WO 21109/074300PCTTEP200SRUO471 HEDGEHOG PATHWAY ANTAGONISTS AND
THERAPEUTIC APPLICATIONS THEREOF FIELD OF THE INVENTION The present invention
relates to organic ds, pharmaceutical compositions thereof and their use for therapy and/or
prophylaxis in@rﬁ%@n%rggwn particular to heterocyglic compounds that mogﬁrgé’%%gfwga’@ehog 5
signaling pathway. BACKGROUND OF THE INVENTION Autoproteolysis of a 45kDa Human Shh
precursor protein gives a 20kDa N-terminal fragment that is responsible for normal hedgehog
signalling and 2RI & RATKHINAY indNEA (AQIED SeeAND actRERAREH LI
N-terminal fr i @g@éeq, rol (Lee et at Science 266 1528-1537 (1994) and
Bumcrot et a%gf%@.ﬂ‘it? ) - 995)).  Normally functioning Hedgehog (Hh) signaling
specifies embryonic pattern by directing cellular differentiation and proliferation, which was first
reported in Drosophilia melanogaster (Nusslein-Vollhard et al. Roux. Arch. 15 Dev. Biol. 193: 267-282
(1984)). Cellular respblatdd B¥hbHECINMFRIAON e ptide are mediated by two integral membrane
proteins, Patched (F?ItﬁéandeSSengtocth]er}SgOgS%%tel-slhtbingls to the twelve tr nsn?]embranetg?tein Ptc
and hence reverses the Pic-mediated suppression o the &8vVien ARSI rane rﬁrrlg ain Shio. This
Salo activatiabhgbsigseyr st seugs sl dnttasallulae eyﬁnt&&gpgulmgayp%%yp@gggilimtign of the
transcription factor Cubitus interruptus (Ci) and the expression of Ci-dependent genes. These events
are recapitulaédndiding hrizaniallan ebetopraeeli arsd mposodgdhesis adrdatththruhislaghegein
homologyes, incluijin three distinct I-1h family members [Sonic (Shh), Indian (Ihh), and Desert
(Dhh)), two P?tlch?ofgag?ﬁmyand Ptch2), and three Ci-like 25transcription factors (Glil, Gli2, and
G1i3). However, thesg, ie g § R ND YA s AEGT1IgR2008/010470 2 vertebrate homologue of
Smo, which is implicated in all forms o Signaling by genetic analyses in Drosophila, mice, and
zebrafish (Chen et & RNpySt00[22k 10 71-43K6 (PR0R1 Sthb ipteateser St taggiade @ausing the
activation of anscription 5 factors an?%their subsequent nuclear trans|ocation resulting in the
control of tra?%ﬁ%%’ﬁfﬁ?ﬁé? é‘é’r%’%e oS seRRgRiPicrEenBAER I dis dEshRa BRI nscription

of Pte and High{hedarspcnigianing raisiad (R A G0 IBENG IR ANINEY. Jhoss of
control over the activation of the Hh pathway has been associated with art increasing range of cancers
including?10 thes¥-atfentingj the tnain tsicl ey mpadidlablabtoiemcfRbifiercand LZuBairnCanosr Res

65(12) 4975 - 4978 %Z%Ooaéand glioblastoma (Bar et al, Stem Cells 25(10):2524-33 (2007)); prostate
cancer (SandnPbel at PHASWoARE A unseat £5566Ns00%8 fRivdrdid 2 4hedP ridAnit at Nature

423 851 - 856 (200R)); I ' ( 0 1046- 5. 15 (2007);
small-cell lung canci)gyf\%v%}tllgzﬁilfgaq.J)JNHEt%r?ggg%%e@&%&%ﬁ%%a%?%%ﬁ%r %ﬁ%bgg%é?%t Cancer
Res 64 607 1pa0a4n( 2004)xecanipusdigestiitfaehtimtiourai Berrotfeeitddnl) aibiehd3p 8465851 (2003))
and (Lees et at Gastroenterology 129(5) 1696-1710 (2006)); basal cell carcinoma (Williams et al.

PNAS 100(8}erPttedetn PrswephitaligHian ammabihymseria ahel bard ginednifeoehin Afahs Oncol.
8(7) 46?547415%996%05‘1‘1“%@9“?&%'&§§r°'5‘8 a0, £lal Mod Bathol 9(82t 11@’%'&11@{@006»;

(
B-cell malignancies such as multiple myeloma and Tymp omasIZE)l?gﬁ(s &t at Nat- KI& ) 944-951
(2007); PeacsslyptptidiNAYe 1dd1AE4043-405 3240 4)) miegsna6BYpiot SABCE S Shieh BStc)
chondrosarcoma (Tiet et at Am. J. Pathol. 25 168(1) 321-330 (2006)), clear cell sarcoma of the kidney

(Cutcliffe et #ndlidmandaRes(SmEr)sisdiady2008)§ dneivalityssabearsanmsstaricat J.
Pathol. 208(1) 1,7-25 (2006)); chroni eloid leukaemia (Sengupta et al. Leukemia 21(5) 949-955
E{ZOO?l))S;(g;cig)ﬁziiﬁ;agégﬁﬁn%:a:(géencgp%%g 1ﬁ$? \ Wﬁbﬁi@?&%gﬁég@ﬁﬁm& gIYt(S7§:ancer
es. 3984200 NS RAOSAHIAI FAIRIRP URQg RIS AEIRRAGNESE
133401340 (2006)); ovarian tbmours (Chen et al. Ca{r?g%%? Sci. 98(%2%-76 (2007)). It has also been
found tB&t Riewignaditio geiguthie stite lexptiessizitbé then ScABotiafaspart€upitteimgenuititdsug
resistance protein-1 (N&DRL ABCB1, P-glycoprotein) and (BCRP, ABCG2), and that targeted
nockdonn JHUDRS 4E BRI ARPreS Sor BTNt SEREri RRASHHAR? raRibidinduced
chemoresist ' ) g : MDR and
increase che?hagﬁgrg%}ﬁgtg g@g%@@?ﬁnﬁg&éﬁ;ﬁ é@gﬁl%%(r)m gﬁc%%é#%% 3%@)185}/6? 4-56(%7‘119 (2007)).
The blockadhahsdoimbsogritodi sigtiatqatiivmenEs ftunidstarheace] Bvn an(iPhalfdiative effect of
EGFR inhibitors in pancreatic cancer cells (({ju et at Acta Pharmacol Sin. 28(8) 1224-30 (2007)) and
prostate canEBHPeRs tMiereatit e Bt lintvy CinpeoteindP tarioend Pighs)).a ehdegbik8g pathway

has alsg:bee fed tg tumour, owth .after chemoradiotherapy and as a, potential target to
improvegsfadig%[??)%%r?e%gl(?r?se??é{l%%-I\ﬁgelﬁgédgn é?at"’é’ﬁ% Eggg cer &e;‘[’:i)‘yi(zﬁeéga 26573" 66)). 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 et at EP 1183040). Inhibition of sonic

hedgehog signaling 25 has been reported to reduce chronic rejection and prolong allograft survival in
Aa rat arthotoniec emall howel trancenlantatinon modeal Althoirioh aciite araft reiection fcan be caontrollead hy




4 major hurdle to long-term allograft survival. Graft survival in a rat orthotopic small bowel
transplantation model was significantly prolonged after anti-Shh antibody treatment compared with the
immunoglobulig & aRned,(116 vs. 77.5 days). Collagen deposition and v # jon in the
mesentery were 5marked?y reduced in recipients of the anti-Shh antibodya?éﬁ)ggzefsz %?%%F]splantation
83(10) 1351-1357 (2007); Lamb et at EP118304OBl)?- It has also been reported that sFRP-1 is the

downstream target gene of Hh signaling and that elevated expression of secreted frizzled related
orotein ! (oFRE SRR AR o) B SR I IR LA AT AR EEH e

inhibitory effect, %%@E@%i?geg_lﬁleb%goﬁﬁapﬁﬁ9@:‘, ZHHAORIRE- 78 (2008) )Pl the

modulation of Wntsignaling by antagonising Hh pathway through sFRP-1 could provide a method for

the treatment &0&X2nget 67 tidd856s(206R)as osteoporosis (Ai et at Mol. Cell. Biol. 25(12) 4946-4955

(2005)) among others (Luo et at Laboratory Investigation, 1587, 97-103-(2007)). Various inhibitors

of the Hh pathway ha?)é‘bé‘é‘ﬁl%%étﬁgf@d,‘ii‘r“éfaam@aﬂﬁ%%fb?a?ﬁfaaﬂep&%@zia%ﬁ&f\hm@ﬁ s

believed tq aC‘fQé’tB}delgantt%éﬂﬁ Jh%%%%l&%hfhﬁ%%%? ?Ja%@c?cégl%‘i’ft&%%‘i%% %"%ggr Arygngtic small
the epto

molecule antagonists o mo rec r have been reported In recent y&ars: or a review see

Kiselyov Anti-Ganeeripgents inaMedisiasCaroistly 6 ddbriddd 2R RIGOR R Tnfludddeisch et al.
disclose a series of 2-phenyl-benzimidazoles as PARP inhibitors for useful for the cure of various

diseases incluéitrpetirtion2si Ricoondddiplothcdaehioatataeaatsic psaisiicd (Wopdd1odesr 7). A

recurring feature is t resence. of a caramoyl mojety at the 4-position of the benzimidazole ring.

vient ot at (WOD0050 500 it A Herikeiot GO AOAB S8 Woocuietior” &7 THEHf

2009/074300P;ﬁTMEaB?QQﬂQJ%?Qs’é@éldtb!ﬁZQ%MS&ZM&SE@%@@%%%&R“W%%%midazolc
n

derivatives as checkpoint kinase 2 inhibitors for the cure of cancer, further characterised in that the
5-positior &f tHe dseredfarinp kb eibgamaudy s sotsstitliehl asivnsitiR omendvox(dateas Eameanoyl or a

sulphamoyl grqup. tal 09 7 and US5942532) disclose a sefjes of
5-carboxyimid ?dgg@g]k?é%%{b'eﬁé\%déz&)&gécéﬁfg&w %féoé’ﬁ%ib i 4 ergtge.m (Rﬁjlglli et al.
(W02003075924) dpsesipe. the \%m@g%@h&opéi&ﬁ&@nigéx?cﬁeﬂeéz_ofa%-pbwbqui@w;azole
derivatives. 10Alekshun et all (W02004041209 and W02006076009) disclose a series of

2-phenyl-benziridezd 0 e (28te s with @ntibiptie mstiviffhaycklraled danu(BARSi8 i the Faculty of

Pharmacy (Cairo University), 40(1); 7-13, (2002)) describe the synthesis and antihypertensive activity
of 2-phenyl-be{‘?ﬂﬂﬁq&3&z‘6ﬁ’é‘§s ‘jlaﬁﬁ}léi%ﬁe%%n[ﬂ@bNﬁuﬁﬂw&ﬁ]@lpgﬁ%?ﬁﬁ%fz{?d ditdbthers are

describeq by Kobyta.el Ak (NSICIGACILS BESPEIIBHPBICTIEN s REEWERSY F1813 SYmRRSyM On

Nucleic Acids Chemistry), 193-194 (2002) and Nucleic Acids Symposium Series, 35(Twerity-third
Symposium orbidasieienkerddKBheraistly CEH86), REd 6K6R0(ADSE))4 GROCH )it edrad (¥Vii2e06050506),
Beachy et at (W02003088970) and 20 Rubin et at (W02003011219) disclose Aryl- and alkyl-
arnido/ureido J&T VRS WE iéﬁgﬁﬁpb%hﬁ%iﬁléiﬂs &2 Piddshod HAANRYY #dalferist€tofine cure of

various-forms gf ¢ REFAILER RESCRIBTION O THEINVENTION, This vanign provides

compounds of formula 25 20 74300PCT/EP20 470 6 R2 Wherein, as valence and
stability permita].2 TP A SlinEEr( $yraneh écdar ¢y ofio@) G Aralkghginuprmepionally sWosttutadiwith one
or more halogen, a branched or linear (C,-C4) alkox% ora
20 Quintanilla Clin Trans Oncol. 8(7) 466-474 (2006)); squamous cell
carcinomas (Xuan et a/. Mod Pathol. 19(8) 1139-47 (2006)); B-cell
malignancies such as multiple myeloma and lymphomas (Dierks et al. Nat.
Med. 13(8) 944-951 (2007); Peacock et al. PNAS 104(10) 4048-4053 (2007));
mesenchymal cancers such as chondrosarcoma (Tiet et a/. Am. J. Pathol.
25 168(1) 321-330 (2006)), clear cell sarcoma of the kidney (Cutcliffe et al. Clin
Cancer Res. 11(22):7986-94 (2005)) and rhabdomyosarcoma (Tostar et al
J. Pathol. 208(1) 17-25 (2006)); chronic myeloid leukaemia (Sengupta et al.

Leukemia 21(5) 949-955 (2007)); endometrial carcinoma (Feng et al. Clin.



5mono- or di- linear branched or cyclic (CI-CO alkylamino group r equals nil, 1, 2 or 3;
represent, independently from one another when r>|, halogen linear, branched or cyclic (C1-C4) alkoxy

group; linear, Ryansheshapsyclic (C1-C4) alkyl optionally substituted with apliqaaspshidghed (C1-C4)
alkoxy, 10alkylamino, or dialkylamino group; R2 can ke H, CI, F or Br X can be either N or CH [

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 15R3
may be H; line er Ig d o § li g_:g@g) 3liyhy0 I .

alkylcarbonyl,a%ylsulp o%y},og(ayac}kgﬁcarbonyf,a%%i/?gﬁy%ﬁﬁnular carcinomas (Huang e al.
alkylaminocarlCaninxaeatks iyb akgracabmsyl, gzeaienylcaibarnymdkenyithecaranancer
alkenylaminocarbonyl, alkylidene, alkyloxyimino, h-ydroxy, alkoxy, alkenyloxy group optionally
substituted witR%da M&@@@H@) more fluorine atoms; Ar; Ar-aminocarbonyl; a linear or

ranched CLC) sy slfenins rapieg ealst bl St e

alkylaminocarbonyl group SuBgtitited With‘one of two Aran onally su Wi

fluorine atms A WO 2AANB7A30PRETAEPRANSIOAR4A France Pritsch thatmwrdiragsdpnd is formed
between two nitrogen atoms or between a nitrogen atom and an oxygen atom and may be carbonyl;

aminocarbony P @issopyriaimoantid3C8B2 ABE420r brandtadd 4@k ) kikgk dovptiofdiPRibstituted
with one or more flyarine atoms wherein one methylene may.be replaced hy 0, NRx, ¢arbonyl or
S02 ot hore it IR SABERS B S GBS 0o PRI D0k Gt b G e
aminocafbonybﬁﬁﬁh%}ﬁék%ﬁﬂepﬂ%iW&Hﬂ&%@%}eﬂ%%@i A SRR ASMBLIRA AaragticPr
heteroaromatic ring optionally 10 substituted with one or more groups independently se€lected from
halogen, hydraoxgroencaptd Raaridancyeass, cliteo) atadrapeoyl ¢ sulpmamoyh tnkalidovethgh et al

trihalomethoxy, linear, branched or cyclic (C1-C4) alkyl, hydroxyalkyl, mono-or di-alkylamino, alkoxy,
kyloarb Uy, REGHES A ARy ey ook hACKD 45 R SSRF SFIE TR SEBH ihese

substitutents - ' ' ! ' Hora
linear, branch@gx Yg}%%%% Ctgqﬁcritfgk%ﬁl}%%géljog%% %@%gﬁgﬁ%%?%i%ﬁeﬁz%ﬁg@?@rﬁg bel, 2,3
or 4 201, m, njp, partrdgimayainde pesitern@yubersl 2 o tanBlidienze, $iar 28(8)surbz4+30, n+p or
p'+s+tcannotexceed 5 T and T' represent, inde endentIY from one another, hydrogen; a linear,
branched or cyéfi0{P1-#56) MSAtasasmifchxeeiisyl Miapgiibzanirényintod okaam@nyll 8kbin
optionally subﬁtﬁ?&gg lvvggwas)gen, amino, cyano, hydroxy, oxo, linear, branched or cyclic (C1-C3)

nyi,

alkylcarbonyl, alkoxyca alkylcarbonylamino,alkylaminocarbonyl,carbamoyl, guanidino, WO

2009/074300PCT/EPOBMIELM46E Satkenycadionidoxralkenyicarniedytalkemndoxyiearomn,
after chemoradiotherapy and as a potential target to improve radiation
response (Sims-Mourtada ef 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 et 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



alkenylaminocarbonyl Z may be 0, S, SO2, SO, or NRy' Ry and Ry' independently represent H;
linear, branched or cyclic 5(C1-C6) alkyl"alkylcarbonyl, alkoxycarbonyl or alkylaminocarbonyl group

optionally subs{igisa with,ene or more fluorine atoms y and y' may indepepg,ﬁrﬁ ¥09590%|479r’ 2o0r3
Y, and Y2 independently represent halogen; hydroxy;4amino; cyano; nitro; oxo; linear, or branched

(C1-C6) alkyl, dihaloalkyl, azaalkyl, oxaalkyl,
10alkylcarbonyl,oxaalkylcarbonyl.alkoxycarbonylalkylaminocarbonyl, alkylcarbonylaming,alkenyl,
Y %}Xgﬁg Po }Xrir%-ten}{x gfﬁﬁfgh su¥vbv61 yﬁé?gé ﬁéf“vgg%‘oﬁf}ﬁy orthotdpic

T
oxaalkenyl, azaff}keny, enylcarbonyl, oxaalkenylcar (0)4Y;

alkenylaminocgrRan¥o Mkl iaanisilamattapiealiy] AhkoxyalkihioIRURAREANAT Y SHpstityied with

one or more fluorine atoms; wherein two Y2 groups may form a 5- to 8-membered 15ring with spiro or
fused junction.antibmb'wmﬂth@eﬁ(dggil@ra@ﬂ with the immunoglobulin G control (116 vs.

24444-methyl-piperazin-1-y1)-phenyl1-1Hbenzoimidazole; L
244-(4-pyridin-gjzoﬁ-gﬁ?’e?azﬁ)‘(r?-ﬁ- fﬁﬁjﬁé’rﬂﬁﬁlﬁ’l‘-lB@ﬂz‘éﬁﬁ??&lﬁfcﬂé%\uﬁPBPePPeHlQrHI?ﬁ%?tE%WS%dS is that

of formuaga 2 fiRealrea b RAEVALEMbAMEANLAL LA ArRspshorefamAgUYgs wherein
Xis N WO 2009/674300PCT/EP2008/010470 9 R3 is linear, branched or cyclic (C1-C6) alkyl,

oxaalkyl, alkyldasspidnsdkids Bphbdy [ DxbdIRFARONT); dlsoxicarborlP, BlggleatiBagarbonyl,
oxaalkenyl, alkenylcarhbonyl, oxaalkenylcarbonyl, alkenﬁloxycarbonyl or alkenylaminocarbonlyl group

optionally substituted Wi#s @a\?BatPﬁSQI BPese & rtBahsF & HubrihdhgtRy st b frassgeen! a linear
or branched (%h(gfgn%lﬂ% a d‘fe%]@%”@!! 98%%%&%5%&%%Qgﬂié%%{?sg%ﬁg?\%%{e%-1

alkylaminocarbonyl group-substituted with one or two option one’or more

fluorine atoms(sFRP-Q) ifoHaon tigah crivairiect bonkeiSarpacshvagiyeenitee miagenataarsipikbetween a
nitrogen atom and an oxygen atom and may be carbonyl; aminocarbonyl; carbonylamino, imine; SO2.

linear or Bandiféd e - by Riieyoiberlilyosup¥mbtadanptinmeGlanste ﬂbqunegiﬁher@ihe@he
methylene 15 %%5’%9?—5?@5‘56&2&6&8)3{\' %&ﬁlr%enygn%rd%g%g%v@}er%ﬁlg Sr?ﬁxsrﬁqggy t

methylene groups may be replaced arbonylamino, aminocarbonyl, sulp a

aminosulphonyhgigeipising BRcoaghpadiicHiabesnogarrant ebioampaaieX 4s akihbindey: appseferred

aspect of this embodiment, q is zero and R3 is selected from 20 WO
2009/074300FCTEPROOBOIAMErOcfGliseases such as osteoporosis (Ai ef al. Mol. Cell. Biol.

25(12) 4946-4955 (2005)) among others (Luo et al. Laboratory Investigation,
15 87,97-103-(2007)).

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

25  (WO2000026192) and in the field of cosmetics (W0O2001082877). 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



Another preferred embodiment falling under formula la, hereafter referred to as Gl, groups those
compounds for which g is | and R3 is Within GlI, those compounds in which Q is carbonyl; linear,
branched or cyglic (Q1-Caiplkyl, (Ci-05)alkylcarbonyl or carbonyI(Cl-OS)aII%T(?Bltjﬁ%bly f%bstituted with
one or more fluorine atoms constitute a preferred embodiment. 10The pharmacological activity of a
representative group of compounds of formula | was demonstrated using the two in vitro assays

described below. rdi further aspect, the invengjon is therefore directed tp a method of
treating cancef g (198 'C%l%%l% eri%e%%&ﬁﬂﬂefg?ééhﬁqg éggﬁ%fé%’téﬁgi%rﬁoﬁﬁl"&th‘(ﬁ%an
subject in needdheredipahefiecive amipiela by aempaung ol fara a ki T3Pes 05 capsel that may
be treated using such method not limitedly include non-small cell lung carcinoma; small-cell lung
cancer; breastisativgrthatiposineours, digebtiveitrddarotouisgbisinlvancesibsitugsl with
medulloblastomag and gligblastoma; prostate cancer; pancreatic cancer; basal cell carcinoma,;

malignant melSHBMA SHRERUI LA CLRAMANES! S0 HIBRAIRON) 816 lymphomas: mesenchymal
cancers sych as chopiasiferp? fletrsbonisamaaling Kitesans mabdamyosareama chronic

myeloid leukaemia, endometrial carcindma; hepatocellularcarcinomas. In general, the compounds of
formula | can Beaasboxyitnédsmiycdiseaphedsl-benditoil oz dysfwmtipoihds may deheltéipan the
inhibition of the Hedgehog pathway by binding of the compounds to the Smo receptor, and not

limitedly incluoqﬁﬁné%‘teoporosis and cancers selected from non-small cell lung WO

2009/074300PCT/ERNA010470nldtfepama; smAlasl o saners bissst canerQyarian
tumours; digestive tracl[ tumours; h a3 medulloniastoma andcg io%PasCtoma; prostate

cancer; pancredticseaissest Rasataell banciiipazsiakgnaniipetanoma; squamous cell carcinomas;
multiple myeloma; lymphomas; mesenchymal cancers such as chondrosarcoma, clear cell sarcoma of

the kidnel?and rhab ctinah; 2RO 120 canch MR Q0G0 R073| Baedpseraschispatocellular

carcinomas. he dosage of.the.co nds far use in,therapy may vary depending upon, for
example, the gj%,ﬁ?g%}“ E)%er%zdfg,l ?ﬁég?ngfugr%rl@avﬁ(g g%%/éxﬁlj%}/l c?fn[ﬁgyﬁ?g]%écet%&/ ‘In general, an acceptable
pharmacological effgchindwimans Mauhewbigingd wibuigiy Aosages anaing from;0didp) 200
mag/kg. In yet a further aspect, the invention refers to a pharmaceutical composition containing one

or more compé0tids df en(1R02 ) desedigichaviinthesinaveditwvdiinasaegable eatiidts aid
excipients, Th ar eutical 15 comppsitions can be in the. for. solid,.semi-solid or liquid
preparations, gfg&% i‘fPFdfm%’rzsof?&tié%%&é’ﬁén‘g?é?fiaﬁome@i‘? %B%&%%P&E{t&%g les,
SYrups, sipposiigiies, Beresalroraeepiplad selivens systemnsa il hereoaprsitigna caphe Adinistered

by a variety of routes, including oral, transdermal, subcutaneous, intravenous, intramuscular, rectal
and intranasaly2ppdendeart peéievnanliy formthlat@ynip osittosage ourle@rabunitsddSageaifdry)s may

contain from apout t out 10QQ mg of the compound of the invention, For those compounds
which can be ﬁ%&%ﬁzﬁﬁe e@,%‘%‘ﬁw@ﬁﬁ%ﬁ §§'6ni38ﬁ18€§ tREHSeid 24 dTEAE A breferably
salts with 25 pfarmaeritlicHINRctERARIGRAIRTREIIVRIVIPN fi5Q 1Rel(dssggparated isomers and
diastereomers of compounds |, or mixtures thereof (e-& racemic mixtures). THé principles and

methods for the prepamatioer vfqshariRceaH68I0SHHPE)i e hte adascriéd 20088881318)inRlemington’s
Pharmaceutical WO 2009/074390PCUEP2008/010470 12 Science, Mack Publishing Company,

Easton (FA). Rubie @nioukdeQ20838L121 IheHophoss is‘b’fﬁbrs%iééﬁ#eoﬁf@?gq{&ﬁeb@pu)r/iﬁed or

separated accoraing. -k C imitedly 4 ' togr ith a chiral
i and s e B L B R
PROCEDURESe cuidefoadripodidsmé thecamrsent invention can be prepared using various synthetic

routes, including those described by methods A-Z below, starting from commercially available
compounds. 10METREBANLEDMHETS{CRI ETIONAOP THE INVENTION

This invention provides compounds of formula I

25



step b WO 2009/071300PCT/EP2008/010470 16 METHODS I. J, K 17 METHODS L, M WO

2009/074300PCT/EP2008 18 METHOD N METHOD N NH, 1 NH, commercially available
2009/074300%T{@%%%Olomo 21 METHOD P METHOD P

Q

N
\
N C
[ H
R1

PCT/EP2008/010470

i AN

R,

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,-Cy) alkoxy or a

5 mono- or di- linear branched or cyclic (C-Cg) alkylamino group

r equals nil, 1, 2 or 3;

R}’ represent, independently from one another when r>1, halogen
linear, branched or cyclic (C;-C4) alkoxy group; linear, branched or cyclic
(C,-Cy) alkyl optionally substituted with a linear or branched (C,-C,) alkoxy,

10 alkylamino, or dialkylamino group;

R, can be H, Cl, 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

15 R; may be H; linear, branched or cyclic (C{-Cg) alkyl, oxaalkyl,
alkylcarbonyl, alkylsulphonyl, oxaalkylcarbonyl, alkoxycarbonyl,
alkylaminocarbonyl, oxaalkenyl, alkenylcarbonyl, oxaalkenylcarbonyl,
alkenyloxycarbonyl, alkenylaminocarbonyl, alkylidene, alkyloxyimino,
hydroxy, alkoxy, alkenyloxy group optionally substituted with carbamoyl or

20 one or more fluorine atoms; Ar; Ar-aminocarbonyl; a linear or branched
(Ci-Cy) alkyl, alkylamino, azaalkyl, oxaalkyl, alkylcarbonyl, alkoxycarbony!
or alkylaminocarbonyl group substituted with one or two Ar and optionally

substituted with one or more fluorine atoms;

WO



boo commercially available boo boo Step C ."..R boo stepd1 NR2 boo commercially available R.,
"R boo WO 2009/074300PCT/EP2008/010470 22 METHOD O commercially available step b CI

H.NH, Cl. CHycommsysiglly H.N available H, CI, CH, PCT/EP2008/010470

10

15

20

25

A (Y, (v,)
2y 2’y 21 (Yz)Y
—(@Q)~N \T ; -—(o)q—»Lt] *(Q)qﬁq —(Q@),— p —

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, aminosulphonyl 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-=a,1kylamin0, 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 l+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;-Cg) alkyl, azaalkyl, oxaalkyl, alkenyl, azaalkenyl,
oxaalkenyl, chain optionally substituted with halogen, amino, cyano, hydroxy,
oxo, linear, branched or cyclic (C;-C3;) alkylcarbonyl, alkoxycarbonyl,

alkylcarbonylamino,alkyl.amihocarbonyl,carbamoyl, guanidino,



n=1,2 510 H,CIH,Cl, CH, H,CIl,CH, H,Cl,CH METHOD W Rlstepe HCI H,CI,CH, n=

1,2 H, Cl, H, CH311 c)InRd11"/NSO,Me 25 METHOD X
WO 2009/074300 PCT/EP2008/010470
8
alkenylcarbonyl, oxaalkenylcarbonyl, alkenyloxycarbonyl,
alkenylaminocarbonyl

Z may be O, S, SO,, SO, or NRy’
Ry and Ry’ independently represent H; linear, branched or cyclic
5 (C-Cg) alkyl,,alkylcarbonyl, alkoxycarbonyl or alkylaminocarbonyl group
optionally substituted with one or Iﬁore 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,-Cq) alkyl, dihaloalkyl, azaalkyl, oxaalkyl,
10 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
15  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 la
20

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

XisN



boo n=1,2,3 WO 2009/074300PCT/EP2008/010470 26 MATERIALS AND METHODS  All
reagents and solvents were obtained commercially. Air and moisture sensitive liquid solutions were
transfer‘red. wa&gg&g%ﬂag course of reactions was followed by thm-layerp%hlr/%g}%?/glrgggy (TLC)
and/or liquid 5 chromatography-mass spectrometry (LC-MS).  All nuclear magnetic resonance
spectra were recorded using a Varian Mercury Plus 400 MHz spectrometer equipped with a PFG ATB

Broadband probe. The 10 minute methqds were ryn using.a Waters 2795 separation 10 module
equipped with a Waters ’I&S/Ii@fb‘?ﬁ’ésgrief ¢ ?Sn?éf&%?ﬁn;gﬁ&?Wﬁ%ﬁg’P%&ai%,%%Ni)ﬁaé &rs XTerra
MS C18 3.5 u@1@y1sﬁé§ﬂéﬂvgl,colLanealkyﬁa’fseﬁy@tivem&’&ef&m ,usirhq@fééﬁi%%%%@/ﬁtem with

a binary Gradient Module Waters 2525 pump and coupled to a Waters Micromass ZQ (ES) or Waters

2487 DAD, usiogpal Serpdlco Diseoieaytd8yC 1 8% L rendbd4r a2y 2 natk enylioxy c@ntashehtsowere run
using 0.1% formic acid/water and 0.1% formic acid/acetonitrile with gradient 5/95 to 95/5 in the run

time indicated 3PHICATUAS FERE @i eHEd W BA LN B GEH AR dYES i SBIGRMIRENCSI Wit burities
above 95% 2004, TLFapvosrere Reriamedionliea s (erck0,£2pAhand snets eeyealed by

UV visualisation at 254 am an n stain. Microwaves: Personal |§tr37, Emrys
Optimizer, micabivadyvedkkation ARSoIpiitikEet ©xaankmal paksticdirpenyds. alkoxyEatBRLEoL:
(2-N-13(1H-Benzoimidazol-20,1)-4-ehioro-phenv11- 25piperazin-1-yll-ethyl)-dimethvi-amine
2-Chloro-5-14 4k yitemgrasaeyat &Py piparestitutedy WitBe AAGicBtidWethir eatet Rtisadlly Step a-
Ethyl 5-bromo-32-chQl%gebéanzl%?t§n obsro O 02rcl)09/aq74390PCT/EP2008/01O470 27 3.04
mmol),rac-2,2'-8|s(d|p enylphosp ino?:%, - map?ﬁhyf(@lﬂ’lAP) (0.19 g, 0.30 mmol),
tris(dibenzylideneacetone)dipallaqublym (Pd2(dhg)3) (0.28 g, O.BO(mymol) and cesium carbonate
(Cs2CO03) (1.399, 4.26 mmol) were placed in ajSchlenk tube an&%urged by rep (ﬂ%yakmgen/vacuum
]

cycles for 5 30Tiittes: DryYoluting (6 miJapd Jr(2:dimethylainifdethyly Riserazine/{e.55 mL, 3.65
mmol) wege then added. The reactish mixturé wa8stirred for 10"m at room temperature, heated at
85C overnight and then cooled to room temperature. The solution was diluted with EtOAc (30 mL), the
insoluble material wae fit&HEd SHARPtHE #r &R AS (PasHRel ot 2R IO BHhEtEIBsL). The
organic phasebvggge%ried ove ryanSCE)élo filtearggi aarlmld cc))(nc%rﬁtrat%d und?%; r%juc depreas%ére io obtain a
residue that was purnxllec?by 2% 8hrom%&ography (e?ué/r% grae(lilelr]ﬁ: £ AcC, BloR&:MEOLY ;
Et0AC:Me01- 1t e Ryt bbbyl it afiardd). 309, aieartive sampesnqdd3a%). dkyl-NMR
(400 MHz, DM80): 5 1.28 (31-1, t), 2.12 (6H, s),

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
(Y2)y (Ya)y
o i
e (Ln—Z
(Y2)y NRy'

b) — )m ; ()p,




152.32-2.42 (41-1, m), 2.47-2.51 (4H, m), 3.11-3.14 (4H, ), 4.27 (2H, q), 7.06-7.09 (IH, m), 7.18-7.19
(1H, m), 7.30-7.32 (1H, m). 2-Chloro-5-14-(2-dimethylamino-ethyl)-piperazin-1-y11-benzoic acid
Method A -Step ipn of 2-chloro-544-(2-dimethylaminoethyp-pipe zoic acid
ethyl ester (O. 46(% dalgéégng\mol) in EtOH 20 (6 mL) and NaOH 10% (2 mL) v%ézﬂ%re}a%@é g?&eflux
overnight, then the reaction mixture was cooled to r temperature and the organic solvent
concentrated by evaporatjon und ced.pressu resultr tron was tralr ed by
dropwise addition of%ﬁ‘#&i FaRd eervxcl(igteerm vsgs ]t]r?eFrl(%e\}-at}:)?I §teg er e 151(1:% SreéJSEj?& Di:'ll‘fre
resulting residugryyasidissied in 25 EtOH (10 mL), the insoluble materlal was filtered off and the
filtrate concentrated under reduced pressure at room temperature, to obtain 0.24 g of the title
compound (58%) witgoapdthiteagbpurifivadioforiwitiaki MRS (4Ga &Rz} DMS0): 8 2.27 (6H, s),
2.46-2.55 (8H, WO 2009/074300PCT/EP2008/010170 28 3.04-3.06 (41-1, in), 7.76-7.79 (1H, m),
6.92-6.93 (IH, m), 7.07-7.09 (111, m) N-(2- Anyno phenyl)-2- chl o- -5-14-(2-dimethylamino-ethyl)-
piperazinl-vll-benzamide Method"A- Step c- [0 a solution of 2 hloro 5-[4-(2-d egyrammo 5
ethyl)-piperazin=19y1y< <benzol®ac )40@‘,“&&%00 indD ’(6 mLTV\?és dedy!s
1-(3-dime%ylaminopropyl)-B-eth tbodiimideé;hyrirochloride ( ) (0.25 g, 1. mol), followed by
1-hydroxybenzotriazole hydrate (1-HOBt) (0.11 g, 0.77 mmol) and dimethyl- pyrldln -4-yl-amine (DMAP)
(0.08 g, 0.64 mmol).%@ﬁ@iﬁhtiﬂiﬂg@a@m&umﬁpemm&@; Dis eaphemyiehodmntinenthed g, 1.93
mmol) was addegma re re w irred at room tem vernlght The solution
was evaporated thd éﬁ&%ﬁcjﬁk‘ i&ém P With R [&@hé&, 6&%1) opiPRAbhed with
saturated Na2G@3glutiony2ix Sdit)- diherpiganie lpysiavasgrgd QuakhiegsSOf fitered and
evaporated under reduced pressure. The 15 resulting solid was purified by flash chromatography
(eluent: dichlorombethamnentMeOH:NH3 in MeOl-1 (2M)/9:0.5:0.5) to obtain 0.18 g (35%) of the title
compound 11-1-NMR (400 MHz, DMSQ): 8 2.13 (6H,.in), 2.35-2.41 (4H, m), 2.48-2.53
(4H, m), $914-3.18 (AhaPharenqolegiral R o 18RI FAFTSHEVERZEORD @ FAMPRIGSSB0 (2H, In),
7.11-7.12(1H, | ),

(2-{4-13-(1H- ggﬁrgé’?r%g %%ézldﬁm gffchh?a %?é ?rg%e ﬁ%pﬁrfé@jé 1?5’{3{ 2 S Ssetipef el Method A
-Step d- A soleﬂfxug(Zeamﬁnthélemﬂe)ez chidorovedfidR-ig3herefore directed to a method

- dimethylamino-ethyl)-piperazin-1-y11-benzamide (0.35 g, 0.87 mmol) in acetic acid (15 mL) was
heated for 7h Af S5@UHEABKICEAT RESIRATETEITNGE: SeTRsEE HABIRNS it Eora b Hiturated

200010743008 B I0diO IO 28 et L T A0 W DGR S 218 ek, ) 3:38.2.42

(4H, m), 2549-2dpmipldbhdMdf3fdendild [4Hy9s 7007 cddeficthaf. Ifiad. 28e(2edtam) ugiadg (Sddhd),
7.38-7.41 (1H,m), 7.52 (1H, d), 7.65-7.67 (1H,m), 12.60 (1E1, s). m/z 384 (M+H)+, retention time =
0.68. 5EXAM ml_e@dzrzrgi(imBeﬁlz/omﬁa&%rn@yfm%bﬁyhldwa%rﬁeqor@armyhb%idlmbutyr ester
4-(3-Carboxv- hené?)ﬁ per zcrgrrecflzrcaggg% Irc acid tert- ¥ steE I\{Ilertlhod B; rSr,e bn@meolutron of
4-(3-ethoxycarbonyl-p & er &uﬁﬁ g, g mmol) in EtOH

enyl piperazine- fcarBoxnyc acl
10 (50 mL) anshdipedHr&ifel1 (01 Btonaare sl denodth; thessthe: r@&fém pabdeeetivampeaied to room

temperature and the organic solvent evaporated under reduced pressure. The resulting solution was
neutralized byhtsalrepliseaaeigioma of mAL G and ehenagiisobg salnous wab exarbameith EtOAC (3

x50 mL), The c ed or anrc Iayer were dried over Na2Sa4i 15filtered, and conc ntrated under
educed Hleseiut8 Bota S0 Erof (s T GBIFsountht8EN4 ViRbut R purifuion

11-1-NMR (400, MHdzo 2MMa 8 i Rt ShrSohraSoBiftHk [Bhe3- 418 4846&8mwsa7r&7m7a29 (1H, m),
7.32-7.37 (1H, m), 7.42-7.44 (1H, m), 7.54 (1H,br s).

20413-(2-Amicbrphanylaaskdmdyn brmkavmmperannﬁemenazboxyhmcanmmtert tutphestellulaMethod B-
Step c- A solution of 4-(3-carboxy-phenyl)-piperazine-1- carboxylic acid tert-butyl ester (5.80 g, 18.95
mmol) and 1,18430MAdiimidazole (CD1) (3.07 g, 18.95 mmol) in acetonitrile 020 mL)

In general, the compounds of formula I can be used to treat any disease,
25 condition or dysfunction that may benefit from the inhibition of the Hedgehog
pathway by binding of the compounds to the Smo receptor, and not limitedly

including osteoporosis and cancers selected from non-small cell lung



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 undegkediicad,pressure. The resulting residue was diluted with q§ 00 mL),
washed with WO 2009/07-1300PCT/EP2008/010470Q 30 water (3 x 40 mL %%é%%%ﬁc layer dried

over Na2S04, filtered and evaporated under reduce ]pressure. The crude product was recrystallized
from EtOAc to gbtain 2.99 gdé%gﬁ% fflge titCIe comp undt 5 ) 11-1-%\1MR §4QO MHz, DM80): 5
1.40 (911, m), FIEPPA 3 YB3 Q4 e 5L s gi?ﬁsbr%’,‘%e.%e‘?é’.%‘da& YR AHESSHVE 93-6.97

(1H, m), 7.11- %k (Aemidr s - BB Acttderd) s (8- 44 Qneddi [dbladtosa 9 & (I d¥M Stoma;
4-13-(1H-Benzoimidazol-2-y1)-phenyll- iperazine-I-carboxylie (4H, m), (11-1,m), (1E1, m), acid
tert-butyl esterpi@tageherhser Spap ateAtisohationrobadal (@A mimciphmay beakigamrdydelanoma;
phenyl]-piperazine-1-carboxylic acid tert-butyl ester (1.20 g, 3.03 mmol) in acetic acid (12 mL) was
heated overnigft'4r28es #-dh §/ °§8%¥?§w£‘%§m&eﬂ% Bredd rBasHr & eRALHIMPbtained

was triturated with,E120419.Affard Lhe file, compaund.as,p whie soid (0,99.8. (27a)witkoul further
15purification. 11-1-NMR (400 MHz, DMSO0): 5 1.41 (9H, m), 3.19-3.21 (4H, m), 3.48-3.50

(4H, m), 7.05-F10® @birhyo)ai®.did?. 18h2ij an)nif. 8oid. 40 (Mde mie. 7. BAdb AR Ak, ro)rdid8@41H, br s).
rn/z 379 (M+H)-; retention time = 2.58. EXAMPLE3:2-(3-Piperazin-1-yl-pheny1)-1H-benzoimidazole
20 dihydrochlottR#toselpiperassiiridhenv1)-1H-benzoimidazole dihydrochloride  Method B- Step

e- To a solution of 4 - imjdazol-2-y1)- Il-pi ine-1-c ic acid tert-butyl ester
(1.80 g, 4.76 mmol) ﬁﬂ&%ﬁ%@& Sq%%ﬂgéé%&ﬁgg%g}{r}f E) ﬁi@%éﬁ a%{ngd)\%)r%lrc%s%?ﬁﬁa&rﬁ}%ure
25was stirred fosd) doroexangitperadusdminibhasolvebtiwasibenatareouad waderitgdecerepressure,

and the resulting salt triturated with Et20 to obtain 1.66 g (100%) of the title compound as
dihydrochRriddisgrsewio gongral7 Az0ercriEme nbsmeoapgal effect inhwRryaeeavieg, CD30D):

8 3.34-3.37 (4|5|P%{1111) gf%ﬁ‘@é@%&ﬁﬁé% %ﬁ?ﬂ?@%@%ﬁ%@ m), 7.74-7.77 (3H, m). m/z

279 (M-FH)+; retention time 0l-2-0)-phenvfl-piperazin-1-

Sy11-(1-methvl-oiperigiR4-vd)MeH@n@sgect, the invention refers to a pharmaceutical
(443-(1H-Benzoimidazol-2-y1)-phenvll-viverazin-1-y1}-(1-methyl- piperidin-4-y1)-methanone

Method B- StepoinPosatsulugistianingn ety piperidin e ampanivadky/lief deithhyidrdchtorddeo(@al®y, 0.72
mmol) and N,N-diisopropylethylamine 10 (DIPEA) (0.16 mL, 0.72 mmol) in, acetonitrile (8 mL), was
e DI (01310, BRFRRCRY AT A TSlns A SCSEMGh SSER 0 B FoDAEALRHS for & .
2-(3-Piperazindoyiphaohls ddnb 8B zeinidazeiendity dbveh|98ee- 63120 - Qialirpei)uasidagn added
and the resulting solution was heated at 65C overnight. The solution was then cooled to room 15

temperature andetiseabbivent Kersreafovetl tivns cradspprstuct, waswaalissgvattiegictalbletmethane

(15 mL) and saturated NaHCOS3 solution (6 mL) was added with stirrjng. The precipitate gbtained was
then filtered, V\F@*?élgcﬁ?itw Wit T3PS beaie%ﬁ/%?ﬁsel‘)EScﬁﬂ]f)rériﬁddﬁsg‘(ﬁ{aeﬁ% Rediessure to

afford 0.20 g (343 SMithsnlitieacomponidiAONMER (@O0MARE, GP3UNES LiflrlaHe(4aim),
2.19-2.26 (2H, m),

transdermal, subcutaneous, intravenous, intramuscular, rectal and intranasal,

20 and are preferably formulated in unit dosage form. Oral unit dosage forms

may contain from about 1 mg to about 1000 mg of the compound of the
invention.

For those compounds which can be in the form of free bases, this

invention also includes their acid addition salts, preferably salts with

25 pharmaceutically acceptable acids. The invention also includes separated

isomers and diastereomers of compounds I, or mixtures thereof (e.g. racemic

mixtures). The principles and methods for the preparation of pharmaceutical

compositions are described for example in Remington’s Pharmaceutical



2.35 (3ll, s), 2.79-2.83 (1H, m), 2.99-3.02 (2H, m), 3.28-3.33 (4H, m), 3.78-3.79 (4H, m), 7.10-7.15
(11-1, m), 7.24-7.27 (2H, m), 7.40-7.44 (1K, m), 7.55-7.59 (3H, m), 7.73-7.74 (1H, m). m/z 404
(M+H)+; retenfi,liie-73dy 10- EXAMPLE 5: 2-43-14-(1-Methvi-phaeridin-éll,mgm%-&mgrazin-l-
25yll-pheny1}-111-benzoimidazole formate 2-{314-0
-Methvl-piperidin-4-ylmethyD-pinerazin-l-yll-ohenyH-lHbenzoimidazole Method B- Step g- To a
solution of (443-(1H-bepzoimidazol-2-y1)- WO 2009/074300PCI7EP20118/010470 32
phenylkpipera .Fﬂﬁ%k@ﬁ&ﬁ%bﬁbé‘{%EPM?ﬁe%ﬁaﬁ?&n@?Mzg, 0.35 mmol) in dry THF (4 mL)

boran-methyl sulfide-geenglex bt K F6IHER: @,Hﬁé&oo%&h’iQO?ﬂéﬁ%?'hﬂ%&%%&?'ag&he

resulting suspension was heated at 60C overnight. The réaction was then cooled to room
temperature, the goiti¢iridremoeedratwtbradudacpresseib anoviN Hesk{durds) was Hddiestle the
residue before heating at 100C for 5h. The reaction was then cooled to room temperature, neutralized
with 10% NaOW ARt B&FRERRRIAGT hEm ordhrshiel(matnir g, fragicapbmesialisatienayers were

dried over.Na2S04, fi % centr uced uret Eg%qﬁ i that was
purified by5 Preparati\%qﬂﬁ ?gg%?g]btain (?mg&%%gf the ﬁﬁﬁe compound. Iéﬂqﬁ&%ﬂl‘%ﬁ-l-NMR
(400MHz, CD38R)p SBHASRIERL (2H, m), 2.01-2.06 (3H, m), 2.63-2.81 (5H, m), 2.94-3.00 (2H, m),

3.09-3.11 (4H, m), 3.43-3.48 (6H, rn), 7.08-7.11 m), 7.26-7.28 (2H, m), 7.38-7.42 (11-1, m), 7.57-7.63
(3H, m), 7.70-7.71 (IFRenepIa BBl o) the PBTGHMRYENtonetantibn 1NGParedl A5 nE ANMRISE
6:4-13-(1-Methyl-1H-benzqimidazol-2-v11-phenyli- piperazine-1-carbpxyli iq[tert-butvl. ester
24301 Methyl- TIPS a2 GE D Y ARROA 5T GHP e E01 PELTBRA i A R o 1 B
20Method C- $tem aorinflbeisgyod viiB1 bk Rppgeimidazol-2-y1)- phenylJ-piperazine-1-carboxylic acid
tert-butyl ester (0.83 g, 2.20 mmol) (obtained as described in method B) and NaH 60% oil (0.11 g, 4.39
mmol) inTPHF (LomLMESEGEed at room temperature for 1 h. Methyl iodide (0.27 mL, 439 mmol) was
added and the resulting solution was stirred overnight. Water 25 (15 mL) was added to the reaction
solution, then the suspension was neutralizgd with IN HC1 and extracted with Et%c (,5? X 40 mL). The
combined organic layer Swerl dried (Na2sQ4), filtered, and concentrated under fedu éa pressure.
The residue was tritliraté Et20 aritrthie splidpbtained T{VO 2088674300
filtered, to give 0.76 g (889 he title compotek ri~"4r1-NMR (400 MHz, X ,
m), 3.18-3.20 (4H, m), 3.45-3.48 (4H, m), 3.85 (3H, br §). flda(-A2ukdE. M), 7.22-7.29 (3H, m), 7.33

(1H, br s), 7.39-7.42 (1H, m),B'7.60-7.62 (1H, m), 7.65-7.67 (1H, m). nilz 393 5(M+R)" régention time =

2 56. commercially available commercially available
step b
NH 0 H, Cl
H, C!
% N = step d @ o ol stepc 1O | o
S Y N\ 7/ T N ~— =
N—R2 R17 Ry

15



EXAMPLE7:1-Methyl-2-(3-piperazin-1-yl-phenyl)-1H- benzoimidazole dihydrochloricle
1-Methy1-2-(3-piperazin- 1 -yl-phenyl)-1H-benzoimidazole dihydrochloride 10Method C -Step b- To a
solution of 443y(L;06Hydnd H-benzoimidazol- 2-y1)-phenylppiperazine-l-cagaxydit@@ishiest-butyl ester
(2.30 g, 3.32 mmol) in MeOH (4 mL) was added 2M HD in Et20 (9 mL) and the resulting solution was
stirred for 6h at room temperature. The solvent was then removed under reduced pressure, and
the resulting 15salt tﬂ’iﬁ?ﬁ‘b}@% Et20 to obtain 1.21 g (100%) of the title compound as
dihydrochloride salt R (400MHz, CD30D): 5 3.42-3.44 (m, 4H), 3.60-3.63 (m, 41-1),
4.13 (s, 3H), 7.41-7.48 (m, 2H), 7.53-7.55 (m, 111), 7.65-7.73 (m, 3H), 7.85-7.88 (m, 114), 7.97-7.99

(m, 1H). m/z 293 (M+H)+; retentiqn time =TO.3O. 20E)((>A'PLE 8: 9
Cyclopropyl-{443-(1-methyl- 14-bgnzoimjeazolsd-y1)- i piperag n-kyZ¥1-methanone
Cyclopropvl- { 44341- methyF 1 nzoi idazot=2-yIf-ohenyj|piperazin-l-yll¥methanone Method C
-Step c- To a solution of cycloprop ranecz;lrp\oxyllc acid 25 (O 6 , 0.68°mrn n:}w acetonitrile (8 mL)
was added CDI (0.11 g, Oe(@nﬁemmgjgmgpdoth esulting suspe yvas stlrrep?_ ®om temperature for
5 h. 1-Methy1-2-(3-piperazin-I-yl- phe%lgma,yavabgnzmml daz Cdlhydrochlo e (0.20 g, 0.55 mmol)
was added and the resulting solution heated at 65C WO 2009/074308PTT/EP2808/010470 34
overnight. The reaction was then cooled to room temperature, the solvept, gmoved under reduced
pressure. The crude product was redissolved in dlchqugmethane (a5 [m,r) a d washed with saturated
NaTICO3 solution (2 x 3 mL). The\organic layer was: qrieg=eyver Na2 4 itered and concentrated
under reduced pressure. %si/vas purlf@@y romat (eluent:
cyclohexane:EtOAc, gradi 0 % cycloh €to 10 ethyl acetat afford 0.17 g (85%) of
the title compound. 11-1-NMR (400 !\/% CD30D): 5 0.82-0\84/(2H;-m), 0. % (211, m), 1.99-2.00
(111, m), 3.24-3.28 (211, m), 3.29-3.3 (g;g, m), 3.67-3.78 (212=m), 10 3. 8§L 1, brs), 3.89-3.95
(2H, m), 7.16-7.22 (1H, m), 7.28-7. 35 81, m), 7.44 (111, t), 7051 7.53 (1H/ r’r?) 7.66-7.68 (111, m).
m/z 361 (M+Hr; retention tim 1 75. EXAMPLE 9:

243-[4-Cyclopropylmethyl-pip razin-l- -y11-phenyll1-methyl-I1H- ben20|m|de@ole formate
152-{3[4-Cyclopropylmethyl-p iperazin-l-y11-phenyl 1 1 m ethyl- 1 idazole Method C
-Step d- To a solution of H.C " \ {

cyclopropyl-{443-(1- meth y ' gperazin- IHyII -me onc (0.17 g, 0.47
mmol) in dry TI-IF (3.50 n+ d ed (CH3)2 BK3in (0.11 mL, 118 ol) 20 and the
resulting suspension was heated at 6 vernight. The reactipn solution was theh cooled to room
temperature, solvent was removed un reduced pressure angdN HC1 (3 mL) was added to the
residue before heating at 100C for 6h. The reaction was cooléd to room temperature, then made basic
by the dropwise addijigmaf &aodNaOH and extracted with EtOAc 25 (3 x 10 mL). The combined
organic layers were dried over Na2S04, 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.

11-1-NMR(400MHz, CD30D . of 2 046\211, m), 0.74-0.
2009/074300PCT/EP2008/ ~1.17 (1H, m), 3. 2
(4H, br s), 3.86 (3H, s), 7.21- NQ 75§Z H, m), 7681—7 70 (1

(M+H)+; retention time = 0. 65 EXA
I5p|pera2|ne 1-carbony1}- m zllne -4-carboxylic

, 3.47 (41-1, hr s), 3.57
,—ﬁg), 8.33 (2H, s). m/z 347

344-43-(1-Methyl-111-benzoimidazol-2-yl)

acid tert-butvi ester 3-M-13-( 1-Methyl-IEl-be deazol -2-y1)-phenvil-piperaz

carbonyll-morpholine-4-carboxylic acid tert-butyl este Method D, E- Step a- To a solution of

morpholine-3,4-dicarboxylic acid-4-tert-butyl ester (0.16 g, 0.71 mmol) in acet(rnltrlle (8 mL) was added
step b

Q= Q=R

N
N \

N> }__R H

o



10 CDI (0.16 g, 0.71 mmol) and the resulting suspension was stirred at room temperature overnight.
1-Methy1-2-(3-piperazin- 1 -yl -ph eny1)-11-1- benzoimidazole dihydrochloride (0.20 g, 0.55 mmol)
(obtained as dgsshikasdspgnethod C) and DIPEA (0.19 mL, 1.10 rnmol) wereagdard saghihe resulting
solution heated at 65C overnight. The reaction was trﬁn cooled to room 15 temperature, the solvent
removed, the crude product was dissolved with dichloromethane (15 mL) and washed with saturated
NaHCO3 solution (ZI%E%)OBEE#%”'C layer was dried over Na2S0O4, filtered and concentrated
under reduced pres as purified by flash chromatography (eluent: gradient from
cyclohexane to cyclohexanc:EtOAc 20 2:1) to afford 0.11 g (40%) of the title compound.

1H-NMR (400 MHz, C 3CD) 6 1.44 (9H, br s) 330:3.89 (16H, br m) 4 02 4,18 ¢€R1-1, m), 7.20-7.26
(2H, m), 7.30-7.37 (3)3},3' 47 (1H, t) 7 7 (L), 7.645 58 -- N/z

i ‘ enzawndaz - en

retention time ,E @ \
250irperazin-1 hoI| I- methano e h)/iﬁrochlon = R'=CH3

{443-(1-Methy1-1H- b&nzoimid -y1)- phenyﬁ plperazml morphol in- § Yl-metha no e Method
D- Step b- A solution of 3444341 ethyl 1 benzoimidazo 2009/074300PCT/EP

2-y1)-phenyl]-pipesazine-1- carbon)gl) morpholine<4-earboxylfe=&cid tert-butyl es%(o 15 g,/0.30
mmol) in 2M HC1 in Et20 (3 mL) was stirred at roef%/‘t%e [pergture overnight. recjpitate was
filtered, washed with diethyl ether and the solid 5 so ater (15 mig).;ancf washﬁr '

dichloromethane (2 x 3 mL). The organic _ge vxgaI then drled over NageO4 fg{ggﬁeooand concentrated

under reduced pressure, to afford 0.09 g 0) Of fle compound. iH-NMR (400 MHz,
CD30D): 5 2.81 (2H, d), 3.12-3.25 (7H, m), YER3 65 4H m), 3.72 (3H, br s), 3.77-3.89 (2H, m),
7.04-7.10 (21-1, m), 107. 16-7.24 (311, m), 7 32 (1H t) 7.38-7.40 (lH d)H7C 6 7.58 (1H, d). m/z 406
(M-i-H); retention time = 0.52. EXAMPLE! [ X
Pinecazin-1-th-(4-methyl-morpholin-gAah tha
dazol-2-v1)-phenyll-p iperazin-l-v11 ‘
c- To a suspension of ) %m
1443-(1-Methy1—1Hbenzoimidazol-2-y-1)-pﬁenylkpi er_a%n-1-y||-morpho|in-3-y|-m none (0.08 g,
0.20 rrimol) and sodium triacetoxyborohydride (NaB( 3H) (0.17 g, 0.79 mmol) in_dichloroethane (2
mi,) formaldehyde 37% (0.64 mL, 20 7.90 mimol) was adde®. The reaction mixtté was stirred at room
temperature overnight, quenched witi'¥sturated NagCO3 solution (3 mL) and the tracted with
dichloromethane (4 x 2 mL). The combined organ*i'c I s were dried over Na2S04, filtered, and
concentrated under reduced pressure to obtaig a yellow oil (0.08 g, 97%). 25'H-NMR (MHz, CD30D): 6
2.24 (3H, s), 2.33-2.39 (1H, m), 2.78-2.82 (1H, m}=3.25-3.28 (2H, in), 3.30-3.32m), 3.34-3.37 (IH, m),
3.47-3.52 (1H, m), 3.62-3.68 (1H, ir@i- m), 3.87 (3H, s), 3.94-3.96 (2H, m), 7.18-7.24
(2H, in), 7,28-7.36 (3H, m), 7.44-7.48%1H, ), 7.

Method D -Step

55 WO 2009/074300PCT/EP2008/010170 37
(1H, m), 7.66-7.69 (11i, m). m/z 420 (M+H}; retenti ‘?e =1.12. EXAMPLE 13:
1-Methy1-2-13-14-(4-methyl-morpholin-3-ylmethyl)- %Lp razin-1-yli-pheny11-1H-benzoimidazole
formate 1-Methyl-2- {344-(4-methyl-morpholin-3-ylm lhpiperazin-1-v11- phenyl
1-1H-benzoimidazole Method D -Stepsds asolutl naf {4-[3-(1-Methy1-1H-
benzoimidazol-2-y1)-phenyl]-piperazin-I- yl} (4- metiy- orpholin-3-ye-methanone (0.06 g, 0.16 mmol)
in dry THF (2 mL) at room temperature under a nitrogen atmosphere was added lithium aluminium
hydride (LiAIH4) (0.02 g, 10 0.47 mmol) THe Feaction was heated at reflux for 2h and other LIA1H4
(0.01 g, 0.24 mmol). After 30 min t i oled to room temperature, quenched with 10%
NaOH (3 mL) and then extracted wik dtehlprome ~e- ne (3 x 3 mL). The combined organic layers were
dried over Na2S04, filtered, and concentrated unde re(liuced pressure. The crude was then purified
by 15Preparative HPLC to obtain 0.03 g (41%) of ti@_lt compound. 'H-NMR (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, m), 3.78-3.86 (1H,
m), 3.88 (3H, s),3.92-3.97(1H, m), 4.01-4.05 (IH, m), 7.16-7.18 (2H, m), 7.31-7.39 (314, m),
7.38-7.46 (1Hw hods)d7pR0/ -58 (1H, m), 7.67-7.70 (1H, m), 8.28 (2H, s). 496Nl retention
time = 0.92. EXAMPLE 14: 15
3-14-13-(1-Methyl-1H-benzoimidazol-2-y1)-phenyllpiperazin-1-ylmethth-morpholine-4-carboxylic acid
tert-butyl esteg %@ﬁg% 4-13-(1-Methy1-1H-henzoimidazol-2-y1)-phenyll-pinerazin-1-
ylmethyll-mor me=4= oxylic acid tert-butyl ester Method E- Step e- To a solution of
3-{443-(1-methyl-1Hbenzoimidazol -2-y 1)-phenyl]-piperazine-1-carbonyl }-morpholine-4-carboxylic
WO 2009/074300PCT/EP@()C98/010470 38 acid teti-Buytyl ester (0.21 g, 0.42,mol) in dry TI-IF (3 mL)
at room temperature unohar’a Nitrogen atmgsphete was desq Iitbhiu X8 \'niu yrTydride (L1A1H4)
(0.05 g, 1.27 mm e e ¢ 2h.a?he on as cooled to room
temperature, quersshet-w 6 with dichlordmethane, (3 x 10 mL). The
combined organic IayersMere dri er NaZSOﬁ, filtered, anyl concentrafed undef redyiced pressure.
The crude was then purified by Pieparative HPLC to obtaifn-en09 g (43%) of the title pound.
'H-NMR (400MHz, CD30D): 5 1.48 (SﬁH4, s), 3.02-3. 14, mj710 3.39-3.46 (6H, m), 3.55-3.59 (1H,
m), 3.76-3.90 (6H, m), 4.15-4.35 (114, m), 7.20-7.24 §2H,\n), Y.64-7.41 (3H, m), 7.45-/49 (114, m),
7.58-7.60 (114, m), 7.69-7.71 (1H, m). m/z 492 (M+H)-?f]/r ion time = 1.45. PLE 15:
1-Methvl-2-13-(4-morpholin-3-ylmethvl-piperazin-1- y1)%henyli-IH-benzoimidazole 151-Methyl -2
-13-(4-morpholin-3 W&"ﬁ/bﬁlgqggw 1-y1)-phenyll-1H- benzoimidazole = Method E- Step I-- To
a solution of
3-(443-(1smethyl-1Hbenzoimidazol-2-y1)-phenyll-piperazin-1-ylmethyll-morpholine-4-carboxylic acid
tert-butyl ester (0.07 g, 0 1& mmol) in dichloromethagg (1 mkMéasadded 20 2BAHC1 in Et20 (3 mL)
and the resulting selutian w. irregefpog Thzatyeo mparases i cipitate was
filtered off, Wash\ ie herand @ Hied\by /# rep-HPLGiﬁ'I;EQ ' ere basified with
K2CO3 to avoid arrevehtual forimylation and 20t was removed under re d 25
pressure. The crude was then rgcovgred with dichloromethane (15 mL) and the organic layer was
washed with water (3 x 4 mL), dn yer Na2S04, filtered

to afford 0.02 g (37%) of the title om\nldound.

4
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WO 2009/074300PCT/EP2008/010470 39 11-1-NMR (400MHz, DM80): 5 2.11-2.24 (2H, m),
2.48-2.58 (3H, m), 2.71-2.76 (2H, m), 2.83-2.89 (1H, m), 2.98-3.06 (IH, m), 3.19-3.24 (4H, m),
3.28-3.38 (2H ) s03s%ad0d L (2H, m), 3.86 (3H, s), 7.08-7.12 (1H, m), 7.1 4 43Q46b6} 8407 -35-7.40
(1H, m), 7.58-7.67 (2H, m). m/z 392 (M+H)+; 5retenti %n time = 0.77. Example 16:
(2-1413-(1H-Benzoimidazol-2-y1)-phenyll-piperazin-1- y11-2-oxo-ethyl)-carbamic acid tert-butyl ester
(2- {443-(1H- Benzouﬂﬁ@fﬂ-ﬁh% g ?hinﬁ(l piperazin- 1 -y11-2-oxoethyl)-carbamic acid ten-butyl ester
10Method F- Step a- =(tert-butoxycarbonyl)-glycine (0.13 g, 0.74 mmol) in
acetonitrile (8 mL) was added CDI (0.12 g, 0.68 mmol) and the resulting suspension was stirred at
room temperature overnight. 2-(3- Plgerazm 1 -yl-phenyl)-1H- bengglmldazole thydrochloride (0.20 g,
0.57 mmol) (obtained as desc mefho)y B) af@APEA ( mi, mmol) were then
added and the resulting solution“f/ag heated  at 65C overnight~Freweaction then cooled to room
temperature, solvent removed, the c'lude recBvered with dichlorawthane (1®mmgraistiwashed with

saturated NaHCO3 solution (2 x 3 mlL). The organic layeravaitatliged over N2*8t32!efiltered and
concentrated under reduced p¥&8uire. The residue was 20 purified by flash chromatography (eluent:

cyclohexane:Et0OAc/2:1) to affor 14 9 (R6%0) of the fitle co

CD30D): 8 1.46 (9H, s), 3.29- *}y—c@ ! ﬁ? , m), 4.00 (2H, s),
7.13-7.16 (IH, rn), 7.24-7.27 (2Fin Qteg 56- 7 62 (3H, )m;,, 7.7 4 (1H, m). m/z 436 25
(M+H); retention time = 2.13. EXA Ei7:2- {443-(1H-benzdimjdazok2-yl)henyll

-piperazinl-y1i- ethyl%mg) OGZf 213 (1;'\&%%@32.9' -2-y1)-phenyll -pipgrazin- 1 -yll-ethylamine
WO 2009/074300PCTTEP2008/018470 ethod F-Step b- To [t#lgtion of

(2-{443-(1H-benzqimidaz h@yn phenylkplperazm 1-y1}-2-oxo-ethyl)-carbamic acid tert-butyl ester
n wa

1H-NMR (400 MHz,

(0.129,0.28 m in F (3.50 m 3inTH ¢ m 9 mmol) was added and
the resulting suspens led at werni The 5 ncooled to room
temperature, the solvent re g@ger reducbdppres,suﬂe and IN HE% s added to the
residue before heatingtap !Lgocnf:arﬁh The rehction Was c oled room te at\we; then made basic
by the dropwise addition ofy15% NaOH and the white solit Med wayg filteréd and washed with
water and diethyl e er,4o o 0.06 g (73%) of the 10title ompo%}ﬁaf 1H-NMR (400 MHz,
CD30D): 5 2.60- 2*3—»1’?&2598 3.01 (214 6H m N(1H 7.24-7.26 (2H, m),
7.39 (114, 1), 7.52 7.53- 214, m) b + entlon time = 0.22.
EXAMPLE7:1-13-(1H nZgimidazsl -é/éL y4- ehloro nyllggpendm 4

843-(1H- Benzmmd&@@lnzni}) -4:chloro- pheny11-1 4 dioxa-8-= a§p|¥of4F51deca e Th1ezsame
procedure as that used in method A was used starting from 1, 47}Ima -8-azaspiro[4. cane
hydrochloride. 201.25 g of the title compound wetEdBthined 0, last step). R 114-NMR

(400MHz, DMSO0): s), 3.31-3.34 (4H, m) 3.90 (@14, br s), 7.09-7.12 (1H, m), 7.19-7.21
(214, m), 7.37-7.40 (21<1.m);

143-(1H-Benzoimidazol-;ﬂ;)-4- ! ﬂg-pheSeri G,H-Step a- To a suspension of
843-(1H-benzoimidazol#2- y1)-4- 0 enyl] 1,4- d| i}t iro[4.5]clecane (2.00 g, 5.42 mmol)
in water (50 mL) was added H25Q4 (2,6031L) dropW|se and esulting solution was stirred for 72h

at room temperature. The solution Wﬁé neutralized WO 20@9/211 OPCT/EP2008/010470 41 with
Na2CO3 and the oil obtained solidified on standing in water. Tlie ,gempltate was filtered and dried to
obtain 1.60 g (90%) of the title compound. 'H-NMR (400MHz, DMSO0): 6 2.43 (411, t), 3.68 (4H, 1),
7.22-7.25 (111, 5m), 7.33-7.36(211, m), 7.46-7.50(211, m), 7.69-7.71 (211, m). EXAMPLE
18:143-(1H-Benzoimidazol-2-y1)-4-chloro-phenyll-

5
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piperidin-4-ol 1-13-(1H-Benzoimidazol-2-v1)-4-ehloro-nhenv11-piperidin-4-ol Method G-Step b- To a
suspension of 1-[3-(IH-benzoimidazol-2-y1)-4- 10 chloro-phenyl]-piperidin-4-one (0.05 g, 0.17 mmol)
in methanol (5 5%))#;% %gbdded sodium borohydride (NaBH4) (0.01 g, O. 17 m/ranl)c‘)2 b rorlo(l)tpe resulting
mixture was stirred tor Ih at room temperature and then quenched with few rops ofr water. The solvent
was removed under reduced pressure, the crude diskblved in EtOAC (5 mL) and filtered, then the
organic phase was evaoorated 15 under reduced pressure to afford 0.02 g (36%) of the title
compound. 1H-NMR HODosd: 6 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 (111 d) 7.06-7.08(1H,m), 7.18-7.21 (2H, m), 7.33-7.40 (211, m), 7.52 (1H, d),
7.66 (1H, d),12.59 yS). m/z 328 (M+H); retention time = 1.55.

20EXAMPLE19:2- -Azefs [-pHesigin-1-vl)-2-ehloro- phenyl11-1H-benzoimidazole
2-15-(4-Azepan-Laylnigeridir:-1-ytf 2 ¥HR8K-phenv11-111- benzoimidazole Method H-Step ¢c- To a
suspension of 14&i¢be- 1ienzoimidazol -2-y1)-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 dro f,,.ac ic acid was added, and after 1 h a further aliquot of azepas (0.05 mL, 0.46

mmol) was adde IIo e by sodiu 2] /fﬁ:g @b CYE, 2008/01Q440
OAC%H-)-( . 6-mn§o1-)r- Pl ¥

trlaeetoxyborohydrlde“ VO, QITTIXTUTe was stirred.at room
temperature overnight, th the solvent w s rembved under reduced pressure and the €rude product
dissolved in dichloromethane (10MﬁT_r)OQ'® herdolution PS- Fé??@y{nate resin (PS-NCO) 5 (Argonaut,
loading 0.93 mmol/g) was added, then the'mixture was shaken atyoom temperature overnight and
filtered. The solvent was removed un d pressur@o alnja solid residue that was washed
with EtOAc and Et20 then dried to give e@e ed product (0.07 g, ‘
8 1.45-1.50 (9H, m), 1.74 (2H, d), 10 2.61-2.74 (6H, m), 331é , sS\¥78(211, d), 7.06-7.08 (1H, m),
7.20-7.22 (2H, m), 7.33-7.38 (2H, m) s‘?"déf(lH d), 7.66 (1H' ), 12.60 ELH,$). rri/z 409 (M+H)+;
retention time = 1.32. EXAMPLE (4 43-(1- leluoromet [-111-benzoirnidazol-2-
y1)-phenyll-piperazine-1- carbonyll-mgi%an 1-y1)- e O
152-(3-Bromo-phenyl)-1H- benzoimidazole ”ﬁ?&thod 1,d, S'iep afkphenylenediamine (81.8 g,
756.6 mmol) and oxalic acid (3.40 g, 37.8 mmoty\yeré completel drés_ ved in ethanol/water 1:1 (2L)
previously warmed at 80C. Then 3- Bror’ﬁo enzaldheyde (44s¢pm 3783 gl was added dropwise

. 1H-NMR (400 MHz, DMSO0):

to the solution. The reaction mixture red overnrght QC to the 0|Qen air fort two days. Solid
was filtered off and triturated with m mL) to a duct as a palg yellow solid (27.50
g). 3.8 g of product were: reé&@ére’d from the mptier Irquo Stal y| , 04
11-1-NMR (400 mﬁ% 57 2442@ m) 754 (2k1, m), 7.70 2,5(@ H) 8 19 (1H, Y. 8.37 (1 H, 1),
13.2 (11-1, s). m/ retentlon K
N\ ) 1 oo n=12 >=0
0 ﬁ step i R
: Y
step q ‘

O
e

N

<N

H
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time 8,60. 2-(3-Bromo-phenyl)-1-difluoromethyl-1H-benzoimidazole Method I,J,K-Step b- In autoclave
2-(3-Bromo-phenyl)-1H- WO 200910743E10PCT/EP20118/010470 43 benzoimidazole (14.10 g. 51.6
mmol) 50% acg mL, 154.8 mmol) TEBAC (0.58 g, 2.5 mmol) {%1 0 mL) were
placed. The mlxﬁregﬁ{égs(%rred at room temperature for 2 h, then chloroditl o/;%)réige %agﬁg(\)/vas bubbled
until complete conversion of the starting material (2 blér ca.3 h). The mixture 5 was diluted with DCM
(200 mL), the Orga”'ﬁyﬁ’%}% fglﬁ JQecanted and dried over Na2SO4. The solvent was evaporated
under reduced presstrete-atterea 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:AcQEt B)r\}gfafford 14.30_g of the 10 title compoxnd §6%). . 11-1-NMR (400
MHz DM80): 5 7. 45@; 59(1bhd): @9 , M)S9PE(2H, " .09(1H, s). m/z 323
(M+H)*; retention ti Qu, 144- (4-43=(4-D i Senzoim\da?
piperazine-l-carboul 141 4lﬂlazep@mm;le ak)-eranone 15Method J - Step c- Br

2-(3-Bromo- pheny]&,ﬁﬁﬁuo\r’omeﬂw@blﬂ benzoimidazole (0.10 g;Q,81 mmol), cesium carbonate
(0,14 g, 0.43 mmol), rae-2,2' bl%dlphenylphosphlno) -1,1'-binaphtyl (BINAP) (0.007 g, 0.01 mmol) and
tris- (dibenzilideneacetoifie)-dipaNad (0.004 gpegv@re placed into a 7 mL sealed vial and purged
by repeated nitrogen/vacuygreygles nor ¢ J | &
N-acetylhomopiperazine (0.05 mL, 0.37 l) were added and gtionymi» was heated at 85C
for 24 hours with stirring.  Reaction Wa%cﬁ':ed to room temperature™and fi

ered through SCX
cartridge (2 g), (eluent: DCM/methanol 1:
E)

go‘?@anic layer was 25concentratédl under reduced
pressure and purified by pr gtive HPLC to afford 58 mg of the title compound (48%).
1H-NMR (400 MHz, CD30B): 5 1.95-2.08 (51-1, m), 3.48-3.55 (2H, m), 3 65-3.77 (4H, m), 3.80-3.84
(2H, m), 6.93-6.95 (1H,

), 704-7.11 (2H, m), WO 2009/ RCT/ 08/010470 44 7.41-7.67
(4H, m), 7.73-7.82 (2H mig_38 +H)+; redgption tlm LE 21:

1-Difluoromethy1-2-(3-Qige phenyl)-HHbenzeimielazole h ydrochlo de
443-(1-Difluoromethy1-1H- behzoimidazg)- -y1-)-phenyil- plperazme 1- 5¢ {E&Lllc &cid tert-butyl ester
Method K- Step d- 2-(3 -bromo-pheny()-1 idi fluoromethy1l-1Hbenzoimida 3 10 mmol),
piperanne-I-carboxylic acid tert-butyl e P 9, 4.02 mmol) and cesium carbo te 3.04 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’Z. 2! Bls(dlphenylphosphlno) 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. 15Dry toluenéE5B@ILNwas added and this suspension was stirred 10 minutes before being
added to the first round-Rottem flask. The rea ctlon n xture W d oye: |ght tinder nitrogen and
cooled to room temp*.{l’i1 he mﬁttgrlellte Iu Qte al was washed with
EtOAC (3 x 20 mL). Th& org¥ic solution was concentrated undér 2 @reduce ressure and crude was
purified by flash chromatmmpmadphy (ENEBE WclBhexane:AcOEt gradlent from 100% of cyclohexane to

cyclohexane 5: AcOEYAT1S afford 1.10 g of the title compound (§'%84) 1H-NMR (400
MHz, DMSO0): 8 1.41 (9H 3 2 , m), 356 -3.48 (4H m) 7.08-7. 10 (111, m), 7.20-7.23 (211,
m), 737-7.46 (3H, m), 257 m/z 4-29—6M+H)+ tln t|m 3 1-Di
fluoromethy1-2-(3-piperazin- I yI phenyl) nzoimidazole - To a solution of
4-[3-(1-Difluoromethy1-1H- WO 2009/07430pPCT/E, P200147
,boc
1step d
: Ty e @: f‘Q
S S
NH, ﬁ ©



45 benzoimidazol-2-y1-1-phenyll-piperazine-1-carboxylic acid tert-butyl ester (1.10g, 2.57 mmol) in
DCM (2 mL) were added 2M HCI 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
5mL) to obtain'L / i&(}/o) of the title compound as hydrochloride salt. PCT/EP2008{{ 4 TR IMR (400
MHz, DMSO0): 6 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 In). rn/z 329 (M+I-1)+; retention time 1.77. EXAMPLE 22:
1-1443-(1-Difluorome# 'zoI-2-y1)- 10phenyll-piperazin-1-y11-2-methyl-propan-1-one
1- 4-f 3-(1-Difluoromethy1-1H- ben20|m|dazol-2-y1)-phenylI-piperazinl -y11 -2 -methy I-prop an-1-one
Method K- Step f- CD1 (0.05 g, 0.32 mmol) was added to a solurH‘on of'fsesbityric acid 0 029 g, 0.32
mmol) in acetonitrile (2.50 mL). The resultiggrhRRsHsition v@ irréd ¢ teﬁ&f@ﬁ%ﬁlp@ r5h.
1-Difluoromethy1-2-(3-piperazin-1-yl-phenyjditdthenzoimidazsle (0.1 27 f
N,N-diisopropylethylamine (DIPEA) (0.05 mL, 0.27 mmol) were added andf reéaction was heated at
653C overnight. The reaction was cooled to room temperature, the solvent was removed and DCM
(3mL) was 20 added. Organic solution was washed with Wa%ep(m)jZ mL) and with satured Na2CO3
solution (2 x 2mL). The organic layer concentrated under educed pressure and crude was purified by
flash chromatography (elug ¢ fORY clohexane to cyclohexane
3: AcOEt 1) to afford 0.067 { ‘ Hz, CDCI3): 6 1.09 (61-1,
d), 2.77 (1H, septuplet), 3.21- (4H, my; 3.64-3.75 (4H, m), 7.04-7.07 (214, m), 7.10-7.41 (5H, m),
7.70-7.73 (111, m), 7.77-7:6F (A1-1,m/z 399 (M+H)+; retentRfRife 3,68. EXAMPLE 23:
4-14-13-(1-Difluoromethy1- pidazol-2-y1)- u 43 CMP2008/010470 46
phenyll-piperazine-I-carbo : carboxylic acid te*t&l

4-{443-(1-Difluoromethyl-1 -en oimidazol-2-y1)-phenyll-pygeradinel-catbonyll-piperidine-1-carboxyl
ic acid tert-butyl ester 5Me ho Step g- *tDI (0.053 mg, 0.32 mmBt) was &dded to a solution of
piperidine-1,4-dicarboxylic ag ono -tert-butyl ester (0. 07@6!3 32 mmol) in acetonitrile (2.50 mL).

The resulting solution w temperature five hours.” ©
1-Difluoromethyl-2-(3- p| yI- y1)-11-1-benzoimif Q. g, 0.27 mmol) and
0

N,N-diisopropylethylamine (DIPEA) (. Q%L 0.27 mmol) wegéa ded reaction was heated at 65C

QP

overnight. The reaction was cooled to rom temperature, the solvent was ved and DCM (3mL)
was added. Organic solution was wash ? water (2 x 2 mL) and with satured Na2CO3 solution (2 x
2mL). The organic layer was concentrate&xm%l r15 redug ;;éure and crudg was purified by flash
chromatography (eluent: cyclohexane:AcOBt gra |ent from Yo of cyclohexarie to cyclohexane 3:
MC/Et 1) to afford 0.067 g of the title conﬁ)tSBer (79%). 20 11-4-NMR (400 MHz, CDCI3):51.39
(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),
7.04-7.07 (2H, m), 7.11-7.41 (5H, m), 7.71-7.7 g 7.82 (1H, m). m/z 540 (114+H)+;
retention time= 4.25. EXAMPLE 24 {443-(1-Di \eth (H-benzoimidazol-2-v1)-
Phenvil-piperazin-l-v1I-niperidin-4-v1-methanone H, Me N—
4@@ 5vf} piperidin-4-yl-methanone
Method K- Step h- To a solution of METHOD OA
4-{413-(I-Difluoromethyl-1Hbenzoimidazol- iygwﬁenylkplperazme 1-carbonyl} -piperidine- 1
-carboxylic acid tert-butyl ester (0.075 g, .44 mmol) in DCM (0 5 rriL)c2M HC1 in Et20 WO

2009/074300PCT7EP2008/010@:N\ @iN\
N\ N

(4-13-(1-Difluoromethy1-1H-benzomiaz0ERey1)-ohenyll-pin



47 (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 fractron&w%egne‘mr@lrzed with K2CO3 and concentrated. DCM (5 WALEY, ;§ mL) were
added, organic phase was separated and concentrated to give 44 mg of the traﬂ)corﬁpo“und (72%).
114-NMR (400 MHz, CDC13): 8 1,82-2.15 (4H, m), 92-2.86 (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°8%7°47 (3H, mz 175 -7.78 (1H, in),
7.81-7.85 (1H, m). 10 m/z 440 (M+H)+;detemiesdime &  EL mmeftiall

1-13-(1-Difluoromethy1-1H-benzoimidazokiaile)- phe Reridin rb8>\€§a/”%bal1%rd ethyl ester

1-13-(1-Difluoromethy1-1H-benzoimidazol-2-y1)-phenyl-Thipetidine- gboxylic acid ethyl ester
15Method I- Step i- Same procedure described in Method K, step d but starting from
piperidine-4-carboxylic acid ethyl ester instead of piperastap-d-j:arboxylic acid tert-butyl ester.
Quantitative yield. 11-1-NMR (400 MHz, CD30D): 5 1.26 (814, t), 1.77-1.87 (214, m),
2.01-2.05 (214, m), 2. m\l 2.88-2.94 (2H, m : m), 204.12-4.17 (214, q),
7.09-7.11 (114, in), 7. 6(1HNm 7 29-7.30 (111, , m). m/z 400 (M+H)+;
retention time 4.25. EXAMP 26: {148 (1-Dilluoromethy1-1H;benzoi r;dazol 2-yl)-

phenyll-piperidine-4- y1 - ethyl pirperazin-l-y1)- methﬁ?%’n%

1-13-(1- Drfruoromethyl- -b zor zol-2-y1)-phenyl-T err |ne- =25carboxylic acid  Method I-
Step I- NaOH powder ol) was added to glut 3-(1-Difluorom ethyl-
11-1-benzo imi dazol-2- -p enyIJpr rrdrne 4- carboxylr acithethylmester (1.20 g, 3.01 mmol) in

ethanol:water WO 209?/ %4 00PC1 /EP2008/010470 48 3:1 aff the réaction was heated at 80C
overnight. Reaction was Coo d to room temperature artfqRd rganic solvent concentrated by

evaporation under re es The resulting solution was neuytralized by dropwise addition of
6N HC1. A pale bro itat nd it was filtered o @ ag

] fford 0.80 g of the title
compound (72%). 1H-NM 0 MHz, CD30D}: ‘ H, m), 2.06-2.11 (211, m),
2.52-2.59 (1H, m), 3.14-3.17 (2H, Ql 3.76 (2H, m), 7.33- 1085 (11¥m), 7.40-7.42 (211, m),
7.44-7.78 (611, m). m/z 372 (M+H)+;T tion time 3.25. LI

43-(1-Difluoromethy1-1H- benzoimidazdl -v#)%rj)henv],slc g%er' ine-4- 10y} -(4 -methyl -piperazin
-1-y1)-methanone Method I- Step m- HATY (0.11 g mmol) and dhiisopropylethylamine
(D1YEA) (0.09 mL, 0.54 mmol) were &3R& to & suspensioh of 1-[3-(1-
Difluoromethy1-1H-benzoimida_zol-2-y1)- phenyHR igefidine- 4 -carboxylic acid (0.10 g, 0.27 mmol) in
dichloromethane at room temperature. Reag w ted at 35C overnight. Reaction was cooled
to room temperature and washed with saturedAa ution (2 x 4 mL) and with water (1 x 3 mL).
The organic layer was concentrated under reduce d Crlé was purified by flash
chromatography (eluent: cyclohEdgTie QEL gradrent fro xane 1: AcOEt 1 to 100% AcOEt
and finally with ACOEt:2.0 N ammonia in %%tybl 205:1) to a@ %\Oéﬁﬂﬂﬁ&ﬂle compound
(20%). 1H-NMR (400 MHz, CD30D): 5 1.79- (4H, m), 2.31 (3H, s), 2.39-2.48 (41-1, m), 2.80-2.92
(3H, m), 3.60-3.68 (4H, m), 3.85-3.88q2H, m), 7.08-7.10 (1H, m) 7*20-7.25 (111, m), 7.28-7.29 (111,

m), 7.40-7.81 (6H, m). @[N\>——Q \
N
\
H, Me Q

N-~-R2 N""‘R2
R1/ R1



mlz 454 (MH)t; retention time= 2.00. 25EXAMPLE 27: _
(444-Fluoro-3-(1-methyl-1H-benzoimidazol-2-y1)- phenyll-piperazin-1-01-pyrrolidin-1-yl-methanone
N-(2-Amino-p§pd1 %?fr 0-2-fluoro-benzamide Method L, M- Step a- 5- -2-f -benzoic acid
(4.96 g, WO oog(; A T /EP2008/010470 49 22.6mmol),benzene-1,§§-9 |ar7ﬁ£i}§éo?i§f{§g)g,45.3mmol),
1-(3-dimethylaminopropy1)-3-ethylcarbodiimide hydr%l:hloride (EDC) (5.21 g, 27.2 mmol),
1-hydroxybenzotriaz r -HOBY) (3.67 g, 27.2 mmol) and dimethyl-pyridin-4-yl-amine (DMAP)
(0.03 g, 0.2 mmol) V\Mﬁo 5 a 100 mL round bottom flask. Dry DMF (60 mL) was added and
the reaction Wag\ﬁir}rﬁ% t[_r,oom temperature overnight. Solvent was removed under reduced pressure,
then the crude diluted with DCM (15 mL) and 0.4 M Na2CO3 solution (15 mL). A white precipitate
formed and it wasffiltered off andwsashed again with DCM (10 mL) and dried to afford 4.96 g of the title
10 compound. S 'on§ were \Ilecttedbthe apft phase was separated from the aqueous one and
concentrated urlder le8588d presiuiercihe pregipitate formed and it was filtered off, washed with
DCM (3 mL) to affefd other 0:68-g of desired~edmpound. Total yield 81%. 1H-NMR (400
MHz, DMSO0): 5 4.84-5.14 (2H, fp), 6.54-6.59 élcl—l m), 6.73- 156.76 (1H, m), 6.93-6.97 (1H, m),
7.21-7.24 (1HcdMhefedlly 7.35 (1H, m), 7.72-7.76 (1H, m), 9.62-9.64 (11-1, m). rn/z 308/310 (M+H)+-;
retention time31.3832162-(5-Bromo-2-fluor<§1tﬂ1“er£y1)-lH-benzoimidazole Method L, M- Step b- A
suspension of N-(2-amino-pheny1)-5-bromo-2- fluoro-benzamide (5.64 g, 18.3 mmol) in acetic acid (20
mL) was heated at 20 60C. After 30 min, the.gu8pension became a solution and it was left overnight.
The solvent was removed under reduced pre%surepand residue was triturated with DCM (10 mL) and
filtered off The precipitate was washed withy DCWM (3 x 10 rriL) and dried to afford 4.76 g of the title
compound (89%). 11-1-NM gq MHz, DI'vI50): 8 7.24-7.27 (2H, m), 7,43-7.48 (1H,
m), 257,63-7.66 (21-1, m), 7.72-7.76 (1H, m),tl)8.33-8.35 (1H, m). m/z 290/292 (M+H)+; retention time
1.85. 2-(5-Bromo-2-fluoro-phenyl)-l-methyl-fﬁl-benzoimidazole Method L- Step c- NaH 60%
suspension in mineral oil (0.61 g, 25.5 nymEl LWO 2009/074300PCT/EP2008/010470 50 was added to
a solution of 2-(5-Bromo-2-fluoro-phenyl)-1H-penzoimidazole (3.70 g, 12,76 mmol) in dry TIT-[F (100

mL) and the reaction was stirred at room tepperature 30 minutesafo \. rermethyl iodide (1.19
mL, 19.1 mmol). Reacti ef{ stirring for 2\a, then quenehed with water L) The solution 5
was concentrated, thg F mL) wa: ed. The organic st utioﬁ was Separated, washed with

brine (10 rriL), drieve'l” Na2S04 and concent under reduced pressure to atford 3.80 g of
desired compound. (97%)). B 1H-NMR (400 MHz, CD30D): 5 3.76 (3H, 31-7.42 (3H, m),
7.59-7.61 (11-1, 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. R
{444-Fluoro-3-(1-methyk1H-benzoigaidazol-2-yh)-phenyll-piperazin-ly11-vyrrolidin-1-yl-methanone
Method L- Step d- Th me proc \uresteg%scr' i step ¢ method J was followed but starting from
2-(5-bromo-2-fluoro-ppenyi)=t=methyl benzoimidazole and
piperazin-I-yl-pyrrolidin-ltyl-methangne. The crufle reaction mixture was purified by preparative LIPLC
to afford 0.06g of the titl&°20 compaend (44%). *° 1H-NMR (400 MHz, CD30D): 5 1.82-1.89
3.40-3.42 (4H, m), PEARY (4H, m), 3.7%@.7% 7.24-7.26 (2H, m), 7.31-7.40 (2H, m), 7.57-7.59

Ry R
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(4H, m), 3.20-3.23 (41-1, m), (3H, m), 7.20-7.22 (111, m), (1H, m), 7.69-7.71 (1H, m). m/z 408 (M+Hf;
retention time 2.32. EXAMPLE 28: 4-14-Fluoro-3-(1-methvl-1H-benzoimidazol-2-y1)-
pheriyil-piperggingib saiagxylic acid tert-butyl ester PCT/EP2008/010470
4-14-Fluoro-3-(1-methyl-1H-benzoimidazoi-2-y1)-phenyll-pinerazine-1- 25carboxylic acid tert-butyl
ester Method L- Step e- 2 -(5-Bromo-2-fluoro-phé&fiyl)-1-m ethyl- 1Hbenzoimidazole (2.10 g, 6.9
mmol), piperazine-1-¢£¢ 'rb-)_%ﬁf cid tert-butyl ester (1.16 g, 8.3 mmol), cesium carbonate (3.14 g, 9.6
mmol) rac-2,2" WO2 én rA368PCT/EP2008/010470 51 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/vacuym cycles for 10 minutes. Dry toluene
(13 mL) was added and the regction wag-stirred at 85C for 24 &5 Reactipri¥vas cooled to room

temperature, diluted with Ac@ Q mL).and ashedrgith w L)P'[he organic layer was dried
over Na2S0O4 and concentra mder red d pressure. The c reaction mixture was purified by
flash chromatography (eluent: bwclohexane AcO!Et gradient frém OO% cyclohexane to cyclohexane 2:
AcOEt 1) to afford 1.14 g W’%‘P&mng:ﬁﬁ;m@ ely al and 0.70 g of ound (54%).
11-1-NMR (400 MHz, cb3 81.47 (9H, s), 3.14-3.17 (4t ), Qcmmmyy 7.20-7.26 (3H,

m), 7.30-7.39 (21-1, m), 7.56-7.58 gH m), 7.68-7.71 (1H, m). m/z|411 (M+ﬁ‘51‘a?etenuon time 1.90.

EXAMPLE 29: 2-Dintetty -fluorac34i;methy1-411- ' Heuey
-1-v1}-et ha\ » oro 5 -1 -y1l-phenyl)- 1-m

15benzoimidazol-2-y1)-ph
ethyl -1H-benzoimid azole Method t?psfpro a’solution 0
§1)- phenylkplperaz{\rfbcharbo aC|d tert-butyl ester

444-Fluoro-341-methy1- 1Hbenzoimida
(0.86 g, 1.71 mmol) in DCM (2.0 mL) 2.0 M HC1 in Et20 (10 mL) was added 20 &nd the resulting
suspension was stirred at rcnbemctﬂmperature overnight. The premBltate was filtered off and tritured with

Et20 (3 x 15 mL) to afford thg, titler compotaeky ti atlve Id). ¥ N 400 MHz, DM50):
5 3.22-3.25 (4+f) ¥ 3.4 , m), 3.94 (3 (3H, m), , m), 7.87-7.89
(1H, m), 258.01-8.0 ), (2HSAR)® m/z 311 H)+ ntiewptime spllt peak! qt Dimethyl
am ino- 1- 4[4-fluoro-341-methy1-% n20|m|dazol 2-vl)- -piperazin-1- v11 anone Method
L- Step g- Same procedure used(m_%

thod L-step h. WO 2 4300PCT/EP2008/0 052
'H-NMR (400 MHz, CD30D): 5 2.30 s), 3.18-3.25 (6H, m)g§4-3.78 (7H, m), 7.2%-7.28 (3H, m),
7.31-7.40 (2H, m), 7.57-7.59 (1H, np), 7.69-7.71 (1H, m). m/z 3964M+H)+; retention timesplit peak.
EXAMPLE 30: (S)-2-{444-flooro-3-(1-mgthyl-114-benzoimidazol-2-
5yll-phenyll-piperaziner2-carbonyl}-ovrrolidine-I-carboxylic acid ten- butyl ester  (S)-2- f
4-14-fluoro-3-(1-methyl-IH-benzoimidazol-2-v1)-nhenylluiperazine-I-carbonyll-pyrrolidine-l-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-pheny1)-1-methyl-1H-benzoimidazole (0.10
g, 0.26 mmol) and N,N-diisopropylethylarnine (DIPEA) (0.09 mL, 0.52 mmol) were added and reaction
was heated at 65C 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 Na2CO3 solution (2 x 2mL). The organic layer was concentrated
under reduced pressure and crude was purified by flash chromatography (eluent: cyclohexane:AcOEt
gradient from

10

15



20 cyclohexane 2: AcOEt 1 to 100% AcOEt) to afford 0.067 g of the title compound (51%). 'H-NMR
(400 MHz, CD30D): 8 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 %g@g 5(7H, m), 4.72-4.77 (1H, in), 7.22-7.29 (3H, m% @ é’}{ 4Mjé2H m),
7.57-7.59 (1H“;r§;20 X %§-7.71 (1H, m). m/z 508 (M+H)+: retention time 2.6 £ RABTE 31
14[4-fluoro-3-(1-methyl-1H-benzoimidazol-2-y1)- phé%/ll piperazin-1-yl}-(S)-pyrrolidin-2-yl-methanone
hydrochloride f4-44- quor031 meth I- 1H-henzoimi d azol-2-y1)-phenyll-ni perazin-I- WO

20091074300PCT/EP2X 23l-(S)-pyrrolidin-2-yl-methanone  Method L- Step To a
solution of
(S)-2-{444-fluoro-3-(1-methyl-1Hbenzoimidazo|;2:y1)-phenylkpiperazine-l-carbonyl}-pyrrolidine-1-carb
oxylic acid tert-butyl ester (0%ig¢H, aun D&M, (0.5 mL) 2M HO in Et20 5 (2.0 mL) was added
and the resulting suspension was stlrrqﬁfo -t srature overnight. The reaction was
concentrated under reduced pressure th&n witer ( L) was added and the mixture was

concentrated again to afford 0.04 g of tjie t|t|é*c@“r'npo S MFarRR salt (86%). 1H-NMR (400
MHz, CD101J): 5 1.85-2.04 (4H, m), 2/42-2.51 (1H, mC@j@o -3 BL(4HEPR), 3.98-3.99 (3H, m),
3.23-3.36 (5H, m), 4.60-4.6YETHP™Y) /7.32-7.44 (3H, m), 1.62-7.68 (2H, .77-7.80 (1H, m),
7.89-7.93 (1H m). nth 408 (M+H)+ etention time split peak. EXAMPLE 32:

I oil #670 g,”‘ﬁ"ﬁo ol) was adoe soI Xion
idazole (3.7 g, 13.3 mmol) in ﬁry;;(HF (40 mL) under

'_\
Z
Y
T
o)
Oo
>
9—
=

nltrogen at 20 room temperaturefEj fer
mmol) in dry THF (50 mL) was a dp
reaction was concentrated under reduc Sure. AcOEt (30 mL) was added and the=exmanic layer
was separated. The water solution was wa Qvith/AcOEt (2 x 10 mL). Organic layefs were 25
collected, dried over Na2SO4 and concentrgte d under reduced pressure. The crufe refdtdn mixture
was purified by flash chromatography (elueo exane:AcOEt gradiensfiom 10085 cyclohexane to

% tlon was left 30 h. Water (40 mL) w. ded and

cyclohexane 10: AcOEt 1) to 4.7 g of the titl€ ppound (90%). WO
2009/074300PCT/EP2008/010470 54 MR (400 MHz, CD30B)cq 1.44 (9H, s), 7.23-7.27
(1H, m), 7.41-7.50 (2H, m), 7.73-7.77 (2H, m), ,84-7.68 G 812 (BHam), m/z 392 (M+H);
retention time 2.88. 2H B1(8Hert-butoxycarb -piperazin -f orgcphenyll -
5benzoimidazole-I-carboxylic acid te vl & ethod M- Step mA
2-(5-Bromo-2-fluoro-phenyl)-benzoimi¢a oxylic acid tert- buty’f e&br % g; 6.5 mmol),
piperazine- 1-carboxylic acid tert-butyl ester {156 g, mmol) and cesium car g "(10.50 g, 32.20
mmol) were placed into a dry 500 mL round bottom flask kluhder 10 nitrogen and dry toluene (140 mL)
was added. At the same time palladium acetate (0.29 Nﬁ%g mmol) and BINAP (1. %}?ﬁ 1.93 mmol)
were placed into a dry 250 mL round bottom flask under gen and dry toluene (1 L) was added.
After 10 minutes the suspension containing BINAP &hd r]!?alladlum acetate was adeed to the 500 mL
round bottom flask. The reaction mixture

10



15 was heated at 85C 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 ylefsapuegd pressure and crude was purified by flash chrppragesiaRiyteluent:
cyclohexane:AcOEt gradient from 100% of cycloheogpe to cyclohexane 4: AcOEt 1) to afford 20 2.48
g of the title compound (76%). 1H-NMR (400 MHz, DMSO0): 8 1.36 (9H, s), 3.08-3.10 (4H, m),

3.43-3.46 (411, m), % 0725(214 m), 7.38-7.47 (2H, m), 7.76-7.78 (1H, m),
7.97-7.99 (1H, m). Me mQIV%Ab e 2.93.

2-(2-Fluoro-5-piperazin-I- yI phenyl)- 1H ben20|m|dazole 25Method M- Step n- To a solution of
245-(4-tert-butoxycarbanyl-piperazin-1- yl) flyoro-ph Ipben20|m 0 & 1-carhoxylic acid
tett-butyl ester (0.45 1 pala o Q?@Elmﬂio 1 ded and the
resulting suspension Wé s S rred at{oom temperaﬁjre overnight. WO
2009/074300PCT/EP2008/010470 55 2M HC1 in Et20 (5% more were added "‘bqactlon was
left stirring for 24 h. The precipitate was filtered off and trit with Et20 (3 x 15 m‘g;t@ afford 0.21 g of
the title compound (55%). 11-I-NMR (400 MHz, DMSO0): 3.26 (4H, bs), 3. £49-3.51 (4H, m),
57.36-7.40 (1I-L m), 7.45-7.53 (3H, m), g 80-7.84 (2HHA), 7.91-7.93 (IH, m), 9.28 (2H, bs). m/z 297
(M-1-H)+; retention time= split peak 1- {.
enzoimidazol-2-y1)-4-fluoro- pggmgb@lper - = d lamiqo-ethanone Method M- Step o- CDI

(0.052 g, 0.32 mmol) was added to a sefution 10 of N N-tdlmedqﬁg% mggd 0.32 mmol) in
acetonitrile (2.50 mL). The result| g solution was stirred at r pexature for 5 hours. Then

2-(2-Fluoro-5-piperasin-1yl- plﬂ ny -1H-benzoimidazole (§.107dj 0.27 mma]) and
N,N-diisopropylethyla A @ 1 mL, 0.6/mmol) wiere added and regctjon was heated at 65C

overnight. Reaction was sooled to reetn 15 temperature angh solygat was re mov d under reduced

pressure. DCM (2 mL) was addet o t de/organic solution Wa e ter (2 x 4 rriL)
and with satured Na2CQO3 solution (2 ") and l\(,%once)r‘}\';r ted. Th \rea mlxture was
purified by flash chromatography (eIHent eOH: Acagfegga ient from 100%‘(9[“AC MeOH 0.6:

AcOEt 4) to afford 0.049 g of the 20 title-gonipound (43%). 1H-NMR (400 MHz;°CD30D): 8
2.33 (6H, s), 3.22-3.29 (4H, m), 3.2R{21108), 3.77-3.79 (4H, ), 7.16-7.24 (2H, m), 7.86+.31 (2H, m),
7.59-7.70 (2H, bp), 7.75-7.77 (1H, m). m/z/ 382 (M+H)+; retengion time split peat EXANIPLE 33:
4-{443-(111-Beozoimidazol-2-y1)-4-fluor phenyI|H2§Qmera in-l-y ¢ 'perldln -4-11-meth&ione
4-1443-(11-1-Benzoimidazol-2-v1)sédftugro-phenv 11- p|p Il-piperidirié-I-carboxylic acid
tert-butyl ester Method M- Step p- CDY/(O"?RyY 0.29 mmotAvas

{0 a solution WO
2009/074300PCT/EP2008/010470 56 of plperldlne 1,4- dlcarboxy!ﬂc%ld nme)J -tert-butyl ester (0.07 g,
0.29 rnmol) in acetonltnlec(&@ € resulting solution was stirred at\roor-temperature for 5
hours. 2-(2-Fluoro-5-piperazin-1tyl-p %@enzmmldazole (0.10 g, O. o7 ol) and DIPEA (0.05
mL, 0.26 mmol) were 5 added and redctio s heated at 65C overnlgr‘lﬁL_R,glcg‘tion was cooled to
room temperature and solvent was rentb%&d u educed pressure. DCM (2 mL) was added to the
crude, organic solution was washed with watek (2 21 mL) and with satur a2C0Oa3 solution (2 x 4
mL) and concentrated. The crude reaction mlxtureswa,,g purified by flash chromatography (eluent: 10
cyclohexane:AcOEt gradient frem2100% of cyclohexane to 100% AcOEO to afford 0.08 g of the title
compound (60%). 11-1-NMR (400 MHz, CD30D): 8 1.45 (9H, s), 1.55-1.66 (2H, m), 1.72-1.76
(2H, m), 2.82-3.00 (31-1, 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), 157.75-7.78 (1H, m).

4-{4-13- (1§—| Benzoimidazol-2-v1)-4-fluoro-phemill- niperid in-4-vl-methanone Method M- Step g-
To a solution of 4-{4-[3-(1H-Benzoimidazol-2-y1)-
4-fluoro-phenyll-piperazine-I-carbonyl}-piperidine-1-carboxylic acid tert-

10



20 butyl ester (0.08g, 0.16 mmol) in DCM (1 mL) 2M HC1 in Et20 (3.0 mL) was added and the
resulting suspension was stirred at room temperature for 3 days. The reaction was concentrated under
reduced pressyig20vaiess08 ML) was added and the solution was concentrategasiar,igsced
pressure. The solid was purified by preparative HPLC _HPLC fractions were neutralized with 25
1C2CO03 and concentrated. DCM (5 mL) and water (5"mL) were added, organic phase was separated
and concentrated to%% the title compound (72%). 1H-NMR (400 MHz, CD30D): 8 1.70-1.80
(4H, m), 2.73-2.80 (ZT=1; ™M), 2009/074300PCT/EP2008/010470 57 2.91-2.98 (11-1, 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). nilz 408 (MH)+; retentigq time= split-peak. EXAMPLE 34:

2-Ethoxy-N-{143-(I-met gimidazol-2tdgylpohenyl-niperidip=Ayll-acetamide
2-(3-bromophenvl)-1H-berzimi MeIth_N_:.Stp S iamine (81.8 g, 756.6
mmol) and oxalic acid (3.4 g, 37.8 mmol) &vere completely™d ssoN(ed [ 0 H}ZO /1:1 (2 L) previously
warmed at 80C. 3-Bromobenzaidehyde (44.10 mL, 10 378.30 mmol) was fhenjadded dropwise to the

solution. The reaction mixture was stirred overnight at 70C to tge open air=Foe day after solid was

filtered off and triturated with MeOH (150 mL) to give th&8R8ugt as a pale y solid (27.50 g). 3.8 g
were recovered from the mother liquors. Total yield 31.30 g (3G%). 1511-1-NMR W MHz DM80): 8
7.24 (2H, m), 7.54 (2H,.R), 7,70 ( ), 8.1%tgé-lcm 837 (1H, 1),.13.2 (IH, s). m/z 273 (M+H);
retention time 8.60. 2-1.-.meih¥l;11:]-i { thod N - Step b-
2-(3-bromohpenyl)-1H>senzimidazete{7.8 g, 20 28.6 mrolywas completely dissolved in dry THF (300
ml), then Nall 60% rnim (1.499,37.2 m )ﬂwas added portioﬁwise to the é,a

light brown suspension was stirred | h fthen @H3I1 (2.5 ml, 40.0 mmolwas added dropwise. The
reaction mixture was stirred rt overnight. hr:eaction was quenched with }3264(300 ml), and extracted
with EtOAc 25 (2 x 450 m1). The organic @xtrases were dried over MgSO4, filtered and evaporated, to
afford the compound as a_t_)r? -yellow solid (7.4 g, 70%). 'H-NIVIR (400 MHz DMS0):5 3.90 (3H, s),
7.30 (214, m), 7.55 (1121 %)) 2009/074300PCT/EP20081010470 58 nilz=287[M+Hr, retention
time = 7.70 {1-[3-(1-NgigEbReyzgimidazol-2-y1)-phenyll-piperidin-4-y1}- carbamic acid tert-butyl
ester Method N - Steép ¢- nto a four-necked round bottomed flask, dried 5 under Ar atmosphere,
BINAP (5.85 g, 9.4 mmol) and Pd(OAc)2 (1.41 g, 6.3 minol) were placed. The mixture was stirred 10
minutes under Ar flux, then 300 ml of anhydrous®Qluene were added. Meang]ime into another
four-necked round bottorsied flask, drie

e osphere, N
2-(3-bromohpe YpethyFLHshanzimigazqfe phev uslgtetisboll of anhydrous
toluene, (9.0 g, -Bec-aminopipgyidine &, 18-g+40. /~mMmdl) and-8s2CO3 (50.99 g,
156.5 mmol) were plaggg. Thesmixture was stirred for .10 minutes theh the co tief the first flask
was added into the second one. The reaction was stirred rnight at reIﬁIﬁnempe ture. After cooling
to room temperature, the suspensioq was filtered 15 on @ go with a celitg pad. T e%{g_a_}r solution

was evaporated under re reg and the residue was trityrated y MEBE affording 7.1 g (55%)
ik 111-N %150): @ PIDR\L.4B(m, 2H): 1.82(m,
750 ) 7.11

duged
of pure product as an off @
2H); 2.83(m, 2H); 3.44(bs, ¥H); 3 11);,3.87(§ephBp8-86(d, 111 ( ,]811). 20
tn/z=407 [M+Hr; retention time =8.02 ]n n
nyll-piperidin-4-ylamine hydrochloride Method N -
2yl

0-1341-Methyl-114-benzoimidazol-i—yl)-p

Step d To a mixture of (143-Ostdpth I-1HbeO oltnigazol-2-y1 eyl - iﬁ@ﬁo‘i’n-4 }-carbamic acid
tert-butyl ester 25 (2.00 g, 4.93 mmel) in dichlororfiethane (2 mL) and nfethanol (1mL), 2M HCI in Et20
(25 mL) was added and the resultin%mixture was stirred overnight at roorg temperature. The solid was

filtered off, dried under vacc Ln apd as re-dissolved in WO 20I \OO EP2008/010470 59
E:CN NN \_7
I

' |
n
R
/
N
%’Q J ®
H

o)

n=1,2,3



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. 1H-NMR (400 MHz, DMSO0): 5
1.67-1.77 (2HwBhdAbaded4 (2H, m), 5 2.95-3.00 (2H, m), 3,19-3.26 (1H py,pdH953-92762H, 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 (11-1, m), 8.41 (31-1, bs).
m/z=307 [M+Hr; retention time = 0.17 2-Ethoxy-N- (

1-1-3-(1-methyl-1H- lﬁr}ﬁ: SIpLe R)esrldln -4-yl}-acetamide 10Method N - Step e To a
solution of ethoxyacetica 0-6F O acetonitrile (3 mL) was added CDI as a stock
solution (0.80 g, 0.49%mmed} e ﬁaﬁiraﬂuttm@ suspesighcdasstifedal poNltempaiaturedor 3 h.
1143-(1-Methy1-11-1-benzoimidazol-2-y1)-phenylkpiperidin-4-ylamine hydrochloride (0.13 g, 0.41
mmol) and DIPER VG igiidosalugens Mees érassierded ‘araosm@g@smn@gcmnéaté@m 70C

overnight. The reacti wasctihe coolgg roomt erature (ﬁ( r&;remo d under reduced
pressure. The cfﬁde imgt }redl vetfin df; é/ (4 B ﬂéd i Saturated

Na2CO3 splutigfdfbsapd g;ggs(gﬂm{}omr gg@i@,igyer was dried over Na2S04, filtered and
concentrated under reduced pressure. The 20 reS|due was purified by flash chromatography (eluent:

dichloromethane:Me@H, guamentmwgndtm%mnhmmhmmorémdrda@mman¥£WMeoH) to
afford 0.70 g (44%) of th title compound. | H-NMR (40 Hz 8.1.17 (3H, 1),
1.51-1.61 (2H NP6 ‘b*o‘k%ilr Z)SPECHORIPHAL GAYIRE ﬁ'}/‘l %%éD’/ %? Brpahasd1 25 (3,
s), 3.86 (2H, 2},3&1401(1H m), 6.44-6.46 (IR, m), 699701(1H m), 7.05-7.07 (1H, m), 7.23-7.35
(5H, m), 7.77-7.80 (11-1, m). m/z=393 [M+Hr; retention time = 1.67 EXAMPLE 35:

4-Fluoro-1'43-(1-metfliyike 1 Hobemnnoiteidazibleds hyerdV a2 0091y 4300R €T EPPRDHOAATd150
inheny11-11 41b|p|per|d|nyl %ﬁ%s -bromohpenvl)-1-methyl-1H-benzimidazole Method 0, Oa -Step a-
2-(3-bromBphdRgdY e EBRRARG b (TR ABIIGMATSIS KE Stipnisation; ang SNAIREY) was
completely disgg|ye 5 rﬂggaéi 6099 (L4 )Was added
portionwise to? exc eda?r6yeﬁl Y\A}Eolf‘lﬁ%%?s%%%ﬁ rowh sg)ué) %oﬁﬁv%a(gg%%reg at room temperature

for Ih, then CH31 (2.Bmepard(l @ iNoi wess adie dsinigpaviseatdRe2 BT tign ek tuivasstisred rt
overnight. The reaction was Ig@enched with H20 (300 mL), and extracted with EtOAc (2 x 450 mL). The
10 organic extFaeddsperdentids dVatemgsida, H%&d%é%ﬁér&teﬁ W@@%wag*@rq@me

compound as rown 7 'H-NMR 40 S0):8 3.90 7.30 (2H, m),
755 (1, AL Y AR PRD, Rt SR B R IR B e
retentiongme Yo?jazlS;Br{ﬁn(éoMchyl 11-I-benzoimidazol-2-v1)-phenvl)-1,4-dioxa-8-aza -
spiro[4,51decane Method 0, Oa -Step b- In a 4 necked round bottom flask equipped with a
magnetic stirrer and @r@émﬁaewargomtmo%@ré%wﬁwm(g 2gdsraipmand 8.9 daeEd(OAC)2

(0:9.9,39 mmol D2 SAwelE Biteed. and,eh 60 uvleraronn s Brds i, he meantime ino a4
necked round equippe magnetlc Slirfer, are X CONaEndst and dried under argon

atmosphere, 2-(3- brwah@aﬂx&xveiet%féﬁn@snwwd@@te@ 0 ca83dpe90ls 1 @€) fMag dissolved
in dry toluene (300 mL), then 1,4-Dioxa-8- azaspiro[4.5]clecane (3.3 mL, 25.4 mmol, 1.3 eq), Cs2CO3
(31.8¢,97.5 rﬁrinolithaisrééﬁambm‘fewt’alyst suspension were added to the solution. The reaction
mixture was stirred o at r tlux tem erature, checking the con Th
suspens\% was allo%gldqtlg o?ﬂ“? P?Stﬁ’% i B Léuargrfjf 880 %tﬁ% g OS%%%' %t
evaporated to giyg 16,048 ayWalwttWQaz%afgzr;Q@e@tﬁ%qqa 70 §Lwhich was
purified by automatic flash chromatography on silica versaflash (1 product g/ 30 silica g) by eluting
from Cy:MTBE-85:1 Mz OwWMEBERdS®A] Olginas?r, FEairtye @pterpreduct ey yetawaotibt34%).
1H-NMR (400 MHz DMSO0):5 1.70-1.73 (411, m), 3. 34 3.37 (4H, m), 53.84 (3H, s), 3.90 (4H, m),
7.11-7.39 (614"*\%%5’@%@?%8‘91‘1%‘%5 Presstiy %@il Otn). miz 350 (MH)+ retention time 6.73.
1-13-(1-methy1-1H- A azol- . _
843-(1-Methyl-1H- b o =2y 3 : ' " 7J,6.60 mmol)
was dissebvedplip dnal2h)-mk10fekhivi) Hiﬁlsﬁwmmnm@ cooled at 0C with a NaCl ice bath, then HCI 6M
(18 mL, 108 mmol) was added The reaction progress was monltored by HPLC/MS and it was stirred rt
until complete convetstoHoT® ot e v el aratienl Lin; ey lirbeazed aaidh
neutralized WI'[E NaOH 2M (80 mL) and frnally extracted wrth EtOAc (3 x 150 mL) The organlc extracts
15were poole , dried over MgSO4, filtered and evaporated, to afford 2 g

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




of clean product as a pale yellow solid (92%). IH-NMR (400 MHz DMSO0):5 2.46(4H, t), 3.70(4H, 1),
3.88(3H, s), 7.20-76 (8H, m). m/z 306 (M+H)-; retention time 5.90.

245-bromo-2- o 1-1H-benzimidazole 20Method 0, Oa -Step d___Into a one necked round
bottomed flas%qﬂgggngé}th a magnetic stirrer, 5-bromo-2-chIorobenzoichgi@}z%. 0(5345%7.3 mmol),
o-phenylenediamine (64.3 g, 594.6 mmol) and meth&Asulfonic acid (140 mL) were placed and heated

to 170C in order to melt the_ solids. The sggstem was 25 stirred 5h at this temgerature then left to come

rt. The blue sofid fvas BB wilkNEA RIS PESE N BBkRM YL al viBiees sic@’@i‘f‘gy that was
filtered and w ith H 2L): .dried cuum (60C),
to give 61.6 gag%fha%?)t\frée’ v?)%?so%dé.l %2)7%;“) RS égvg%d%s%‘%%g%%& A 699184%&%%3;07/309
(M+H)+; retention 8iget83 13mhesbbatiyl 2¢5Hhio 0 bdeile @ D) (13-benzipdanalehl weagboxylate
Method 0, Oa -Step e- Into a three necked round bottomed flask 5 equipped with a magnetic stirrer,

2-(5-bromo-2-8HaGSpheny Nl pbe fzhpiaadopgedrty, pweatshaitipassiasanar S IPHERLL). 50%

NaOH (72,0 g,,59 t added. The sus Sion was Jeft.at r.t. for Inunder stirring.
(B000 7.0 T e S R G A TR B S . e
reaction was |gft. SHGRT SBrénoriM overded thERagav@nTha s\ afadiurdersedtisrd mgssure. The
obtained residue was diluted with water (500 mL) filtered and dried under vacuum (60C), to give 39.8 g

of a brown solit (@896}t niporD Teanpetturssheetedtiah §#€ 10veanight and then cooled to
2-12-Chloro-5-(1,4-dioxa-8-aza-spiraf 4,51dec-8-yll-ph 15benzoimid -l-carboxylic acid tert-butyl
ester  Methd d(T 33@%6@% aﬁ‘%eé&gglf)&hn‘g%otéﬁftﬁgskwgghﬁ)%%%%iﬂ{%&m etiglgtirrer and
dried under argoR RPNOSRARIPAB WAL Sr8 0 0 22ah L afRdtE HAARL R S Gtk shtiyRel were
placed and left under argon flux for 15 min. Meantime into a 4 necked round bottom flask equipped 20
with magHetic ktiner ( 1éfluslchnddeser ganidripthsaderargoredtmysphbie S@st-oitydred and

2-(5-bromo-2-chlorophenyl1)-111-benzimidazole-1-carboxylate (30.0 g, 73.6 mmol) was dissolved in
cry toluene (1 SRS RS AR RGPSl AP AT RES G5 O CRBRIERS (910 o
366.0 mmol) apgkihe caihislisieReRsIon vigkANIehindfie SOliioRTNeRRBAICNEMLLE 25 was
stirred 30 h at 80C, checking the conversion by LC-MS. The suspension was allowed to cool to r.t.
then filtered o tOgfondthe@ith: WESlitenpade SHIVERWYAS leVdhorateslfforgive.84. g aff alerotitteoil which
was used in the next step without any further purification. WO 2009/074300PCT/EP2008/010470 63

m/z 471/473 (PREASINE{SI8H iRd 8V, #43- MisehMRbpRe byl (3 Bri dintal0A8H: S)Method O,
Oa -Step;g- InA-ne d.hott F aped it 1 etigrstir

242-Ch|o]’r%-5-(2:??2-c%§%g- Q-gfz]afggirg&,%%?gcﬁg}?/%pﬁlgﬂy%'-?lg%ggzgﬁaa@1eﬁ%g\rt%%’licq%fcid
tert-butyl ester7(66-3.99 9319, mmdl, 18e7))1 @& $1dixa0)vVRd 0r7T3H (250wl ), then HC1 4M (1.2 L, 4695
mmol) was added. The system was left under stirring rt overnigt. The brown suspensipn was filtered

Washlng the Solld Wl Tamzla ot '-!“ll_": 2 e. gl , !__.,j[ E.: Py Y Q!:.:l.’:h, £ ONIAN AOSELA L .4 ¢ p_ The
mother liquors were gpngenirated 6iier reduced 10 or re.inorder to preeipi her solid that
was filtered off The aﬁcil)d agueous p seb(l.#g%lv%smc%&zz%to% é vfl)it z[;tln Pgeqcﬁ% ﬁ%g&t %ln% made

basic with NaGiy¥iMpib&4inFheyspbdivasdileredsimasbegmih aeaier (699 nitdoandrdirdHnder
vacuumggGOC) to give the pure 22.8g of product as a light grey solid (75%). 15'l-NMR (400 MHz
DMS0):828.45@ k), 3mdaOdl 71@%7(@4@)1%%,?@@@(1411,@é}um/@mexahs (Wiem)theretention
time 6.97. 4é§clﬂoﬁo'l'i>2 uSﬁl-naethyl-; -t%enzoimidtazol L1,41%bigripdertiginyl Method ? -St{ep h-
Sodium triace{hoxylgorgﬁy rige (?S,io é),o 0.29%%0 %na%ea%itélé {08 miureRgrc sotven
143-(1-Methy kdddhenaeimidagehgormtidihenvtl-Rie@itcin-4:288u(Q. 1 th O A3 iine)) 1t fon
fluoropiperidine hydrochloride (0.07 g, 0.49 mmol) in dichloroethane (2.50 mL). Reaction was left at
room temperawge D8uiratieadtiony wiuspinite daddtiti DIC vif(4 ML Ghawndaghe dweiter Nei2C OB satured
solution (4 mL). Organic, layer was concentrated 25 and cruge was filtered through SCX cartridge (2
o) (eluent: at FYERBFE SPQENNTSAUBTE PEFYHE 10 PRLIGF BIGT AR SEILHDHNSO). The

ammonig solutignivag goreentraird andribre warndiified bydiash ghigmalnaranby filigat: AcOEL:
2.0 N ammonia solution in MeOH gradient WO 2009/074300PCT/EP2008/010470

concentrated under reduced pressure at room temperature, to obtain 0.24 g of
the title compound (58%) without additional purification.

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



64 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%). 11-1-NMR (400 MHz, CD30D): 5 1.67-1.73 (2H, m), 1.86-2.06 (6H, m),
2.61-2.71 (31489314089 (4H, m), 3.89-3.93 (5H, m), 4,61-4.77 (1H, npc,%},}gog/%g’éfll m),
7.28-7.37, (3H, m), 7.41-7.45 (114, m), 7.54-7.56 (1H, m), 7.66-7.68 (111, m). m/z 39 ? +H)+;
retention time split peak. = EXAMPLE 36: 1'13-(1-M€&thy1-1H-benzoimidazol-2-y1)-pheny1l]-

11,41bipiperidipy, 11-341-Methyl- -benzaimidazol-2-y1)-pheny1111, 0 Met Oa- Step i-

1-[3-(1-methy1§-11plf- Qﬁ %%%]lnr%déjggf ls)%l&ghy mkp%za nBZ?(ﬂ\g( .06 g?%)‘.%ﬁrgg%a ‘piperidine
(0.034 g, 0.4 mmol) withAriethilarpinen(aY. leHed 605ph. end fhRlacHIaH 5i8Vas (P> Shwiers Neated to
40C in methanol (5m1) for 16 hours. Sodiumcyanoborohydride (0.025 g, 0.4 mmol) and zinc chloride

(0.027 g, 0.2 nimdlybesvzemided and the 15 reaction heated for a further 16 hours, the reaction
mixture was evaporated and the residue partitioned hetween IN sodium hydroxide (2 ml) and
dichloromethane (4 ?}ﬁ‘}tﬁ‘h gr@ﬁﬁf’é’le&e ES %%lblé’rg?e8?e%?fﬁﬁ?é?éé‘%ﬁ%&?ﬁ?@&“b’%ﬁ?%raﬂve
HPLC. 1H:NM C =D3AM; (Lk -1 71 ; . , m),
250294 20 1 LBT O e By 5 ettt m Al B PR B )
7.23-7.26 (211wes), Added.43(Btdimethy itambprdpdilin}-ethidabboditiniag, 7hilirootd ddide m). m/z

375 (M+H)+; retention time split peak. EXAMPLE 37: )
2-13-(3-FluoroE ok pibiin-By1-bibe ridmally 1 fo e wrdnpy1 -h-hysyivbansetriarelaabyrate

4-Trimethylsi tayr 3.6+d ihydr -pyridines1 scayl lcacid tert-hutyl ester M - Step a-
Chlorotrimethy gﬁﬁn@eﬁlf%ﬁj rfll Li é%zfrzr%f)h (érfTS(]:i 26\‘/% ?ﬁ%ﬁ?&%@&%&@&ﬂﬁo )dry
triethylamine (804@8mLg24.6.6¥nobnwey®. addefido a Skrregtielaon of 4-exepipetidijrrkteasboxylic
acid tert-butyl ester (2.0 g, 10.04 mmol) in dry DMF (20 mL) The reaction was heated at 80C 16 h,
then cooléd to kdorheavlsaedinainagd WiddeRwith Bhaxmed)(12esmefdestgane dbleticnswEss washed

with cold NaliCO3.satured solution (60, mL), dried over Na2S0O4 and caoncentrated under reduced
pressure to affcl)gr)lé télﬁfG (};V i thsglfﬁ?ed cgrtnprc()gl?rrl% (§%&5§r2{ure overnﬁﬁ_ﬁN I\j‘&e@é@ﬁﬁ? : [W}%O): 8 0.00

(9H, 5), 1.23 (Wa$ordtEB-In8ér(20ud0d JEkshiad, @idn a3 &0-3if (2 ohletheBe(134.k8) m/z 272

10(M+H)+; retention time 2.78. 3-Fluoro-4-oxo-piperidine- 1-carboxylic acid tert-butyl ester Method
P- Step b- Selagins{B4 Wit 5893t dNenfad agdabdinnd 3tkrédrdelulibe ofganic layer was

4-trimethylsilanyloxy-3,6-dihydro-2H:pyridine-1- carboxylic acid tert-butyl ester (3.84 g, 14.17 mmol) in
dry acetonitrileyﬁ}/g%%érﬁlt_%)\}gi%%m %ﬁr%%eeéra?‘&% SH&@P%%’%%G%?%%GF R RS AR tiohWas diluted
with ACOR! (598skhgnd washed with 2 giiasoluon othaAC1 (0.skbansb#ien viihdyine (300
mL). Organic layer was dried over Na2SO4 and concentrated under reduced pressure. The crude
reaction mixtufsalybey pmetieanby MePBhhbiatoyradhPHrdadyh) As0tfad Ahntinabeiiend. 28 g
cyclohexane: ‘MeQH gradient from cyclohexane: AcOEt 1: 1 to cyclohexane: AcOEt 1: 2 to 100%
AcOEt anf flngi%?g’éﬁgﬁﬁg’é?ﬁ 5%%8?8r§ford 2A2 g of the title compound.
3-FIuoro-4-morpholinﬁzﬂme@me-m@cb@m@ﬁdseﬂrw temlylethes. P4 $ieRg; Mprpholine
(0.71 mL, 8.11 mmol) was added to a 25 stirred solution of 3-Fluoro-4-oxo-piperidine-1-carboxylic acid
tert-butyl este2(38Q.437(3Hmmp|)3in didhlérddiana (2 L) (RHEr mitgenS Abes L q inuds sodium
triacethoxgbo:ggf(g%e?o(g.% g,11.13 mmol) was added portionwise and reaction was left 3 h.

v Y t

Na2c03%atu 180 )i WIS G3domB143d0P A PId0BIb 10470 68 adddda the

reaction. Organisghase Wes ﬁgp@[géefi@pdo aqueous solution was extracted with DCM (3 x 10
mL). Organic layers were collected, dried dver Na2S04 and concentrated under reduced pressure.

The crude reaction ni2<{se] SvasHpBiiech by ilash lchroinatogiapbyetueil: Bryalbhexang.AcOEL:2.0 N
ammonia solution in MeOH gradient from cyclohexane: AGOEt 2: 1 to 100% AcOEt and finally
AcOELt:2.0 N dinpiontd BSHe1#-IBLe0H 10:1) to afford 1.28 g of the title compound. (57%).

e S LR R A SR

289 (M+bh+; dimethylamino-ethyl)-piperazin-1-yl]-benzamide (0.35 g, 0.87 mmol) in acetic

acid (15 mL) was heated for 7h at 85°C, then solvent was removed under
reduced pressure and the residue triturated with Et,O to obtain 0.25 g (75%)

of the title compound as a solid without further purification.



retention time split peak. 4-(3-Fluoro-piperidin-4-y1)-morpholine Method P- Step d- 2.0 N HC1 in
Et20 (15 mL) was added to a solution of 3-Fluoro-4-morpholin-4-yl-piperidine-1-carboxylic acid
tert-butyl estetydDdod%uhed-44 mmol) in DCM (2 mL) and the resulting susperRgisaswas-stirred at room
temperature 4 days. The precipitate was filtered off aibd tritured with Et20 (2 x 5 mL). Na2CO3 satured
solution (10 mL) was added and the resulting solution"was concentrated under reduced pressure.

LS T e addegtie PiagP AT B Ifersfl off AT dl=te g oncerates wicer

reduced pressure to g of the title compatin ). 11-1-NMR Hz CD30D):
5 1.84-1.94 (21.49m)52-4412.69) (B 613, 29664 RIGE(AH. 0T)( 2T 832)86 (1BL 2B 2288-3027331, 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+1-1)t;
25retention tirfld0.4%. 7.3 8273\ Hiliond-4.»drpHd iRaAfpigetitiidH.m), 12.60 (1H, s). m/z
-yl)-pheny1J-1-methyi-IHbenzoimidazole Methqd P- Step e- 4-(3-Fluoro-piperidin-4-y1)-morpholine
(>o/.)ogs g,ywé’%c@é?{ﬂeéé éﬂtﬁsfbﬁm 067 0.4?5 mm(()l), i yhrmorp
2-(3-Bromo-phenyl)Exmaaity . Hobenz oyl dpraie g6 natideroinanapH iy Sam SeldziR el .9, 0.35

mmol), and cesium carbonate (10.50 g, 32.2 mmol) were placed into a dry sealed 7 mL vial under
nitrogen and dartoushie (kidméntvimstatidetbrAt the same time Palladium acetate (0.016 g, 0.07
mmol), 5 and BINAP (Q.065 g, 0.10 ol) were placed intq another dry se L vial under
nitrogen and diluted SIS b S o R B TL a g B EEE tg-Stispension was
added to the vial coiaipinathe Stasting Materalss o udse rggcp’;ggg[gm&%/gﬂ%g?g ayBoC 24 h
then cooled to room temperature and filtered through SCX (eluent: at first 10 mL of DCM:MeOH 10 1:1
then 10 mL ofp2p@razanerieniatsotyiicn acikle€@kt) blihd asterofbadokitidon. @@ oot ntrdiédinder
reduced pressure and crude wasgturified bz flash chromatography (eluent: MeOH:AcOEt gradient

from 1006 AdSE-Mmaet NeBB: 1031 (2hotale 08 % et ESmbbuites88%) T9aSRRAR (400
Iz COS0D) A0 (G OB M a B2 oA B, ™)
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 IRRIEMrddniceeteptiessiirae MAE rebMAMPIEI3Bon was neutralized by the
{443-(111-Benzoimidazol-2-th-4-ehloro-phenyll11,41 diazepan-1-yl}-(1-methyl-pi .
peridin-3-yl-m&tARWé¥e additioncHioldl3titHoRPEatBe n Rty Bt inRi v srEracdiefYlic acid
tert-butvl este ethod 41di e-1- ' id tert-buty g, 0,057
mmol), 5,brorr§3ct)%chﬂf1l eroxb%%@éi% %téﬁ%@?ﬁﬁlgé%ﬂg%%%}aﬁgﬁg é%%gAéi%%ﬁéﬁi mmoi),
rac-2,2' pss(diphepyiyhasphingempatel-hinderhigdiRINABE {088 & dbtafirhlGuigdofahiimtizarbonate
(21.5 g, 66 mmol) were suspended in toluene (200 mL). Reaction was refluxed 16 h then cooled to
20C. The rea@@smpopadrdiias potheutifes thetdrgiboatey and extracted with AcOEt (3 x 150 mL)
The combined extra w 02 3Q0PC,H/ER2008/0 0,68.wijth brine, dried over
MgSO4 and concen?affieqﬁj%d r red%\égdz brgg{s%ué(r)(eg?b goﬁ)vé'g%rgév% oglﬁ’[#gf[}véa%g%riﬁe ’b;n/ﬂ1 fash
chromatography feiugoti sehexane: AcOEi gEadenhiomn-hexane AcRkt A40tg nhexanef\cOEt 1:1)
to afford 17.2 g of the title compound.(96%). 5'H-NMR (400 MHz CDC13): 8 1.37-1.48 (12H, m),

-t D

). 723,726 (i, m). i 360 (M retenion e 710, 24 chloroo4t diglazapers |

-Vl-phen% -1H-benzoittddzoteethot O=Step b= ottion o sthyfafomini -0-M solution
10 in toluene) (0 nky [ 18Q4mmol) in toluene (300 mL) cooled to OC under nitrogen was added
benzene-1,2-diamine (6.5 g, 60 mmol) portionwise. The solution was stirred for 30 minutes at OC then
at 15-20C until evolidethaidnBth&tepceasad solution of 4-(3-carboxy-phenyl)-piperazine-1-
4-(4-chloro-3-ethoxycarbonyl-pheny1)-[1,4]diazepane-1-carboxylic aci(f tg - butyl ester %15.2 g, 40
mmol) was addBAGXEHe pdtfitth to tHeR¥Yting €5kkion (8Crhe Feactidh \5/as BRI to $Bflux for 24 h
then cooled o 0C, Wgiey (10, M 1ste pERsY eapfully falowadiy MAOREIR ML) Feragld
precipitated was fiitered and the filtrate Was concentrated under reduced pressure. The precipitate was
washed pgith Rei PG Ivkddefit BH (400061 telopwadtiyeAchint (200 heny IEhedsatuitien(@dS goncentrated
under reduced pressure. Two extracts were

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



20 combined and purified by flash chromatography (eluent: AeOEt:MeOH:NH3 gradient from 100%
AcOEt to AcCOEt:MeOH:NH3 73:25:2) to afford 9.3 g of a mixture of

2-(2-Chloro-54 1,4 Jdiazepgn-1-yl-pheny1)-1H-benzoimidazole and
N(2-amino-phenyl)-2-chlorodiazepan-1-yl-benzamide, rn/z 345 (Mfi /E;P%g é’ﬁ 1on time 3.07;
m/z 327 (M+H)-; retention 25time= 4.1. 2-(2-Ch|oro-§-([1,41diazepan- 1-v1-uheny])-1H-benzoimidazole

Method Q- Step c- A 3: 1 mixture of 2-(2-chloro-511,4]diazepan-1-ylph -1H-henzoimidazole and
N-(2-amino-pﬁ‘gﬁﬁi)g-cfhlggd&gépﬁféf-@ﬁ &G0 b%‘4§%tfﬁc%’7§b%]§i%’l ?f@fgé B8flzamide
(10.1 g) was dissplyareld aradc Adldd20 el AR AR AL55 R RTWHA -Reaclinnias sigoled to
20C and concentrated under reduced pressure. The resulting brown oil was triturated with Et20 and

dried. The acdititeAsatowasadis3dheg (@ AP0 M eRHRE M AHOumd) and with NaHCO3 5 0.1 M
acqueous solution (200 mL). A precipitate formed and it was stirred for 2 h then filtered and dried at

60C to afford 7.92 g SF I Rie(EO% & (EM5Ner fwd gl m). 3. 13BNK1kYEo0™MHz DMSO):
52.11-2.%7 , 08 (2H, ), 3- -3:63,2H,.m), - , m), 7.12-7.15,
(1H, m), %10(72%517%4%&%)%’{ 7?.*5214-'%6 H %"S’?Z%%G%%@H%l% 9{%)8%%226?% gﬁ’g. (2H, bs).

rniz 327 (M+H)H3retontionHine)4.1.11- 814 (2H, m), 7.30-7.34 (1H, m), 7.38-7.40 (1H, m),
{4-13-(1H-Benzoimidazol-2-y11-4-chloro-phenyll-f1.41diazepane-1- carbonyll-piperidine-1-carboxylic
acid tert—butyl7e§ﬂeﬁ1ﬁehﬁoﬂa@@éé]éa br(s)chloro-511,4]diazepan-1-yl-phenyl)-1H- 15
benzoimidazole (0.2?_ 0 .

piperidine-1,3-dicarboxy ' 17T, 6 Ot), and ; —t

were dissolveg#nheN €&-mL) and stirred at 20C for 16 h. Water (6.0 mL) was added. Organic layer
was separated, concentrated under reduced pressure and crude was 20 purified by flash

chromatbyraphy (eldMathegods-ofAepEd-toaffesri0ms ¢f of the-(Rie moneppherly idabes)oyl)-
11-1-NMR (400 MHz DMS0):.5 1.28-1.51 (11H, m), 1.56-1.89(311, m),.2.01 ( ), 2.60-2.71 (3H,
m), 3.41-3.76"(%?4‘,%)‘?5‘?51— 85 'ﬁf?ﬁ’if%.‘ﬁo?&és%‘(’itﬂ‘f%i,ef.%ﬁ?zé’(ﬁﬂ ,W : 7‘)’5203)3*? m), 7.63
(2H, bs). in/z. %636 4kvd +H) katgnien ima k% vtRkar GHskSebnislazaliz-ShiokRLijgan-1- 1 -
piperidin-3-yl-methanone Method Q- Step e- 3-{443-(1H-Benzoimidazol-2-y1)-4-chloro-phenyll- WO
2009/074300 DT EED00E A 1GATR 7D pretiliagcphnsdlidavbtaint} piperidine:atechrovkylic Gcid
tert-butyl ester (O. , 0.39 mmol) was dissolved in isopropanol (4 mL acetyl chjoride (0.17 mL,
2.4 mmol) Watsoa%é;éf]%; Igéea&!%% E]%‘é?gidaﬁt N og ot f%?}%ﬂ?@r? o%’le’}ogﬁ%’gjro%ﬁp?éﬁgﬁ? tire and
concentgated yndgesedmced pressure and dried at 560C to afford 0.19 g of the title compound as

dichlorhydrate salt.(94%). 11-1-NMR (400 MHz CD300): 8 1.56-2.07 (61-1, m), 3.04-3.25
(5H, m), 3.42-3.54 (|H-NiyIB.50:808 MBE:, MM 4 0811, A)}7.41),7 ROYLH2 Y 4H25:7).31 (1H, m),

7.50-7.56 (11:1, m), 7.66-7.71 (2H, m), 7,.87-7.92 (2H, m). m/z 438 (M+H)+: retention_time split peak.
10{4-13-(|H-E§’eﬁ§na% ﬁa&ﬁ&‘-’ﬁgk)iﬁ%r%p%ﬂyfﬁﬂJi}d%iép%?rﬁayﬂ)’ Y350 (1H, m),

(1-methyl-Mperidiny 3y k4pethangneso (MMEBPY) % B8PI (M+H)"; retention time = 2.58.
{443-(1H-Benzoimidazol-2-y1)-4-chloro-phenyl]- [1,4]diazepan-I-y1}-piperidin-3-yl-methanone (0.18 g,
0.34 mmol), was suEEANER LIFDCMV3(8 mlD-(BriRihviamind (915 B-Md} iad midietble 15 give a
solution, followed by AcOH (0.5 mL) and formaldehyde (37% aqueous solution) (0.1 mL). Sodium
triaceth&ybo&h%’ﬁﬁﬂ%b(wl%, 0.63 mmol) was added and the reaction was stirred at room
temperature for 24 3 aRd; A A9Cerf da .@ﬁ%gn.mi Ure was, 89%%%@9 to 4 mL then
formaldehyde (0.1 mL); triethylamime (0.5 mL,"375 mimotf), 5mt) 20 and sodium
triacethoxyborohydridetiedi4 B 0gidpneolweiesatigieshagaia aid(the-rackhom asdeatgg.in
microwave at 100C for 20 minutes. The reaction was quenched with NaOH 2.0 N solution (4 mL), and

stirred for 15 PheYEE PORFasiEtayerarbe adirretid ot iuntaniendd #0radutdé prarslrénThe
residue was purifie fl chro r (eluent: n-liexane:AcOEt:MeOH:NH3 25 gradient from
n-hexane:Ac%ki‘:_?l %ﬂc EC e%gﬁolalla’aﬁ%l iﬂf) §¥ﬁ§r&€‘%‘? 6% & " %ﬂ‘?pgﬂﬁ%‘fﬁat was
further purifieq by preparssiveH iR LEde baNE A2 of the title compound. (13%). 'H-NMR (400 MHz
CD30D): 8 1.37-1.94 (4H, m), 1.98-2.10 (2H, m), WO 2009/074300PCT/EP2008/010470

The solvent was then removed under reduced pressure, and the resulting

salt triturated with Et,0O to obtain 1.66 g (100%) of the title compound as

dihydrochloride salt.



71 2.56-2.62 (3H, m), 2.68-2.80 (214, m), 2.98-3.06 (214, m), 3.44-4.04 (913, m), 6.90-6.98 (1H, m),
7.14-7.21 (1H, m), 7.28-7.40 (3H, m), 7.63-7.67 (21-1, m). m/z 452 (M-41); retention time split peak.
EXAMPLE 39: nzoimidazol-2-y1)-4-chloro-phenyl]- 5J1,41di xylic acid
phenylamide %ﬁé&(’%ﬁgenzmm dazol-2-y1)-4- chloro-pheny1141, 41d?5a§%%%%)§8§ﬁ§§rboxyllc acid
nhenylamide  Method R- To a solution of 2-(2-chloto-5-[1, 4]d|azepam 1-yl-phenyl)-
1H-benzoimidazole ( ,C), 0.m hlor t 4 L) was
added phenyl isocya:;%e gﬁ?%&‘(@@%mﬁd%d%é rgcgkg?é?s $’f %ﬁwg i?r%éd groom
temperature foy 36ty The precipifate wag Klerad; then purified/ay Hashahromatogea tguent:
EtOAc:hexane,1:4) to afford 0.06 g (45%) of the title compound 1H-NIVI (400 MHz, DMS0): 3
1.89-1.95 (214retantBnBIisnda2=(2124, m), 15 3.56-3.59 (214, m), 3.64 (414, 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), 752754(114 m), 7.67-7.69 (1H, in), 12.56
(1H, s). m/z=446 [MAFAM PLE: dinald-Eol HeBangoimidazol-2-yI)-phenyl]-piperazin-1-
40:4-13-(1-1- oyl _ngﬁydlmﬁl_gldlazepane -1-carboxylic acid
(2-dimethylam ol-2-y1)-4-chloro-phenviR1,41diazepane-1-
carboxylic acid (2- dlmetrﬁ/lathBfeithﬁﬁalﬂﬁ 2-yNeithad, B-Jipasaktionldf(1-methyl-
N,N-dimethyl-ethane- 1 2 dlamlne (0,85 g, 0.96 mmol) and triethylamine (0.50 mL, 3.84 mmol) in
dioxane was abidsgid SpkdgyIEhloroformate (0.10 mL, 0.96 mmol) and after ih stirring 25 at
room temperature, 25 | pr dg (?)]‘?I p ph enzoimidazole metr{od Q, step
a,b,c) (0.21 g, 0.64 rr]?(;‘?n %Qw(gsﬁ a diLeé haéfgeégtj Pr%ﬁé&tu?e%@se hlgz?e%efror TH ﬁat

microwave. Salyrnt hyaisdoRIbERIBOYOdiBNger (eriicathsbssuie, INeNCdigspRspiienadibgiineen WO
2009/071300PC VEP2008/010470 72 dichloromethane (8 mL) and water (2 mL), organic layer was
separatedfand(I3Eed b Kilicaleoldma fBrpelifitatisectenitnte Eid AetMe O¥eNIa8dedadi®t from

80:18:2 to 70: to af 279 m of th e com ound with uantltatlve yield. 511-1-NMR (400
MHz, CD30D)%@@9$ %)éd(’zﬁnmﬁ’ ‘faﬁ‘ A ?%gg%ﬁae §o3 1% ﬁfﬂﬁ?ngi} 509193 46 (4H,
m), 3.65-3.74 (BHpBkt6r87- 7180 (131, rn) 72522 (d3isn)- Y}%ﬁrgnﬂ)@ﬁ BBhzGi69aZ162H, m).
m/z=441 [M+H]+, retentlon time = 4.12 EXAMPLE 41:

1-{443-(1H-Betikyidnddorids {§-2 & globcS premgi ) was then added and the resulting solution
10[1,41diazeoam -2-dirnethylamino-ethan 4-13-(1H- B zoimidazol 2 v1) 4

chloro- phenleaflin%[ﬁ%nga 92’-63 gﬁﬁ?n&ét‘f\é%n as oﬁo?-étef)oa-r °Bblution of
dlmethylg_lycmee éBatlid Eﬁd‘lﬁ@%lw}lt%%é%w{%mym'eﬁl& R heilwik RMAlsanckd
o-benzotriazole- 15 N,N,V,N'-tetramethyl-uronium-hexafluoro-phosphate (HBTU) (0.32 g, 0.84 mmol)

in dichlorometfrars (2@ metanstifilsd atlkpamdesapsaitdeNeHE minpthtion (6 mL) was
2-(2-chloro-5 ]djazepam-1- nyl1)-1H-benzoi |daz le (method Q, ste 0.259g,0.76
mmol) was adﬁ@%e &iéﬂ’gégnléeaﬁ%?ﬁli’éfﬁﬁe %%I%aﬁ‘t 58 rﬁ*ﬁf@é)d %’r]ﬁ]ae was
purified by flasater (3 mL) and diethyl ether (5 mL) and dried under reduced pressure to

afford 0.20 g (87%) of the title compound.

20 'H-NMR (400MHz, CD;0D): & 1.80-1.84 (4H, m), 2.19-2.26 (2H, m),
2.35 (3H, s), 2.79-2.83 (1H, m), 2.99-3.02 (2H, m), 3.28-3.33 (4H, m),
3.78-3.79 (4H, m), 7.10-7.15 (1H, m), 7.24-7.27 (2H, m), 7.40-7.44 (1H, m),
7.55-7.59 (3H, m), 7.73-7.74 (1H, m). m/z 404 (M+H)"; retention time = 1.10.

EXAMPLE 5: 2-{3-[4-(1-Methvi-piperidin-4-vimethyl)-piperazin-1-

25 yll-phenv}-1H-benzoimidazole formate

2-{3-[4-(1-Methvl-piperidin-4-vimethyD)-piperazin-1-yl]-phenvyl }-1H-

benzoimidazole

Method B- Step g- To a solution of {4-[3-(1H-benzoimidazol-2-yl)-



20 chromatography(eluent:gradientEtOAc:hexane/50:50to EtOAc:hexane:NH3 /80:18:2) to afford 0.16 g
of the title compound (50%) 1H-NMR (400 MHz, CD30D): 8 1.93-2.04 (2H, m), 2.15 (3H, s),
2.21 (3H, s), 3:932%(@?07(@;61 m), 3.45-3.51 (1H, m), 3.54-3.57 (1H, m), 3(}%?/%%@% JLW} 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 , DS). m/lz: 12 [MJ-H]J;
retention time = 4.24  EXAMPLE 42: (2-{4-43-(11]?—7Benzoimidazol-2-y1)-4-ch|oro-pheny11-

11,41diazepan-1-yll-ethyl)-dimethyl-amjine (2-. . . .

{4311+ Bon GBI O LN s e RS i nehpgne. (012 &
2009/074300P47: gElggQQg/OilprJ 7@@1@%1;51@3;9“@&% Sulmth@ggﬁlge%b-fﬁp solution
of 1-{443-(1H-benzoimidazol-2-y1)-4- chloro-pheny1141,4]diazepam-1-y1}-2-dimethylamino-ethanone
(0.13 g, 0.31 nf¢adHs SRRy BFlreni(40nk) mitvb DiAd444e (0184 ankd, B8 temritoleveaspBraitded and the
resulting mixtures was stirred at room temperature_for 72h, then quenched with water (20 mL) and 2N

NaOH (20 mL)Y #hehedieflodmBilte RuEMightpolifsd TRASHGR a%tort ity PRAELON), E8RRNt
removed @d?{effﬁcgypﬁﬁr%[%%ug&@&% yde MY&EP%&E&%&BV PLERRALKA HIRLGAP é%b}ﬁpo-% 9
(25%) of the title compound. 10'H-NMR (400 MHz, CD30D): 5 1.98-2.04 (2H, m), 2.29 (6H,s),
2.53-2.56 (2H,wa}, 2GRE. %0 (¥ ren)d 2862088 [Rhtinm)a3 BHSBo25h MFh3.62a3t6sh (s M),
6.86-6.89 (1H, m), 7.16-7.17 (lll, m), 7.26-7.30 (2H, m), 7.32-7.35 m), 7.63 (2H, bs). miz=398 [M+EIf ;
retention time HEN580akeH AP LRI ien dtAyralized 3w ithi e Nalidareshfigtasted

2-y1)-pheny11-11.41di -lxyll-acetamide . . .

44511 Moty 1 GEEESBALNT TN L) Ths Sombined oreais SRR S5 R ester
Methods T, VoWr Ala, 3P, afinteed fandneskeentested hoftemesdaRdingtessiad uodefrévdatmosphere,
BINAP (5.85 g, 9.4 mmol) and Pd(OAc)2 (1.41 g, 6.3 mmol) were placed. The mixture was stirred 10
minutes UAderrAHAug, tdrvaoopwisediy SispsteiinElete tai@btrimOLtiad 436 anbther
four-necked rotli”fd bottomed.flask, dried under Ar atmosphere, 2-(3-

bromohpenyl)-i-?nce({f?ﬂ)-ﬁ& ~benzimidazole (described method 0, Oa step a) 25 previously dissolved

in 300 ml of anhydrotig IaivERg 4 (RNEE3 CHIOW), §-BES-hemepiperazineoB.0.0¥. 4817 synol) and
Cs2CO03 (50.99 g, 156.5 mmol) were placed. The mixture was stirred for ca.10 minutes then the

content of the Zir€3 s 8i (2K atded Ae3tid <8tbrm brielT e rbddfibnwas 4963 .48 (6H, m),

temperature, (S b s S A Qooh Wit A e Badtt At ot s
evaporatesl unglenredrcediprassye @@Hb@reﬁ}g@@@@@fgﬁ%w%temmﬂdtm@utgmﬁc flash

chromatography on silica versafiash (1 product g / 30 silica g) 5 by eluting from Cy:Et0Ac=9:1 to
Cy:Et0Ac=1:9, to givE Xhe¥l Gict astal BrOwNIk 5 RYH6HRRIS0]

9H); 1.84(m, 2H);3.25(m, 2H); 3.61(m, 4H2i' 3.8
3H); 7.59(d, 1BiRerazinelicaroxyHeaeid farl-btyhesietne = 8.20 min.
4-[3-(1-Methvl-1H-benzoimidazol-2-vD)-phenyll-piperazine-1-

carboxyvlic acid tert-butyl ester

20 Method C- Step a.- A mixture of 4-[3-(1H-benzoimidazol-2-yl)-
phenyl]-piperazine-1-carboxylic acid tert-butyl ester (0.83 g, 2.20 mmol)
(obtained as described in method B) and NaH 60% oil (0.11 g, 4.39 mmol) in
THF (10mL) was stirred at room temperature for 1 h. Methyl iodide (0.27 mL,
4.39 mmol) was added and the resulting solution was stirred overnight. Water

25 (15 mL) was added to the reaction solution, then the suspension was
neutralized with IN HCl and extracted with EtOAc (3 x 40 mL). The
combined organic layers were dried (Na,S0O,), filtered, and concentrated under

reduced pressure. The residue was triturated with Et,O and the solid obtained



102-(3-[1,41Diazepan- 1 -ylphenyl)-1-methy1-1H-benzoimidazole dihydrochloride salt Methods U,
V, W, Ab- Step b To a mixture of

443-(1- Methyl\-,vld—%ggmmdazol -2-y1)-phenyl141,4]diazepane-1- carboxylg;c?ég S thl‘% ester (2.20
g, 5.61 mmol) in methanol (3 mL), 2M HCI in Et20 (1,0, mL) was added 15 and the resultlng mixture
was stirred 6h at room temperature. The solvent wa %hen removed under reduced pressure, and the

resulting salt tr ith Et20, filte r e Dressur and dried under vacuum to obtain
1.60 g (93%) o}rglﬁt ‘f f §mp§u7 5%5} a%téa NR/PF&”( 00 MHz, DMSO0): 8 2.13-2.19 (2H, m),
3.07-3.08 (2H, in), 20 3. 2ARH (hS. aﬁ;zquamta;n)asrsw B2 N3 486 (361, @H7 4722 (2H,

in), 7.33 (1H, bs), 7.49-7.53 (1H m), 7.62-7.68 (21°1, in), 7.86-7.90 (111, m), 804808(1H m), 9.54
(2H, bs). m/z=30WIN-48)(flemjord B &3 st peadkl4-7.15 (1H, m), 7.22-7.29 (3H, m), 7.33

N,N-Dimethy1l %{14 ‘h% et ;9 - )-ﬁ%enyik q‘l_fi pan- 1 l-acetamide
Method U- Steé } itrt?rég %&%F’ﬁ e‘%g?}r i h Fig%h @éﬁ & 0 30 g,
0.79 mmo}), 2- N Ndimsihylacetanige (0A4 g, 1.18 mmol) and trlethylamlne (0 44 mL, 3.20
mmol) in VW 2009/ 74300PCTIEP2008/010470 75 dioxane (8 mL) was heated for 16h at 80C. The
reaction was then cobiEch i Pddin température, tHediediplidte wpipleitandd -dHvdnshideydirgdibic phase
was evaporated under reduced ressure The residue was purlfled by flash chromatography (eluent:
from Et0Ac 1088278 imidazele dilxd 9

114-NMR (400 MHz, .CO30D): , 3.07-3.21 (2H m),
3.45-3.51 (111, m), 3.54- . 690695(1H m),
7.20-7.31 (3H, dﬂﬂy&rSBhYoﬁZia{lM m) 7. 64 (2H bs). m/z 392 {M+111 retention time = 4.87 min.

10EXAMPLE44:243-(4-Methanesulfonyl-f1,41diazeoan- 1% lgmgphenyll 1-methyl-1H-benzoimidazole
2-13 -(4- Méthan esuldRthon G)-Sitapdbraha-p150bmtion af 4] ﬂhmethatbelﬁidtmazarémthod V-

Stepd-Toas n of 2- 11 41Draz an-1- 20| zoIe Q.18 g, 0.46
? rﬁlne IRAE S -car?i'%?' %?:Cé/ e uﬁ/e l_g

mmol) and trle 0'mmo forormet d meth nesulfonyl
chloride (0.04 mvi@ S rmﬂt)) Aftgratidestning at rﬁmmwﬁmwﬁmrégmdedﬁd the
organic layer was dried over Na2S04, filtered and evaporated under reduced pressure. The resulting
crude was purifiéd ﬁjﬁ%&f@@&lﬂiéﬁ%@@?ﬁtﬂﬁ}f{@%nt EtOAC) to obtain 0.10 g (54%) of the title
compound. - E,%gOOM z, DMSO0): 8 183 -1.9 éZH Pf) 2.81 (3H g}i% 3.19-3.22 (2H, m),
3.42-3.45 (2H, m), 3. ess% | YA fhanprmoY el yRagtrediceth pressize, And dhe Fgsuliing 6.7 oo
(LH, i), 199-% 0 (hikleaidl A% BRD(2bLoBid-327. %6((11010%971))f7t53 469 dthpBhnfi65:7.66 (1H,
m). 75 m/z=385 [M4-H]; retention time = 5.49 min. EXAMPLE 45:
{4-13-(1-Methwilyftsmidoridiiseddl-2-y1)- phenyIIfL4Wiazepan |- vll (4-methy|-piperazin-l-yl)—methano

280&?3?4(§Ogﬂ§g]¥/}iégﬁ%%({n %ﬁ%}ﬁ ﬁéf@ﬁ 1pe a %1%%% -Vl%tgwg)ﬁe Fﬁjd‘;\%2 *Step e- To

a solution of triphgsgene ;4% @3 O li3mre)) M'Cmq?m%t?aﬂﬁ‘ (ZIPF}-) NES-added H),
2-(341,4]Diazepan-1- yIphenyl) -1- methyl1-1H- benzoimidazole d|hydrochlor|de salt (0. 14 g, 0.37 mmol)

and 5 DIPEA (0.83-788 Gre61dmaLpin diehltrmniéthameé (29 (VARE) 1 Setemticast stirrind &(room
temperature was added a SO|JtI0n Of N- methyI plperazme (O 04 mL,O 44 mmol) and DIPEA (0.04 mL,
0.22 mm % in dichlo 2 S0P AaS SRAYIAE (48erdidperature for
10 min. The mjxty @Hrrﬁg qn ‘ﬁ%‘?o‘?xf saturated NaHC03 solution 10 (25 mL) and
dichlorometha%(%%?)ﬂrﬁmah@mer‘mred over Na2S04, filtered, and concentrated under
reduced pressure to @fforopaaiedidide[thal wasthyulifigH twn Psenadative HPLGHengbtain 20 mg (13%) of

the title compound. 15 11-1-NMR (400 MHz, CD30D): 3 2.02-2.13 (2H, m), 2.89 (3H, s),
3.02-3.58 (10H1PS agig7ls HH1aRMONg 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 (Zﬁe%g %2 -Step (2H IFQ) m/ZaA' %%I[M-"tH ]c4ycrl‘%)fje oboa%é@?boéyﬂc N0
25  (0.06 g, 0.68 mmol) 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



EXAMPLE 46:
1-{443-(1-Methyl-1H-benzoimidazol-2-th-phenyllft41diazepam-1-y11-2-niperidin-l-yl-ethanone 201- {
4- [3-( 1-Methyl-d kiaghgeim id azol-2-y1)-phenyll 1,41diazepam- | - v1}-24Ripgh ARk syiethanone
Method Ab- step f- A solution of piperidin- 1-y1-acetl)p4acid (0.12 g, 0.86 mmol) and
1,1-carbonyldiimidazole (0.14 g, 0.86 mmol) in acetonitrile (3 rnL) was stirred for 4h at room
temperature, then a.solutign of 25 2-(3-[1.4]Djaze l-y1. phenyD-1-methy1-11-1-benzgeimidazole
dihydrochloridgi% 1(%%61%1;60.%e(??ﬁr%%I)L%%%qt}r%ér%h%%?rlrﬁgetgo.gﬁg%éeflpfpr/#r%]%ﬁ) ]iﬂlgc%?%vn‘? r?le 2 mL)
was added. Theresulingnsiespessiordvas-bsaied uesnighidet MEdibenveapleddeysgritemperature
and the solvent WO 2009/074300PCDEP2008/010470 77 removed under reduced pressure. The
resulting residdéchlasomereansith dichio raethaaehad with, seasrsedINallater solrtomI(P and the

organic layer dri r Na2Sa4, filtered and evaporated, unger redyced pressure. The resique was
patiied by fiasH Ehrel RESCRAPH, (Bt B RO e o oo
dichloromethang g 93%eligh é’éﬁ\%@.aﬁf}i@‘yfb%@@é*ﬂ@sﬁfﬁfﬁﬁé%g @3%) &ﬁ%é@%@gﬂﬂgound-
1H-NMR (400 MHz, DMS0): 5 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 (2ken), B Tan@GEAOR ), R 8ad B BE {8y, 1)) B8 7lotefinenty, F00867¢ty(1H, m),

7.20-7.35 (3H, m), 1Q7.57-7.61 (1H, m), 7,63-7.66 (1H, m). m/z=432 [M-H-I]"; retention time = 4.64
min. E)EAM%FE’)EQEW:M aonrd 17 g 285%) ofthe(t]itle c mpoumﬁ [ ]

{143-(1-Methyl-111-bgnzaqimi %‘é’1%1)@2'@&9%&939%’@@230\(%@,%)’,'@.ié)@-f@?)E" )-fgthanone
1- (3-11-Methy1-1H-benzoimidazol-2-y1j-phenyil “pineridine-3- 15carboxylic acid ethyl estér
Method X- Step.25-Et0§1 (iHecnjat Z8-53528 R#8 mindal)29-3.35 (2H, m), 3.67-3.78 (2H, m),
2-(3-bromopheny0-1-methyl-1H-benzimidazole (described in method 0, Oa step a) (0.50 g, 1.74

mmol), PHOASE3BbSb. 8B rrdan) 2He 2% bileilte ) nssbirs-1:3 26 EpM) BItAP) (0.78
g, 0.052 mmol Si ¢ e4Q, Z¢ ol gﬁsle ' 0 mL) and
degassed Withzﬁgfdégdg’aoz{gvhac?k%%@ é%réz%v%é@e% 5@5&% ??(g)%rrlfiﬁ%?es. Rgaég%?cg}lrl]%\?\gﬁs%ured into
water (200mL)and ®xtracted 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 graliis: b \-f3~d4nE yslpmepyimat 24382 V" 0-2 Be@iie
compound.(63%). vA CD?lS): 51.28 (3H,
(1H, in), 2.04- Ty, 27002 Ty, 2:09-2.96 (1H, m), WO
2009/074300PCT/ER200B40CQ4TEh 783 1HRcBh 16 f 1t a)n 31 5B B e bith TImB1891318% (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 (111, m).
1-13-(1-Methyherzdisrgazelelazol-2-y1)-nhenvll-piperidine-3 - carboxylic acid 5Method X - Step b-

143-(1-Methyl-1H-b imidazal-2-y1)-phenyl}- piperidine-3-carboxylic gcj | est 09,551
mmol) was diSSO|Ve§/IPﬁZ'§}|%%QZV5\;I§aé§/5%2 (35 %%Sp‘ﬁlgéﬁ?&){ﬁ?@pﬂifﬁﬁ%‘@;&@{&&é egfé reaction
was heated 3 BeHAQGIARAACHI IHKHSI N BHeRISANILIGhioiantiuEed PresDme, takesrup in water

(30 mL) and washed with AcOEt (30 mL).Water 10 layer was acidiphied to pl4 5.5 with concentrated
HCI. The whitérsdtfid WAE fikeYedrds) amastadded (it watBH20rmIEND WithoalhdxaBer@®hL) to
afford 1.6Q g of the title compound. (87%). 11-1- (400 MHz CD30D):6 1.68-1.77
A L L A Ry oA N e
m), 15 3.57-3 80,646 Mhs 3T 3cBbIdd (kB0 63khesd e dBsHREA2RVAD e hrdshdd3Bakh M),
7.42-7.46 (1H, m), 7.56-7.58 (1H, in), 7.67-7.69 (114, m). rn/z 336 (M-FH)11; retention time 3.65.
1-J341-Methylretiblebé nresmickaaad 2N Hibke B/ iapi pevidire@dgid -(d-thmetsilipigpbedeie- hyd)ingethan one
20Method X- Steg C-, 143-(1-Methyl-1H-benzoimidazol-2-y1)-phenyl]- piperidine-3-carboxylic acid
(0.10 g, 0.30 ¥ asfatidld thhs el Uit ncorFEdorSRPBHPRRRRAt TP BRT #0726, 0.36
mmol), HBTU (0.1249,.0.33 m +andN-aneinylpingeazi 04 d.0 D ;i ethane (4
mL).The reactiéorfjr vgvg?%t%%ea‘ %al%?%%@ofgrﬁg ?a%)\% %%@ccﬁ%ﬁ?rﬁgg uer%&%aﬁggugg}jgpcg{g%g The
crude reastion(mixtutenilas Adfieanbyiflaahozaraioategiaphyetsrduii Nivercilio (e liRbted
n-hexane:AcOEt gradient from 100% n-hexane 100% AcOEQ to afford 0.055 g of the title

compound. (4488} WraBosmusderciERdaueseroy i 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),




79 11-1-NMR (400 MHz CD30D): 5 L59-1.69 (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, in), 3.89 {8 Ao fadf®-7-19 (2H, m), 7.28-7.36 (314, in), 7.42-7.46 (1 cimedoddoie2d (1H, m),
57.66-7.68 (1H, m). m/z 418 (M+H)+; retention time 4575 EXAMPLE 48:
{1-13-(1H-Benzoimidazol-2-y1)-4-ehloro- ohenyljplperldln -4- y11 (4-methyl-piperazin-1-y1)-methanone

242-Chloro-5- 4 t@qcycg:g%orry péoggdgﬁdgyg%gz%whg mmo d%q,oée %Zay(ggigyllgzagdgegkbutyl ester

10Method Y, tep a- I'isGnipecotat tert-biityl bromo-2-chl oroph

enyl)-1H- ben@le dazotesl-caag opsHiate jderaribed Metigd & 0A,.680.00)((20 gn}.Bramol),

Pd(OAc)2 (0.22 g, 0.98 mmol), rac-2,2" bis(diphenylphosphino)-1,1'-binaphtyl (BINAP) (0.90 g, 1.47

mmol) and ce$itn @amé’-n%fﬁ@ (@@‘fél)z-ﬂffstﬁﬂﬂéi} W@‘és@séénded in toluene (40 mL) 15 and degassed

with N2. Reaction wg fstartlngnnaater ai The reactln mixture
Il-ben; )-phenyl

was filtered off, was v .

and ConC%ntfaﬁ%*emﬁﬂer?dH&m&{@ﬁSH{er ﬁ‘@lﬁ{ﬂﬂﬁéﬁﬁ%&mﬁ@)ﬁw& waﬁwme&m flash

chromatography (eluent. n-hexane:AcOET gradient from 100% n- 20 hexane to n- -hexane:AcOEt I:1) to
afford 1.6 g of the tithe LoiiipOUnd €818 H-benzoimidaniNg e izinet D8 (3H, t), 1.40
(9H, s), 1.83-1.94 (2H m) 2.01- 2 09 (2H, in), %.42 249$ H m 82 2.88 (2H m), 3.63-3.68 (2H, m),
4.16 (2H, q), 288 Ismorphe liner45carboiy OUSAESICls (R m), 7.80-7.82 (1H, m),
8.11-8.13 (1H, m). %ﬁ? d('\#Hﬂf" §5€§t‘§nt’?8 %ﬁlﬁ%n of morpholine-3,4-dicarboxylic
1-13-(1H-Benzoimidazol-2-y11- 24- -chloroiphenvl]-piperidine-4- carboxylic acid ethyl ester Method Y, Z-
Step b- 242-Cidideot Sdet-eiltgkyeseoityl-6ige ralinil-pio W h 20890014 Be0ConIDPRessddal 70 80

phenyl]-benzoimidazole- 1-carboxylic acid tert-butyl ester (1.98 g, 4.1 mmol) waseg‘ssolved in
isopropah®l (SBIMLE0-ABegyl Bridrifumoly @“‘ééhien’iﬁ%}ll)twgs%agasd%pwﬁe UHEEhETd24BN mixture

was heated attﬁ;g'% g%g po starti éplal |[al remanﬂelgle'{m rga((gtl l{b%%&‘plfl rg,r}agﬁg% nggr reduced
d 1 MHz

pressure to 5 g of thet tle contpound. (100%). 1-NMR ( M50): 51.18

(311, 1), 1.60- b&&é&ﬂxdmoﬂeaﬂ%ﬂyeﬁo&ﬁbrﬁﬂ)a Q58 2:68. (HHmmo . 0 2 B (2k1denyr 3.d@48.82 (211,
m), 4.07 (211, q), 7.29-7.32 (111, m), 7.53-7.64 (411, m), 7.86-7.91 (2H, m) m/z 384 (M+H); retention

time 6.59. 101”@313@9—@3@#? REREZI(8. Qﬁ)mlohlbrlcf) ﬁﬁ@%ﬂ/@l‘ﬁﬁ%rﬁﬂﬂ% 43%%%§Ja’éf$
Method Y, Z- St 1HB 1) h id ethyl
et (200, 50 B e e R o N e L 20,5

mmol). The 1krgastionryyashelirset,ehdGemisnitcompeiavoasprogiion of stading medeneitil he
reaction mixture was concentrated under reduced pressure, taken up in water 80 mL) and washed

with AcOEt (39@%)@%@33@0&éﬁa%ﬂva?sﬂﬁe&%ﬂ%’éh WitthcascariededNABE e SHIE FBlid was
filtered off and ash dw mL) and Et20 20 mL).t afford und. 20
(82%). r\ﬁ‘#?Ao HZ rl:%ﬁ)\'%)ﬁ)qé Fro™? %9‘%5‘%1’0 %’%%g T—ﬁ?l{r%]!‘;e‘ggéﬁgm (111,
m), 2,81-2.87 é%ilxéem)at%cﬁ%ﬁ&% (2EbBad 7 $éséul@. (|Thdm}e31a8e7 Rf%&(zbhﬂ“ff)e(? 34 73 K2H, m),

7.61 (2H, bs). m/z 356 (M+H)+; retention time 3.66.
251-13-(11-1- Blereroateigeapdly2-(elpanthigradivné niiemineyielipbexane (10 cyclohexane:EtOAc

Cirting fim AL BB N8 405 B AEHBIS SRR HhRperdinecd WO

2009/074300PCT/EP@QQ§/@1@£5@ Ricaepadiorcs (44 1,28 ol euwdgh-meshyleiperazine (37
ML, 0.34 mmol). Obtained 30 mg (24%). 1H-NMR (400 MHz CD30D) 8 1.78-1.90 (411, m) '2.32 (311,

s), 2.41-2.50 (4rezn4)18 8212, Sen[311. 2007 3G 1BE6 (i, Trd 0378373 G2y .8 7.09H, 1D (1H, m),

7.26-7.30 (211, m), 7.39-7.41 (2H, m), 7.62-7.64 (211, m), miz 438 (M+H)+: retenti 4.74.
@Lh 00 39 L 8 B (A8 o B G W e igton g

EXAMPLE 11: {4-[3-(1-Methvi-1H-benzoimidazol-2-vi)-phenyij-

25  piperazin-1-vI}-morpholin-3-vl-methanone hydrochloride

{4-13-(1-Methvyi-1H-benzoimidazol-2-vl)-phenvll-piperazin-1-vl}-

morpholin-3-yl-methanqne

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



EXAMPLE 49: (1-13-(1H-Benzoimidazol-2-yl)-4-chloro-pheny11-
piperidin-4-yll-piperazin-hyl-methanone hydrochloride 4- 113-(1H-Benzoim id azo |-2
-y1)-4-chloro-piieRyd-7agsid ine-4- 10carbonyl}-piperazine-I-carboxylic agig tertshiaty] gsier
Method Z- Step e- Synthesised as described in Methgd X-Step c starting from
1-[3-(1H-Benzoimidazol-2-y1)-4-chloro-phenyl]-piperidine-4- carboxylic acid (0.1 g, 0 28 mmol) and

Pperazine- Lsabpriicond e bil oSt 0009, A3 MRl 2 SALIAMB (4 e

CD30D): 8 1.47 (911, s),"1.:90-1.91 (4H, m), 2.8422.90 (311, m), 3.41-3. i1, 'm
in), 7.10-7.13 ¢kidk, 00).13.26- 030 (Rt o), ia 3BV . HAR1A, M)07 68 (2H), ba)s mizraddatMobhit;
retention time= 6.32. 1-13-(1H-Benzoimidazol-2-y1)-4-chloro-phenyll-piperidin-4-y1}- 20
piperazin-l-yl-ifER&EdEe OVRIBIABY Z- Step f- 4-1143 -(1 H-Benzoimidazol-2-y1)-4-chloro-phenylk

iperidine-4-carb -pi ine- 1-carboxylic acid tert-butyl.est . 0.11 I
CUaponded n opror P (gl Ko e AR S 7 i) e e GBS B e

reaction niixtuge wes heataeio 48GaSHatiing stadingviptaliytRe1aNaend N2 KeacHaN WaR.
concentrated under reduced pressure to afford 0.05 g of the title compound. (100%). m/z 424 (M+Hf ;

retention time AT T ABKEL Wiswibenseidedonvst théaeSMpolitigsesmiésisedsnitittdwerdenVO
of the table artT AL RRELIE et HOLA i B Syl RS R ARIEC o Example Structire
Method M+H Rctentil pn\iinR 3@ @ A3, 18B3ODPLS 2.81 (2H, d), 3.12-3.25 (7H, m),
3.54-3.65 (4H, m), 3.72 (3H, br s), 3.77-3.89 (2H, m), 7.04-7.10 (2H, m),
10 7.16-7.24 (3H, m), 7.32 (1H, t), 7.38-7.40 (1H, d), 7.56-7.58 (1H, d). m/z 406
(M+H)"; retention time = 0.52.

EXAMPLE 12: {4-[3-(1-Methvl-1H-benzoimidazol-2-yl)-phenvl]-

piperazin-1-yl}-(4-methyl-morpholin-3-vl)-methanone

{4-[3-(1-Methyl-1H-benzoimidazol-2-y)-phenvl]-piperazin-1-yi}-(4-

15  methyl-morpholin-3-yl)-methanone

Method D -Step c¢- To a suspension of {4-[3-(1-Methyl-1H-

benzoimidazol-2-yl)-phenyl]-piperazin-1-yl}-morpholin-3-yl-methanone (0.08
g, 0.20 mmol) and sodium triacetoxyborohydride (NaB(OAc);H) (0.17 g,
0.79 mmol) in dichloroethane (2 mlL) formaldehyde 37% (0.64 mL,

20 7.90 mmol) was added. The reaction mixture was stirred at room temperature
overnight, quenched with saturated Na,CO; solution (3 mL) and then
extracted with dichloromethane (4 x 2 mL). The combined organic layers were
dried over Na,SOy, filtered, and concentrated under reduced pressure to obtain
a yellow oil (0.08 g, 97%).

25 'H-NMR (MHz, CD30D): § 2.24 (3H, s), 2.33-2.39 (1H, m), 2.78-2.82
(1H, m), 3.25-3.28 (2H, m), 3.30-3.32 (2H, m), 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
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(1H, m), 7.66-7.69 (1H, m). m/z 420 (M+H)"; retention time = 1.12.
EXAMPLE 13: 1-Methyl-2-{3-[4-(4-methyl-morpholin-3-ylmethyl)-

piperazin-1-vll-phenyvl}-1H-benzoimidazole formate

1-Methyl-2-{3-[4-(4-methv]-morpholin-3-ylmethyl)-piperazin-1-yl]-

5 phenvi}-1H-benzoimidazole

Method D -Step d- To a solution of {4-[3-(1-Methyl-1H-
benzoimidazol-2-yl)-phenyl]-piperazin-1-yl}-(4-methyl-morpholin-3-yl)-
methanone (0.06 g, 0.16 mmol) in dry THF (2 mL) at room temperature under
a nitrogen atmosphere was added lithium aluminium hydride (LiAlH,) (0.02 g,

10 0.47 mmol). The reaction was heated at reflux for 2h and other LiAlH, (0.01
g, 0.24 mmol). After 30 min the solution was cooled to room temperature,
quenched with 10% NaOH (3 mL) and then extracted with dichloromethane (3
x 3 mL). The combined organic layers were dried over Na,SO,, filtered, and
concentrated under reduced pressure. The crude was then purified by

15 Preparative HPLC to obtain 0.03 g (41%) of the title compound.

'H-NMR (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, m), 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), 7.38-7.46 (1H, m),

20 7.55-7.58 (1H, m), 7.67-7.70 (1H, m), 8.28 (2H, s). m/z 406 (M+H)"; retention
time = 0.92.

EXAMPLE 14: 3-{4-[3-(1-Methyl-1H-benzoimidazol-2-yl)-phenyl]-

piperazin-1-vimethvil-morpholine-4-carboxvlic acid tert-butvl ester

formate

25 3-{4-[3-(1-Methyl-1H-benzoimidazol-2-y]1)-phenyll-piperazin-1-

vlmethyl}-morpholine-4-carboxvlic acid tert-butyl ester

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

benzoimidazol-2-yl)-phenyl]-piperazine-1-carbonyl}-morpholine-4-carboxylic
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acid tert-butyl ester (0.21 g, 0.42 mmol) in dry THF (3 mL) at room
temperature under a nitrogen atmosphere was added lithium aluminium
hydride (LiAlH,) (0.05 g, 1.27 mmol). The reaction was heated at reflux for
2h. The solution was then cooled to room temperature, quenched with 15%
5 NaOH and then extracted with dichloromethane (3 x 10 mL). The combined
organic layers were dried over Na;_SO4, filtered, and concentrated under
reduced pressure. The crude was then purified by Preparative HPLC to obtain
0.09 g (43%) of the title compound.
'H-NMR (400MHz, CD30D): § 1.48 (9H, s), 3.02-3.25 (6H, m),
10 3.39-3.46 (6H, m), 3.55-3.59 (1H, m), 3.76-3.90 (6H, m), 4.15-4.35 (1H, m),
7.20-7.24 (2H, m), 7.64-7.41 (3H, m), 7.45-7.49 (1H, m), 7.58-7.60 (1H, m),
7.69-7.71 (1H, m). m/z 492 (M+H)"; retention time = 1.45.
EXAMPLE 15: 1-Methyl-2-[3-(4-morpholin-3-ylmethyl-piperazin-1-

vh-phenvll-1H-benzoimidazole

15 1-Methvyl-2-[3-(4-morpholin-3-ylmethyl-piperazin-1-yl)-phenvl]-1H-

benzoimidazole

Method E- Step f- To a solution of 3-{4-[3-(1-methyl-1H-
benzoimidazol-2-yl)-phenyl]-piperazin-1-ylmethyl}-morpholine-4-carboxylic
acid tert-butyl ester (0.07 g, 0.15 mmol) in dichloromethane (1 mL) was added

20  2M HCI in Et,0 (3 mL) and the resulting solution was stirred for 7h at room
temperature.

The resulting precipitate was filtered off, washed with diethyl ether and
then purified by Prep-HPLC. The fractions were basified with K,COj; to avoid
an eventual formylation and then the solvent was removed under reduced

25  pressure. The crude was then recovered with dichloromethane (15 mL) and the
organic layer was washed with water (3 x 4 mL), dried over Na,SOy, filtered
and concentrated under reduced pressure, to afford 0.02 g (37%) of the title

compound.
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'H-NMR (400MHz, DMSO): & 2.11-2.24 (2H, m), 2.48-2.58 (3H, m),
2.71-2.76 (2H, m), 2.83-2.89 (1H, m), 2.98-3.06 (1H, m), 3.19-3.24 (4H, m),
3.28-3.38 (2H, m), 3.62-3.71 (2H, m), 3.86 (3H, s), 7.08-7.12 (1H, m),
7.17-7.30 (4H, m), 7.35-7.40 (1H, m), 7.58-7.67 (2H, m). m/z 392 (M+H)";
retention time = 0.77.

Example 16: (2-{4-[3-(1H-Benzoimidazol-2-vl)-phenyll-piperazin-1-

yvi}-2-oxo-ethvl-carbamic acid tert-butyl ester

(2-{4-[3-(1H-Benzoimidazol-2-v)-phenvl]-piperazin-1-yl}-2-0x0-

ethyl)-carbamic acid tert-butyl ester

Method F- Step a- To a solution of N-(tert-butoxycarbonyl)-glycine
(0.13 g, 0.74 mmol) in acetonitrile (8 mL) was added CDI (0.12 g, 0.68 mmol)
and the resulting suspension was stirred at room temperature overnight.
2-(3-Piperazin-1-yl-phenyl)-1H-benzoimidazole dihydrochloride (0.20 g,
0.57 mmol) (obtained as described in method B) and DIPEA (0.20 mL,
1.14 mmol) were then 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 NaHCOj; solution (2 x 3 mL). The organic layer was dried over
Na,S0Oq, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography (eluent: cyclohexane:EtOAc/2:1) to afford
0.14 g (56%) of the title compound.

'H-NMR (400 MHz, CD30D): & 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
(M+H)"; retention time = 2.13.

EXAMPLE 17:2-{4-13-(1H-benzoimidazol-2-yD-phenvi] -piperazin-

1-vll-ethvlamine

2-{4-[3-(1H-benzoimidazol-2-y1)-phenyl] -piperazin-1-vl]-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) (CHj5),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 1IN 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.

xH-NMR (400 MHZ, CD30D): 4 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-vl}-4-chloro-phenyl]-

15 piperidin-4-ol

8-[3-(1H-Benzoimidazol-2-v1)-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)v, 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).

11T

1-{3-(1H-Benzoimidazol-2-v1)-4-chloro-phenyl]-piperidin-4-one

25 Method G,H-Step a- To a suspension of 8-[3-(1H-benzoimidazol-2-
y1)-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,SO4 (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-v1)-4-chloro-phenvyl]-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 (ZH, 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-

phenvll-1H-benzoimidazole

2-[5-(4-Azepan-1-vl-piperidin-1-y1)-2-chloro-phenyll-1H-

benzoimidazole

Method H-Step c- To a suspension of 1-[3-(1H-benzoimidazol-2-yi)-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 l1h 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,0O 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-

yvl)-phenvil-piperazine-1-carbonvl}l-[1.4ldiazepan-1-vD)-ethanone

15 2-(3-Bromo-phenvl)-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 LJ,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
5 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
10 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-carbonvl}-[1.4]diazepan-1-v)-ethanone

15 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

20  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

25 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),
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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-vl-phenyl)-1H-

benzoimidazole hvdrochloride

4-[3-(1-Difluoromethyl-1H-benzoimidazol-2-vl-)}-phenvll-piperazine-1-

carboxvlic acid tert-butvl 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
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.

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
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),
7.71-7.80 (3H, m).

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

1-DiﬂuoromethyI—Z-B-piperaz_in- 1-vl-phenv])-1H-benzoimidazole

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-vl)-

10  phenvll-piperazin-1-vI}-2-methvi-propan-1-one

1-{4-[3-(1-Difluoromethvyl-1H-benzoimidazol-2-v])-phenyl]-piperazin-

1-v1}-2-methvl-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 S h.

1-Difluoromethyl-2-(3-piperazin-1-yl-phenyl)-1H-benzoimidazole (0.10
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

20 added. Organic solution was washed with water (2 x 2 mL) and with satured
Na,COj; solution (2 x 2mL). The organic layer concentrated under educed
pressure and crude was purified by flash chromatography (eluent:
cyclohcxéne: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, CDCl3): 8 1.09 (6H, d), 2.77 (1H, septuplet),
3.21-3.2% (4H, m), 3.64-3.75 (4H, m), 7.04-7.07 (2H, m), 7.10-7.41 (5H, 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-benzoimidazol-2-vl)-
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phenvll-piperazine-l-carbonvl}-piperidine-l-carboxvlic acid tert-butvl

ester

4-{4-[3-(1-Difluoromethyl-1H-benzoimidazol-2-v}-phenvl]-piperazine-

1-carbonyl}-piperidine-1-carboxvlic 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, CDCls): & 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-Diﬂuoromethvl-IH-benzoimidazof-Z-vI)«

phenvl]-piperazin-1-vl}-piperidin-4-yl-methanone

1.

{4-[3-(1-Difluoromethvi-1H-benzoimidazol-2-y)-phenvl]-piperazin-1-

25  vyl}-piperidin-4-vl-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-vl)-

phenyl-lpiperidine-4-carboxvlic acid ethvl ester

1-{3-(1-Difluoromethyl-1H-benzoimidazol-2-y1)-phenvy!l-Ipiperidine-4-

carboxyvlic 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-buty! 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)-

phenvll-piperidine-4-v1}-(4-methvl-piperazin-1-vi)-methanone

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

25  carboxyvlic acid

Method I- Step I- 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 HCl. 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-y)-phenvyll-piperidine-4-

yI}-(4-methyl-piperazin-1-v1)-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,COj3 solution (2 x 4 mL) and with 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 I:

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-vi)-

phenvl]-piperazin-1-vi}-pyrrolidin-1-vl-methanone

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

Method L, M- Step a- 5-Bromo-2-fluoro-benzoic acid (4.96 g,

98 10|
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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), 1-hydroxybenzotriazole hydrate (1-HOBt) (3.67 g, 27.2 mmol)
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 foom temperature overnight. Solvent was removed under
reduced pressure, then the crude diluted with DCM (15 mL) and 0.4 M
Na,COj; 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 concenfrated 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): 6 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-phenvl)-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 ¢- 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 NaySO, 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, rnj, 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-y1)-phenyll-piperazin-1-

vi}-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-Fluore-3-(1-methvl-1H-benzoimidazol-2-yl)-

phenvil-piperazine-1-carboxvlic acid fert-butyl ester

4-14-Fluoro-3-(1-methvl-1H-benzoimidazol-2-v1)-phenvll-piperazine-1i-

25  carboxvlic 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,SO4 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-vD)-phenvil-piperazin-1-yI}-ethanone

2-(2-Fluoro-5-piperazin-1-vl-phenyl)-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,0 (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-Dimethvlamino-1-{4-[4-fluoro-3-(1-methyl- 1 H-benzoimidazol-2-v1)-

phenvll-piperazin-1-vl}-ethanone

Method L- Step g- Same procedure used in method L-step h.
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'H-NMR (400 MHz, CD;0OD): 6 2.30 (6H, s), 3.18-3.25 (6H, m),
3.74-3.78 (TH, 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: (8)-2-{4-[4-fluoro-3-(1-methyl-1H-benzoimidazol-2-

vD-phenvll-piperazine-1-carbonvl}-pvrrolidine-1-carboxvlic acid tfert-

butyl ester
(S)-2-{4-T4-fluoro-3-(1-methvl-1H-benzoimidazol-2-v])-phenvyii-

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

Method L- Step h- CDI (0.05 g, 0.31 mmol) was added to a solution of
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
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
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),
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-vI)-

phenvll-piperazin-1-yvI}-(S)-pvyrrolidin-2-vl-methanone hvdrochloride

{4-[4-fluoro-3-(1-methyl-1H-benzoimidazol-2-v])-phenyl]-piperazin-1-
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v1}-(S)-pyrrolidin-2-vl-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,0

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): & 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-fluero-phenyl]-

piperazin-1-vil-2-dimethvlamino-ethanone

15 2-(5-Bromo-2-fluoro-phenyl)-benzoimidazole-1-carboxylic 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,; 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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'-NMR (400 MHz, CDsOD): & 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.

2-[5-(4-tert-butoxycarbonyl-piperazin-1-y1)-2-fluoro-phenyl}-

5 benzoimidazole-1-carboxvlic 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

10 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

15 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

20 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-vi-phenyl)-1H-benzoimidazoie

25 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,0 (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;0O (3 x 15 mL) to
afford 0.21 g of the title compound (55%).
'H-NMR (400 MHz, DMSO): & 3.26 (4H, bs), 3.49-3.51 (4H, m),
5 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-v1)-4-fluoro-phenv!]-piperazin-1-yl1}-2-

dimethylamino-ethanone

Method M- Step o- CDI (0.052 g, 0.32 mmol) was added to a solution
10 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 cooleﬂ to room
15 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: MeOH:AcOEt
gradient from 100% of AcOEt to MeOH 0.6: AcOEt 4) to afford 0.049 g of the
20 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-(1Fi-Benzoimidazol-2-yl}-4-fluoro-phenvylj-

25  piperazin-1-vl}-piperidin-4-vil-methanone

4-{4-13-(1H-Benzoimidazol-2-y])-4-fluoro-phenvl]-piperazine-1-

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

Method M- Step p- CDI (0.047 g, 0.29 mmol) was added to a solution
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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
5 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:
10 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),
15 7.75-7.78 (1H, m).

4-{4-[3-(1H-Benzoimidazol-2-v1)-4-fluoro-phenvl]-piperazin-1-vl}-

piperidin-4-vl-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-

20  butyl ester (0.08g, 0.16 mmol) in DCM (1 mL) 2M HCIl in Et,0 (3.0 mL) was

added and the resulting suspension was stirred at room temperature for 3 days.

The reaction 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

25  K,COs 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): & 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-methvl-1H-benzoimidazol-2-

5  yD-phenvl]-piperidin-4-vll-acetamide

2-(3-bromopheny])-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,0 / 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-phenvyl}-1-methvl-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 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

25 (2 x 450 ml). The organic extracts were dried over MgSQ,, filtered and
evaporated, to afford the compound as a brown-yellow solid (7.4 g, 70%).

'H-NMR (400 MHz DMSO0):8 3.90 (3H, s), 7.30 (2H, m), 7.55 (1H, 1),

7.64 (1H, d), 7.70 (1H, d), 7.77 (1H, m), 7.88 (1H, m), 8.05 (1H, m).
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m/z=287[M+H]", retention time = 7.70
{1-[3-(1-Methvl-1H-benzoimidazol-2-yD)-phenvll-piperidin-4-vi}-

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), (1.4]1 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 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;3 (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.

"TH-NMR(DMSO): 1.39(s, 9H); 1.49(m, 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-Methvl-1H-benzoimidazol-2-y1}-nhenyll-piperidin-4-vlamine

hvdrochloride

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 HCI
in Et,O0 (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

134 10 CII H al /6li D 376 1.00 135 NHO _ D 404 1.00 split peak ....N._,LH,,,,.1
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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 was 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, CDCls): & 1.17 (3H, t), 1.51-1.61 (2H, m),
1.96-2.00 (ZH, 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-vl)-
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phenvll-[1.4’]bipiperidinvi

2-(3-bromohpeny)-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 DMS0):6 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-Methvl-1H-benzoimidazol-2-vD)-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;3 (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 pure product as a yellow oil (34%).
'H-NMR (400 MHz DMSO0):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[dlimidazol-2-v)phenyllpiperidin-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 MgSQy, 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, 1), 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-chlorophenvl)-1H-benzimidazole-1-

carboxylate
Method O, Oa -Step e- Into a three necked round bottomed flask

5 equipped with a magnetic stirrer, 2-(5-bromo-2-chlorophenyl)-1H-
benzimidazole (30.7 g, 99.8 mmol) was suspended in THF(IL). 50% NaOH
(72.0 g, 598 mmol) was then added. The suspension was left at r.t. for lh
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

10 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]-

15 benzoimidazole-1-carboxvlic 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

20  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

25 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.
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m/z 471/473 (M+H)"; retention time= 9.70.

1-[3-(1 H-benzoldlimidazol-2-v1)-4-chlorophenvlipiperidin-4-one

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]-
benzoimidazole-i-carboxy]ic acid tert-butyl ester (59.5 g, 93,9 mmol, 1 eq)
was dissolved in THF (250 mL), then HC] 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
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%).

'H-NMR (400 MHz DMSO):8 2.45 (4H, t), 3.70(4H, t), 7.17-7.64 (7H,
m), 12.85(1H, bs). m/z 426/428 (M+H)"; retention time= 6.97.

4-Fluoro-1’-[3-(1-methyl-1H-benzoimidazol-2-y}-phenyl]-

[1.4’Tbipiperidinyl

Method O -Step h- Sodium triacethoxyborohydride (0.10 g,
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,COj5 satured solution (4 mL). Organic layer was concentrated
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),
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’]bipiperidiny!l

1’13-(1-Methvl-1H-benzoimidazol-2-v1)-phenyl]-[ 1.4’ Ibipiperidinvl

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
reaction heated for a further 16 hours, the reaction mixture was evaporated
and the residue partitioned between IN 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),

©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-vil-piperidin-1-vi)-

phenvll-1-methvl-1H-benzoimidazole

4-Trimethylsilanyloxy-3.6-dihydro-2H-pvyridine-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, DMSO0): & 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-carboxvlic 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-vi-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,COj; satured solution (20 mL) was
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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;SOqy aﬁd concentrated under reduced pressure. The crude reaction
mixture was purified by flash chromatography (eluent:
cyclohexane:AcOEt:2.0 N ammonia solution in MeOH gradient from
cyclohexane: AcOEt 2: 1 to 100% AcOFt 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),
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,0 (15 mL) was added to a solution
of 3-Fluoro-4-morpholin-4-yl-piperidine-1-carboxylic acid tert-butyl ester
(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.

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)";
retention time= 0.17.

2-[3-(3-Fluoro-4-morpholin-4-yl-piperidin-1-yl)-phenyl]-1-methyl-1H-

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)-1-methyl-1H-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}-

I1.4]diazepan-1-vI}-(1-methyl-piperidin-3-vl-methanone

4-(4-Chloro-3-ethoxycarbonyl-phenvl)-[1.41diazepane-1-carboxylic

acid tert-butyl ester

Method Q- Step a- [1,4]diazepane-l-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
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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 CDCl,): 8 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-vyl-phenv)-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 concentrated 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-[1.41diazepan-1-vl-phenyl)-1H-benzoimidazole

Method Q- Step ¢- A 3: 1 mixture of 2-(2-chloro-5-[1,4]diazepan-1-yl-
phenyl)—IH—benzoimidazoie and N-(2-amino-phenyl)-2-chlorodiazepan-1-yl-
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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,O 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-carboxyvlic 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-yl)-4-chloro-phenyl]-[1.4]diazepan-1-yl}-

piperidin-3-vi-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.
Organic 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]-

[1,4ldiazepane-1-carboxvlic acid phenvliamide

4-[3-(1H-Benzoimidazol-2-yl1)-4-chloro-phenvl]-{1.4]diazepane-1-

carboxvlic acid phenvlamide

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 pheny! 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-yD)-4-chloro-phenvl}-

[1.4]diazepane-1-carboxylic acid (2-dimethylamino-ethyl)-amide

4-[3-(1H-Benzoimidazol-2-y1)-4-chloro-phenyl}-[1.4]1diazepane-1-

carboxvlic acid (2-dimethvlamino-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
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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.

'H-NMR (400 MHz, CD;OD): & 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-phenyl]-

[1,4]diazepam-1-yl}-2-dimethylamino-ethanone

1-{4-[3-(1H-Benzoimidazol-2-y1)-4-chloro-phenvyll-I1.4]diazepam-1 -

yv1}-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-
N,N,N’,N’-tetramethyl-uronium-hexafluoro-phosphate (HBTU) (0.32 g,
0.84 mmol) in dichloromethane (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 soivent was removed and the crude was purified by flash
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): 8 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=412 [M+H]"; retention time = 4.24

EXAMPLE 42: (2-{4-[3-(1H-Benzoimidazol-2-y1)-4-chloro-phenvl]-

[1.4]diazepan-]1-vil-ethyl)-dimethvl-amine

(2-{4-[3-(1H-Benzoimidazol-Z—yl)-4-ch10rb-pheny1]-[1 ,41diazepan-1-
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vi}-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), 1M LiAlH,4 (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-Dimethvi-2-{4-13-(1-methvl-1H-benzoimidazol-

2-vD}-phenvll-[1.4]diazepan-1-vI}-acetamide

4-[3-(1-Methvl-1H-benzoimidazol-2-y1)-phenvyl-[1.41diazepane-1-

carboxvlic 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,CO3; (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

169



K 454 2.02170 A K542 3.98 171 i---N-Nak Ayi,)ws 0 K 397 3.57 172 FyF ** K 401 3.18 173 00
Soin"--)\ K 486 3.85 WO 2009/04300PCT/EP2008/010470 100 174 -7-0CC't

WO 2009/074300 : PCT/EP2008/010470
74

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]1Diazepan-1-vl phenvyl)-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.

lH-NMR»(ZI«O() MHz, DMSO): 8 2.13-2.19 (2H, m), 3.07-3.08 (2H, m),

20 3.24 (2ZH, 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.41diazepan-1-v1i-acetamide

Method U- Step ¢~ 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-Methanesulfonvi-[1.4]diazepan-1-yl)-

phenyl]l-1-methyl-1H-benzoimidazole

2-[3-(4-Methanesulfonyl-[1.4]diazepan-1-v1)-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,SOy, 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 (2H, 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: {4-13-(1-Methyl-1H-benzoimidazol-2-vI)-phenvl]-

I1.4]diazepan-1-vi}-(4-methvl-piperazin-1-vl)-methanone

{4-[3-(1-Methvl-1H-benzoimidazol-2-v1)-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-l-ylpheny'll)-=l-
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 NaHCOj; solution

10 (25 mL) and dichloromethane (25 mL), the organic layer was dried over
Na,S0y, 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;OD): & 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), 7.63-7.6% (2H, m), 7.82-7.93 (2H, m).

m/z=433 [M+H]"; retention time = 4.75 min.

EXAMPLE 46: 1-{4-[3-(1-Methvl-1H-benzoimidazol-2-vl)-phenvli-

-2-piperidin-1-vl-ethanone

1.4]diazepam-1-vi

20 1-{4-[3-(1-Methvl-1H-benzoimidazol-2-y1)-phenvll-[1.41diazepam-1-

y1}-2-piperidin-1-vl-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-vD)-phenvl]-

piperidin-3-vi}-(4-methvl-piperazin-1-vi)}-methanene

1-[3-(1-Methvl-1H-benzoimidazol-2-y1)-phenvl]l-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 CDCly): & 1.28 (3H, s), 1.66-1.77 (2H, m),
1.81-1.89 (1H, rh), 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 (14, 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-yD-phenyll-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 HCI. 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):8 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-vl)-phenyl]-piperidin-3-yl}-(4-

methvl-piperazin-1-y])-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) (89VpL, 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  17.66-7.68 (1H, m). m/z 418 (M+H)"; retention time= 4.75.
EXAMPLE 48: {l-[3—(1H—Benzoimidazol-2-vl)-4-chloro—phenvl]-

piperidin-4-v1}-(4-methvl-piperazin-1-vl)-methanone

2-[2-Chloro-5-(4-ethoxycarbonyl-piperdin-1-v1)-phenyl]l-

benzoimidazole-1-carboxvlic acid tert-butyl ester

10 Method Y, Z- Step a- Ethy! 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 CDCl3): & 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, q), 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-phenyll-piperidine-4-

carboxvlic acid ethvyl 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): o 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-

carboxvlic 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-y1)-4-chloro-phenyl]-piperidin-4-y1}-(4-

methyl-piperazin-1-y)-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-
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carboxylic acid (0.1 g, 0.28 mmol) and I1-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),
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-I3-(1H-Benzoimidazol-2-vI)-4-chloro-phenvl}-

piperidin-4-vl}-piperazin-1-vi-methanone hyvdrochloride

4-{1-[3-(1H-Benzoimidazol-2-v1)-4-chloro-phenvl]-piperidine-4-

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%)

'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-y1)-4-chloro-phenvl]-piperidin-4-v1}-

piperazin-1-vl-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 pL,
0.77 mmol) was added dropwise and the reaction mixture was heated to 40°C
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 Not] 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 pcDNAS/FRT
plasmid produced a plasmid that was named pcDNAS/FRT Smo-FLAG and
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that was 7432 bp long.

The FlpIN 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 celis, 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
pcDNAS5/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=ICsp/[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 293FIpIN/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 5nM Bodipy-Cyclopamine.

Compounds were dissolved in DMSO (stock 10 mM), and were tested
first at 10 pM (single concentration 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 uM.

10 As negative control 293FlpIN/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 a/. W02003011219) was used at a concentration of
10 pM.

The two plates were incubated 4 hours at room temperature protected
from light on a rocking platform. After incubation plates were centrifuged for
Smin. 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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DMEM containing 10% foetal bovine serum
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 pl 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 ul 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 pM.

Compounds were tested at ten concentrations in triplicates in the range

between 100 pM and 50 pM. The final DMSO concentration in each sample
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time. WO 20096074300PCT/EP2008/010470 142 were added to the cells. All the controls and
compounds were incubated with a final concentration of 5nM Bodipy-Cyclopamine.  Compounds
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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 pM. 10As negative control 293FIpIN/clone 3-5 cells were used in
which DM50 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-benzi mi dazol-2-y 1)-4 -chl oropheny1]-3,5-dimethoxy- 15 benzamide (Rubin et at
W02003011219) was used at a concentration of 10 RM.  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 20finally
re-suspended in 170 ul of washing buffer and fluorescent signals were acquired with FACScalibur
FITS 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 FITS acquisition
program used was BDTM Plate Manager (BD Bioscience) 25 and data analysis was performed using
BD CellQuestTM Pro software (BD Bioscience).  Quantification was made by overlaying the FL I-H
histograms of the positive and negative controls and setting a marker at the intersection between WO
2009/074300PCT/EP2008/010470 143 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). 5Compounds from examples 1-449 when tested in the above conditions,
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at, 1999; Kinto et at, 1997; Murone et at, 1999; Nakagyira et al., 1997, Wu et at 2004. Therefore and
to analyse interference of small molecules with Hedgehog-Oh i signaling a functional assay based on
activation of AR InAlkgsnouse cell line was implemented. The substrate of the AttoPhose kit (Cat
S1000, Promega) was used to detect AP in 15solution. Briefly, the following procedure was applied.
Polylysine-coated clear, flat bottomed 96-well plates (Corning, Cat. 3667) were filled with 10.000 cells
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with 1% Glutamax ( a?@@(%'&-. %ﬁ 25 Béh cillin/Streptomycin (Cat 15140-122) and 1% Hepes 20
(15630-056). All reagents were obtained from Invitrogen. The plates were incubated overnight at 37C
with 5% carbon dioxide. Then medium was removeqhzand 100 pl of fresh medium containing either
compound or reference antagonist (N-[3-(1H-benzimi azohz-yl)-4-chIorophenyl]-3,5-
J @dded to the qu4| . 25 All compound and
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r>l, halogen; linear, Bkandketeermy cliedeperdsntikofiproons limeathdranbled oricyblad dgnC4) alkyl

tionall bstituted.with a i i-C4)alkoxY, 15glkylamino, or dialkylamin ; R2
con be b, Ol By SRR SR oRELT ) (K b 1 155 SOIRBL FmaJFuk evosed
5,and when Xd@,hldzyemkgﬂ%&aﬂ hedsadRaMmPe nlaead, Branched of cxelifalkdz92) alkyl

oxaalkyl, alkylcarbonyl,alkylsulphonyl,oxaalkylcarbonyl,alkoxycarbonyl,
alkylaminécarhbtmlhoxaalkengidkdaytdacbgrodmxaalkenylcarbonyl,

R, can be H, Cl, F or Br

X can be either N or CH
1 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,



alkenyloxycarbonyl,alkenylaminocarbonyl,allcylidene,alkyloxyimino, MC SLLP\¥@\ | p _
2009/074300PCT/E1'2008/010470 146 hydroxy, alkoxy, alkenyloxy group optionally substituted with

carbamoyl or gre.esdmRfluorine atoms; Ar; Ar-aminocarbonyl; a linear o;@;&gﬁ@(&%&@ alkyl,
ylar

alkylamino, azaalkyl, oxaalkyl, alkylcarbonyl, alkoxy%%eg)onyl or alkylaminocarbon oup SL;bstituted
or more fluorine atoms; ;1" (Yziy -10).111

with one or two Ar and optionally 5substituted with o |

-40),i)m'(Q)1N&§'&de}C8k y*alllpérll\gl?c}/}g'}; )I%]’ngt)léz) %?tionzglis gggsfhi&%ﬂég owq%ﬁleac?:%)gﬁnéiyi%gog E((j)nyl;

between two nitroger atoms or between a’nitrogen atom and an oxygen atom .
10 aminocarbesy!ogatheryamisenéminens 024 inegr-anbrareheshidl-£6)aiky! optigaalysubstituted
with one or more fluorine atoms wherein one methylene group may be replaced by 0, NRx, carbonyl or
SO2 or wherelftrfessLdkshuehbisstinsnezgrdps wraa e e pikoddanbivny lcsrkianylambumy!
aminocarbonyl, suhtghf)n lamina, aminosulphonyl group; 15Ar is a 5 to 10 membeyed aromatic or

o Sagil s

heteroaromati€ rifig OptonaIy St etituBE 1 Rith oPE Gr S PR B ARy sRREABA Fom

halogen, Bydrexysfarearieiaine syAe it $aEbanaY!, sulphamoyl, trihalomethyl, trihalomethoxy,
linear,branched orcyclic (CI-C4)alkyl, hydroxyalkyl, mono-or di-alkylamino, alkoxy, alkylcarbonyl,

Y {Yy) (Y3) .
- ( 2),( 2iy 2y s Ry (YZ)Y
.._(Q)q-N/\ P (@) (_‘b i @, —(Q)quﬁJp D —(Q), ) o
T }k { ' NRy (Ln—z : ¥4

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;

10 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, aminosulphony! group;

15 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;-Cy) 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;-Cy) alkyl, dihaloakyl or
triahaloalkyl;

25 q may be zero or 1

k maybel,2,3 0or4

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



20alkoxyxcarbonyl, alkylcarbonylamino, oxaalkyl, azaalkyl, and such that two ofﬁt&eﬁﬁﬁubstitutents
may form a 5-to 8 membered ring with a fused junction to Ar;  Rx may be H or a linear, branched or

cyclic (CI-C4) alsydogdipaiguaky! or triahaloalkyl; 25q may be zero or 1 k may Qe Ap e Rid-4: M. N, P,
Wand s may independently be 1,2 or 3 NICSLLP WCI) 1)9/074300PCT/EP2008/0 104 70 147 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, hy - a lineas, ched or cyclic (C1-C6) alkyl, azaalkyl, oxaalkyl, alkenyl,
HREG b U620 OF

azaalkenyl, 5 oxaalkenyl; chain optionally substituted with halogen, amino, cyano, hydroxy, oxo,

linear, branched or cyhlic (&sGialntpasbnys-adkennieareaorbd 5

alkylcarbonylamino,alkylamin,ocarbonyl,carbamoyl, guanidino, .
alkenylcarbonyl,oxaalkéfgicarbepssssmeripdspeadsntly, fixengimanotehdydregznmayibead, S, SO2,

SO, or NRY' R Ry ind t H: i , b hed or,cyclic (C1-C6) alkyl,

alkylg;rbo?l/yl, gﬁ?c%éggrb%ﬁ;/?yoéﬁa(?;] aﬁ%ggggﬁ;a&r%?ﬁ%%piﬂ%%%%@‘@bgfﬁ%%w%\% ’Bfllrxore

fluorine atems yxaamk¥nilay Hase RPN D& BYitu e @~ tho Al Y&ﬂn@%%??%&?wem
, dihaloa

halogen; hydroxy; amino; cyano; nitro; oxo; linear, or branched ( 1-(56) alky yl, azaalkyl,

oxaalkyl, alkyl@s®onlibesaalkyteadbedy|, alkoxyearboni(l; alkyllinyheaddmorlyl, alkoxycarbonyl,
alkylcarbonylaminq,alkenyl,oxaalkenyl,azaalkeny|,alkenylcarbonyl, oxaalkenylcarbonyl,
alkenyloxycarbri;ghﬂ,C ] Sr‘?;ﬂ:%’i r]%% ARG RN 9% Madebtoalkyl, alkoxy, &R§RINGroup

optionally subsiiireliiBaa,or more ugdagipiaiparhaton two Y2 OgHRR GBIy, ©

8-membered ring with spiro or fused junction; and with the exclusion o

2-[4-(4-methyl-Plgamalzimingephemyil - 1Hbenzoimidazole;2 -[4-(4-pyridin-2 -yl-piperazin- | -ye-phenyl]
-1H- 25 benzoimidazp%e 2.The égmpounds of claim 1, of formula la MCSLLP WO
2009/074300PCT/EP2RBIPRO%7F12§RS O, or NRy

Ry and Ry’ independently represent H; linear, branched or cyclic
(C,-C6) alkyl, alkylcarbonyl, alkoxycarbonyl or alkylaminocarbonyl group
optionally substituted with one or more fluorine atoms
y and y’ may independently be nil, 1,2 or 3
15 Y and Y, independently represent halogen; hydroxy; amino; cyano;
nitro; oxo; linear, or branched (C;-Cg) alkyl, dihaloalkyl, azaalkyl, oxaalkyl,
alkylcarbonyl,  oxaalkylcarbonyl, alkoxycarbonyl, alkylaminocarbonyl,
alkylcarbonylamino,alkenyl,  oxaalkenyl, azaalkenyl, alkenylcarbonyl,
oxaalkenylcarbonyl, alkenyloxycarbonyl, alkenylaminocarbonyl, alkylamino,
20  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-
25  benzoimidazole

2. The compounds of claim 1, of formula Ia



(la) wherein RI, R1', R2, R3, X/ Y1, r,i, jand y are as described in claim 1. ﬁ(TQL mpounds of
claim 2, wherein X is N 5R3 may be H; linear, branched or cyclic (C1-C6) alkyl, oxaalkyl,
alkylcarbonyl gl ylsidlphgny!.oxaalkylarbonyl,alkoxycarbonyl, PCT/EP2008/010470
alkylaminocarbonyl,oxaalkenyl,alkenylcarbonyl, oxailﬁgnylcarbonyl, alkenyloxycarbonyl or
alkenylaminocarbonyl group optionally substituted with carbamoyl or one or more fluorine atoms; Ar;
Ar-aminocarbonyl; a linear 10 or branched (C1-C4) al@k, alkylamino, azaalkyl, oxaalkyl, alkylcarbonyl,
alkoxycarbonyl or alkylaminocarb%nggl group ubStiRl]Jted {th @ne or two Ar and optionally substituted
1564

with one or more fluorine atoms;( SNE at\o direct I’l]_P is fofyped between two nitrogen
atoms or between a nitrogen atom and a gen m ahd may be Carbonyl; aminocarbonyl;
carbonylamino, imine; 502; linear or branched (Cll-jl.6) alkyl optionally substituted with one or more

fluorines wherein one methylene group may be re gced by 0, NRY! &prbonyl or SO2 or wherein two
20 subsequent methylene groups may be replaced with a carbép_)i ino, aminocarbonyl,
sulphonylamino, aminosulphonyl group NI CS LIP- WO 2009/0 43(%%3T/EP2008/010470 149 4. The
compounds of claim 2, wherein Xis CH 5. The compounds of claims 3 arg 4 wherein R3is  5¢is 1 6.
The compounds of claim 5 wherein q is 1 and Q is carbdig)l; linear, branched or cyclic (C1-C6)alkyl,
(Cl-05)alkylcarbonyl or carbonyl(CI-O%;tlk | optionally substituted with one or more fluorine atoms. 7.
The compounds of crai#raingRer8in g ,z%rogna’RSaisls%élé!&é@ Fhctaseopedyp clagnal. '
pharmaceuticg! com%%itci:%n contaé%ijn a comBEJL\%,r}geg&%ording to claims 1-7 with a pharmaceutically

acceptable carrier or ex0|p|£3nrﬁ.m§r? e ucslgn& a’compound according to claims 1-7 for the preparation
of a XisN

5 R3; may be H; linear, branched or cyclic (C;-Cq) alkyl, oxaalkyl,
alkylcarbonyl, alkylsulphonyl, oxaalkylarbonyl, alkoxycarbonyl,
alkylaminocarbonyl, oxaalkenyl, alkenylcarbonyl, oxaalkenylcarbonyl,
alkenyloxycarbonyl or alkenylaminocarbonyl group optionally substituted
with carbamoy! or one or more fluorine atoms; Ar; Ar-aminocarbonyl; a linear

10 or branched (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;

(Y2 (Ya) (Y2) .
T o - * N vy,
—(@N_ ——(Q)q———Tt]; —(Q), )m : ——(Q)Q—le—(—!)p D —(Q), lpr
! » (F—NRy (l'*n_‘z ¢ -

15 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 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, aminosulphonyl group



15medicament for the treatment or prevention of osteoporosis or cancer. 10. Fedisecaccording to
claim 9 for the treatment of a cancer selected from non-small cell lung carcinoma; small-cell lung
cancer; breaswaanevpmgarian tumours; digestive tract tumours; brain caneer/grpstate£ancer;
pancreatic cancer; basal cell carcinoma; malignant mgianoma; squamous cell carcinomas; MC S 150
multiple myeloma; lymphotna; mesenchymat cancers; chronic myeloid leukaemia; cnclometrial
carcinoma; hepatocelfyarceaipheiad-oklo R ied PPRMREAcoordingto claims 1-7 for use in the treatment
of diseases, conditions, or dysfunctions that benefit from the inhibition of the hedgehog pathway. 5 12.
A compound atcordifgieocomippandopliskimihé ardrmeheufinsteoporosis or cancer, particularly
non-small cell lung carcinoma; small-cell lung cancer; breast cancer; ovarian tumours; digestive tract
tumours; brain canc ,3p‘r%state cancer; pancrea;ic cancer; basa[\gell carcinoma; malignant melanoma;

2

squamous cell carcingmas; muItipﬁY ”myeloma;‘l mphoma; mesenchymal cancers/'€H8niavmyeloid
leukaemia; endefActiial E0caRdi - hepatbeEltiar Carc”lﬁiﬁ’Pﬁa.N‘}*]’p b, b
Y {H—NRy (l')n_z -

5 qis1
6. The compounds of claim 5 wherein q is 1 and Q is carbonyl; linear,
branched or cyclic (C;-Cg)alkyl, (C;-Cs)alkylcarbonyl or carbonyl(C,-Cs)alkyl

optionally substituted with one or more fluorine atoms.

7. The compounds of claim 4, wherein q is zero and Rj is is selected from
10
(Ya)y (Y2)y
L—-H " (L——n z
(Yo, '
y s NRy (Yz)y'
b) T ) m ! %
(" —NRy ¢ -

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;
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MCSLLP

150

multiple myeloma; lymphoma; mesenchymal cancers; chronic myeloid leukaemia;
endometrial carcinoma; hepatocellular carcinoma.

11. A compound according to claims 1-7 for use in the treatment of diseases,
conditions, or dysfunctions that benefit from the inhibition of the hedgehog pathway.

12. A compound according to claim 11 for use in the treatment of osteoporosis or
cancer, particularly 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; multiple
myeloma; lymphoma; mesenchymal cancers; chronic myeloid leukaemia; endometrial

carcinoma; hepatocellular carcinoma.



