NMR (400 MHz, CDCl;): & 1.39 (9H, s), 1.60-1.74 (4H, m),
2.57-2.77 (3H, m), 3.21-3.26 (4H, m), 3.64-3.74 (4H, m); 4.10 (2H, m),
20 7.04-7.07 (2H, m), 7.11-7.41 (5H, m), 7.71-7.73 (1H, m), 7.78-7.82 (1H, m).
m/z 540 (M+H)*; retention time= 4.25.

EXAMPLE 24 {4-[3-(1-DiﬂurM'0m ethyl-1H-benzoimidazol-2-yl)-

phenyl]-piperazin-1-yl}-piperidin-4-yl-methanone

{4-13-(1-Difluoromethyl-1H-benzoimidazol-2-yl)-phenyl]-piperazin-1-

25 vyl}-piperidin-4-yl-methanone

Method K- Step h- To a solution of 4-{4-[3-(1-Difluoromethyl-1H-
benzoimidazol-2-yl)-phenyl]-piperazine-1-carbonyl}-piperidine-1-carboxylic

acid tert-butyl ester (0.075 g, 0.14 mmol) in DCM (0.5 mL), 2M HCI in Et20
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(2.5 mL) was added and the resulting suspension was stirred at room
temperature for- 6h. The precipitate was filtered and tritured with Et20
(3 x 20 mL). The solid was purified by preparative HPLC. HPLC fractions
were neutralized with K,CO; and concentrated. DCM (5 mL) and water

5 (5 mL) were added, organic phase was separated and concentrated to give
44 mg of the title compound (72%).

'H-NMR (400 MHz, CDCl;): & 1,82-2.15 (4H, m), 2.72-2.86 (1H, m),
3.09-3.34 (6H, m), 3.48-3.64 (2H, m), 3.63-3.83 (4H, m), 7.09-7.15 (2H,m),
7.29-7.30 (2H, m), 7.37-7.47 (3H, m), 7.75-7.78 (1H, m), 7.81-7.85 (1H, m).

10 m/z 440 (M+H)"; retention time= 2.03.

EXAMPLE 25: 1-[3-(1-Difluoromethyl-1H-benzoimidazol-2-yl)-

phenyl-]piperidine-4-carboxylic acid ethyl ester

1-{3-(1-Difluoromethyl-1H-benzoimidazol-2-yl)-phenvl-]piperidine-4-

carboxylic acid ethyl ester

15 Method I- Step i- Same procedure described in Method K, step d but
starting from piperidine-4-carboxylic acid ethyl ester instead of piperazine-1-
carboxylic acid tert-butyl ester. Quantitative yield.

'H-NMR (400 MHz, CD;OD): & 1.26 (3H, t), 1.77-1.87 (2H, m),
2.01-2.05 (2H, m), 2.50-2.57 (1H, m), 2.88-2.94 (2H, m), 3.76-3.81 (2H, m),

20 4.12-4.17 (2H, q), 7.09-7.11 (1H, m), 7.24-7.26 (1H, m), 7.29-7.30 (1H, m),
7.41-7.81 (6H, m). m/z 400 (M+H)"; retention time= 4.25.

EXAMPLE 26:__{1-[3-(1-Difluoromethyl-1H-benzoimidazol-2-yl)-

phenyl]-piperidine-4-yl}-(4-methvl-piperazin-1-yl)-methanone

1-[3-(1-Difluoromethyl-1H-benzoimidazol-2-y)-phenyl-]piperidine-4-

25 carboxylic acid

Method I- Step 1- NaOH powder (0.24 g, 6.02 mmol) was added to a
solution of 1-[3-(1-Difluoromethyl-1H-benzoimidazol-2-yl)-phenyl-

]piperidine-4-carboxylic acid ethyl ester (1.20 g, 3.01 mmol) in ethanol:water
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3:1 and the reaction was heated at 80°C overnight. Reaction was cooled to
room temperature and the organic solvent concentrated by evaporation under
reduced pressure. The resulting solution was neutralized by dropwise addition
of 6N HCI. A pale brown precipitated and it was filtered off and dried to
afford 0.80 g of the title compound (72%).

'H-NMR (400 MHz, CD;0D): & 1.83-1.93 (2H, m), 2.06-2.11 (2H, m),
2.52-2.59 (1H, m), 3.14-3.17 (2H, m), 3.71-3.76 (2H, m), 7.33-7.35 (1H, m),
7.40-7.42 (2H, m), 7.44-7.78 (6H, m). m/z 372 (M+H)"; retention time= 3.25.

{1-[3-(1-Difluoromethyl-1H-benzoimidazol-2-v1)-phenyl]-piperidine-4-

v1}-(4-methyl-piperazin-1-yl)-methanone

Method I- Step m- HATU (0.11 g, 0.30 mmol) and diisopropylethylamine
(DIPEA) (0.09 mL, 0.54 mmol) were added to a suspension of 1-[3-(1-
Difluoromethyl-1H-benzoimidazol-2-yl)-phenyl-]piperidine-4-carboxylic ~ acid
(0.10 g, 0.27 mmol) in dichloromethane at room temperature. Reaction was
heated at 35°C overnight. Reaction was cooled to room temperature and washed
with satured Na,CO; solution (2 x 4 mL) and wifh water (1 x 3 mL). The organic
layer was concentrated under reduced pressure and crude was purified by flash
chromatography (eluent: cyclohexane:AcOEt gradient from cyclohexane 1:
AcOEt 1 to 100% AcOEt and finally with AcOEt:2.0 N ammonia in methanol
5:1) to afford 0.025 g of the title compound (20%).

'H-NMR (400 MHz, CD;OD): & 1.79-1.88 (4H, m), 2.31 (3H, s),
2.39-2.48 (4H, m), 2.80-2.92 (3H, m), 3.60-3.68 (4H, m), 3.85-3.88 (2H, m),
7.08-7.10 (1H, m), 7.20-7.25 (1H, m), 7.28-7.29 (1H, m), 7.40-7.81 (6H, m).
m/z 454 (M+H)"; retention time= 2.00.

EXAMPLE 27: {4-[4-Fluoro-3-(1-methyl-1H-benzoimidazol-2-yl)-
phenyl]-piperazin-1-yl}-pyrrolidin-1-yl-methanone

N-(2-Amino-phenyl)-5-bromo-2-fluoro-benzamide

Method L, M- Step a- 5-Bromo-2-fluoro-benzoic acid (4.96 g,
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22.6 mmol), benzene-1,2-diamine (4.90 g, 45.3 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) (5.21 g,
27.2 mmol), l-hydroxybenzotriazole hydrate (1-HOBt) (3.67 g, 27.2 mmdl)
and dimethyl-pyridin-4-yl-amine (DMAP) (0.03 g, 0.2 mmol) were placed into
5 a 100 mL round bottom flask. Dry DMF (60 mL) was added and the reaction
was stirred at room temperature overnight. Solvent was removed under
reduced pressure, then the crude diluted with DCM (15 mL) and 0.4 M
Na,CO; solution (15 mL). A white precipitate formed and it was filtered off
and washed again with DCM (10 mL) and dried to afford 4.96 g of the title
10 compound. Solutions were collected, the organic phase was separated from the
aqueous one and concen;trated under reduced pressure: other precipitate
formed and it was filtered off, washed with DCM (3 mL) to afford other
0.68 g of desired compound. Total yield 81%.
'H-NMR (400 MHz, DMSO): & 4.84-5.14 (2H, m), 6.54-6.59 (1H, m), 6.73-
15 6.76 (1H, m), 6.93-6.97 (1H, m), 7.21-7.24 (1H, m), 7.31-7.35 (1H, m), 7.72-7.76
(1H, m), 9.62-9.64 (1H, m). m/z 308/310 (M+H)"; retention time= 1.87.

2-(5-Bromo-2-fluoro-phenyl)-1H-benzoimidazole

Method L, M- Step b- A suspension of N-(2-amino-phenyl)-5-bromo-2-
fluoro-benzamide (5.64 g, 18.3 mmol) in acetic acid (20 mL) was heated at
20 60°C. After 30 min, the suspension became a solution and it was left overnight.
The solvent was removed under reduced pressure and residue was triturated
with DCM (10 mL) and filtered off. The precipitate was washed with DCM (3 x
10 mL) and dried to afford 4.76 g of the title compound (89%).
'H-NMR (400 MHz, DMSO): & 7.24-7.27 (2H, m), 7.43-7.48 (1H, m),
25 7.63-7.66 (2H, m), 7.72-7.76 (1H, m), 8.33-8.35 (1H, m). m/z 290/292
(M+H)"; retention time= 1.85.

2-(5-Bromo-2-fluoro-phenyl)-1-methyl-1H-benzoimidazole

Method L- Step c- NaH 60% suspension in mineral oil (0.61 g, 25.5 mmol)
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was added to a solution of 2-(5-Bromo-2-fluoro-phenyl)-1H-benzoimidazole (3.70
g, 12,76 mmol) in dry THF (100 mL) and the reaction was stirred at room
temperature 30 minutes before adding methyl iodide (1.19 mL, 19.1 mmol).
Reaction was left stirring for 2 h, then quenched with water (20 mL). The solution
5 was concentrated, then AcOEt (30 mL) was added. The organic solution was
separated, washed with brine (10 mL), dried over Na,SO,4 and concentrated under
reduced pressure to afford 3.80 g of desired compound. (97%).
'H-NMR (400 MHz, CD;OD): & 3.76 (3H, s), 7.31-7.42 (3H, m),
7.59-7.61 (1H, m), 7.70-7.72 (1H, m), 7.78-7.82 (1H, m), 7.85-7.87 (1H, m).
10 m/z 304/306 (M+H)"; retention time= 1.80.

{4-[4-Fluoro-3-(1-methyl-1H-benzoimidazol-2-yl)-phenyl]-piperazin-1-

vyil-pyrrolidin-1-yl-methanone

Method L- Step d- The same procedure described in step ¢ method J

was followed but starting from 2-(5-bromo-2-fluoro-phenyl)-1-methyl-1H-

15 benzoimidazole and piperazin-1-yl-pyrrolidin-1-yl-methanone. The crude

reaction mixture was purified by preparative HPLC to afford 0.06g of the title
compound (44%).

'H-NMR (400 MHz, CD;0D): § 1.82-1.89 (4H, m), 3.20-3.23 (4H, m),

3.40-3.42 (4H, m), 3.44-3.47 (4H, m), 3.77-3.78 (3H, m), 7.20-7.22 (1H, m),

20 7.24-7.26 (2H, m), 7.31-7.40 (2H, m), 7.57-7.59 (1H, m), 7.69-7.71 (1H, m).

m/z 408 (M+H)"; retention time= 2.32.

EXAMPLE _28: 4-[4-Fluoro-3-(1-methyl-1H-benzoimidazol-2-yD)-
phenyl]-piperazine-1-carboxylic acid tert-butyl ester

4-[4-Fluoro-3-(1-methyl-1H-benzoimidazol-2-yl)-phenyl]l-piperazine-1-

25 carboxylic acid tert-butyl ester

Method L- Step e- 2-(5-Bromo-2-fluoro-phenyl)-1-methyl-1H-
benzoimidazole (2.10 g, 6.9 mmol), piperazine-1-carboxylic acid tert-butyl

ester (1.16 g, 8.3 mmol), cesium carbonate (3.14 g, 9.6 mmol) rac-2,2’
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bis(diphenylphosphino)-1,1’-binaphtyl (BINAP) (0.17 g, 0.28 mmol) and
tris-(dibenzilideneacetone)dipalladium(0) (0.06 g, 0.07 mmol) were placed in
a Schlenk tube and purged by repeated nitrogen/vacuum cycles for 10 minutes.
Dry toluene (13 mL) was added and the reaction was stirred at 85°C for 24 h.
Reaction was cooled to room temp‘erature, diluted with AcOEt (20 mL) and
washed with water (10 mL). The organic layer was dried over Na,SO,; and
concentrated under reduced pressure. The crude reaction mixture was purified
by flash chromatography (eluent: cyclohexane:AcOEt gradient from 100%
cyclohexane to cyclohexane 2: AcOEt 1) to afford 1.14 g of the starting
material and 0.70 g of the title compound (54%).

'H-NMR (400 MHz, CD;OD): & 1.47 (9H, s), 3.14-3.17 (4H, m),
3.57-3.59 (4H, m), 7.20-7.26 (3H, m), 7.30-7.39 (2H, m), 7.56-7.58 (1H, m),
7.68-7.71 (1H, m). m/z 411 (M+H)"; retention time= 1.90.

EXAMPLE 29: 2-Dimethylamino-1-{4-[4-fluoro-3-(1-methyl-1H-

benzoimidazol-2-yl)-phenyl]-piperazin-1-yl}-ethanone

2-(2-Fluoro-5-piperazin-1-yl-phenvl)-1-methyl-1H-benzoimidazole

Method L- Step f- To a solution of 4-[4-Fluoro-3-(1-methyl-1H-
benzoimidazol-2-yl)-phenyl]-piperazine-1-carboxylic acid tert-butyl ester
(0.86 g, 1.71 mmol) in DCM (2.0 mL) 2.0 M HCI in Et,0 (10 mL) was added
and the resulting suspension was stirred at room temperature overnight. The
precipitate was filtered off and tritured with Et,O (3 x 15 mL) to afford the
title compound (quantitative yield).

'H-NMR (400 MHz, DMSO): § 3.22-3.25 (4H, m), 3.44-3.47 (4H, m),
3.94 (3H, s), 7.43-7.53 (3H, m), 7.60-7.67 (2H, m), 7.87-7.89 (1H, m),
8.01-8.03 (1H, m), 9.42 (2H, m). m/z 311 (M+H)"; retention time= split peak.

2-Dimethylamino-1-{4-[4-fluoro-3-(1-methyl-1H-benzoimidazol-2-yI)-

phenyl]-piperazin-1-vl}-ethanone

Method L- Step g- Same procedure used in method L-step h.

B 351
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'H-NMR (400 MHz, CD;OD): & 2.30 (6H, s), 3.18-3.25 (6H, m),
3.74-3.78 (7H, m), 7.21-7.28 (3H, m), 7.31-7.40 (2H, m), 7.57-7.59 (1H, m),
7.69-7.71 (1H, m). m/z 396 (M+H)"; retention time= split peak.
EXAMPLE 30: (S)-2-{4-[4-fluoro-3-(1-methyl-1H-benzoimidazol-2-
5 yD-phenyl]-piperazine-1-carbonyl}-pyrrolidine-1-carboxylic _acid _ tert-

butyl ester
(S)-2-{4-[4-fluoro-3-(1-methyl-1H-benzoimidazol-2-yl)-phenyl]-

piperazine-1-carbonyl}-pyrrolidine-1-carboxylic acid tert-butyl ester

Method L- Step h- CDI (0.05 g, 0.31 mmol) was added to a solution of
10 N-Boc-L-Proline (0.07 g, 0.31 mmol) in acetonitrile (2.50 mL). The resulting
solution was stirred at room temperature 6 hours.
2-(2-Fluoro-5-piperazin-1-yl-phenyl)- 1-methyl-1H-benzoimidazole
(0.10 g, 0.26 mmol) and N,N-diisopropylethylamine (DIPEA) (0.09 mL,
0.52 mmol) were added and reaction was heated at 65°C overnight. The
15 reaction was cooled to room temperature, the solvent was removed under
reduced pressure and DCM (3mL) was added. Organic solution was washed
with water (2 x 2 mL) and with satured Na,CO; solution (2 x 2mL). The
organic layer was concentrated under reduced pressure and crude was purified
by flash chromatography (eluent: cyclohexane:AcOEt gradient from
20 cyclohexane 2: AcOEt 1 to 100% AcOEt) to afford 0.067 g of the title
compound (51%).
'H-NMR (400 MHz, CD;0D): & 1.40-1.45 (9H, m), 1.82-1.97 (3H, m),
2.23-2.36 (1H, m), 3.15-3.29 (4H, m), 3.42-3.57 (2H, m), 3.69-3.85 (7H, m),
4.72-4.77 (1H, m), 7.22-7.29 (3H, m), 7.31-7.40 (2H, m), 7.57-7.59 (1H, m),
25  7.69-7.71 (1H, m). m/z 508 (M+H)"; retention time= 2.63.
EXAMPLE 31: {4-[4-fluoro-3-(1-methyl-1H-benzoimidazol-2-yl)-

phenyli-piperazin-1-yl}-(S)-pyrrolidin-2-yl-methanone hydrochloride
4-[4-fluoro-3-(1-methyl-1H-benzoimidazol-2-yl)-

henyl]-piperazin-1-
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v1}-(S)-pyrrolidin-2-yl-methanone

Method L- Step i- To a solution of (S)-2-{4-[4-fluoro-3-(1-methyl-1H-
benzoimidazol-2-yl)-phenyl]-piperazine-1-carbonyl}-pyrrolidine-1-carboxylic
acid tert-butyl ester (0.05 g, 0.10 mmol) in DCM (0.5 mL) 2M HCI in Et,0O

5 (2.0 mL) was added and the resulting suspension was stirred at room
temperature overnight. The reaction was concentrated under reduced pressure
then water (4.0 mL) was added and the mixture was concentrated again to
afford 0.04 g of the title compound as chlorhydrate salt (86%).

'H-NMR (400 MHz, CD;0D): 5 1.85-2.04 (4H, m), 2.42-2.51 (1H,m),

10 3.60-3.81 (4H, m), 3.98-3.99 (3H, m), 3.23-3.36 (5H, m), 4.60-4.69 (1H, m),
7.32-7.44 (3H, m), 7.62-7.68 (2H, m),7.77-7.80 (1H, m), 7.89-7.93 (1H, m).
m/z 408 (M+H)"; retention time= split peak.

EXAMPLE 32: 1-{4-[3-(1H-Benzoimidazol-2-yl}-4-fluoro-phenyl]-

piperazin-1-yl}-2-dimethylamino-ethanone

15 2-( 5-Bromo-2-ﬂuoro-phenyl)-benzoimidazole- 1-carboxvlic acid

tert-butyl ester

Method M- Step I- NaH 60% dispersion in mineral oil (0.70 g,

17.34 mmol) was added to a solution of 2-(5-Bromo-2-fluoro-phenyl)-1H-
benzoimidazole (3.87 g, 13.3 mmol) in dry THF (140 mL) under nitrogen at

20 room temperature. After 10 minutes a solution of Di-tert-butyl dicarbonate
(0.30 g, 13.3 mmol) in dry THF (50 mL) was added and reaction was left 30 h.
Water (40 mL) was added and reaction was concentrated under reduced
pressure. AcOEt (30 mL) was added and the organic layer was separated. The
water solution was washed with AcOEt (2 x 10 mL). Organic layers were

25 collected, dried over Na,SO,4 and concentrated under reduced pressure. The
crude reaction mixture was purified by flash chromatography (eluent:
cyclohexane:AcOEt gradient from 100% cyclohexane to cyclohexane 10:

AcOEt 1) to 4.7 g of the title compound (90%).
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'H-NMR (400 MHz, CD;OD): § 1.44 (9H, s), 7.23-7.27 (1H, m),
7.41-7.50 (2H, m), 7.73-7.77 (2H, m), 7.84-7.86 (1H, m), 8.10-8.12 (1H, m).
m/z 392 (M+H)"; retention time= 2.88.

henyl]-

2-[5-(4-tert-butoxycarbonyl-piperazin-1-yl)-2-fluoro-

benzoimidazole-1-carboxylic acid tert-butyl ester

Method M- Step m- 2-(5-Bromo-2-fluoro-phenyl)-benzoimidazole-1-
carboxylic acid tert-butyl ester (2.52 g, 6.5 mmol), piperazine-1-carboxylic
acid tert-butyl ester (1.56 g, 8.40 mmol) and cesium carbonate (10.50 g,
32.20 mmol) were placed into a dry 500 mL round bottom flask under
nitrogen and dry toluene (140 mL) was added. At the same time palladium
acetate (0.29 g, 1.30 mmol) and BINAP (1.20 g, 1.93 mmol) were placed into
a dry 250 mL round bottom flask under nitrogen and dry toluene (140mL) was
added. After 10 minutes the suspension containing BINAP and Palladium
acetate was added to the 500 mL round bottom flask. The reaction mixture
was heated at 85°C overnight under nitrogen and cooled to room temperature.
The mixture was filtered and the insoluble material was washed with EtOAC
(3 x 20 mL). The organic solution was concentrated under reduced pressure
and crude was purified by flash chromatography (eluent: cyclohexane:AcOEt
gradient from 100% of cyclohexane to cyclohexane 4: AcOEt 1) to afford
2.48 g of the title compound (76%).

'H-NMR (400 MHz, DMSO): & 1.36 (9H, s), 3.08-3.10 (4H, m),
3.43-3.46 (4H, m), 7.12-7.18 (1H, m), 7.20-7.25 (2H, m), 7.38-7.47 (2H, m),
7.76-7.78 (1H, m), 7.97-7.99 (1H, m). m/z 497 (M+H)"; retention time= 2.93.

2-(2-Fluoro-5-piperazin-1-vl-phenyl)-1H-benzoimidazole

Method M- Step n- To a solution of 2-[5-(4-tert-butoxycarbonyl-
piperazin- 1-yl)-2-fluoro-phenyl]-benzoimidazole-1-carboxylic acid tert-butyl
ester (0.45 g, 0.91 mmol) in DCM (1.0 mL) 2M HCI in Et,O (8.0 mL) was

added and the resulting suspension was stirred at room temperature overnight.
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2M HCI in Et,0 (5.0 mL) more were added and reaction was left stirring for
24 h. The precipitate was filtered off and tritured with Et;0 (3 x 15 mL) to
afford 0.21 g of the title compound (55%).

'H-NMR (400 MHz, DMSO): 8 3.26 (4H, bs), 3.49-3.51 (4H, m),
7.36-7.40 (1H, m), 7.45-7.53 (3H, m), 7.80-7.84 (2H, m), 7.91-7.93 (1H, m),
9.28 (2H, bs). m/z 297 (M+H)"; retention time= split peak.

1-{4-[3-(1H-Benzoimidazol-2-yl)-4-fluoro-phenvl]-piperazin-1-yl}-2-

dimethylamino-ethanone
Method M- Step o- CDI (0.052 g, 0.32 mmol) was added to a solution

of N,N-dimethylglicine (0.033 g, 0.32 mmol) in acetonitrile (2.50 mL). The
resulting solution was stirred at room temperature for 5 hours. Then
2-(2-Fluoro-5-piperazin-1-yl-phenyl)-1H-benzoimidazole (0.10 g, 0.27 mmol)
and N,N-diisopropylethylamine (DIPEA) (0.11 mL, 0.6 mmol) were added
and reaction was heated at 65°C overnight. Reaction was cooled to room
temperature and solvent was removed under reduced pressure. DCM (2 mL)
was added to the crude, organic solution was washed with water (2 x 4 mL)
and with satured Na,COj; solution (2 x 4 mL) and concentrated. The crude
reaction mixture was purified by flash chromatography (eluent: MeOH:AcOEt
gradient from 100% of AcOEt to MeOH 0.6: AcOEt 4) to afford 0.049 g of the
title compound (43%).

'H-NMR (400 MHz, CD;0D): § 2.33 (6H, s), 3.22-3.29 (4H, m), 3.29
(2H, s), 3.77-3.79 (4H, m), 7.16-7.24 (2H, m), 7.26-7.31 (2H, m), 7.59-7.70
(2H, bp), 7.75-7.77 (1H, m). m/z 382 (M+H)"; retention time= split peak.

EXAMPLE 33: 4-{4-[3-(1H-Benzoimidazol-2-yl)-4-fluoro-phenyl]-
piperazin-1-yl}-piperidin-4-yl-methanone

4-{4-[3-(1H-Benzoimidazol-2-v1)-4-fluoro-phenyl]-piperazine-1-

carbonyl}-piperidine-1-carboxvlic acid tert-butyl ester

Method M- Step p- CDI (0.047 g, 0.29 mmol) was added to a solution

C 504
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of piperidine-1,4-dicarboxylic acid mono-tert-butyl ester (0.07 g, 0.29 mmol)

-in acetonitrile (2.50 mL). The resulting solution was stirred at room

temperature for 5  hours. 2-(2-Fluoro-5-piperazin-1-yl-phenyl)-1H-
benzoimidazole (0.10 g, 0.27 mmol) and DIPEA (0.05 mL, 0.26 mmol) were
added and reaction was heated at 65°C overnight. Reaction was cooled to
room temperature and solvent was removed under reduced pressure. DCM
(2 mL) was added to the crude, organic solution was washed with water
(2 x 4 mL) and with satured Na,CO; solution (2 x 4 mL) and concentrated.
The crude reaction mixture was purified by flash chromatography (eluent:
cyclohexane:AcOEt gradient from 100% of cyclohexane to 100% AcOEt) to
afford 0.08 g of the title compound (60%).

'H-NMR (400 MHz, CD;OD): & 1.45 (9H, s), 1.55-1.66 (2H, m),
1.72-1.76 (2H, m), 2.82-3.00 (3H, m), 3.21-3.31 (4H, m), 3.77-3.83 (4H, m),
4.07-4.17 (2H, m), 7.17-7.24 (2H, m), 7.26-7.31 (2H, m), 7.55-.7.72 (2H, m),
7.75-7.78 (1H, m).

3-(1H-Benzoimidazol-2-yl)-4-fluoro-

piperidin-4-yl-methanone

Method M- Step q- To a solution of 4-{4-[3-(1H-Benzoimidazol-2-yl)-
4-fluoro-phenyl]-piperazine- 1-carbonyl}-piperidine-1-carboxylic acid tert-
butyl ester (0.08g, 0.16 mmol) in DCM (1 mL) 2M HCI in Et,0 (3.0 mL) was
added and the resulting suspension was stirred at room temperature for 3 days.
The reagtion was concentrated under reduced pressure, water (8 mL) was
added and the solution was concentrated under reduced pressure. The solid
was purified by preparative HPLC. HPLC fractions were neutralized with
K,CO; and concentrated. DCM (5 mL) and water (5 mL) were added, organic
phase was separated and concentrated to give 44 mg of the title compound
(72%).

'H-NMR (400 MHz, CD;0D): 8 1.70-1.80 (4H, m), 2.73-2.80 (2H, m),
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2.91-2.98 (1H, m), 3.13-3.17 (2H, m), 3.20-3.28 (4H, m), 7.15-7.32 (2H, m),
7.26-7.31 (2H, m), 7.62-7.65 (2H, m), 7.75-7.77 (1H, m). m/z 408 (M+H)";
retention time= split peak.

EXAMPLE 34: 2-Ethoxy-N-{1-[3-(1-methyl-1H-benzoimidazol-2-

5 yl)-phenyl]-piperidin-4-yl}-acetamide

2-(3-bromophenyl)-1H-benzimidazole
Method N - Step a O-phenylenediamine (81.8 g, 756.6 mmol) and

oxalic acid (3.4 g, 37.8 mmol) were completely dissolved in EtOH-H,O / 1:1
(2 L) previously warmed at 80°C. 3-Bromobenzaldehyde (44.10 mL,

10 378.30 mmol) was then added dropwise to the solution. The reaction mixture
was stirred overnight at 70°C to the open air. The day after solid was filtered
off and triturated with MeOH (150 mL) to give the product as a pale yellow
solid (27.50 g). 3.8 g were recovered from the mother liquors. Total yield
31.30 g (30%).

15 'H-NMR (400 MHz DMSO): & 7.24 (2H, m), 7.54 (2H, m), 7.70
(m, 2H), 8.19 (1H, m), 8.37 (1H, t), 13.2 (1H, s). m/z 273 (M+H)"; retention
time= 8.60.

2-(3-Bromo-phenyl)-1-methyl-1H-benzimidazole

Method N - Step b- 2-(3-bromohpenyl)-1H-benzimidazole (7.8 g,

20 28.6 mmol) was completely dissolved in dry THF (300 ml), then NaH 60%

m/m (1.49 g,37.2 mmol) was added portionwise to the clear yellow solution.

The light brown suspension was stirred 1h rt, then CHsl (2.5 ml, 40.0 mmol)

was added dropwise. The reaction mixture was stirred rt overnight. The

reaction was quenched with H,O (300 ml), and extracted with EtOAc

25 (2 x 450 ml). The organic extracts were dried over MgSQO,, filtered and
evaporated, to afford the compound as a brown-yellow solid (7.4 g, 70%).

'H-NMR (400 MHz DMSO0):5 3.90 (3H, s), 7.30 (2H, m), 7.55 (1H, t),

7.64 (1H, d), 7.70 (1H, d), 7.77 (1H, m), 7.88 (1H, m), 8.05 (IH, m).
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m/z=287[M+H]", retention time = 7.70
{1-[3-(1-Methyl-1H-benzoimidazol-2-y])-phenyl]-piperidin-4-yl}-

carbamic acid tert-butyl ester

Method N - Step c¢- Into a four-necked round bottomed flask, dried
under Ar atmosphere, BINAP (5.85 g, 9.4 mmol) and Pd(OAc), (1.41 g,
6.3 mmol) were placed. The mixture was stirred 10 minutes under Ar flux,
then 300 ml of anhydrous toluene were added. Meantime into another
four-necked round bottomed flask, dried wunder Ar atmosphere,
2-(3-bromohpenyl)-1-methyl-1H-benzimidazole previously dissolved in
300 ml of anhydrous toluene, (9.0 g, 31.3 mmol), 4-N-BOC-aminopiperidine
(8.18 g, 40.7 mmol) and Cs,CO; (50.99 g, 156.5 mmol) were placed. The
mixture was stirred for ca.10 minutes then the content of the first flask was
added into the second one. The reaction was stirred ovérnight at reflux
temperature. After cooling to room temperature, the suspension was filtered
on a gouch with a celite pad. The clear solution was evaporated under reduced
pressure and the residue was triturated by MTBE affording 7.1 g (55%) of
pure product as an off white solid.

"H-NMR(DMSO): 1.39(s, 9H); 1.49(rﬁ, 2H); 1.82(m, 2H); 2.83(m,
2H); 3.44(bs, 1H); 3.75(m, 2H); 3.87(s, 3H); 6.86(d, 1H); 7.11-7.67(m, 8H).
m/z=407 [M+H]"; retention time = 8.02

{1-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenvl]-piperidin-4-vlamine

hydrochloride

Method N - Step d To a mixture of {1-[3-(1-Methyl-1H-
benzoimidazol-2-yl)-phenyl]-piperidin-4-yl}-carbamic acid tert-butyl ester
(2.00 g, 4.93 mmol) in dichloromethane (2 mL) and methanol (1mL), 2M HCIl
in Et,0 (25 mL) was added and the resulting mixture was stirred overnight at
room temperature.

The solid was filtered off, dried under vaccum and was re-dissolved in

C 418
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water (50 mL) and washed with dichloromethane (3x10 mL). Water was
removed under reduced to afford 1.48 g (89%) of the title compound as
hydrochloride salt.
'H-NMR (400 MHz, DMSO): § 1.67-1.77 (2H, m), 2.01-2.04 (2H, m),
5 2.95-3.00 (2H, m), 3.19-3.26 (1H, m), 3.89-3.95 (2H, m), 4.05 (3H, s),
7.36-7.44 (2H, m), 7.55-7.68 (4H, m), 7.86-7.89 (1H, m), 8.04-8.07 (1H, m),
8.41 (3H, bs). m/z=307 [M+H]"; retention time = 0.17
2-Ethoxy-N-{1-[3-(1-methyl-1H-benzoimidazol-2-yl)-phenyl]-

piperidin-4-yl}-acetamide

10 Method N - Step e To a solution of ethoxyacetic acid (0.05mL,
0.49 mmol) in acetonitrile (3 mL) was added CDI as a stock solution (0.80 g,
0.49 mmol) and the resulting suspension waé stirred at room temperature for
3 h. {1-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-piperidin-4-ylamine
hydrochloride (0.13 g, 0.41 mmol) and DIPEA (0.07 mL, 0.41 mmol) were
15 added and the resulting solution heated at 70°C overnight. The reaction was
then cooled to room temperature, the solvent removed under reduced pressure.
The crude product was redissolved in dichloromethane (4 mL) and washed
with saturated Na,CO3 solution (2 mL) and water (2 mL). The organic layer
was dried over Na,SOy,, filtered and concentrated under reduced pressure. The
20 residue was purified by flash chromatography (eluent:
dichloromethane:MeOH, gradient from 100% dichloromethane to 95%
dichloromethane:5% MeOH) to afford 0.70 g (44%) of the title compound.
'H-NMR (400 MHz, CDCl;): & 1.17 (3H, t), 1.51-1.61 (2H, m),
1.96-2.00 (2H, m), 2.89-2.95 (2H, m), 3.50 (2H, q), 3.67-3.71 (2H, m), 3.81
25 (3H, s), 3.86 (2H, s), 3.91-4.01 (1H, m), 6.44-6.46 (1H, m), 6.99-7.01
(1H, m), 7.05-7.07 (1H, m), 7.23-7.35 (5H, m), 7.77-7.80 (1H, m). m/z=393
[M+H]"; retention time = 1.67

EXAMPLE 35:_4-Fluoro-1’-[3-(1-methyl-1H-benzoimidazol-2-yl)-
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phenvl]-[1.4’]bipiperidinyl

2-(3-bromohpenyl)-1-methyl-1H-benzimidazole
Method O, Oa -Step a- 2-(3-bromophenyl)-1H-benzimidazole (as

described in method N, step a) (7.8 g, 28.6 mmol) was completely dissolved in
5 dry THF (300 mL), then NaH 60% m/m (1.49 g, 37.2 mmol) was added
portionwise to the clear yellow solution. The light brown suspension was
stirred at room temperature for 1h, then CH;I (2.5 mL:,, 40.0 mmol) was added
dropwise. The reaction mixture was stirred rt overnight. The reaction was
quenched with H,O (300 mL), and extracted with EtOAc (2 x 450 mL). The
10 organic extracts were dried over MgSQ,, filtered and evaporated, to afford
7.4 g of the title compound as a brown-yellow solid (70%).
'H-NMR (400 MHz DMSO0):8 3.90 (3H, s), 7.30 (2H, m), 7.55 (1H, t),
7.64 (1H, d), 7.70 (1H, d), 7.77 (1H, m), 7.88 (1H, m), 8.05 (1H, m). m/z 287
(M+H)"; retention time= 7.70.
15 8-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-1.4-dioxa-8-aza-

Spiro[4,5]decane

Method O, Oa -Step b- In a 4 necked round bottom flask equipped

with a magnetic stirrer and dried under argon atmosphere BINAP (3.7 g,

5.9 mmol, 0.3 eq) and Pd(OAc); (0.9 g, 3.9 mmol, 0.2 eq) were placed and left

20 under argon flux for 15 min. At the meantime into a 4 necked round bottom
flask equipped with magnetic stirrer, a reflux condenser and dried under argon
atmosphere, 2-(3-bromohpenyl)-1-methyl-1H-benzimidazole (5.6 g,

19.5 mmol, 1 eq) was dissolved in dry toluene (300 mL), then 1,4-Dioxa-8-
azaspiro[4.5]decane (3.3 mL, 25.4 mmol, 1.3 eq), Cs,CO; (31.8 g, 97.5 mmol,

25 5 eq) and the catalyst suspension were added to the solution. The reaction
mixture was stirred overnight at reflux temperature, checking the conversion

by LC-MS. The suspension was allowed to cool to r.t. then filtered on a gooch

with a celite pad. Solvent was evaporated to give 16.0 g of a red-brown oil
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which was purified by automatic flash chromatography on silica versaflash
(1 product g / 30 silica g) by eluting from Cy:MTBE=85:15 to
Cy:MTBE=15:85, to give 2.3 g of the puré product as a yellow oil (34%).
'H-NMR (400 MHz DMSO):8 1.70-1.73 (4H, m), 3.34-3.37 (4H, m),
5 3.84 (3H, s), 3.90 (4H, m), 7.11-7.39 (6H, m), 7.57-7.58 /1H, m), 7.64-7.65
(1H, m). m/z 350 (M+H)"; retention time= 6.73.

1-[3-(1-methyl-1H-benzo[d]imidazol-2-yl)phenyl]piperidin-4-one

Method O, Oa -Step c- 8-[3-(1-Methyl-1H-benzoimidazol-2-yl)-
phenyl}-1,4-dioxa-8-aza-spiro[4,5]decane (2.30 g, 6.60 mmol) was dissolved
10 in 120 mL of THF. The solution was cooled at 0°C with a NaCl-ice bath, then
HCI 6M (18 mL, 108 mmol) was added. The reaction progress was monitored
by HPLC/MS and it was stirred rt until complete conversion. The solution was
concentrated under reduced pressure, then it was neutralized with NaOH 2M
(80 mL) and finally extracted with EtOAc (3 x 150 mL). The organic extracts
15  were pooled together, dried over MgSO,, filtered and evaporated, to afford 2 g
of clean product as a pale yellow solid (92%).
'H-NMR (400 MHz DMSO0):8 2.46(4H, t), 3.70(4H, t), 3.88(3H, s),
7.20-76 (8H, m). m/z 306 (M+H)"; retention time= 5.90.

2-(5-bromo-2-chlorophenyl)-1H-benzimidazole

20 Method O, Oa -Step d
Into a one necked round bottomed flask equipped with a magnetic
stirrer, 5-bromo-2-chlorobenzoic  acid (70.0 g,  297.3 mmol),
o-phenylenediamine (64.3 g, 594.6 mmol) and methansulfonic acid (140 mL)
were placed and heated to 170°C in order to melt the solids. The system was
25 stirred 5h at this temperature, then left to come rt. The blue solid was treated
with NaOH 35% (200 mL) obtaining a violet suspension (pH 5) that was
filtered and washed with NaOH 0.5 M (2 L) and H,O (2 L). The product was
dried under vacuum (60°C), to give 61.6 g of a pure violet solid. (67%).
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m/z 307/309 (M+H)"; retention time= 8.73.

Tert-butyl 2-(5-bromo-2-chlorophenyl)-1H-benzimidazole-1-

carboxylate
Method O, Oa -Step e- Into a three necked round bottomed flask

equipped with a magnetic stirrer, 2-(5-bromo-2-chlorophenyl)-1H-
benzimidazole (30.7 g, 99.8 mmol) was suspended in THF(1L). 50% NaOH
(72.0 g, 598 mmol) was then added. The suspension was left at r.t. for 1h
under stirring. (BOC),0 (37.0g, 169.7 mmol) was dissolved in THF (200 mL)
and added to the reaction mixture. The reaction was left under stirring
overnight. The solvent was evaporated under reduced pressure. The obtained
residue was diluted with water (500 mL) filtered and dried under vacuum
(60°C), to give 39.8 g of a brown solid. (98%).

m/z 407/409 (M+H)"; retention time= 10.14.

2-[2-Chloro-5-(1.4-dioxa-8-aza-spiro[4.5]dec-8-yl)-phenyl]-

benzoimidazole-1-carboxylic acid tert-butyl ester
Method O, Oa -Step f- In a 4 necked round bottom flask equipped with

a magnetic stirrer and dried under argon atmosphere BINAP (13.8 g,
22.1 mmol) and Pd(OAc), (3.3 g, 14.7 mmol) were placed and left under
argon flux for 15 min. Meantime into a 4 necked round bottom flask equipped
with magnetic stirrer, reflux condenser and dried under argon atmosphere
Tert-butyl 2-(5-bromo-2-chlorophenyl)-1H-benzimidazole-1-carboxylate
(30.0 g, 73.6 mmol) was dissolved in dry toluene (1 L), then 1,4-Dioxa-8-
azaspiro[4.5]decane (12.3 mL, 95.7 mmol), Cs,CO; (119.9 g, 368.0 mmol)
and the catalyst suspension were added to the solution. The reaction mixture
was stirred 30 h at 80°C, checking the conversion by LC-MS. The suspension
was allowed to cool to r.t. then filtered on a gooch with a celite pad. Solvent
was evaporated to give 64.5 g of a brown oil which was used in the next step

without any further purification.

D 376
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m/z 471/473 (M+H)"; retention time= 9.70.
iperidin-4-one

1-[3-(1H-benzo|dlimidazol-2-v1)-4-chlorophenyl

Method O, Oa -Step g- In 4 necked round bottom flask equipped with

a magnetic stirrer 2-[2-Chloro-5-(1,4-dioxa-8-aza-spiro[4,5]dec-8-yl)-phenyl]-

5 benzoimidazole-i-carboxylic acid tert-butyl ester (59.5 g, 93,9 mmol, 1 eq)
was dissolved in THF (250 mL), then HC1 4M (1.2 L, 4695 mmol) was added.
The system was left under stirring rt overnight. The brown suspension was
filtered washing the solid with cold water (500 mL), this solid is the catalyst
from the previous step. The mother liquors were concentrated under reduced

10 pressure in order to precipitate other solid that was filtered off. The acid
aqueous phase (1.7 L) was cooled to 0°C with an ice-NaCl bath and made
basic with NaOH 4M (1.8 L). The solid was filtered, washed with water
(600 mL) and dried under vacuum (60°C) to give the pure 22.8g of product as
a light grey solid (75%).

15 'H-NMR (400 MHz DMSO):8 2.45 (4H, t), 3.70(4H, t), 7.17-7.64 (TH,
m), 12.85(1H, bs). m/z 426/428 (M+H)"; retention time= 6.97.

4-Fluoro-1’-[3-(1-methyl-1H-benzoimidazol-2-v1)-phenyl]-

[1.4’]bipiperidinyl

Method O -Step h- Sodium triacethoxyborohydride (0.10 g,

20 0.49 mmol) was added to a mixture of 1-[3-(1-Methyl-1H-benzoimidazol-2-
yl)-phenyl]-piperidin-4-one (0.1 g, 0.33 mmol) and 4-fluoropiperidine
hydrochloride (0.07 g, 0.49 mmol) in dichloroethane (2.50 mL). Reaction was

left at room temperature 18 h. Reaction was diluted with DCM (4 mL), and
washed with Na,CO; satured solution (4 mL). Organic layer was concentrated

25 and crude was filtered through SCX cartridge (2 g) (eluent: at first 10 mL of
DCM:MeOH 1:1 then 10 mL of 2.0 N ammonia solution in MeOH). The
ammonia solution was concentrated and crude was purified by flash

chromatography (eluent: AcOEt: 2.0 N ammonia solution in MeOH gradient
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from 100% of AcOEt to AcOEt 10: 2.0 N ammonia solution in MeOH 1) to
afford 0.06 g of the title compound (48%).
'H-NMR (400 MHz, CD;0D): § 1.67-1.73 (2H, m), 1.86-2.06 (6H, m),
2.61-2.71 (3H, m), 2.77-2.89 (4H, m), 3.89-3.93 (5H, m), 4.61-4.77 (1H, m),
5 7.17-7.19 (2H, m), 7.28-7.37, (3H, m), 7.41-7.45 (1H, m), 7.54-7.56 (1H, m),
7.66-7.68 (1H, m). m/z 393 (M+H)"; retention time= split peak.
EXAMPLE _36: 1’[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-

[1.,4’]bipiperidinyl

1’[3-(1-Methyl-1H-benzoimidazol-2-v1)-phenyl]-[ 1,4’ Ibipiperidinyl

10 Method Oa- Step i- 1-[3-(1-methyl-1H-benzo[d]imidazol-2-
yl)phenyl]piperidin-4-one (0.06 g, 0.2 mmol) and piperidine (0.034 g,
0.4 mmol) with triethylamine (27 pL, 0.2 mmol) and molecular sieves (0.5 g)
were heated to 40°C in methanol (5ml) for 16 hours. Sodiumcyanoborohydride
(0.025 g, 0.4 mmol) and zinc chloride (0.027 g, 0.2 mmol) were added and the
15 reaction heated for a further 16 hours, the reaction mixture was evaporated
and the residue partitioned between 1IN sodium hydroxide (2 ml) and
dichloromethane (4 ml). The organic layer was separated, evaporated and
purified by preparative HPLC.
'H-NMR (400 MHz, CD;OD): & 1.56 (1H, bs), 1.84-1.98 (7H, m),
20 2.20-2.23 (2H, m), 2.89-2.94 (2H, m), 3.04 (2H, bs), 3.36-3.43 (1H, m), 3.56
(2H, bs), 3.94 (3H, s), 4.02-4.05 (2H, m), 7.23-7.26 (2H, m), 7.37-7.45
(3H, m), 7.47-7.51 (1H, m), 7.64-7.66 (1H, m), 7.71-7-73 (1H, m).
m/z 375 (M+H)"; retention time= split peak.
EXAMPLE 37: 2-[3-(3-Fluoro-4-morpholin-4-yl-piperidin-1-yl)-

25 phenyll-1-methyl-1H-benzoimidazole

4-Trimethvlsilanyloxy-3.6-dihydro-2H-pyridine-1-carboxylic acid

tert-butyl ester

Method P- Step a- Chlorotrimethylsilane (1.52 mL, 12.05 mmol) and
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dry triethylamine (3.42 mL, 24.6 mmol) were added to a stirred solution of
4-oxopiperidine-1-carboxylic acid tert-butyl ester (2.0 g, 10.04 mmol) in dry
DMF (20 mL). The reaction was heated at 80°C 16 h, then cooled to room
temperature and diluted with n-hexane (120 mL). Organic solution was
washed with cold NaHCO; satured solution (60 mL), dried over Na;SO,4 and
concentrated under reduced pressure to afford 2.56 g of the title compound
(94%).

'H-NMR (400 MHz, DMSO): & 0.00 (9H, s), 1.23 (9H, s), 1.83-1.87
(2H, m), 3.24-3.27 (2H, m), 3.60-3.61 (2H, m), 4.63 (1H, bs). m/z 272
(M+H)"; retention time= 2.78.

3-Fluoro-4-oxo-piperidine-1-carboxylic acid tert-butyl ester

Method P- Step b- Selectfluor (5.52 g, 15.59 mmol) was added to a
stirred  solution  of  4-trimethylsilanyloxy-3,6-dihydro-2H-pyridine-1-
carboxylic acid tert-butyl ester (3.84 g, 14.17 mmol) in dry acetonitrile
(150 mL) at room temperature under nitrogen. After 75 minutes reaction was
diluted with AcOEt (500 mL) and washed with a dilutes solution of NaCl
(300 mL) and then with brine (300 mL). Organic layer was dried over Na;SO,
and concentrated under reduced pressure. The crude reaction mixture was
purified by flash chromatography through neutral alumina (eluent:
cyclohexane:AcOEt:MeOH gradient from cyclohexane: AcOEt 1: 1 to
cyclohexane: AcOEt 1: 2 to 100% AcOEt anf finally AcOEt: MeOH 95:5) to
afford 2.12 g of the title compound.

3-Fluoro-4-morpholin-4-yl-piperidine-1-carboxylic acid tert-butyl ester

Method P- Step c¢- Morpholine (0.71 mL, 8.11 mmol) was added to a
stirred solution of 3-Fluoro-4-oxo-piperidine-1-carboxylic acid tert-butyl ester
(1.60 g, 7.37 mmol) in dichloroethane (2 mL) under nitrogen. After 10
minutes sodium triacethoxyborohydride (2.35 g, 11.13 mmol) was added

portionwise and reaction was left 3 h. Na,CO; satured solution (20 mL) was

0
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added to the reaction. Organic phase was separated and the aqueous solution
was extracted with DCM (3 x 10 mL). Organic layers were collected, dried
over Na,SO, aﬁd concentrated under reduced pressure. The crude reaction
mixture was purified by flash chromatography (eluent:
5 cyclohexane:AcOEt:2.0 N ammonia solution in MeOH gradient from
cyclohexane: AcOEt 2: 1 to 100% AcOEt and finally AcOEt:2.0 N ammonia
solution in MeOH 10:1) to afford 1.28 g of the title compound. (57%).
'H-NMR (400 MHz CD30OD): & 1.45 (9H, s), 1.74-1.80 (2H, m),
2.38-2.51 (1H, m), 2.65-2.68 (4H, m), 2.71-3.04 (2H, m), 3.65-3.72 (4H, m),
10 4.18-4.21 (1H, m), 4.37-4.38 (1H, m), 4.91-5.03 (1H, m). m/z 289 (M+H)";
retention time= split peak.

4-(3-Fluoro-piperidin-4-yl)-morpholine

Method P- Step d- 2.0 N HCI in Et;O (15 mL) was added to a solution
of 3-Fluoro-4-morpholin-4-yl-piperidine-1-carboxylic acid tert-butyl ester
15  (1.28 g, 4.44 mmol) in DCM (2 mL) and the resulting suspension was stirred
at room temperature 4 days. The precipitate was filtered off and tritured with
Et;0 (2 x 5 mL). Na,CO; satured solution (10 mL) was added and the
resulting solution was concentrated under reduced pressure. EtOH (15 mL)
was added and precipitate was filtered off.
20 The filtrate was concentrated under reduced pressure to afford 0.71 g of
the title compound. (85%).
'H-NMR (400 MHz CD30D): & 1.84-1.94 (2H, m), 2.47-2.60 (1H, m),
2.66-2.68 (4H, m), 2.78-2.86 (1H, m), 2.88-3.02 (1H, m), 3.23-3.28 (1H, m),
3.36-3.44 (1H, m), 3.68-3.71 (4H, m), 5.01-5.14 (1H, m). m/z 189 (M+H)";

25 retention time=0.17.

2-[3-(3-Fluoro-4-morpholin-4-yl-piperidin-1-yl)-

benzoimidazole

Method P- Step e- 4-(3-Fluoro-piperidin-4-yl)-morpholine (0.085 g,
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0.45 mmol), 2-(3-Bromo-phenyl)41-methyl-lH-benzoimidazole (described in
method N, step a, b) (0.10 g, 0.35 mmol), and cesium carbonate (10.50 g, 32.2
mmol) were placed into a dry sealed 7 mL vial under nitrogen and dry toluene
(0.4 mL) was added. At the same time Palladium acetate (0.016 g, 0.07 mmol),
and BINAP (0.065 g, 0.10 mmol) were placed into another dry sealed 7 mL vial
under nitrogen and diluted with dry toluene (0.8 mL). After about 20 minutes
the resulting suspension was added to the vial containing the starting materials.

The reaction mixture was heated at 85°C 24 h then cooled to room
temperature and filtered through SCX (eluent: at first 10 mL of DCM:MeOH
1:1 then 10 mL of 2.0 N ammonia solution in MeOH). The ammonia solution
was concentrated under reduced pressure and crude was purified by flash
chromatography (eluent: MeOH:AcOEt gradient from 100% AcOEt to
MeOH:AcOEt 1:4) to afford 0.08 g of the title compound.(58%).

'H-NMR (400 MHz CD30D): & 1.91-1.95 (1H, m), 2.01-2.11 (1H, m),
2.41-2.54 (1H, m), 2.67-2.75 (4H, m), 2.84-3.04 (2H, m), 3.68-3.76 (4H, m),
3.88 (3H, s), 3.92-3.98 (1H, m), 4.09-4.16 (1H, m), 5.06-5.19 (1H, m). m/z
395 (M+H)"; retention time= 0.27

EXAMPLE 38: {4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]}-
[1,4]diazepan-1-y1}-(1-methyl-piperidin-3-yl-methanone

4-(4-Chloro-3-ethoxycarbonyl-phenyl)-[1.4]diazepane-1-carboxylic

acid tert-butyl ester

Method Q- Step a- [1,4]diazepane-1-carboxylic acid tert-butyl ester
(11.5 g, 0.057 mmol), 5,bromo-2-chloro benzoic acid ethyl ester (12.5 g,
0.047 mmol), Pd(OAc); (0.21 g, 1 mmol), rac-2,2’ bis(diphenylphosphino)-
1,1’-binaphtyl (.BINAP) (0.88 g, 1.4 mmol) and cesium carbonate (21.5 g,
66 mmol) were suspended in toluene (200 mL). Reaction was refluxed 16 h
then cooled to 20°C. The reaction mixture was poured into water (200 mL),

and extracted with AcOEt (3 x 150 mL). The combined extracts were washed

152 0
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with brine, dried over MgSO, and concentrated under reduced pressure to give
a brown oil that was purified by flash chromatography (eluent:
n-hexane:AcOEt gradient from n-hexane:AcOEt 4:1 to n-hexane:AcOEt 1:1)
to afford 17.2 g of the title compound.(96%).

'H-NMR (400 MHz CDCl3): & 1.37-1.48 (12H, m), 1.96-2.02 (2H, m),
3.22-3.35 (2H, m), 3.50-3.64 (6H, m), 4.39 (2H, q), 6.76-6.78 (1H, m),
7.10-7.11 (1H, m), 7.23-7.26 (1H, m). m/z 383 (M+H)"; retention time= 7.70.

2-(2-Chloro-5-[1.4]diazepan-1-yl-phenyl)-1H-benzoimidazole

Method Q- Step b- To a solution of trimethylaluminium (2.0 M solution
in toluene) (90 mL, 180 mmol) in toluene (300 mL) cooled to 0°C under nitrogen
was added benzene-1,2-diamine (6.5 g, 60 mmol) portionwise. The solution was
stirred for 30 minutes at 0°C then at 15-20°C until evolution of methane ceased.
4-(4-chloro-3-ethoxycarbonyl-phenyl)-[1,4]diazepane-1-carboxylic acid tert-
butyl ester (15.2 g, 40 mmol) was added in one portion to the resulting solution.
The reaction was heated to reflux for 24 h then cooled to 0°C. Water (70 mL)
was added carefully followed by MeOH (700 mL). The solid precipitated was
filtered and the filtrate was conéentrated under reduced pressure. The precipitate
was washed with hot DCM:MeOH 1:1 (400 mL) followed by AcOEt (200 mL).
The solution was concentrated under reduced pressure. Two extracts were
combined and purified by flash chromatography (eluent: AcOEt:MeOH:NH3
gradient from 100% AcOEt to AcOEt:MeOH:NH3 73:25:2) to afford 9.3 g of a
mixture of 2-(2-Chloro-5-[1,4]diazepan-1-yl-phenyl)-1H-benzoimidazole and N-
(2-amino-phenyl)-2-chlorodiazepan-1-yl-benzamide.

m/z 345 (M+H)"; retention time= 3.07; m/z 327 (M+H)"; retention
time=4.1.

2-(2-Chloro-5-[1.4]diazepan-1-yl-phenyl)-1H-benzoimidazole

Method Q- Step c- A 3: 1 mixture of 2-(2-chloro-5-[1,4]diazepan-1-yl-

phenyl)-1H-benzoimidazole and N-(2-amino-phenyl)-2-chlorodiazepan-1-yl-

406
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benzamide (10.1 g) was dissolved in acetic acid (120 mL), and heated at 55°C
for 16 h. Reaction was cooled to 20°C and concentrated under reduced
pressure. The resulting brown oil was triturated with Et,0 and dried. The
acetate salt was dissolved in 10% MeOH/DCM (100 mL) and with NaHCO,
0.1 M acqueous solution (200 mL). A precipitate formed and it was stirred for
2 h then filtered and dried at 60°C to afford 7.92 g of the title compound.
(61% over two steps).

. 'H-NMR (400 MHz DMSO): § 2.11-2.17 (2H, m), 3.07-3.08 (2H, m),
3.26 (2H, bs), 3.60-3.63 (2H, m), 3.82-3.84 (2H, m), 7.12-7.15, (1H, m),
7.40-7.41 (1H, m), 7.54-7.56 (1H, m), 7.60-7.64 (2H, m), 7.88-7.92 (2H, m),
9.40 (2H, bs). m/z 327 (M+H)"; retention time= 4.1.

3-{4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-[1.4]diazepane-1-
carbonyl}-piperidine-1-carboxylic acid tert-butyl ester
Method Q- Step d- 2-(2-Chloro-5-[1,4]diazepan-1-yl-phenyl)-1H-

benzoimidazole (0.25 g, 0.76 mmol), HOBt (0.12 g, 0.86 mmol), NMM
(0.5 mL, 3.9 mmol), piperidine-1,3-dicarboxylic acid 1-tert-butyl ester
(0.17 g, 0.76 mmol), and EDC (0.22 g, 1.16 mmol) were dissolved in DCM
(8.0 mL) and stirred at 20°C for 16 h. Water (6.0 mL) was added. Organic
layer was separated, concentrated under reduced pressure and crude was
purified by flash chromatography (eluent: 100% of AcOEt) to afford 0.25 g of
the title compound. (100%).

'H-NMR (400 MHz DMSO): & 1.28-1.51 (11H, m), 1.56-1.89 (3H, m),
2.01 (1H, m,), 2.60-2.71 (3H, m), 3.41-3.76 (7H, m), 3.91-4.03 (3H, m),
6.90-6.95 (1H, m), 7.20-7.30 (3H, m), 7.34-7.37 (1H, m), 7.63 (2H, bs). m/z
536 (M+H)'; retention time= 1.85.

{4-[3-(1H-Benzoimidazol-2-y1)-4-chloro-phenyl]-[1.4]diazepan-1-yl }-

_ piperidin-3-yl-methanone

Method Q- Step e- 3-{4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-
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[1,4]diazepane-1-carbonyl}-piperidine-1-carboxylic acid tert-butyl ester (0.21
g, 0.39 mmol) was dissolved in isopropanol (4 mL) and acetyl chloride (0.17
mL, 2.4 mrﬁol) was added. Reaction was heated at 40°C for 16 h then cooled
to room temperature and concentrated under reduced pressure and dried at
60°C to afford 0.19 g of the title compound as dichlorhydrate salt.(94%).
'H-NMR (400 MHz CD30D): & 1.56-2.07 (6H, m), 3.04-3.25 (5H, m),
3.42-3.54 (1H, m), 3.59-3.87 (6H, m), 3.91-4.08 (1H, m), 7.14-7.20 (1H, m),
7.25-7.31 (1H, m), 7.50-7.56 (1H, m), 7.66-7.71 (2H, m), 7.87-7.92 (2H, m).
m/z 438 (M+H)"; retention time= split peak.
{4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-[1.4]diazepan-1-yl}-

(1-methyl-piperidin-3-yl-methanone
Method Q- Step f- {4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-

[1,4]diazepan-1-yl}-piperidin-3-yl-methanone (0.18 g, 0.34 mmol), was
suspended in DCM (8 mL). Triethylamine (0.5 mL 3.5 mmol) was added to
give a solution, followed by AcOH (0.5 mL) and formaldehyde (37% aqueous
solution). (0.1 mL). Sodium triacethoxyborohydride (0.14 g, 0.63 mmol) was
added and the reaction was stirred at room temperature for 24 h and then at
40°C for 4 days. Reaction mixture was concentrated to 4 mL then
formaldehyde (0.1 mL), triethylamine (0.5 mL, 3.5 mmol), AcOH (0.5 mL),
and sodium triacethoxyborohydride (0.14 g, 0.63 mmol) were added again and
the reaction was heated in microwave at 100°C for 20 minutes. The reaction
was quenched with NaOH 2.0 N solution (4 mL), and stirred for 15 minutes.
Orgénic layer was separated and concentrated to reduced pressure. The residue
was purified by flash chromatography (eluent: n-hexane:AcOEt:MeOH:NH;
gradient from n-hexane:AcOEt 1:1 to AcOEt:MeOH:NH; 80:18:2) to afford
0.07 g of the title compound that was further purified by preparative HPLC to
obtain 0.02 g of the title compound. (13%).

'H-NMR (400 MHz CD30D): § 1.37-1.94 (4H, m), 1.98-2.10 (2H, m),
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2.56-2.62 (3H, m), 2.68-2.80 (2H, m), 2.98-3.06 (2H, m), 3.44-4.04 (9H, m),
6.90-6.98 (1H, m), 7.14-7.21 (1H, m), 7.28-7.40 (3H, m), 7.63-7.67 (2H, m).
m/z 452 (M+H)"; retention time= split peak.

EXAMPLE 39: 4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-

[1,4]diazepane-1-carboxylic acid phenylamide

4-[3-(1H-Benzoimidazol-2-v1)-4-chloro-phenvyl]-[1.,4]diazepane-1-

carboxylic acid phenylamide

Method R- To a solution of 2-(2-chloro-5-[1,4]diazepam-1-yl-phenyl)-
1H-benzoimidazole (method Q, step a,b,c) (0.10 g, 0.30 mmol) in
dichloromethane (4 mL) was added phenyl isocyanate (0.03 mL, 0.30 mmol)
and the resulting suspension was stirred at room temperature for 16h. The
precipitate was filtered, then purified by flash chromatography (eluent:
EtOAc:hexane,1:4) to afford 0.06 g (45%) of the title compound.

'H-NMR (400 MHz, DMSO): & 1.89-1.95 (2H, m), 3.39-3.42 (2H, m),
3.56-3.59 (2H, m), 3.64 (4H, bs), 6.88-6.93 (2H, m), 7.16-7.24 (5H, m),
7.33-7.35 (1H, m), 7.38-7.41 (2H, m), 7.52-7.54 (1H, m), 7.67-7.69 (1H, m),
12.56 (1H, s). m/z=446 [M+H]"; retention time = 5.87

EXAMPLE 40: 4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-

[1,4]diazepane-1-carboxylic acid (2-dimethylamino-ethyl)-amide

4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenvl]-[1.4]diazepane-1-

carboxylic acid (2-dimethylamino-ethyl)-amide

Method S- To a solution of N,N-dimethyl-ethane-1,2-diamine (0.85 g,
0.96 mmol) and triethylamine (0.50 mL, 3.84 mmol) in dioxane was added
dropwise isopropylchloroformate (0.10 mL, 0.96 mmol) and after 1h stirring
at room temperature, 2-(2-Chloro-5-[1,4]diazepam-1-yl-phenyl)-1H-
benzoimidazole (method Q, step a,b,c) (0.21 g, 0.64 mmol) was added. The
resulting mixture was heated for 1h at 150C at the microwave. Solvent was

then removed under reduced pressure, the crude partitioned between



159 GCHN., O. N 450 2 WD 2009/ 074300PCT/ EP2008/ 010470 98 160
, N490 2.18 .--i-- 161

WO 2009/074300 PCT/EP2008/010470
72

dichloromethane (8 mL) and water (2 mL), organic layer was separated and
loaded onto Silica column for purification (eluent: EtOAc:MeOH:NH;,
gradient from 80:18:2 to 70:28:2) to afford 279 mg of the title compound with
quantitative yield.

5 'H-NMR (400 MHz, CD;0D): & 1.97-2.00 (2H, m), 2.85 (6H, s),
2.92-2.95 (1H, m), 3.12-3.15 (1H, m), 3.41-3.46 (4H, m), 3.65-3.74 (6H, m),
6.97-7.00 (1H, m), 7.21-7.22 (1H, m), 7.38-7.41 (3H, m), 7.69-7.72 (2H, m).

m/z=441 [M+H]"; retention time = 4.12

EXAMPLE 41: 1-{4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenylj-
10 [1.,4]diazepam-1-yl}-2-dimethylamino-ethanone

4-[3-(1H-Benzoimidazol-2-vyl}-4-chloro-phenyll-[1.4]diazepam-1-

vl}-2-dimethylamino-ethanone

Method T- Step a- A solution of dimethylglycine (0.78 g, 0.76 mmol),
N,N-diisopropylethylamine (0.20 mL, 1.14 mmol) and o-benzotriazole-
15 N,N,N’,N’-tetramethyl-uronium-hexafluoro-phosphate (HBTU) (0.32 g,
0.84 mmol) in dichlorométhane (20 mL) was stirred at room temperature for
15 min, then 2-(2-chloro-5-[1,4]diazepam-1-yl-phenyl)-1H-benzoimidazole
(method Q, step a,b,c) (0.25 g, 0.76 mmol) was added. After 16h stirring at
room temperature solvent was removed and the crude was purified by flash
20 chromatography  (eluent:  gradient EtOAc:hexane / 50:50 to
EtOAc:hexane:NH3 / 80:18:2) to afford 0.16 g of the title compound (50%)
'H-NMR (400 MHz, CD;0D): & 1.93-2.04 (2H, m), 2.15 (3H, s), 2.21
(3H, s), 3.07-3.21 (2H, m), 3.45-3.51 (1H, m), 3.54-3.57 (1H, m), 3.63-3.70
(3H, m), 3.76-3.84 (3H, m), 6.90-6.95 (1H, m), 7.20-7.31 (3H, m), 7.33-7.37
25 (1H, m), 7.64 (2H, bs). m/z=412 [M+H]"; retention time = 4.24
EXAMPLE 42: (2-{4-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-

[1,4]diazepan-1-yl}-ethyl)-dimethyl-amine
(2-{4-[3-(1H-Benzoimidazol-2-y1)-4-chloro-phenyl]}-[1.4]diazepan-1-
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vil-ethyl)-dimethyl-amine

Method T- Step b-To a solution of 1-{4-[3-(1H-benzoimidazol-2-yl)-4-
chloro-phenyl]-[1,4]diazepam-1-yl}-2-dimethylamino-ethanone = (0.13 g,
0.31 mmol) in tetrahydrofuran (4 mL), IM LiAlH, (0.31 mL, 0.31 mmol) was
added and the resulting mixtures was stirred at room temperature for 72h, then
quenched with water (20 mL) and 2N NaOH (20 mL). The reaction mixture
was then poured through a short plug (Na,SO,), solvent removed under
reduced pressure and the crude was purified by preparative HPLC to obtain
0.03 g (25%) of the title compound.

'H-NMR (400 MHz, CD;OD): & 1.98-2.04 (2H, m), 2.29 (6H, s),
2.53-2.56 (2H, m), 2.66-2.70 (4H, m), 2.85-2.88 (2H, m), 3.55-3.58 (2H, m),
3.61-3.63 (2H, m), 6.86-6.89 (1H, m), 7.16-7.17 (1H, m), 7.26-7.30 (2H, m),
7.32-7.35 (1H, m), 7.63 (2H, bs).

m/z=398 [M+H]"; retention time = 4.53.

EXAMPLE 43: N.N-Dimethyl-2-{4-[3-(1-methyl-1H-benzoimidazol-

2-yl)-phenyl]-[1,4]diazepan-1-yl}-acetamide

4-13-(1-Methvl-1H-benzoimidazol-2-vyl)-

carboxylic acid tert-butyl ester

Methods U, V, W, Ab- Step a Into a four-necked round bottomed
flask, dried under Ar atmosphere, BINAP (5.85 g, 9.4 mmol) and Pd(OAc),
(1.41 g, 6.3 mmol) were placed. The mixture was stirred 10 minutes under Ar
flux, then 300 ml of anhydrous toluene were added. Meantime into another
four-necked round bottomed flask, dried under Ar atmosphere, 2-(3-
bromohpenyl)-1.-methyl-1H-benzimidazole (described method O, Oa step a)
previously dissolved in 300 ml of anhydrous toluene, (9.0 g, 31.3 mmol),
1-BOC-homopiperazine (8.0 ml, 40.7 mmol) and Cs,CO; (50.99 g,
156.5 mmol) were placed. The mixture was stirred for ca.10 minutes then the

content of the first flask was added into the second one. The reaction was
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stirred overnight at reflux temperature. After cooling to room temperature, the
suspension was filtered on a gouch with a celite pad. The clear solution was
evaporated under reduced pressure and the residue (25.0 g) was purified by
automatic flash chromatography on silica versaflash (1 product g / 30 silica g)
5 by eluting from Cy:EtOAc=9:1 to Cy:EtOAc=1:9, to give the pure product as
a brown foam (5.2 g, 41%).
'"H-NMR(d6 DMSO): 1.26(d, 9H); 1.84(m, 2H); 3.25(m, 2H); 3.61(m,
4H); 3.86(s, 3H); 6.91(dd, 1H) 7.00(t, 1H); 7.10(s, 1H); 7.27(m, 3H); 7.59(d,
1H); 7.67(d, 1H). m/z=407[M+H]’; retention time = 8.20 min.

10 2-(3-[1.4]Diazepan-1-vl phenyl)-1-methyl-1H-benzoimidazole

dihydrochloride salt

Methods U, V, ‘W, Ab- Step b To a mixture of 4-[3-(1-Methyl-1H-
benzoimidazol-2-yl)-phenyl-[1,4]diazepane-1-carboxylic acid tert-butyl ester
(2.20 g, 5.61 mmol) in methanol (3 mL), 2M HCI in Et,0 (10 mL) was added

15 and the resulting mixture was stirred 6h at room temperature. The solvent was
then removed under reduced pressure, and the resulting salt triturated with
Et,0, filtered under reduced pressure and dried under vacuum to obtain 1.60 g
(93%) of the title compound as chloride salt.

‘H-NMR.(400 MHz, DMSO): & 2.13-2.19 (2H, m), 3.07-3.08 (2H, m),

20 3.24 (2H, bs), 3.61-3.64 (2H, m), 3.84-3.87 (2H, m), 4.06 (3H, s), 7.14-7.22
(2H, m), 7.33 (1H, bs), 7.49-7.53 (1H, m), 7.62-7.68 (2H, m), 7.86-7.90 (1H,
m), 8.04-8.08 (1H, m), 9.54 (2H, bs). m/z=307[M+H]"; retention time = split
peak.

N,N-Dimethyl-2-{4-[3-(1-methyl-1H-benzoimidazol-2-yl)-phenyl]-

25 [l.4]diazepan-1-vyl}-acetamide

Method U- Step c- A mixture of 2-(3-[1,4)Diazepan-1-ylphenyl)-1-
methyl-1H-benzoimidazole (0.30 g, 0.79 mmol), 2-Chloro-N,N-dimethyl-
acetamide (0.14 g, 1.18 mmol) and triethylamine (0.44 mL, 3.20 mmol) in
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dioxane (8 mL) was heated for 16h at 80C. The reaction was then cooled to
room temperature, the precipitate was filtered off and the organic phase was
evaporated under reduced pressure. The residue was purified by flash
chromatography (eluent: from EtOAc 100% to EtOAc:MeOH:NH3 89:10:1) to
5 afford 0.11 g (34%) of the title compound.
'H-NMR (400 MHz, CD;0D): § 1.93-2.04 (2H, m), 2.15 (3H, s), 2.21
(3H, s), 3.07-3.21 (2H, m), 3.45-3.51 (1H, m), 3.54-3.57 (1H, m), 3.63-3.70
(3H, m), 3.76-3.84 (3H, m), 6.90-6.95 (1H, m), 7.20-7.31 (3H, m), 7.33-7.37
(1H, m), 7.64 (2H, bs). m/z=392 [M+H]+; retention time = 4.87 min.
10 EXAMPLE 44: 2-[3-(4-Methanesulfonyl-[1,4]diazepan-1-yl)-

phenyl]-1-methyl-1H-benzoimidazole
2-[3-(4-Methanesulfonyl-[1.4]}diazepan-1-y1)-phenyl]-1-methyl-1H-

benzoimidazole

Method V- Step d- To a solution of 2-(3-[1,4]Diazepan-1-ylphenyl)-1-

15 methyl-1H-benzoimidazole (0.18 g, 0.46 mmol) and triethylamine (0.32 mL,
2.30 mmol) in dichloromethane (4 mL), was added methanesulfonyl chloride
(0.04 mL, 0.55 mmol). After 16h stirring at room temperature water (1 mL)

was added, the organic layer was dried over Na,SO,, filtered and evaporated
under reduced pressure. The resulting crude was purified by flash

20 chromatography (eluent:EtOAc) to obtain 0.10 g (54%) of the title compound.
'H-NMR (400 MHz, DMSO): & 1.87-1.91 (ZH, m), 2.81 (3H, s),

3.19-3.22 (2H, m), 3.42-3.45 (2H, m), 3.63-3.66 (2H, m), 3.69-3.71 (2H, m),

3.84 (3H, s), 6.91-6.94 (1H, m), 7.00-7.02 (1H, m), 7.09-7.10 (1H, m),
7.20-7.29 (2H, m), 7.32-7.36 (1H, m), 7.57-7.59 (1H, m), 7.65-7.66 (1H, m).

25 m/z=385 [M+H]"; retention time = 5.49 min.

EXAMPLE 45: {4-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-
[1,4]diazepan-1-yl}-(4-methyl-piperazin-1-yl)-methanone
{4-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-[1,4]diazepan-1-yl}-
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(4-methyl-piperazin-1-yl)-methanone
Method W- Step e- To a solution of triphosgene (0.41 g, 0.13mmol) in

dichloromethane (2 mL), was added 2-(3-[1,4]Diazepan-1-ylphenyl)-1-
methyl-1H-benzoimidazole dihydrochloride salt (0.14 g, 0.37 mmol) and
5 DIPEA (0.11 mL, 0.66 mmol) in dichloromethane (2 mL). After 15 minutes
stirring at room temperature was added a solution of N-methyl-piperazine
(0.04 mL, 0.44 mmol) and DIPEA (0.04 mL, 0.22 mmol) in dichloromethane
(1.5 mL). The resulting suspension was stirred at room temperature for
10 min. The mixture was poured onto a mixture of saturated NaHCO; solution
10 (25 mL) and dicﬁloromethane (25 mL), the organic layer was dried over
Na,SQO,, filtered, and concentrated under reduced pressure to afford a residue
that was purified by Preparative HPLC, to obtain 20 mg (13%) of the title
compound.
'H-NMR (400 MHz, CD;0D): & 2.02-2.13 (2H, m), 2.89 (3H, s),
15 3.02-3.58 (10H, m), 3.67-3.72 (4H, m), 3.84-3.86 (2H, m), 4.10 (3H, s),
7.08-7.20 (3H, m), 7.51-7.55 (1H, m), 7.63-7.69 (2H, m), 7.82-7.93 (2H, m).
m/z=433 [M+H]"; retention time = 4.75 min.
EXAMPLE 46: 1-{4-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-
[1.4]diazepam-1-yl1}-2-piperidin-1-yl-ethanone
20 1-{4-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-[1,4]diazepam-1-

v1l-2-piperidin-1-yl-ethanone

Method Ab- step f- A solution of piperidin-1-yl-acetic acid (0.12 g,

0.86 mmol) and 1,1-carbonyldiimidazole (0.14 g, 0.86 mmol) in acetonitrile

(3 mL) was stirred for 4h at room temperature, then a solution of

25 2-(3-[1,4]Diazepan-1-yl phenyl)-1-methyl-1H-benzoimidazole
dihydrochloride salt (0.26 g, 0.86 mmol) and triethylamine (0.24 mL,

1.71 mmol) in acetonitrile (2 mL) was added. The resulting suspension was

heated overnight at 70C, then cooled to room temperature and the solvent
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removed under reduced pressure. The resulting residue was diluted with
dichlomethane (10 mL), washed with water (2 x 3 mL) and the organic layer
dried over Na,SO,, filtered and evaporated under reduced pressure. The
residue was purified by flash chromatography (eluent:
5 dichloromethane:MeOH, gradient from 100% dichloromethane to 95%
dichloromethane:5% MeOH) to afford 0.12 g (32%) of the title compound.
'H-NMR (400 MHz, DMSO): & 1.21-1.46 (7H, m), 1.83-1.97 (2H, m),
2.21-2.31 (4H, m), 2.95-3.02 (2H, m), 3.27-3.30 (2H, m), 3.48-3.70 (5H, m),
3.84-3.85 (3H, m), 6.88-7.01 (2H, m), 7.06-7.11 (1H, m), 7.20-7.35 (3H, m),
10 7.57-7.61 (1H, m), 7.63-7.66 (1H, m). m/z=432 [M+H]"; retention time =
4.64 min.

EXAMPLE 47: {1-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenylj-

piperidin-3-yl}-(4-methyl-piperazin-1-yl)-methanone

1-[3-(1-Methyl-1H-benzoimidazol-2-vl)-phenyl]-piperidine-3-

15 carboxvlic acid ethyl ester

Method X- Step a- Ethyl nipecotate (0.55 g, 3.48 mmol),
2-(3-bromophenyl)-1-methyl-1H-benzimidazole (described in method O, Oa
step a) (0.50 g, 1.74 mmol), Pd(OAc), (0.008 g, 0.035 mmol), rac-2,2’
bis(diphenylphosphino)-1,1°-binaphtyl (BINAP) (0.78 g, 0.052 mmol) and

20 cesium carbonate (0.78 g, 2.08 mmol) were suspended in toluene (20 mL) and
degassed with N,. Reaction was heated in microwave at 150°C 30 minutes.
Reaction was poured into water (200mL) and extracted with AcOEt (100 mL).
Organic layers were collected and concentrated under reduced pressure. The
crude reaction mixture was purified by flash chromatography (eluent:

25 n-hexane:AcOEt gradient from 100% n-hexane to n-hexane:AcOEt 7:3) to
afford 0.4 g of the title compound.(63%).

'H-NMR (400 MHz CDCl;): 8 1.28 (3H, s), 1.66-1.77 (2H, m),
1.81-1.89 (1H, m), 2.04-2.07 (1H, m), 2.66-2.73 (1H, m), 2.89-2.96 (1H, m),
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3.10-3.16 (1H, m), 3.58-3.62 (1H, m), 3.80-3.84 (1H, m), 3.88 (3H, s),
4.15-4.21 (2H, m), 7.09-7.12 (2H, m), 7.31-7.42 (5H, m), 7.83-7.86 (1H, m).

1-[3-(1-Methyl-1H-benzoimidazol-2-y1)-phenyl]l-piperidine-3-

carboxylic acid

5 Method X - Step b- 1-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-
piperidine-3-carboxylic acid ethyl ester (2.0 g, 5.51 mmol) was dissolved in
MeOH:water 5:2 (35 mL). NaOH (0.44g, 11 mmol) was added and reaction
was heated 3 h at 40°C. Reaction mixture was concentrated under reduced
pressure, taken up in water (30 mL) and washed with AcOEt (30 mL).Water

10 layer was acidiphied to pH 5.5 with concentrated HCl. The white solid was
filtered off and tritured with water (20 mL) and with n-hexane (20 mL) to
afford 1.60 g of the title compound. (87%).

'H-NMR (400 MHz CD;0D):6 1.68-1.77 (2H, m), 1.83-1.88 (1H, m),
2.01-2.06 (1H, m), 2.64-2.71 (1H, m), 2.92-2.99 (1H, m), 3.12-3.17 (1H, m),

15 3.57-3.60 (1H, m), 3.77-3.81 (1H, m), 3.90 (3H, s), 7.18-7.21 (2H, m),
7.29-7.38 (3H, m), 7.42-7.46 (1H, m), 7.56-7.58 (1H, m), 7.67-7.69 (1H, m).
m/z 336 (M+H)"; retention time= 3.65.

{1-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-piperidin-3-yl}-(4-
methyl-piperazin-1-yl)-methanone
20 Method X- Step c- 1-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-

piperidine-3-carboxylic acid (0.10 g, 0.30 mmol) was added to a stirred
solution of diisopropylethylamine (DIPEA) (89 uL, 0.36 mmol), HBTU"
(0.12g, 0.33 mmol), and N-methyl-piperazine (0.04 g, 0.36 mmol) in
dichloromethane (4 mL).The reaction was stirred at 35°C overnight and
25 concentrated under reduced pressure. The crude reaction mixture was purified
by flash chromatography through NH2 column (eluent: n-hexane:AcOEt
gradient from 100% n-hexane 100% AcOEt) to afford 0.055 g of the title

compound.(44%).
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'H-NMR (400 MHz CD;0D): § 1.59-1.69 (1H, m), 1.74-1.86 (2H, m),
1.93-1.96 (1H, m), 2.35 (3H, s), 2.40-2.61 (4H, m), 2.79-2.86 (1H, m),
2.94-3.06 (2H, m), 3.60-3.66 (4H, m), 3.80-3.85 (2H, m), 3.89 (s, 3H),
7.16-7.19 (2H, m), 7.28-7.36 (3H, m), 7.42-7.46 (1H, m), 7.54-7.57 (1H, m),

5 7.66-7.68 (1H, m). m/z 418 (M+H)"; retention time= 4.75.
EXAMPLE _48: {1-[3-(1H-Benzoimidazol-2-yl)-4-chloro-

piperidin-4-yl}-(4-methyl-piperazin-1-yl)-methanone

2-[2-Chloro-5-(4-ethoxycarbonyl-piperdin-1-v1)-phenyl]-

benzoimidazole-1-carboxylic acid tert-butyl ester

10 Method Y, Z- Step a- Ethyl isonipecotate (1.54 g, 9.8 mmol), tert-butyl
2-(5-bromo-2-chlorophenyl)-1H-benzimidazole-1-carboxylate (described
Method O, OA, step d,e) (2.0 g, 4.9 mmol), Pd(OAc), (0.22 g, 0.98 mmol),
rac-2,2’ bis(diphenylphosphino)-1,1’-binaphtyl (BINAP) (0.90 g, 1.47 mmol)
and cesium carbonate (8.0 g, 24.5 mmol) were suspended in toluene (40 mL)

15 and degassed with N;. Reaction was refluxed until complete consumption of
starting material. The reaction mixture was filtered off, washed with water
(200 mL). The organic layer was extracted with AcOEt (100 mL) and
concentrated under reduced pressure. The crude reaction mixture was purified
by flash chromatography (eluent: n-hexane:AcOEt gradient from 100% n-

20 hexane to n-hexane:AcOEt 1:1) to afford 1.6 g of the title compound.(67%).

'H-NMR (400 MHz CDCls): & 1.28 (3H, t), 1.40 (9H, s), 1.83-1.94
(2H, m), 2.01-2.09 (2H, m), 2.42-2.49 (1H, m), 2.82-2.88 (2H, m), 3.63-3.68
(2H, m), 4.16 (2H, Iq), 7.00 (1H, bs), 7.11 (1H, bs), 7.29-7.33 (1H, m),
7.37-7.45 (2H, m), 7.80-7.82 (1H, m), 8.11-8.13 (1H, m). m/z 484 (M+H)";

25 retention time= §8.69.

1-[3-(1H-Benzoimidazol-2-v1)-4-chloro-phenyl]-piperidine-4-

carboxvlic acid ethyl ester

Method Y, Z- Step b- 2-[2-Chloro-5-(4-ethoxycarbonyl-piperdin-1-yl)-
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phenyl]-benzoimidazole-1-carboxylic acid tert-butyl ester (1.98 g, 4.1 mmol)
was dissolved in isopropanol (50 mL). Acetyl chloride (2.1 g, 28.7 mmol) was
added dropwise and the reaction mixture was heated at 40°C until no starting
material remained. The reaction was concentrated under reduced pressure to
afford 2.0 g of the title compound. (100%).

'H-NMR (400 MHz DMSQ): 5 1.18 (3H, t), 1.60-1.70 (2H, m),
1.89-1.93 (2H, m), 2.53-2.63 (1H, m), 2.92-2.98 (2H, m), 3.79-3.82 (2H, m),
4.07 (2H, q), 7.29-7.32 (1H, m), 7.53-7.64 (4H, m), 7.86-7.91 (2H, m). m/z
384 (M+H)"; retention time= 6.59.

1-[3-(1H-Benzoimidazol-2-y1)-4-chloro-phenvl]-piperidine-4-

carboxylic acid

Method Y, Z- Step c- 1-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl}-

piperidine-4-carboxylic acid ethyl ester (2.0 g, 5.2 mmol), was dissolved in
MeOH:water 3:2 (50 mL) and NaOH was added (0.41 g, 10.3 mmol). The
reaction was stirred at 40°C until complete consumption of starting material.
The reaction mixture was concentrated under reduced pressure, taken up in
water (30 mL) and washed with AcOEt (30 mL). The aqueous layer was
neutralized with concentrated HCI, the white solid was filtered off and washed
with water (20 mL) and Et20 (20 mL) to afford 1.2 g of the title compound.
(82%).

'H-NMR (400 MHz DMSO): & 1.59-1.69 (2H, m), 1.88-1.92 (2H, m),
2.36-2.43 (1H, m), 2.81-2.87 (2H, m), 3.69-3.72 (2H, m), 7.07-7.10 (1H, m),
7.19--7.23 (2H, m), 7.37-7.40 (2H, m), 7.61 (2H, bs). m/z 356 (M+H)";
retention time= 3.66.

{1-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-piperidin-4-y1}-(4-
methyl-piperazin-1-yl)-methanone

Method Y- Step d- Synthesized as described in Method X-Step ¢

starting from 1-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-piperidine-4-

N 504
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carboxylic acid (0.1 g, 0.28 mmol) and 1-methyl-piperazine (37 uL,
0.34 mmol). Obtained 30 mg (24%).
'H-NMR (400 MHz CD;OD): & 1.78-1.90 (4H, m), 2.32 (3H, s),
2.41-2.50 (4H, m), 2.82-2.89 (3H, m), 3.61-3.66 (4H, m), 3.82-3.85 (2H, m),
5 7.09-7.12 (1H, m), 7.26-7.30 (2H, m), 7.39-7.41 (2H, m), 7.62-7.64 (2H, m).
m/z 438 (M+H)"; retention time= 4.74.

EXAMPLE 49: {1-[3-(1H-Benzoimidazol-2-y)-4-chloro-phenyl]-

piperidin-4-yl}-piperazin-1-yl-methanone hydrochloride

4-{1-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenvl]-piperidine-4-

10 carbonyl}-piperazine-1-carboxvlic acid tert-butyl ester

Method Z- Step e- Synthesised as described in Method X-Step ¢
starting from 1-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-piperidine-4-
carboxylic acid (0.1 g, 0.28 mmol) and Piperazine-1-carboxylic acid tert-butyl
ester (0.06 g, 0.34 mmol). (72%)

15 'H-NMR (400 MHz CD;OD): & 1.47 (9H, s), 1.90-1.91 (4H, m),
2.84-2.90 (3H, m), 3.41-3.63 (8H, m), 3.83-3.88 (2H, m), 7.10-7.13 (1H, m),
7.26-7.31 (2H, m), 7.39-7.41 (2H, m), 7.63 (2H, bs). m/z 524 (M+H)";
retention time= 6.32. |

{1-[3-(1H-Benzoimidazol-2-yl1)-4-chloro-phenyl]-piperidin-4-yl}-

20 piperazin-1-yl-methanone

Method Z- Step f- 4-{1-[3-(1H-Benzoimidazol-2-yl)-4-chloro-phenyl]-
piperidine-4-carbonyl}-piperazine-1-carboxylic acid tert-butyl ester (0.05 g,
0.11 mmol) was suspended in isopropanol (4 mL). Acetyl chloride (55 uL,
0.77 mmol) was added dropwise and the reaction mixture was heated to 40°C

25 until no starting material remained. The reaction was concentrated under
reduced pressure to afford 0.05 g of the title compound. (100%).
m/z 424 (M+H)"; retention time= 4.10

Table 1 shows a selection of the compounds synthesised, which were
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prepared according to the method indicated in the third column of the table

and above discussed in detail with the synthesis of examples 1-49
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BIOLOGICAL ACTIVITY
Cloning of Smo and generation of stable recombinant Smo
expressing cell lines
The human Smo coding sequence was amplified by PCR using standard
5 conditions. The template was pcMV6-XL5-Smo from Origene (cat.
TC122724). The primers were designed as follows:
Forward (5> GATCGGTACCGGGCTTTTGCTGAGTT 3’) has a Kpnl
restriction site;
Reverse (5° GATCGCGGCCGCCTACTTATCGTCGTCATCCTTG
10 TAATCGAAGTCCGAGTCTGC 3’) has a Notl restriction site, a stop codon
and a FLAG-coding sequence at the 5° end.
The obtained amplicon was 2424 bp long and contained the complete
Smo-coding sequence, a FLAG-tag and two restriction sites, one at each end.
The amplicon was double-digested with Kpnl and NotlI restriction enzymes, as
15 well as pcDNAS/FRT plasmid (Invitrogen) chosen for cloning. The ligation
and cloning of the Smo-FLAG coding sequence into the pcDNAS5/FRT
plasmid produced a plasmid that was named pcDNAS/FRT Smo-FLAG and



4.65 431 0 ...__..Jt1XiIiiriirj1 1Y 440 4.50 432 * o 0 X 389 5.48
2009/ 074300PCT/ EP2008/ 010470 137 433 * 0 X 403 6.09 434 * 0 0 X 432
435 :

WO 2009/074300 PCT/EP2008/010470

10

15

20

25

140

that was 7432 bp long.

The FIpIN technique (Invitrogen) was used to create the stable
expressing Smo-FLAG cell line using the FIpIN293 cell line (Invitrogen,
RT50-07). This is a line derived from HEK293 cells by stable transfection
with pFRT/lacZeo plasmid to generate the zeocin-resistant FIpIN293 host cell
line. FIpIN293 cells are suitable to create a stable mammalian cell line
containing an integrated Flp Recombinant Target (FRT) site (Invitrogen).

Transfection with pcDNAS/FRT_Smo-FLAG plasmid (or, in the case of
the mock transfected cells, transfection with the empty plasmid) was made
together with transfection of pOG44 plasmid, carrying the Flp recombinase,
that catalyzed a homologous recombination between the FRT site in the host
cells and the pcDNAS/FRT_Smo-FLAG expression vector or the
pcDNAS/FRT empty vector respectively. Smo-FLAG expressing cells as well
as mock transfected cells possess hygromycin B resistance and are negative to
B-gal staining. The expression of Smo and FLAG antigens was checked also
by western blot. The two cell lines generated were named 293FIpIN/clone E-3
indicating the mock transfected and 293FIpIN/clone 3-5 indicating the
Smo-FLAG transfected cell line.

Cell cultures conditions

Cells were maintained in DMEM containing 10% foetal bovine serum
(both from Invitrogen), with addition of 0.25 mg/ml hygromycin B
(Invitrogen). Cells were maintained at 37°C in a 95% air-5% carbon dioxide
fully humidified environment, and used up to 22-25 cycles after thawing.

Binding assay development

The interaction of compounds with the Smo receptor was tested by a
displacement binding assay using fluorescent ligand for the Smo receptor
(Bodipy-Cyclopamine, Toronto Research Chemical Inc, cat#B674800) as the
labeled ligand to be displaced.
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In order to determine the Kd (concentration of the ligand where 50% of
the maximal binding is reached) and the Bmax (maximal amount of ligand
which can bind specifically to the receptor in a biological preparation) of the
fluorescent ligand, the Specific Binding (SB) was calculated by subtraction

5 Non Specific Binding (NSB) from Total Binding (TB). The TB was
determined by adding increasing concentration of Bodipy-Cyclopamine to the
cells, while the NSB was determined by adding a mixture of increasing
concentration of Bodipy-Cyclopamine with a saturating concentration of an
well described antagonist (in this case, N-[3-(1H-benzimidazol-2-yl)-4-

10  chlorophenyl]-3,5-dimethoxy-benzamide (Rubin et al. W02003011219) at
10 uM was selected) to the cells. For each concentration of
Bodipy-Cyclopamine, the SB was calculated by subtracting the value of NSB
from TB. From the SB curve Bmax and Kd were calculated. In this case, the
stable mock transfected cell line clone E-3 was found to have a Kd of 115 nM,

15 while the stable Smo-FLAG transfected cell line clone 3-5 was found to have
a Kd of 44.3 nM. The Ki is the concentration of non labeled ligand which
inhibits 50% of the specific binding (SB) of the labeled ligand, and corrected
for the effective used concentration of the labeled ligand. Ki was calculated
following the Cheng-Prusoff equation, as Ki=ICs¢/[1 + [bodipy-

20 cyclopamine]/Kd)].

Testing compounds with the binding assay

293FIpIN/clone E-3 and 293FIpIN/clone 3-5 cells were counted with a
Burker chamber and 100000 cells/100ul DMEM 1% FBS were transferred in
two 96 well plates (U bottom, Sigma Aldrich, cat#M8185-100EA).

25 293FIpIN/clone E-3 cells were used as internal control to check Smo
over-expressing 293F1pIN/clone 3-5 cells fluorescence (FLU) variation in
time.

Controls and compounds were prepared in DMEM 1% FBS and 100 pl
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were added to the cells. All the controls and compounds were incubated with a
final concentration of SnM Bodipy-Cyclopamine.

Compounds were dissolved in DMSO (stock 10 mM), and were tested
first at 10 uM (single concgntration assay); each compound was repeated at

5 least twice (in two different plates). When Bodipy-Cyclopamine was displaced
above a 30% threshold the compound was re-tested with a
concentration-response assay with a throughput of 8 compounds per plate and
the concentration range was: 100, 10, 1, 0.5, 0.1, 0.01, 0.05, 0.001 and
0.0001 puM.

10 As negative control 293FIpIN/clone 3-5 cells were used in which
DMSO was added diluted 1:1000 for single concentration assay and 1:100 for
concentration response assay.

As positive control to completely displace Bodipy-Cyclopamine
binding, N-[3-(1H-benzimidazol-2-yl)-4-chlorophenyl]-3,5-dimethoxy-

15 benzamide (Rubin et al. W02003011219) was used at a concentration of
10 uM.

The two plates were incubated 4 hours at room temperature protected
from light on a rocking platform. After incubation plates were centrifuged for
5min. at 1600 rpm and washed twice with PBS containing 2% FBS. Cells were

20 finally re-suspended in 170 pl of washing buffer and fluorescent signals were
acquired with FACScalibur HTS system (Becton Dickinson).

Instrument acquisition parameters were set at the beginning of the
reading of each plate using untreated non-labeled 293FIpIN/clone E-3 cells.
The HTS acquisition program used was BD™ Plate Manager (BD Bioscience)

25 and data analysis was performed using BD CellQuest™ Pro software
(BD Bioscience). |

Quantification was made by overlaying the FL1-H histograms of the

positive and negative controls and setting a marker at the intersection between
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the two curves. Only those events more fluorescent than the set marker were
quantified. Values were then normalized according to the negative control (0%
Bodipy-Cyclopamine displacement) and the positive control (100%
Bodipy-Cyclopamine displacement).
5 Compounds from examples 1-449 when tested in the above conditions,
all display a Ki value ranging between 83 pM and 31 pM.
Testing compounds with an alkaline phosphatase assay
Shh has been demonstrated‘in vitro to induce alkaline phosphatase
(AP), a marker of osteoblast differentiation, in the mouse mesenchymal cell
10 line C3H10T1/2 (Katsuura et al., 1999; Kinto et al., 1997, Murone et al.,
1999; Nakamura et al., 1997, Wu et al. 2004. Therefore and to analyse
interference of small molecules with Hedgehog-Gli signaling a functional
assay based on activation of AP in this mouse cell line was implemented. The
substrate of the AttoPhos® kit (Cat S1000, Promega) was used to detect AP in
15  solution. Briefly, the following procedure was applied.
Polylysine-coated clear, flat bottomed 96-well plates (Corning, Cat.
3667) were filled with 10.000 cells in 100 ul of cell culture solution per well.
Cell culture medium consisted of DMEM (Cat 21969-035) with 1% Glutamax
(Cat 35050-038), 1% Penicillin/Streptomycin (Cat 15140-122) and 1% Hepes
20 (15630-056). All reagents were obtained from Invitrogen. The plates were
incubated overnight at 37°C with 5% carbon dioxide. Then medium was
removed, and 100 pl of fresh medium containing either compound or
reference  antagonist  (N-[3-(1H-benzimidazol-2-yl)-4-chlorophenyl]-3,5-
dimethoxy-benzamide (Rubin et al. W02003011219)) was added to the wells.
25  All compound and reference solutions contained the agonist purmorphamine
(Sinha et al. Nature Chem. Biol. 2, 29-30 (2005)) at a concentration of 2 uM.
Compounds were tested at ten concentrations in triplicates in the range

between 100 pM and 50 uM. The final DMSO concentration in each sample
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was adjusted to 1% in culture medium. Cells were incubated with compound

solution for 72 hours at 37°C in the presence of 5% carbon dioxide. Cell

culture medium was removed from the plates, and 40 pl of a 1:5 diluted lysis

solution (Cat E194A, Promega) was added to each well. Plates were then

5 incubated in the dark for 20 minutes on a shaker. Finally, 40 pl of

reconstituted AttoPhos substrate solution was added to the wells, followed by

another incubation period of 15 minutes on a shaker. The AttoPhos substrate

was reconstituted according to the instructions of the supplier but substrate

solution was always stored at -80°C. The Safire 2 plate reader (Tecan) was

10 used for measurement of changes in fluorescence intensity in the samples,

with an excitation wavelength of 430 nm and an emission wavelength of

560 nm.

Compounds from examples 1-449 when tested in the above conditions,

all display an ICsq value ranging between 26 pM and 42 pM.
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CLAIMS
1. Compounds of formula 1
(R;),\@:N\ (Ya),
\
N C
| H
R1
M

‘ AN

Rs

and pharmaceutcially acceptable salts thereof wherein,as valence and
stability permit

R, is H; linear, branched or cyclic (C,-C4) alkyl, group optionally
substituted with one or more halogen, a branched or linear (C;-C4)alkoxy or a

10  mono- or di- linear branched or cyclic (C,-C¢)alkylamino group

r equals nil, 1, 2 or 3;

R,’ represent, independently from one another when r>1, halogen;
linear, branched or cyclic (C1-C4) alkoxy group; linear, branched or cyclic
(Cy-C4) alkyl optionally substituted with a linear or branched (C,-C;)alkoxy,

15 alkylamino, or dialkylamino group;

R, can be H, CI, F or Br

X can be either N or CH

i and j may be 1, 2 or 3, the sum i+j may not exceed 5,and when X is N
then i and j cannot be 1

20 R; may be H; linear, branched or cyclic (C;-C¢) alkyl, oxaalkyl,
alkylcarbonyl, alkylsulphonyl, oxaalkylcarbonyl, alkoxycarbonyl,
alkylaminocarbonyl, oxaalkenyl, alkenylcarbonyl, oxaalkenylcarbonyl,

alkenyloxycarbonyl, alkenylaminocarbonyl, alkylidene, alkyloxyimino,
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Kpnl and Notl restriction enzynmes, as 15 well as PcDNA5/FRT plasm d

(I nvi troge(l,-hpatkylf atkythmitio)hzadlkgl,| dxpallkydn atkydcarbony ) Gilldxydaebdmyh- FLAG
codi ng sequence into the pcDNAS/ FRT plasm d produced a plasmd that was
named pcDNAb/abiylamimoe daicka b ngroupGubatirted 4860 PEE/ diPE00 A0 and Hptibaally hat was
7432 bp long. The Fl plI N technique (Invitrogen) was used to create the
st abl e éxpsekgitnigdswish pneergeote flyorénagtoms; t he Fipl N293 cel |l |ine
(I'nvitrogen, RT50-07). This is a line derived from HEK293 cells by stable
transfection 5 with pFRT/|I acZeo plasmd to generate the zeocin-resistant

Fipl N293 host cell Iine. "®ipl N293 Gl 1s are suif™ble to cre ReL_siyabl e
manmal i an celd - i ne_—gop+-ai-Ri:ng—a@R—Hit,egr ated,Hn Fgeconcbhvnﬁi%et (FRT)
site (lInvitrogen). nsfectj M th pc #RT_Sno- FL |l asm d (or,
in the case of the nock trafisfected cells, tran8fection with'the enpty

pl asm d) was nagde. ther,. w nsfection aof p0GA4 plasmd. carrying
the Fl p reconbi alssés?lcbﬁgﬁt Egtdé‘%ﬁEaﬁ‘é?%g%ﬁ}egg%‘{}?eFagg“ﬁb?‘Frg’ﬁF%ﬁ‘“BB? ween' t he
FRT site i BethnNSth; t DI}}Q?, - Pt ESSA ector or
t he pcDNASPI%RT grr%t ;mfé-g %r?)rﬁpglsp%?t Pd\&}el y: ééﬁ&@ﬁﬁé@%gs?ﬁgé%gpw\g’as wel |

as nockot r apishEGrBshyle chfHMYsaRMmD, MK NYO). Nildal VY rhatk&R a0ACyy gikyggati ve
to 15 a-gal staining. The expression of Snd and FLAG antigens was checked

al so by wesptionmalb} sibstititedtwich ©ak lorimeresflgrires atoa whéreimaneehethylene
293F1pI N clone E-3 indicating the nock transfected and 293F1pl N cl one 3-5
i ndi cati nggroup Inay FoerGeplasedf byt 64 DRX, tarbenylCairl S€3l onr whemeindiwo ons
20Cel I s were mai ntained in DVEM cont ai ni ng 10% foetal bovine serum (both
from I nvi t PeRfeApentyimethylemet igspups waysbeyrenlaesdyrwithcian ceranylaminggen) .
Cells were_nai nta‘%ne at ﬁ?C in.a 95% ai r-g%carbon_ di oxide fully
humi di f i ed*EARYGEERMBH: SUIBRANYIEBANQnARIGOBMIPHENYL&IOUR: af t er t hawi ng. Bi ndi ng
f;:?g d‘?g;e;"p”em igsaTgeto' 1 $hatbéRd ﬁ%m%%gpgruﬂét%rc\)’graga{igerir?gm%pfi%%a Ii))t, or was
substituted with one or more groups independently selected from halogen,
hydroxy, mercapto, amino, cyano, nitro, carbamoyl, sulphamoyl,
trihalomethyl, trihalomethoxy, linear, branched or cyclic (C,-C4) alkyl,
hydroxyalkyl, @ mono- or di-alkylamino, alkoxy, alkylcarbonyl,
20 alkoxyxcarbonyl, alkylcarbonylamino, oxaalkyl, azaalkyl, and such that two
of these substitutents may form a 5-to 8 membered ring with a fused junction
to Ar;
Rx may be H or a linear, branched or cyclic (C;-Cy4) alkyl, dihaloakyl or
triahaloalkyl;
25 q may be zero or 1

k may be 1, 2,3 or 4

I, m, n, p, p’and s may independently be 1,2 or 3



di spl acenent binding assay using fluorescent ligand for the Sno receptor
(Bodi py- Cycl opam ne, Toronto Research Chem cal Inc, cat#B674800) as the

| abel ed Iigand to be displaced. WD 2009/ 074300PCT/ EP2008/ 010470 141

In order to determine the Kd (concentration of the |igand where 50% of the
maxi mal bi Y AYIPH3Weached) and the Brmax (maxi mal anmouRETEP203/YAHE whi ch
can bind specifically to the receptor ijg7a biol ogical preparation) of the
fluorescent ligand, the Specific Binding (SB) was cal cul ated by subtraction
5 Non Specific Bipdi pg £0858)of7 om Total Binding (TB). The TB was determ ned
by addi ng increasing concéntration of Bodipy-Cyclopanmine to the cells,

whi l e the NSB wake §&hS 1 adply ppagit@naofiexdeet of i ncreasing
concentration of Bodi py-Cyclopamne with a saturating concentration of an
wel | described anha@@irsprebert, iddependarly Nom3odelihdihey hydeweat adinedy,- 4- 10
chl orophenyl1] - 3, 5- di met hoxy- benzam de (Rubin et al. W?2003011219) at 10 p. M
was sel ect eatpancled e cyllics (CR€ls) ealkl, caraabaily aknalkyhf aBedyhya@atkemybm ne,
the SB was cal cul ated by subtracting the value of NSB from TB. Fromthe SB
curve Briax exmdlkeayheshai aptionaltiesubstitutedivitle hglogen hamincatsly angrguidroxy,
transfected cell line clone E-3 was found to have Kd of 115 nM 15 while
the stabl e - HiNkert rarABFied o cevelia | Ho-ErlseyisaBonus AHARYABMbe a Kd

f 44.3 nM_The Ki is th jon of | abel ed 1igand which
i b ts. SCHRERet 08y RV BrHBP PO R P IORY | bl e | gRHATGR

ted f ffecti ign of th ' LK
vas cal cul RSNG| he eI PR LCi on, - alERLFReR PR ©

[ bodi PY- 20,g¥ 0 i9paBdapdddsd) | - Testing conpounds with the binding assay
293F1pl N cl one "E-3 and 293FI pl Ncl one 3-5 cells were counted with a Burker

chanberiand 100(209,;19633 o/ gpg@;,ls@@N%’FBS were transferred in two 96 wel |
plates (U bottom Sigma Aldrich, cat#Ww8185-100EA). 25 293Fl pl N cl one E-3
cell's were used Rys andt ®ylaindepohdaltlyt oepiesait Hyolineae) -teapeheds ongeyclic
293F1pl Nclone 3-5 cells fluorescence (FLU) variation in time. WO

2009/ 074300/GTCEP200d) Gikylzarbonyl, welkexperdbanyloor rdkylemizocarponyl hgrospnt r ol s
and conpounds_were incubated with a final cgoncentration of 5nM

Bodi py- Cycl ¥pjiafaby substituteshmith angsormpes Hueups 9@Ms n DVSO (st ock 10 mV),

and were tested first, at 10 ,p. M,(sj.ngl e.congentrati on assay); each conpound
was repeated at YSaWC’Z%sPaY\KP%%eﬁd%n{l%ged’i‘gﬁe?é’ﬁ pl ates). Wen

Bodi py- ycl opamype di. 0 S he & was
Footoat B wi th & cahgert (RRRBE A BBt HAbRERERONET BeRRET Sy,
conpounds pgrol 'o%b?li%@&'r,td}%xﬁﬁa‘r‘ﬁ‘g@Flb6})Hlkryﬁi,_”&iﬁal/&ﬂéyl,lQQaalll% o&aaﬂliyﬁ,, 0.1,
0.01, 0.05, 0.001 and 0.0001 JAM 10As negative control 293F pl N clone 3-5
cells were alkeldatbonylyi CloNaB@Iy@borvldedaliokytatodyl] 00@1Kybdimiiocgttonyl,
concentration assay and 1:100 for concentrati on response assay. As
posi tive coalkylhriomytommlogalkényldi spkaalkemddi pyza@kémypani akkebyledibogyh-

[ 3- (1H benzim dazol-2 -yl1)-4-chlor ophenil] - 3, 5-di_nmet hoxy- 15 benzam de
(Rubi n et apxaalierobobarmyio pikeaylasysdrbanys slsoelaminecashoryl, adkylaming,

The two_plates were incubated 4 urs at roomtenperature protected from
light off a msmapm?lsrlat S @!#vg iq r&samtqpéwnﬁﬁ&t %Q’S%é‘ftédcﬂﬁbrf’%dﬁd f or

5mn. at 1600 rpm and washed.tw.ce w PBS contaknin % FBS, Ll g were
20 11 nal I y ParS AURERGABRRT TS Il YaARing BT R85 bl KopertBis

signal s wer j ' A?ﬁq I.bur HTS system (Becton Di ckinson).

| nst runment lgré%g\?gil {pﬁgonmpgd;gggé ergdn\ivere set at the beginning of the reading
of each plate usinggwiht fiRAERE uSORA- bﬁmﬂﬁﬁ}émlq&igléﬁhﬁm-ﬁ)-ﬁh&e}l JH-The HTS
acqui sition programused was BDTM Pl at e nager (BD Bi oscience) 25 and data
anal ysi s waserzeithiagerd; usi ng BD Qs4- tidM-Brya-Hpédanhr-e-y( Bphéiyd$diisnce) .
Quantification was nmade by overlaying the FL 1-H hi stograns of the positive
and negzft i vieenzoithidakzeleand setting a marker at the intersection between WO
2009/ 074300PCT/ EP2008/ 010470 143 the two curves. Only those events nore

f 1 uor escent2.t hanthereompaundsrafeiaine i eofyfoamuld laad. Val ues were then

normal i zed according to the negative control (0% Bodi py-Cycl opam ne

di spl acenent) and the positive control (100% Bodi py- Cycl opam ne

di spl acenent). 5Conpounds from exanpl es 1-449 when tested in the above
condi ti ons,



all display a Ki value ranging between 83 pMand 31 11M Testing conpounds
with an al kal i ne phosphat ase assay Shh has been denonstrated in vitro
to i nduce al kaline phosphatase (AP), a narker of osteobl ast
differentiation, in the nouse nesenchymal cell 10 |line C3HL0T1l/2 (Katsuura
et al., 199®20p%/¢1#90et al ., 1997; Mirone et al., 1999; POBERIS®ILT) al .,
1997, Wi et al. 2004. Therefore and tojgpal yse interference of snall

nol ecul es with Hedgehog-d i signaling a functional assay based on

activation of AP in this nouse cell line"was inplenented. The substrate of
the AttoPhose kit (Cat S1000, Pra was\uged to detect AP in 15sol ution.
Briefly, the follow ng pfr% e pligd. "\ J,yl ysi ne-coated cl ear,
flat bottomed 96-wel | plates (@ornilng, N 3687 weré filled with 10.000

cells in 100 gl of cell culture™s@ ut?:on pé 1./ Cell culture medium
consi sted of DMEM (Cat 21969-035) with 1% G utm )(Cat 35050-038), 1%
Penicillin/Streptonycin (Cat 15140- 1&) and 1% gs 20 (15630-056). All
reagents were obtained fromlnvitrogen. The pl{8tex were incubated over ni ght
at 37C with 5% carbon di oxi de. Then medi um was fienoxked, and 100 i Al of
fresh nmedi um cont ai ni ng either conmpound or reference Ryt agoni st

(N-[ 3- (1H benzi mi dazol - 2-y1) - 4- chl or ophen{}d)] - 3, 5- di et hoxy- benzani de
(Rubin etal. W2003011219)) was added to the wells. 25 Al conpound and

ref erence sol ut Wheseiadkn Rindte, Rre Xagantéti anéd yereradeseeibedimplaint1.al .

Nat ure Che Bigl. 2, 29-30 (.2005)) at a.concentration of 2 p.M Conpounds
wer e testeg'at ﬁjé‘ﬁ °(9HPR9é‘HfiF§%i°gah’§‘ % Whetell i cates in the range between 100
pM and 50 W Thg}f?iotgal DMSO concentration in each sanple WO

2009/ 074300PCT/ 8/ 010470 144 was adjusted to 1%in culture nedium

Cells re i ncubat ht.hyCO n i . 7 RS 3 | he
presen\(,:\g of 5% ?gr E%X%%oﬁdgﬁg%éﬁé%ﬁdu% éz(gfcur?%d\?\/%%)r%%\lfe§g#lgﬁ’t he

pl ates, angiddcaboall.a 1: Jkdi ysi s | t E a) was
added to eaclﬂﬁwel I .gllf’l ates g/es&lléﬁh?)ﬁlg% 5 ig%ﬁiﬁlﬁ%lg%rﬁy@?he ggﬁb%ylggr;b%gggm nut es
on a shakenlkfamandaarbelylgl ofaatieaghist idlkégdcAtbbayNos ogudlkenigtarbdaklyt i on
was added to the wells, followed by another incubation period of 15 m nutes
on a shakenlkehydoxitcadRinyd eubalkemtl emivascarismy s graupt egptisnady dsulsstitatethe
instructions, of the supplier but substrate solution was always stored at
-80C. The Sdth parbameiyhpe one gyanoreTiiucrine stemsi Arydecnminocanbashl; ankingar of

o b BRET S 0k SR oot SR oA ARl
e L R T e
2000/ 0743006 THRRAONGLAIAMIRALHRN Gul M dre MBI GIDAAL formula | 5 (R11),

and phar maceut Ci y~ accept e salts there erel n, as val ence and
stability permt Rl is H Ilinear, branched or cyclic (Cl-C4) alkyl,

group optionally substituwyed with @pye or nore hajogen, a branc (yed or |inear
(C1- C4) al koxy or™a 10 nono- or_(g)i___‘_b]; near bpanched Qr,_ctgi s (¥ay
(C1- C6) al kyT $i'he ‘gidtp qual s*fill}m 1, 2 or %T P pre&ent

| i
; "'Ye
i ndependent |y from one anotlher whep ™M1, hal ogefT? | i near, branched or
cyclic (Cl-C4) al koxy group; linear, branched or cyclic (Cl-C4) alkyl
optiondbly subsf) tsusuetl thiat ho alitechband @s fiumzett betsveeCwGAhiadogen \atoms or
15al kyl am no, or dial kyl am no group; R2 can be H Cd, F or Br X can be
either N obetween a nifrogem atommyanse an axygen3atonheansinmayj bermgarhonykxceed

5,and when Xi.,s N Lhen i and 11 canngt _be 1 .
aminocarbonyl; carbonylamino, imine; SO,; linear or branched (C;-C¢) alkyl

optionally substituted with one or more fluorines wherein one methylene
group may be replaced by O, NRx, carbonyl or SO, or wherein two
20 subsequent methylene groups may be replaced with a carbonylamino,

aminocarbonyl, sulphonylamino, aminosulphony! group



20R3 may be H linear, branched or cyclic (Cl-C6) alkyl, oxaal kyl,

al kyl car bonyl , al kyl sul phonyl , oxaal kyl car bonyl , al koxycar bonyl ,

al kyl am nocar bonyl , oxaal kenyl , al kenyl car bonyl , oxaalkenylcarbonyl
alkenyloxycarbogﬁé, alkenylanlnocarbonyl alkylldene aIk i mno,

2009/ 074300B2398BHY3/ 010470 146 hydroxy, al koxy, al ker\’ﬂT é?k%ﬂﬁ
optionally substituted with carbanoyl d49one or nore quorlne atons; Ar;
Ar-am nocar bonyl ; a linear or branched (Cl-C4) al kyl, al kyl am no, azaalkyl,
oxaal kyl, a4 kyl Cﬂlé)@mﬁbourﬁism&m bowkredh XaiskgHam nocar bonyl group
substltuted with one or two Ar and optlonally 5 substituted with one or

nmore fluorifie atThes¢ompounds of@lainsshiahd Uhaherein di rect bond is forned
bet ween two nitrogen atons or between a nitrogen atom and an oxygen atom

and may be carbdtyis; 10 ami nocarbonyl; carbonylam no, imne; SO2; |inear or
branched (Cl- C6) al kyI optfn,onal |y $‘izibst| tuted wih one or &y ggl ne

at oms wher ein, Ey e group nay be repdaced)by. 0. c%;{b/on’yl or
SQ2 or vvhereln two subsSeque t rret # e groups "be rep"la dAth a

car bonyl am no, am nocar bon " sul nyVI am no, » nosul phonyl tgr oup; 15Ar is

a 5 to 10 nenbered aromatic or heteroaromatic r| ng optionally substituted
with oned or nored @rbups i ndependently sel ected from hal ogen hydroxy

t b | t th
oo Ty TRt b C5br A Bt AT
- di - al k | k
a1 Kyl car borBRaRSEor Bl @nf’éyfam e esroRnyor SRS CrRblay
substi tutel_g)ﬁum fsQl"bghﬁlt% d WS oy 5?)&5%1 Lbﬂg&%@ B%_a fused junction to Ar;

Rx may be or a i ear ranc or cyc al kyl, di hal oakyl or
triahal oal kyl; 2fg é@ﬂp@lﬁld?sedf%lé’i'inl WheRn B8is Yerd? als‘lis's’elé&ed“froﬁx p' and
S may |ndependently be 1,2 or WG 20097 0 4300PCT/ EP2008/ 010470 147 t may
be zerojp 1l or 2 the suns | +m n+p or p' +s+t cannot exceed 5 Tand T
represent, independently fr one anot her, wxydr ogen; a linear, branched or
cyclic (Cl-C6) al kyl, azaal XK@Y, oxaal kyl, %2 enyl, azaal kenyl, 5

oxaal kenyl , chain optionally|substituted wi{h hal ogen, am no, cyano,

hydr oxy, oxo, |inea), bran or gyclte™ ) al kyl car bonyl ,

al koxycar bonyl , al kyl carbonyl a no al kyl ocar bonyl , carbannyl guani di no,
al kenyl car bonyl , oxaal kenyl alkenjl éar bony! , alkenylanlnocarbonyl
10Z may be 0, S, S, SO or NRy and Ry’ |ndependently r epr esent

H, linear, branched or cyclic (Cl-C6) al kyI al kyl car bonyl , al koxycar bonyl

or al kyl am nocar bonyl group optionally substi tuted with one or nore

fluorine atons (Y.)
2

s O (Y,
b) —T 19, ) p
("H—NRy ;2
8. A pharmaceutical composition containing a compound according to

claims 1-7 with a pharmaceutically acceptable carrier or excipient.

9. The use of a compound according to claims 1-7 for the preparation of a
15 medicament for the treatment or prevention of osteoporosis or cancer.

10.  The use according to claim 9 for the treatment of a cancer selected from

non-small cell lung carcinoma; small-cell lung cancer; breast cancer; ovarian

tumours; digestive tract tumours; brain cancer; prostate cancer; pancreatic

cancer; basal cell carcinoma; malignant melanoma; squamous cell carcinomas;



y and y' may independently be nil, 1, 2 or 3 15Y1 and Y2 independently
represent hal ogen; hydroxy; am no; cyano; nitro; oxo; |inear, or branched
(C1-C6) al kyl, dihal oal kyl, azaal kyl, oxaal kyl, al kyl carbonyl,

oxaal kyl carbonyl , al koxycar bonyl , al kyl am nocar bonyl ,

al kyl car boW 4/ HH0&| kenyl , oxaal kenyl , azaal kenyl , al kenPECEEPIRHA1P470

oxaal kenyl car bonyl , al kenyl oxycar bonyl 15l kenyl am nocar bonyl , al kyl am no,
20 nercaptoal kyl, al koxy, alkylthio group optionally substituted with one

or more fl mnhgpeogh%egémwpe!ﬁhphme; Yg’l&@éﬂgﬁ'glz{faycd(n‘ééfﬁ;&réﬂict O igaLer ed

ring wth spir ed jurictlon; wi th the exclusio eof

244- (4- met hailkaRhRer éidomekridll e arBiiRomyat Irep HRBA RIaRcARANdRa 24444
-pyridin-2-yl-p iperazin- 1 -yl)-phenyl] -1H 25 benzoi m dazole 2. The
conpounds aft. cl & methodoforfthe mieaemeémt of\WMds&43e8,/ condiBIRRCHr dy2fiMd(iond A 148 R2
(la) wherein RI, Rl', R2, R3, X, 111, r,i, j and y are as descri bed

i n cl ai m 1besefihdramonmplinidbitofion| af rthe, hedgehogn pathveay\ REchreopniyeridds

| i near, branched or cyclic (C-C6) alkyl, oxaal kyl, al kyl carbonyl,

al kyl suPphediniststing foy? subisalin negdcthevecirasoebfective appunt aba gopmepnd

oxaal kenyl , al ken Icqrbon |, oxaal kenyl car bonyl , al kenyl oxycar bonyl or

al kenyl am A5E% HE%EH cé%ﬁiﬁopti onal |y substituted with carbanoyl or one or
nore fluoriige atons;, Ar; Ar-.am nocar.bonyl ; linear 1 r branched (Cl-C4)
B kyl o ke Aometdl ineGhratfR RERRIRC T ey og BRtent af s BRreTh A o

al kyl am no ny,J sUBSEI Tt | t . ti dy
substi t ut eggé\npe?h)bgﬁtg&g?ﬂ%@%#‘hgr?%gwglﬁ%rgg ;%HB&TS%@’ gﬂgﬂuﬁga‘l{aggg[l’di rect
bond is fop@dt REANREBYANEh Rirh6@FERigREQUS takt REANRS bAINIChAQGEPrAtal and an
oxygen atom and may be carbonyl; am nocarbonyl; carbonyiam no, im ne; SC2;
|'inear 10r kanacerheparddedati®d) caicky;| baphi ogedl | darsinbaial; t wiadignaht hmeh® oada; nor e
fluorines wherein one nethylene group nay be replaced by 0, NRx, carbonyl
or SO2 or wheamous twdl AGreinbsrmguentltipde hmyetmmay dymphomg; bmesepihyosd With a
car bonyl am no, am nocar bonyl, sul phonyl am no, am nosul phonyl group WO
2009/ 074306pErssehooge ggggﬂ,éx'gd 1lggkaemia; endometrial carcinoma; hepatocellular

carcinoma.



4. The compounds of claim2, wherein Xis CH 5. The conpounds of clains 3
and 4 wherein R3is (Y2)).(Y2)y(Y2)y -(Q"-Nh ;(Q>y!1 i)rn (a)q(1)P; 1)k(
DT-NRy( 14-Z (Ydr 5gis 1 6. The conmpounds of claim5 wherein gqis 1
and Q is carbonyl; linear, branched or cyclic (Cl-0C6)alkyl,
(C1-05) al kyl carbonyl or carbonyl (Cl-05)al kyl optionally substituted with
one or nore fluorine atons. 7. The conpounds of claim4, wherein q is zero

and R3 is is selected from10 (Y2)y.(Y2)y N11 Dr) ( )k( ) n Z 8. A
pharmaceutical conposition containing a conpound according to clainms 1-7
wi th a pharnmaceutically acceptable carrier or excipient. 9. The use of

a conpound according to clains 1-7 for the preparation of a 15 nedi canent
for the treatnment or prevention of osteoporosis or cancer. 10. The use
according to claim9 for the treatnent of a cancer selected from non-snal
cell lung carcinoma; small-cell |lung cancer; breast cancer; ovarian
tunours; digestive tract tunours; brain cancer; prostate cancer; pancreatic
cancer; basal cell carcinoma; malignant nel anoma; squanous cell carcinonas;
WD 2009/ 074300PCT/ EP2008/ 010470 150 mul ti pl e nyel oma; | ynphonma; nesenchyma
cancers; chronic nyel oid | eukaem a; endonetrial carcinoma; hepatocellul ar
carcinoma. 11. A method for the treatnent of diseases, conditions, or
dysfunctions that benefit fromthe inhibition of the hedgehog pat hway,

whi ch conprises 5 adm nistering to a subject in need thereof an effective
anount of a conpound according to clains 1-7. 12. A method according to
claim1l for the treatnent of osteoporosis or cancer, particularly
non-small cell lung carci-noma; small-cell |lung cancer; breast cancer;
ovarian tunours; digestive tract tunours; brain cancer; prostate 10 cancer;
pancreatic cancer; basal cell carcinoma; nalignant nel anoma; squanous cel
carci nomas; nultiple nyeloma; |ynphoma; nesenchymal cancers;chronic nyeloid
| eukaem a; endonetrial carcinoma; hepatocellular carcinoma. TH S PAGE IS
BLANK
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