WO 2011/ 113798PCT/ EP2011/ 053818 1 NEW ENZYME | NHI Bl TOR COVPOUNDS FI ELD OF
THE | NVENTI ON 5The present invention relates to conpounds which are

i nhi bi t orwoah1183@8activity. The invention al so rel at es PCo/Eph@nosisesit i cal
conpositions conprising these conpoun#ls and to the use of these conpounds
in the treatment or prevention of nedical conditions wherein inhibition of
SSAO activity is benef NEWIENZYME PHIBITGROGMPHUNIFEases, | nmune

di sorders and the inhibition of tunour growh. 10 BACKGROUND ART

Sem car bazi de-sensitive am ne oxidase (SSAO activity is an enzyne activity
expr essedphy 1YasayinAeiegign Protein-1 (VAP-1) or Ami ne Oxidase, Copper
Containing 3 15 (AOC3), belongs to the copper-containing am ne oxi dase
famly of enzymes (EC. 1.4.3.6). Therefore inhibitors of the SSAO enzynme nay
al so du . 0gi func f. rs of
this ehpyie PishdtF g PUAEAERD D YRRPHARS icn 18 it B SR T BIaRE" ot 1 ze
cupric i omvamd)npaﬂmtrelaues theyhianredtet @pBeaguiionioings c(o mgmtieaet@npqulndstmﬂt@m dative

deami nati gn i mar es to al dehydes en peroxi.de, and

Soamoni alisoP G CmPMRTD T BEE i /B R R 4
H202 + NHRhHNQMN of WSO alca it &F bBriTRMI SSAR b alfladenangdogiencts immiday| an ne
and ami noacetone 25 as wel| as some xenobiotic am nes such as benzyl am ne
[Lyl es, | fisordgrs apg depibitionpf tumpy) growdos, 28, 259-274; Kl innman, Bi ochi m
Bi ophM§ Acta 2003, 1647(1-2), 131-137; Matyus et al., Curr. Med. Chem
2004, 11(10), 1285-1298; O Sullivan et al., Neurotoxicology 2004, 25(1-2),
303- 3151 BAGKHRAYYDWMRE ot her copper-contai ni ng am ne oxi dases,

DNA- sequence anal ysis and structure determ nation suggest that the

ti ssue-bound human SSAO 30 is a honodi neric gl ycoprotein consisting of two
90- 100 kDﬁemiahmbm'idcsseanidh@amdlethidahne(SﬂAﬁ)rmtimqnisrearmﬂaye actpiitpgkpredded er m nal

nmenbr ane rri.s ., J..Bial. Ch 1997, 272,

0500. 036207 it AR bR LS (FhRT) phoRmingg@rigs. Shoos FaABTE: ol
Prot eiilh ScA@ORERHAORS,to ﬂhé copb4odiinthg addkoObSERE feﬁﬁll}adf enzyMdsaECriyss.8).1 ogr. D
Biol. Crystal|ogr.. 2005, 61(Pt 11), 1550-15621
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endot hel i um_ and adi pose tissue [Lew nsohn, Braz . _Biol. Res 1984,
17, 223- 256Ricapikils Rd@yibise eupricion el pogitddes twtqymom (Tlicgmpfacgz in3-10; Yu

et al., BjQc ’Cajg);]
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Suppl 20 1998mobid, ac@B@n@ EOthe fdlakk maaional ., Am J. Pathol. 1999, 155,
1953-1965; Morin et al., J. Phannacol. Exp. Ther. 2001, 297, 563-572; Salm
& Jal kanen, Trends | munol. 2001, 22, 211-2161. In addition, SSAO protein
is found RaChb-00d@, pDasHR-@NO L1 +sHHYbl e form appears to have simlar
properties as the tissue-bound form [Yu et al., Biochem Phannacol. 1994,
47, 1055-1059; 10 Kurkijarvi et al. . I'mmunol . 1998, 161, 1549-15571. It
has r ecenkhywh e@RuaROM? nuhah SSAUME]%H& Bﬂior@él{mﬁ n@ﬂﬁrld nAHERd MPAGARIONGI Nat es
fromthe tissue-bound form[Gokttirk et a . Pat hol . 2003, 163(5),
1921- 292885 Wby wmstxeapbioticninipststtowi benpdonine Mizylgy Intab&iochas: Catlivkn et
al., Grcy 1 r I By

pl asna/ ser%dr?%e%%A%gl S a?sgﬂjlér}]céog @Z Bloﬂa\ﬁ}ge%ggzg? Qj 35%2(1(:221& 320%43%]115

[ Schwel berigdr,, Cugr. M&Ne@wm 20174 ahkm), 2%7129314X56lﬂllvaﬁ537-a7ﬁmumﬂx&"otwwci se
physi ol og I ndant enz as yet. to be er m ned,
bu 1 ¢ anp 571 RS InaRPe P SR P Sl By R st AR AT

funct i onssdqoerze Iahalyslgzmﬂ sltmngreaj@cbrmﬁgud)raiuggm tHaothe @x@ﬁpioend hlﬁn:ze]rSSA(D ndi ngs

suggest that_ SS arolein 20 b th ted | ucose uptake
[ Enri due- ¥at hore m@’flcﬁycol’rﬁtemB‘foé‘Plsm@ &g@ dstﬁ%Fn et

al., J. PpranaeRbrdadby alfifile I\QQ%malzl%Zmbéﬁésgthﬁlg%ﬂlaﬂfj[M@l@ﬁs’ keal, J
dlfferentl ation [Fontana et al Bi ochem J. 2001, 356, 769-777; Mercier et

al ., Bi ocHéthClpm. 30%h 27355889382 Sanith etjah, éd%Wt Mo 1988580 b 2Bedienshown t o
be i nvol vedyi I?’r%l@lfnl QUDTRE 9605, Y OPRISVTAVARER b i3 § ?\cz%SC/gE'm%’ZJZ}.eE' @ protein

for leukocytes [Salm & 25 Jal kanen, Trends I nmunol , 211-216;

Sal m & Jé&rkabeg:; 2005, 6A(d1¢|éé)i oFSOMHI686 Ul es: Functions and I nhibition" K. Ley
( Ed. ) 2007, pp. 237-2511, and mght also play a role in connective tissue
matrix devel opnent and mai ntenance [Langford et al., Cardiovasc. Toxicol.
2002, 2(2), 141-150; Cokttirk et al., Am J. Pathol. 2003, 163(5),
1921-19281. Moreover, a |ink between SSAO and angi ogenesis has recently
been 30di scovered [Noda et al., FASEB J. 2008, 22(8), 2928-29351, and based
on this link it is expected that inhibitors of SSAO have an anti-angi ogenic
effect. Sever aI studl es |n humans have dermnstrat ed that SSAO actl VI ty in
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| munol . WO2811/118M8 1549- 1557; Boonsma et al ., Di abet ol @gira&r1@9953842,
233-237; Meszaros et al., Eur. J. Drug Metab. Pharnmacoki net. 1999, 24,
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reacti ve al dehydes and hydr ogen per oxi e produce endogenous am ne
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process aprodit 8So@id inMldRAPIRIOMd WS Eﬁu@@@@nﬁ%eﬁ@@cﬂhaﬁ@@%leﬁ@r@ﬁrtk@
strongly expressed on the vascul ar_endothelium|[Salm_et
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of SSAO has been suggested to have a therapeutic value'in the prevention of
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Res. 1998 t . ) 0265- 246;
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decrease in the inf tor nses evoked i e to.,vario

o 1 amat BRI ER sy S Fonitin £ 5o K0P 1y epielah” |
addi t i1on, NeiaAgRMissNRE7, 1 186 ) umm(m,n inwild 25 type animals in nultiple
ani mal nodel s of human di sease (e.g. carrageenan-induced paw inflammati on,

oxazol one-i nduced colitis, |ipopolysaccharide-induced |lung inflammation,
col | agen- irpdpceide @{yfsiawgidaﬁmle%}dﬁfs Q&ﬂaﬁt%ﬁk‘ﬁﬁ‘@he{d\&%ﬂ t’b'bé)fulﬁb’derté?ﬁlﬂéaeod?f
ant i bodi es and/or sSma ecul es has been shown to be protective in

decr easi n§ anpearp éhn%o%%@ 4n|df ity reagtiomo produgld yaivh gateh sevsen) dppatipnpfin tchl di sease

(ki ron ot caine kAl fy Bl st SR AL TP 11 A6 AR RSE g o1

al., Jo Phethr@coT4-nExiatedTilerose 20@5¢ [BirS(uR)lardbG: 66a;. MiDohaldmed 9o,

Annual Re t i_nal e 1stry 2007, 4 229-243: i J Ii<anen,
in Adhes %r P%gg/f nlgu?ﬁtc 1o s‘§ éﬁ%mf?%hi%f't %@‘?{ %imng%/ (5%8%72%6@7 pp.
237-251; B&iﬂ@y&tdlﬁbrentldfyﬁﬁlf&dana?@@ﬁ Ri2(Hem. J12604; 334)3poMontavedcieakt al., FASEB J.
2008, 22(8), 2928 351. 35Thjs anti-i nfl%ngat ory protection s ems to be

af f or ded KBS Ja ldé Patge Bf- IAgrlBien1 Y@ hegprer) 090 14 posmelsd4n

i nf | ammat Q{me%&ﬁ%r PrélebseVininBrel MABRENAANIINCAS EIMB (PR RDRNIYRIFSalhAtder than
being restricted to one particul ar di sease or di sease nodél. This would

suggest t dkangsaGrardy IseugokePModal i fS@kmt Ke Talsgrinatin oiAdiesiphe

i nf | ammat 10 b Ren I t S ors wll
be effect%%ecgﬁflﬁ?%ﬁ?ngadm}#gtlgé@h ug§ Lﬁ;%&) 23(\3 T négﬁg?ﬁ @gnfﬁl?fgﬂ?j?jgéases
SSAO ( VAPpLaY aj ®leup qopgedtiat eidsue maas tdevadomaame end arndhi¢ragcchdenglodeet dlf i ed in

turour's. ( CBUG r. R R Fandhot SR ERE o ERBBT A IelRE 160

3978- 88. ; 1921} H28]. HMoGaked allinM beAiz@meSSKO ade angmgenBis Jals lqamﬂy Seez001)
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Auvi nen Kexfad® tfagRhibitkrsMBSS A8 Hadd @M an®i-ardgid bhic @FBctAW Salmi M (2010), J
| mmunol . 184, 3164-3173.) has shown that mce bearing enzymcally inactive

VAP-1 grow nel anonas nore slowy, and have reduced tunmour 15 bl ood vessel
nunber - and.d{ ANBLAL: 1nTﬁ1§an§q1ld?@QGIQBI%%QdQflattm LHARUIS LBS 1Rl Kol | ect ed
in the reduced (by 60- 709 Itration of nyeloid suppresso

Encour agi fgvafed/pPedndgismi @u@n@sy credstive I@hlftefeltlure,ndIm@mﬂnelditusl Wﬁiﬁhmﬁems mat i on
in norpal ue. f dlff r ShLu ssgs have
previ ogzl 9ls%égnan& gl %%gdogﬂegéﬁg% Bi tog‘/jsaede%er 5eexacltg’# | ) U2/ 38153
(tetrahydroi m dazol 4 5-cl pyridi ne der| vatives), in WO 03/ 006003

(2-1 ndanyl hydr azi ne deri vatives), in WO 2005/014530 (allyl hydrazi ne and
hydr oxyl am ne (am nooxy) conpounds) and in WO 2007/120528 (allylam no
conpounds). Additional SSAO inhibitors are disclosed in PCT/EP2009/ 062011
and 25 PCT/ EP2009/ 062018 The |nvent| on descrl bed here reI at es to a new
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5 prominent role in the initiation, maintenance or resolution of the

pat hol ogy, such as nultiple sclerosis, arthritis and vasculitis. Detailed
Descri ptiwo 20f/t1b®8l nvention 5 It has surprisingly beenPComrdoitiioaisis he
conpounds of formula (1) below are inbibitors of SSAO They are therefore
useful for the treatnent or prevention of diseases in which inhibition of

SSAO act i BobisthSeth@Nehiddvale. ReUT997233 1387 L BWIMBKHION, PhdMnlha/TRdsoT998ds B eases,
i mune or aut oi mune di sorders, and inhibition of tumour growt h. 10

Accor di ng8T92t HeukhyEntet ot t hef@ninplnA898.dé6.a | AImpOUn BT il & (1) or a
phar ma'ceublmﬁb@ ll&fgzzﬁqwggbiﬁ) §3ﬂﬂ tMesQﬁroNeP%l' %rtﬁ%r‘:ﬁngem Pharm%coklnet

1-1-. wheréin R1 phenyl ered heteroaryl,
opt i onal | 99%%t299u3@deethl ,dierhgm. BmWEYS slls 2003uént76/-Sa1 188+ ¥Y:; Magms hal ogen,

gz:zg %521114 Lfﬁ am no }%ﬁ Zghky*la@li%srﬁi%am no- ‘%Tdé{ aaF kb%um%xyw%%ﬂ atiot

20di ( CL4- aGIDOQyIZ)S(dFﬁ)nBJ()ﬁKB alhkly]lar IRNRAARE R al\m@(@c@%ﬂ- m@ezy(m) 183-

NR6C( 0) NR4 NR4 AR4 0 0)OR5, and.-NR6S(0) 2R Ais a
bong;( Lo ﬁ‘%“%‘%‘ims B Sl ﬁtﬂat%’cg  engying etjvig oy i NRa
C30) - or bk ookl | RNGEacBR: alMlyAM HLHAFOBRGHRRR G QEBBL Bkl R2 i s

-B-QLR31", R3 |s sel ected from hydrogen, hal ogen, cyano,. am no ¥droxy|
0x0, CL4- 3P| Oxiffars-coruibyick {1 tthJPAO%tF%Wy of Gawaww&la%qswdlabel

hydr oxy- Cg(ﬂnﬁlcgbf(gns &M%Qﬁ&%@rsa(hlgéége a&]e{l a?-l KyAg Brain Res. 1995, 1006,
Cl4- al kyl am no- C14- al kyl LNR&CM aI am no- C14- al kyl, -NRAAR4B,

- NR6C( 0) 0B&>-32INRébon), F@mrm &D) M%A@Z,EW -900(Y0) MR ARAR . @ORZ()@) R8¢
- CL0) OFS. 20005) 2005 S00VERD, BN Thty A LDl RS 90 rdatd-al vt

and wher el n any or "het €t oaryl optiona tuted with
one or nol@t|soghérmvent he selzpabidd a‘cm\om hﬁl&S@éh is ciyarlosd Gi4hallkyMocyte

hal o- C14- al k Cl4- al kox Cl 4 al k dr ox 14- al kyl ,
cyano- C14¢ ’&faﬁ’ﬁa“"%rﬁr%ss 'ymésk?fl mn Yl"%l‘{’jﬁe ﬁ%f%)h %‘é‘%kg?"wn to be”

di (C14s al ktydn)g@rﬂx@fksﬁlllbnahé(ydsculaﬂ\lﬂﬂéﬁélﬁm -[ENR@CétQﬂ Q%numtytmONR@Q)OQ@
-NR6C( 0) NRAARAB, - C( 0) NRAAR C(0)OR5, -NR6S(0)2R5; when R2 is
-B-R3, R3%(% S’s‘]éqﬂéétl"é]éﬁnr?? dPn é?ﬁ”ﬁ@” f‘éqlacuéqSkEWHf)mm 1%@)’?9’0@15611&3}& dhydr oxy-

Cl4- al kyl zo@yqﬁ?oﬁiés M@rdﬁglynqn@aiﬁoﬁloms/x&%ﬂs abdy bayatagr tlfadl Kyl
di (Cl1-4- al kyl')am no- Cl14- al ky - NR4AAR4AB, -NR6C(0)OR5, -NR6C(0) R5,

- NR6C( 0) NgmRawic valug ic(thy NRaERRAB, of - c@qt@)lRwompNRﬁspe)aman pﬁl@ﬁwlmm al kyl
and heterg o8k N h | due is
optional | yi@s%{;) ﬁ%%@e?hﬁwﬁﬁggr?gp?rﬁﬁﬁégzgg ?@%ﬁugﬁlsb@;’éﬁ%%ie%hf ?ﬁ%’hal ogen,
cyano 2o C126alKy Saltdrdlid Gl 4 J.abhayigcoClizp al heoX3005 Gl S( 24 5K ed62}. Cl4alky 1,

hydr oxy- C14- al kyl , cyano- Cl4-al kyl, am no-Cl4-al kyl, Cil-4-

al kyl am no- C14- al kyI di (Cl4-al kyl ) am no- Cl4-al kyl , - NRAARAB, -NR6C(0)OR5,

SSAO knockout animals are phenotypically overtly normal but exhibit a marked decrease
in the inflammatory responses evoked in response to various inflammatory stimuli [Stolen
et al., Immunity 2005, 22(1), 105-115]. In addition, antagonism of its function in wild
25 type animals in multiple animal models of human disease (e.g. carrageenan-induced paw
inflammation, oxazolone-induced colitis, lipopolysaccharide-induced lung inflammation,
collagen-induced arthritis, endotoxin-induced uveitis) by the use of antibodies and/or
small molecules has been shown to be protective in decreasing the leukocyte infiltration,
reducing the severity of the disease phenotype and reducing levels of inflammatory
30  cytokines and chemokines [Kirton et al., Fur. J. Immunol. 2005, 35(11), 3119-3130;
Salter-Cid et al., J. Pharmacol. Exp. Ther. 2005, 315(2), 553-562; McDonald et al.,
Annual Reports in Medicinal Chemistry 2007, 42, 229-243; Salmi & Jalkanen, in
“Adhesion Molecules: Functions and Inhibition” K. Ley (Ed.), 2007, pp. 237-251; Noda
et al., FASEB J. 2008 22(4), 1094-1103; Noda et al., FASEB J. 2008, 22(8), 2928-2935].

35 This anti-inflammatory protection seems to be afforded across a wide range of



20 NR6C(0) R5, -NR6C(0) NRAAR4AB, -C(0) NRAAR4AB, -C(0)R5, -C(0)ORS,

-NR6S(0) 2R5, provided that when R2 is -B-R3, and Bis a bond and R3 is
-C(0) R5, when11R53798 not hydrogen; R4A, = 4B x and R5 areceapoiingspendent |y
sel ected from hydrogen, Cl4-al kyl, hydroxy-Cl4- 25 al kyl, hal o-Cl4-al kyl,
cyano- Cl4-al kyl , am no- Cl4-al kyl , Cl4-al kyl am no- C14- al kyl ,

di (Cl4-al Kﬁﬂ'aﬂﬂ[ﬁtd}? rﬁad%isahlkyxblﬂpﬁncggé}@kiﬁom@%aémmsﬁg Rtfer ansh B4Bgt oget her

with the n|tr§§en to which they are attached forma cyclic am no group such

as a pi pefasdiciegito opg patiadirliscasenraiigsatei medeb d hi werld svdegst hpdgoMRRy|  or

honopi per bgla rl%{r( n%a@%@mt %}Bﬁléa‘l]e hl%tl@[ﬂ)le@é ‘?ﬂhafn{rge(a)lgjrés 1149’ hnd it is therefore
hydr oxy- C14- al al o- Cl4-a kyI cyano- Cl14- al am no- C14- al ky[,

Cl4- al kyl amlﬁdlaciﬁA@l iilyibitorg |V(1Eb4£étb¢<twe)aaﬁ1ir¢&m@ma¢marl deygs ipra \@ide range of
4a|kox¥ Cﬁ 1kyd.,Qr R4AL and R4B together with the nitrogen to which they
are attached rorma cyclic am no group such as a piperidinyl, piperazinyl,
N-substituted piperazinyl, norpholinyl or honopiperidinyl group MD
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Colect o PO ORI TR BoIged i et T 8 o E e Bihe Miaded + i s
attached t{g@ciiddire aﬂﬁuﬁlﬁkﬁ nROMIMABhKREb T ad haddt Qﬁhﬁ&kttﬁmoﬁi% (Yoong/\/r@ Wner ein
Y is selected from hydrogen, hydro am no,

|
sel ected Moy di rg | A8pmhPH. ﬁfﬁ%bwmmve@ lﬁﬂaﬁﬁ%wf% H&I%Hc&almlar kyl ,

CONHZ,,, t OMYARARen M‘%@lmaﬁniknpalkanulf'@ ;20@'1‘;1 WhhihoB ei(ﬁc%gfh febom lt'(!)rster—
Cl_4-al kyl, halo-Cl 4-al kyl; "WO 2011/ 113798PCT/ EP2011/ 053818 8 It is

expect ed HhaftatIEGnElendis Reku tSh et jhy i), oMelrfra@mEbBebrlélpéB@cﬂOr)n @ivercport m of
hydrates, g 11§-?<1[ Yﬁ%ﬁ. f[%%ﬁﬁﬁn%fl@rﬁﬂ iRn e r(ﬁl'dE'E Mg# ﬁ‘eﬁlFJnQE SCEAHR, Ner ei n,

to "conpounds e |nven Ion"i's cofAcern cohpoun S of the
|nventronANﬁrSMthGWp(EEéhtJ¢mnmnund8&,3ﬁwdﬂﬂaelkmképwnnbwudms befiggence to

salts, hydrat and s of sych conpoun The term ' so ate is used
ot e n 1 ootage R o NVATF e e STRTRR IS GRS Fery PR To BB ne
i nventii onbRbd vassel aubéroaRl tiathe RADURE r&lfuc&i’lgr()@\l’th rmrtﬁesrahtamasaﬁewas aBbly
accept abl e sol vent nol ecul es, for exanple, ethanol. The term' hydrate tois

enpl oyed fasried atng tag| rgdeed | ©ywEPEP%) | Uit alt cBMgBidn dEPREEsSeth&eHvent i on

may exi st _Ehébu?% VE‘\W&ﬁc@é’n@};%Q@né @ffea%\ﬁere@éd BOIyWIPRI B £ioh GF rrsm@aﬁd nmay be
obtained in different crystal habits. Any reference herein, including the

cl ai ns hel#glf, to "conpounds with which the invention is concerned” or
15" conmpounds of the invention"” or "the present conpounds”, and the |iKke,
i ncl udes reference to the conpounds irrespective of anorphous or

pol ynmos phBmall eralgcules of different structural classes have previously been disclosed as SSAO

inhibitors, for example in WO 02/38153 (tetrahydroimidazo[4,5-c]pyridine derivatives),

in WO 03/006003 (2-indanylhydrazine derivatives), in WO 2005/014530 (allylhydrazine

and hydroxylamine (aminooxy) compounds) and in WO 2007/120528 (allylamino

compounds). Additional SSAO inhibitors are disclosed in PCT/EP2009/062011 and
25 PCT/EP2009/062018.

The invention described here relates to a new class of SSAO inhibitors with biological,
pharmacological, and pharmacokinetic characteristics that make them suitable for use as
prophylactic or therapeutic agents in a wide range of human inflammatory diseases and
30  immune disorders. This therapeutic capacity is designed to block SSAO enzyme action,
reducing the levels of pro-inflammatory enzyme products (aldehydes, hydrogen peroxide
and ammonia) whilst also decreasing the adhesive capacity of immune cells and
correspondingly their activation and final extra-vasation. Diseases where such an activity

is expected to be therapeutically beneficial include all diseases where immune cells play a



Si nce conpounds of the invention have a nitrogen atomin an aromatic ring

they may form N-oxi des, and the invention includes conpounds of the

i nventi orwOreotiadm™8N- oxi de 20f orm DEFI NI TI ONS 25The f olPCoxPe@10&fsisi ti ons

shal | apply throughout the specificatbfon and the appended cl ai ns, unless

otherwi se stated or indicated. The term"Cl_4-al kyl" denotes a straight or

branched glokihen® &6 fin NAY iifiBatfdnd MalntéPinde 6ALROMLIBA PMBhe DRHOIBAY,t SicPfast he

range Cl_4-al kyl all subgroups thereof are contenplated 30 such as

Cl_3- al kymultipic splegpsisy prthrtp and pseylitis. c2_3-al kyl and C3_4-al kyl . Exanpl es of

said Cl4-al kyl include nethyl, ethyl, n-propyl, isopropyl, n-butyl,

i sobutyl, sec-butyl and tertbutyl. WO 2011/113798PCT/ EP2011/ 053818 9

al koxy, aPrtagebfesstupton bighebiveatien cont enpl at ed such as Cl_3- al koxy,

Cl_2-a] koxy, C2_4- al koxy, C2_3-al koxy and C3_4-al koxy. Exanples of said

C1_4-afkoxy i ncl ude net hoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,

i sobut oxy]t meearbtitiody bagrdfonad thab the @ssnpoimbkef fend’ (hyoklow yreGhhibitads log| "

denotes a aight or branche -al kyl group that has. one or npore

yr ogen: So0Re | fiierEanci BF Ascd Tir tir estmed afPenBin SETERRORTRRS . 4.

al kyl i ncinudgidnysir Ssvoetdvily, is Zrehordioxyeeh Ry infRfthaios: BNndaexy pisepyd,.  The

term"hal 0-Cl_4-al kyl" denotes a straight or branched Cl_4-al kyl group that

has one ofPBHoHEUINANBRHSALGHEnt HBEEI fdynaEedowit h hal ogen. Exanpl es of

sai d hal o-Cl_4-al kyl include fluoronethyl, trifluoronethyl, trichloronethyl

and 2-fl uoroethyl. The term "cyano-Cl 4-al kyl" denotes a straight or

branched Gtcadiapkipl thyr onygntidnatthdsasis oprevided nroreemipgiedo gé nfoanelas (i her eof

repl aced w of . \sal: - Cl4-al kyl 15i ncl ude

cyanonet h fﬁpﬁ&%ggﬁgégﬁ%EBgﬁ;“éﬁgigﬁg%ﬁ%%gﬁ. The term "am no-Cl_4-al kyl "

denotes a straight or branched Cl pk alkyl group substituted with an am no

group. Exanples of said anino-C1_4-aﬁkyI %roup i ncl ude am nonet hyl and

2-am noethyl. 20 The tern1"C14-aIkylaniﬂ9-C14-aIkyI" denotes an

am no-Cl_4-al kyl group as defined above, "wherein the am no group is

subst it ut etlemint h a strai ght or branched Cl_4-al kyl group. Exanples of said

Cl4- al kyl am no- Cl4- al kyl i nclude nethyl am noet hyl and et hyl am nopropyl. 25

The term "di (Cl4-al kyl ) am no- Cl4-al kyl " denotes an am no-Cl_4-al kyl group

gs deL [ gelg aibophieﬁyl}/\/mer6<s:1ims)mbé}\i.}1 &i’é%e%hrﬂl’ g)lpﬁoiaiﬂydélﬁ)@tﬁlateﬂg W]Etfﬂdoﬂ&i bh mdre al ?ht o][
ranche 1 4-al kyl groups, ich can t sa r different. Exanples o

sai d di ( CIUSHURR )saﬁftﬁg-f%m-haéﬂgﬁw cyarey Gaealkyl l@%‘ﬁﬁ‘ﬂﬁlarﬁlﬁ@i?%yh%-,

N-et hyl - N; , LRGN, Rh-& V- Nkyi13Qding Lo, OB Ydmind 08, LREM

"Cl4-a|ko£§§gP%gn gﬂﬁngﬁgfg-alk“iZA%Enotegﬂénﬁgzrgg%é? 4%aIE§E g?oup as

definédl apbve alif@nmEnnCrpakani noN¥ olip: i s WSO ed WRHCE)REr ai ght or

branched 6 K3y C i Han G C Cl1 Kk - ypExanpl es of said

Cl_4-a|kogééggggﬁyﬁﬁhiﬁggﬁggcﬁ_A?gFQ§F%%ﬁgﬁﬁhg%%egﬁgig%%}bonylaninonethyl

and tert-but oxycarbonyl am noethyl. WD 2011/113798PCT/ EP2011/ 053818 10 The

ternms "heggrgggmi" and "heteroaromatic ring" denote a nonocyclic

het er oar ofvet [ C r‘ng conprising 5 to 6 ring atons in which one or nore of

the ring atons are other than carbon, such as nitrogen, sul phur or oxygen.

Exanpl es .heteroaryl groups include furyl, 5pyrrolyl, thienyl, oxazolyl,

i soxazdl yﬁg 18- “@é@g&ﬂ-ﬁgﬁi azolyl, isothiazolyl, pyridinyl,

whereinn=1,2,3,or4

B is a bond, O, NR*, -C(O)- or Cy3-alkylene;
30
Q is saturated or partially unsaturated monocyclic 3-7 membered heterocyclic or Cs.;-

cycloalkyl ring;



pyri mdinyl, tetrazolyl, pyrazolyl, pyridazinyl, pyrazinyl and

t hi adi azolyl. The terns "heterocyclic" and "heterocyclic ring" include
het er oar yWQ 2andi18®8er to a nonocyclic ring structure haPCmEPRo0nsB180 7
ring atons, especially 5 or 6 ring aténs, in io which one or nore of the
ring atons are other than carbon, such as nitrogen, sul phur or oxygen.

Exanpl es ghehRE &5 PRI, m@%@§ck@$ﬂohﬁ]§r (k%@ﬁeheh@geﬁr@%hwanﬁﬁ@l}ﬁzﬁrd@ﬁtl oned
in the preceding Earagra , andﬁglper in hol'i n hononor phol i nyl ,

azepanyl , 98 peradkylyhalo @—%li}ﬁe 2131111191‘3’ i @E@ESY #alklfle%b"é‘}%ﬁp@p?w]dl nyl |
tetr ahydr wﬁ@y alk%Pyeﬁﬁl% M<ly rJllEﬁ-ﬂMﬂB /Y ral"kglyl dl(Cﬁgdallgﬂ)Qbﬁﬂ{OO@%’ rrol yI

gr oups. er m’ Jef ers h group hat is
directly hlikVﬂkeHRt oRa. sNRaﬁf@)@Ror Pﬂi&rﬁ@ﬁbd -8R QGQ))NI&/TR or e@(tﬁ))NE(dhp,l es of

and 2" phogy? B sy P Eo BN IR PREPERS e ol AR Pean L ERERNL = Y
het er ocychadcwhérnig dnfigphenys od hetewttyy rdsidok édojitonallystubstitgtetl vath dareamqimd
Cl_4-al ky roup Vvia

sard het sPERyrTe et SRy Rl Haonpar e i ey St E o

pi peri di n4dlko%b1(§t4zlﬂkifl; rﬂafﬁwks)l@la- oAkyy) - wpdnoyt:, 4%1@110' pafigzCn-4ikyll methyl . 25The
term"heteroary fers to a heteroaryl jgin hat |§d|rectly

| i nked toagy@mﬂ%’i’%mﬂ]@fl bﬂléﬁch@liyléf“ao Sikpkylgr oliB Wa a Rr nitrogen
at om of - SRRACIHRY -NRUEIPNRS P, BrOMIDeRe! QaDk*, GyAoR bkm%mwde
pyr azol yl net hyI ‘thiazol'yl methyl and pyri d| nyl éthyl". The term

"Cl_3-al kyl ene" denotes a straight or branched dival ent saturated

hai oy “Be” &t FagrCa & PRekI 20t abRoy o ZRAT, FL A ST R-RENEY) 0 oup

t hr ough ofies-alaylboryadotGipalkie edhiiorC qralkyhr oﬂghalhyiymtnmd?ﬁaaih(}nsdm@iw n the

chai n. Ex es. of . C1,3- al kvl.ene di i t hyl - -1,
1,2-ethyl & I)%‘L“l&ﬁE e, - 41ﬁet h@eﬁ@@&wsiﬁml&%ﬁ@%“% 1-

CH2- Ch CHBjoNRIN®R 1, @(@HdpyNEMO)LRCIﬁmQﬂZJ Chiflyl and/\lletﬂrdafyfl-@] Langl t.ada " Cl- 3-
WO 2011/ 113798PCT/ EP2011/ 053818 11 al kyl ene" radi cal subgroups ther eof
are cont elpfistietny BRfap! g% hetgropryd rgyjdusnis optignatly sibs iefh Wity one or mgg) ggen”

refers togfosiabdi eleald @Iro&mﬁmogernomy&h% Q, 4Ja9<(§,1 MRuo- @q;£1ﬁ¥1a@1x afﬁo@rcpe and
5ch| orine, nost preferably fluorine. "Hydroxy" refers radi cal .

"Cyano" r ellery-GigalkHe -ToNFrxadiioalkyl.10 cymed® s s apinq-Res éléylbon@izt gr oup
=0. "o ti | | kvt he B QU ﬁﬁgcrl bed
event or %]?<$lgﬁln%otgl4 an@ﬁ 8‘@@{4 ér@léyelgira‘a‘raif(?)(?Coccu b B\m?ﬁ ?ﬂi éescrl ption
i ncl udes NRSC@MHBES MK%}(@)NR@R&H@(OWRT%? r @(@Ranﬁoamkﬁr NRISDLRSt ances
in V\/mchlt not ar eutl e | e sbel ful in
prepari ng’d g‘ﬁ%sﬂﬁ%c"é}lﬁﬂ aéll t]%(’gﬁ %gqgeﬁe'g@ﬁ? ghafle ]ﬁoIh?t oxi c
and nei t heydrbgeal ogi cal |y nor ot her wi se undesi rabl e and i ncl udes bei ng
useful for veterinary use as well as human pharnmaceutical 20use.

"Treatnment” as used herein includes prophylaxis of the nanmed di sorder or

condi t i oNR*ORY&AFRI R Ofr@bdcBNn®peRichil chte‘afTr&rfl hid¥6ecdli SPL-ERY1, ﬁ)ﬂﬁ&(y'-@] has been
est abl i shed. 25"An effective anount" refers to an amount’ of corrpound t hat

conf ers aalkh]er]%?é‘éﬁtl ielkgk f exano-gnehel.t pagoddisiliple i a‘ﬂ‘h’éaﬂ‘@lh‘éfpapéﬂiﬂ c effect
may be obgg@t LMy {dmiffo-C, T g?ﬂ;@@j Elk@%y- ’E‘fﬁgﬁé ESHLROT anl “k%getﬁ& vﬁglbt!hQCt Ive

ject gives an'indlcation o 1s an e ect Prodr ugs"
ref er s tonltmggownd’hlctlhbtty e yatigehed dnwe rat @dhcuradmo ghyls |smthog1 e plipecidmyll.t i ons or

30 by sol vol ogical ly ac ive co he invention. A
pr odr ug nﬁy‘%m u?%/tlgm\?\%gﬁeraéln?d Sther i(;%Iyl ﬁpm%pl%er%l ytl P 'Reed t her eof , but
is converted in VI vo to an actl ve corrpound of the invention. Prodrugs are

typically [“gpl dl sfarme VO Bf nt co d of the
i nventf on® e. . 56%9 ?W%I ¢ y h3f ‘@‘yb(lt:b‘o%tﬁ ﬁ%lo 16&?@3 ‘éy(ﬁ‘% kﬁ]sual |y
offers adyﬁﬁlba(glgsaugﬂ so|_MAk{hhdho-¢,1, I C&m:)lqtm 1 ahﬁﬂ’o Ol @lﬁﬁay&d el ease 35
in a mammal i an orglanl sm (see Silverman, R gani ¢ Chem stry of
Drug Desi gqlkoxy—Cl salkyl; or R*T and R* together with the mtrogen to Wthh they are attached

form a cyclic amino group such as a piperidinyl, piperazinyl, N-substituted piperazinyl,

morpholinyl or homopiperidinyl group;

35



WO 2011/ 113798PCT/ EP2011/ 053818 12 and Drug Action, 21 Ed., Elsevier
Academ c Press (2004), pp. 498-549). Prodrugs of a conpound of the

i nvent i orwoayliha3msepar ed by nodi fyi ng functional group®CTHPeH1A53838

hydr oxy, am no or nercapto groups, présent in a conmpound of the invention
in such a way that the nodifications are cleaved, either in routine

mani pul at ROR HYtroebn ¥ V0,alkyd; dnae 5 parent corrpound of the invention.
Exanpl es of prodrugs include, but are not limted to, acetate, formate and
succi nate derivatives of hydroxy functional groups or phenyl carbamate
der i vat | vesi ofiodll ffin bl A0R] (GHAUPS) 1ANEAUARM bdnl1GFREC KTGalan and

t he appended clains, a given chemcal fornula or nanme to shall also
enconpassUHRW\3®¢ﬂ§b0h?dmd®é§*lspwdaﬁ@@11N—oxrdes and prodrug forns
thereof. Furthey, a given chemical fornmula or name shall enconpass al
tautomeric agdystereoi songy. forms thergaf. Tautomersyyclude enol and
keto for mp—(5t e wde enanii®omeys,and di ergoners.

Enanti oners be pr esenty=Kh tgerr pure rmg, or as
unequal m xt ntLomers. Diagt omers camb S present in
their pure*fofns,” or as*m Xtur&s of di ast 8 eofters. Di astleredners al so

i ncl ude geoneWrrcaI i soner¥ which can be present in th&r pure cis or
trans forns hs nlxtures of‘those The conpounds of forfrula (1) may be
used as s o where a ) arnacologr% | y acceptabl e
salts (acid bage addi Zts) t her&of he phHrixacgr Ggical ly

accept abl e drtron salts |o&ed bel oy axe’ meant to conpsi se the

t her apeut i*cal’Ny active n acrd and~\yase. addi t.i" at.t fornms that the
conpounds are able to forn1 Cpnpounds t hatyy have basic ggoperties can be
converted to their pharnaceutically acceptaple acid addition salts by
treating theybgse formwtR-gn 25 appropﬂ e acid. Exgagl ary acids include

i norganic asl d—such asi-hydregen chl or yde dr ogem-&f o , hydrogen

i odi de, sul plei ¢ gaci d, hog'c aci d; d organi c agds spich as formc

acid, acetiecgm-d, propanokg facid, hyd/mx% etic aci thN.] ic acid, pyruvic
acid, mal'ei claci @, mal 6ni cNacid, oxalic Bei d

acid, glycoli
benzenesulpderc acrd toluﬁhesulphonlc aci d, nethanesulphonlc aci d,
trifluoroacetic,Yacid, fumaricyacid, succinic 30 acid, naljc acid, tartaric
acid, crtrrc'¥r<d sal i cyl | Nd( panoi ¢ aci d,
benzoi ¢ acial q@bic aci : hake Nddition salt
fornms are the¢ sQdi um potagsilumi4cal ciu wi'th

phar maceut i€alty ~accept abteyali . }¢%hnnnia,
aIkyIanrnes enzat hi ne, and am no acids, such as, e.g. arginine and
Iysrne The termaddition salt as used herein also conprises solvates which
WO 2011/ 113798PCT/ EP2011/ 053818 13 the conpounds and salts thereof are able
to form I (o] nd the like. The
group X S%ﬁgfﬁa?hsegdﬁgé%nﬁpﬁyﬁ;qu@%%ﬁlmgn% rﬂﬁ&]@‘t:‘T)%Clgelected from any one
of the radicals of fornula 1-16. Currently preferred enbodi nents of the

i nvention,i.nclude t

are as de?.ﬁé@ﬁ%ﬁ%@@nlErygephéxr%rhﬁw§%§§° zﬂvg ngﬁd($pgi@and W

defined abpwe; SONH,haniher MHRe; shaand R1, R2, Y, and Z are as defined above;
or the formula 4 and R1l, R2, Y and VVare as defined above; or the formula 5

and R1, R2, and Y are as def i ned above; or the formula 6 and R1, R2, Y, and
Z are as d;e{s sBedeahomar, A3 a‘lﬁg,e hgerO@r]p‘_ﬁ(}Jln an enbodi nent of the invention, B
is a bond, 0, NR4 such as NH NCH2CH3, or Cl1_3al kyl ene such as
net hyl ene, ethyl ene or propylene radrcals In a currently preferred
enbodiment B is a bond, -C(0)- or nethylene. In another preferred 20
enbodiment B is a bond. The group Y In a currently preferred enbodi nent of
the invention Y is selected from hydrogen, hydroxyl, amno (NH2), -NHR6
such as NHCH3, NHCH2CH3, or -OCH3. In another 25currently preferred
enbodinment Yis H OH or NH2. In an alternative currently preferred

enbodi nent Y i s hydrogen




The group Z Z is selected from hydrogen, fluorine, hydroxyl, Cl_4-al koxy
such as nethoxy or ethoxy, 30 hal o-Cl_4-al kyl such as fl uoronet hoxy,

di f| uor orOlyoxXy3™8 tri net hoxy, CONH2, cyano, SO2NH2, amrCmEP20iMRB1SUCh as
NHCH3, NHCH2CH3. In a presently prefeBred enbodi nent of the invention Z is
hydrogen or hydroxyl. The group W WO 2011/113798PCT/ EP2011/ 053818 14 In a
currently preferred enbodi nent of the invention Wis selected fromH,
Cl_4-al kyl such as nmethyl, ethyl, propyl, isopropyl, or halo-Cl _4-alkyl
such as fluoronethyl, difluoronmethyl or trifluoronethyl. In another

current | yyne S86E e LTRBLARNY b SenUEIAG SR preparllifh GE AR IRy diicOne

enbodi nent of the I nvention Rl 1's phenyl 8 nber ed hetergaryl such as
pyrl d| ne, amlsol\agesi Avey, re’@yfmcmhdlememcwmaﬂenéalmﬂ)tfllemnall Tfopmpoiystsiwtitht ed wi t h one
or S i f.r om hal uch h|Q fl uoro, cyano,
Cl_ 4 a Ky %8§%é<3ﬁ mﬁm?ﬁcﬁﬁ&%&ﬁ,o?cmn%oﬁ S§gﬁF§gW%§0§ H%ﬁQSET 4-al kyl such
as fIuoron@h@mhd§ﬁmﬁhh@hhﬂnmhmhs&ﬁxmmehjumsdnﬂmhyhmdhyﬂmmxyfimh4 al kyl such

hyd I th l.et h h t hyl
o 1oL IELIN 2 BN S i SRt it i cyanored byl o

am nopr Opyémpr@ (B¢ Kythstin Of G drvahdkon and Ais(@krdnetad kb o mc@h{lmal kyl,
-NR4AR 4B, NR6C(0)OR5, -NR6C(0)R5, - NR6C(0)NRAA R4AB, 15C(0) NRAAR4B,

_C(0)R5, DPryropeyRicallyiacePRRISSODTDIRB0lequiesafog gFangi Iehapilet e kil ToaBddi ment of
the inyenti.apidgtd whePRhid Q3dln RUPRLI tuted with one or nore substituents

sel ected from hal ogen such as fluoro or chloro, cyano, hydroxyl, Cl1_

4-al kyl such as nethyl or ethyl, halo-Cl _4-al kyl such as quoronEthyI

di fl uor ongt XY, - - 4-a|ky|
such as criaeths SRR R A6 S D el kG IS

al kyl ) am pdy@brphicabkyd and- HNRZIA oRdiBed in duﬁfemnotﬂy&tal leabity. Amly Ireyfelpneﬂem'imd

enbodi nent het.er uch as r.i di.n 25pyri di ne-.3 or

pyri di ne- 4 l;]]ihn(%]ﬁ ‘gﬂéﬂs grllf)st |°P’Q9'é‘151050i E}th}Bﬁbt%Synvﬁﬁtﬂo gﬁ%f’rln% ‘Hys sel ected
fromas fIm;@un@mf@{eqnv@ﬂdncir“ﬂreqiré@yht c%ﬂ@bur&ﬁ” el hellike Shélmdles propyl, or
isopropyl. .In an alternative embodi ment i s phenyl, optionally

subst i t ut Bdergicedp lespmagimgds & fCSP??é‘V?)%aéHOYPIFPé‘PQY P%{waowhcr%rm ‘posi tions by one
or nore substituents sel ected from hydrogen, 30fluoro, chloro, cyano,
hydroxyl, Cl_4-al kyl such as nmethyl, ethyl, propyl or isopropyl, or
f1 uor onet Ripke cempounds efriichipvention hgyq ﬁlnermg@nrétqmy in an afomagc ¢ingriagit Mgy
preferredg t 1 by a
substltuenﬁggg?%ggg n héﬁw@ﬁﬁgﬁgﬂ&ﬂ%%éﬁgghgggﬁg?IE§§§§§%}?Qéfiﬁ?gfkyl such
as netbhyl for@5et hyl , propyl or isopropyl, or fluoronethyl, difluoromnethyl,
or trifluoronethyl. In an WO 2011/ 113798PCT/ EP2011/ 053818 15 alternative
currently preferred enbodi nent the para substituent is selected from
fluoro, chloro or nethyl. In another currently preferred enbodi nent Rl
i s phenyl SUbStlé ed at the neta- position 5by hydrogen. In a further

currently enbodi mrent Rl is phenyl substituted at the ortho
position by a substituent selected from hydrogen, fluoro, nethyl,
quoroneth di fl uoronet hyl , or

25 e followmg definitions™ shall apply throughout the specification and the appended

claims, unless otherwise stated or indicated.

The term “Cj4-alkyl” denotes a straight or branched alkyl group having from 1 to 4
carbon atoms. For parts of the range C;4-alkyl all subgroups thereof are contemplated

30 such as Cj3-alkyl, Ciy-alkyl, C,4-alkyl, C,3-alkyl and C;4-alkyl. Examples of said Cj4-
alkyl include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-
butyl.

The term “C;4-alkoxy” refers to a straight or branched C;.4-alkyl group which is attached

35 to the remainder of the molecule through an oxygen atom. For parts of the range C;.4-



trifluoromethyl. In another preferred enbodi ment Rl is phenyl substituted
at the ortho toposition by hydrogen, fluoro or nethyl. In a currently

pref erredwvenbodilta®at of the invention RL is a nono, di, POR/EPRo1196d33% i t ut ed
phenyl ring wherein the ortho, neta afd/or para positions may be any

conbi nati on of the substituents di scussed above. 15 In a preferred

enbodi nentikbhae a(llpsiubgr"@@f)s SRSt iafel@ihicnMteRiudhaxeCa-hirngt v, ofalbx At o or
fewer, preferably of 3 atons or fewer, nore preferably of 2 atons or fewer.

The gr oupalRoxy2 ¢y cndr Entalionyr dremples sk CreAlkoBF nclisle] MEBADL on R2 i s
-B-Q 1R31! t erred

enbodi men'? th%ﬂ; 2%%01%331 JISOP%?‘PO%?’ rpEmgX}i ssrag@tgg}% Bgé?lggq%aﬁlaég%l'}) ?‘{gﬁ'y unsat ur at ed
nonocyclic 3-7 nenbered heterocycllc or C3_7- cycIoaIkyI ring substituted

W th r nh n

sat ur g% edjrgr %;I)]glr £y glio&)édhsg{?'ﬁr%g thg? S?rg‘rggF II%IYQHCht% aniy?(g%mr)l[ﬁatglﬁcs:h as a
honmonor photd cblemblledgldrdgt’:n atobwsithiged rbdaedorighOHL E&arnplagommr Eydnoiyh@l pridge is

such as. cyErdnaptamerpie Hndrfat e rardhdudelibi rent © 16 a b or -

6- menbered saturated or parti ally 30 unsaturated 5 or 6 nenbered
heterocyclic such as tetrahydrofuranyl, tetrahydropyranyl, piperidinyl,

pi per azi nye CRBr PHBIG AR apishasyht gF benehedCirtdkyl 85oup 13k §as s ¢
conpri;si Nghof dr ) Jt&hﬁﬁfl:ré’&‘ ré}ﬂac%&h%lﬁﬁ‘ﬁo%&h E&Qﬁpﬂk&@ﬁsaﬁ@@lhl%aé -yl S or
6-rrenbered cycl oal kyl ring such cycl opent | ohexyl .

2011/ 113798PdT [IEEROEHYD m@hylntﬂahl@meéh}/ﬂ Ply/d %rﬂe@r@mfﬂ@ enbodi ment R2 is
-B-QLR31", wherein R3 is selected from hydrogen, hal ogen such as fluoro or
chl oro, cyano, amno (-NH2), hydroxyl, oxo (=0), G 4-al kyl such as nethyl,
et hyl, pr mmjtexmi syqnbdhyla,lkyﬂmdqnlotes halreigiild-tahiciied Gehaligl drbwpothomiets lopk

di fl uoroneth or, trifl]uoroneth 14- al kox suc t hoxy Xy, 5
bt opoxy oF! TUis IRy 1o AR s 8 v ER ey R A e IO

met hoxy et hilude 6yanemboxy etdgytoethyy sidoxyya@dprdpyl Kyl such as hydroxynet hyl or
hydr oxyl et hyl , cyano- Cl4- al kyl such as cyanonet hyl or cyanoet hyl,

am no- Cl4- al kyl such as am nonet hyl or am noethyl, Cl4-al kyl am no- Cl4-al kyl
such as W@B@y&ﬁmaﬁﬁﬁ;% aug;i (6l dte2d Rglﬁmr mled &; Aaéﬂs | rwhbetﬁuted

di met hyl am noet hyl , AB wherein RAA and R413 a for exanple, 10
hydr ogen, WifBtanyminaogroen. Hxpmples pémawmi{lmwékyéngtqueg@luuctecﬂrmmr@%hxlww are
attached Egmo%&% clic am no group such as piperidinyl, piperazinyl or

nmor phol i nyl N 0)OR5, - NR6C(0)R5 wherein R6 is hydrogen for exanple
and Ris, for exanple nethyl, ethyl or n- or iso-propy, -NR6C(0)NRAARAB or

- C(0) NRAARAB V\heI: in Fﬁ?is dr n for exanp 4A and R4 are, for
exanpl o Dyaragene - ot SRR B R R A RE s RP g o wh o
they are atdvaciaerenothe a’ﬁmﬁcycglrd@ @mlh@mgécobmthsw@ha@m i pandhdil YLy alkyl

pi perazi nyl or norpholinyl, or - NRGS 0) 2R5, - S(0)2R5
wher ei n RE/OMR, Framples appiad ﬁy«ﬁﬂ @lﬁmr%twglfy Bhgs m @ﬁwnoefml élrlﬂw such
as benzyl .@{1apiRpWpet. hyl . and heteroaryl - Cl4-al kyl having 5 or 6 ring atons
in the heteroaryl part, and wher ei n any phenyl or heteroaryl residue is
opti oﬁ%llly substituted with one or nore substituents 20 selected from

hal ogen, THAOm G N8l Ghdraldtbles ot a0 X NikyiGorbughelidRy - CL-
4al kyl , roxy Cgl(ﬁj-”%% )amlc acﬁé %4 al kf a?{‘lnnob y%{ IIHJ_

Cl4- al kyI abnvnowmmmathkyalmmd|g(r®p4rsallwm)tat¢dmnlcmalglhtk9ﬂ branmédm48ﬂkyl

NR6 C( 0)0 0).NR4A 0 C(O)ORS
PR S( ) 2 RSP ot B L V8 Bt ol R e R

- B- R3, V\helkgh ninRBde s NsEldaadtrgarhimomeay, navV-thiNHR)metiGAdmiabebxy e&fdc hN,as

met hoxy, et hoxy, propoxy or isopropoxy, Cl4al koxyCl4alkyl such as

met hoisjlnegﬁg’iyﬁ‘%}’f’%é:‘h%ﬁﬁet hyl, or ethoxyethyl, hydroxy-Cl4-al kyl such as
hydr oxynmet hyl or hydroxyl et hyl, cyano-Cl4-al kyl such as cyanonet hyl or
cyanoet hyl , am no- C14- al kyl such as am nonet hyl or am noet hyl,

Cla- al kyl AR HOUCTGmaAlRRyc o laun s Ome iy aienpise gpyamino-Ciq-alkyl group as

di (Cl14- al Eéﬂn)e@%&% %éreﬁl &ﬁwartﬁﬁ’(p?r %ﬁ 19%&%@6@%11%&”@?&2{}%1 10r'bNBéI%ﬁ4@ 4

-NR6C(0) OR5, - NR6C(0) R NRAAR 4B 0) NRAAT

NR6S( 0) 2R@komenbynyl@tmml(kwall@m}(}ﬁ@t eﬂaanglles Oilﬂalél(kwalkoamrhmelra@mw any

phenyl _or ~he 0 n nor e
substi't ue Cf"sglgg g& ed‘l;1 ?tﬁ&&%%bf) éée)lﬁmo%y%k %diﬁ?%& &gﬁaﬁ)%ﬁi‘lﬁ&%g@?{al kyl ,

Cl4- al koxy, C i L| al koxy-d _Li al kyl, hydroxy-Cl- 354-al kyl,

cyano- Cl4- al kyl , ami no- Cl4-al kyl , C14- al kyl am no- C14-al kyl, di (Cl1_4- WO
2011/ 113798PCT/ EP2011/ 053818 17 al Kyl ) am no- Cl4- al kyl , - NR4A' -' K4B,

NR6C( 0) OR5, -NR6C(0) RS, -NR6C(0) NRAARAB, - C(0) NRAAR4B, -C(0)R5, -C(0)ORS,
-NR6S(O)2R5 prow ded that V\hen R2 is -B-R3, and Bis a bond and R3 is

Py P ——




5In the currently preferred enbodi nents of the invention R 4A, R4B, R5 and
R4A1l are as defined above. In a currently preferred enbodi nent of the

i nventi orwB2oiig11s®Bect ed from nor phol i ne i ncl udi ng nor pircriEP2ei41p53818

nmor phol i n-4-yl -met hyl , oxol ane i ncl udiong oxol an-3-yl, oxol an- 10
3-yl-nmethyl, oxane including oxan-4-ylnmethyl, oxan-4-yl,
tetrahydropyridinyl pi peridine including piperidin-4-yl,

pi peridin-4-yl - nethyl oxo pi peridine, piperazine |nclud|ng pi perazin-1-yl,
oxo pi per &b¢ ﬁ‘émsOhetﬁlioia@} a3l “hetergarompgiching” dangicot MARPYRIIDHEFIRPIDAIEE| t ut ed
by RS on EREchifihings (P8 bl GuoklsE WHidf GOGR e bithe HrR%Rirhd £8 ountPlftn an
alternative currently preferred enbodinent R2 is selected from (1)

pi peri di nearbers buadi as gitpigpmrsiiphwe Qrwb’genpﬁﬁmlcschfd@termﬂlgchumgHmiudr:@Ill‘ly]dl n-1-yl,

and cycgl opr | o : en hex h bei ng
ubst | ut BATOY i SRR SRR Ihtron GUSUA" MR, BouliLET O
group, thpwﬁnhmﬁAHMHmm$lb@mn@yﬁpﬁmﬁ&mﬁlﬁmﬂnnﬂimdahkyMpbmydroxy Cl4- al kyl
hal o- C14- al kyl , cyano- Cl4-al kyl, am no-Cl4-al kyl, Cl14-al kyl am noC14- al kyl ,
hydr oxy- C14- al kyl am no- Cl14- al kyl, di (Cl4-al kyl )am no-Cl4-al kyl or Cl1_

4al koxy- Clha &l Maes@iyaid" narﬂnyhew‘rodyhﬂc Rbegailng afteGhdalildparto ary be
nmet hyl , ethyl 25or, n- or isopr and an C 4al koxy part na be et hoxy or
met hoxy. m@fl?qyyh%ﬁnz:&tﬂwa}%%mmg%ﬁktyf T PRSI IX 19816, rne%t%s 4- al kyl ,
am no-C14ualckYone ofhiofks o@dh&fm@%dﬁ% £ oftefiHeY lcaI‘BBn such as n1tr0 en, sulphur or
d|(C14 al kyl ) am no- Cl4-al kyl “group wherein in any of ore goi ng an
Cldalkyl peveen.niaxanipdespdthieierocyetidhgioupsy lnnhld@thqsgbgmplgyﬂ gmtms afwnmlrltdllkoxy part
30 may beggat y Y, t hyl,
2 ot hoxyc)%}cpr%ﬁ%ﬁlr%r P%Q@%n%ngy%{p%ﬁ RR&Jph&m‘}zI Romd MRS PRRL0- G Yoy T
4-tertbut pmymamplonydxamlpmazmwtl Ohlaxqphnyloxcdria]nycﬁegyln,dmdwl ‘nalBdydpyenipy| |
oxan- 4- yI dr oo |, di methyl am no,

N- ( 2- met hBY: W)tefﬁah@%é’iaﬁw é‘%fﬁ?%&‘}{opffﬁ? thyI am normet hyl |

pi perigdi n-4-yl, 1-hydroxypi peridin-4-yl, 1-

2011/113798PCT/EP2011/053818 18 hydroxyplperl |n 4-y

1- hydr oxy ket kP pPpew-ti-nalyly Irefem (hgaheiy e vl pitpe fhr%ﬁﬂaf lalkecy 0 a straight

1- (13- cyangpparited cﬂmﬁ{yn dipAE¥dmplds &ﬁsawm?p@w Al 1H§ﬁéléjbﬁbn§rni/elthyl

1- (1H pyrazol -4- yl) yl - pi peridin-4-

T (1 et - tieply Cobhsmylay L By piopet | i n- 4-y1 | 1- (3-

am nopr opan- 1- one- 1-yl ) pi peri di n-4-yl,
1-(2-aninoethan-l-one-l-yl)piperidin-4-y|, 1- (2- 5di net hyl am noet han-

1- one-zd_ - ¥h9 pip&hétdionycdicyl; 4-alkyd (@fdw@rwhey@bd)@he rifig draeisdireyty) hnkpé It(b di n-

4-yl, (3-(terthbut am no) propan-| - one- 1 er| ,
1120 er et S AR TR e POt R RE Re R o o B g s
pi perazi nof -$id Ketero®chy-pi-pRyBZinGulle Ypiperfdiparyaabthyl, - ipefidihhyylmethyl,
4- nethylplpera2|n 1-yl -nethyl, 4- methoxycarbonyl -pi perazin-|-yl- nethyl

hydroxyne?ﬁ91Oh?lﬁ@@#@%@é?hypma@nﬁf@m@iy Ot et r ahydr opyri di n-4-y
honDnDrpholln 4-yl, 2,2-di methyl-norpholin-4-yl, 3, 3- dlnethyl
nor phol i n-4-y1 , piperazin-2-one-4-yl, piperazine-2-one-5-yl, 8-oxa-3-

azabi eycl dhgigmifhsierennd-Cig-allai't Flierexy eaicksorsypiinge fhay ilSndlzr_ecgly Jwié@dnyq a 3, 3-
di fl uorop r

3 et hoxy By Tol Ry O L VIR  uojedl o of st e gmelys

4- hydr oxypf q@eirhe@hrmrsﬂ-@i 4 a114y1 1@Bd¢1pmoaalwbnt>dw}j thrwélginrethyl yhd pyridinylethyl.

3- met hyl nor phol i ne-4-yl, 2-secbutyl norpholin4d-yl, (2S, 6R)-dinethyl

nmor phol i ne-4-yl, 3-nethyl oxycar bonyl nor phol i n-4-yl, 1-

et hoxyet i asinn@nBlatkylene’2 damies anetaiphk 6D bncHedndi gt sathrarit tyaxycetboy | am no,

3~ o fbea gk Bt R a0y por 8B bRt lkiens cainpsy e AABRbIY B 4. y1

3-(1-am npet B:B’Hre @mamm@ﬁ@w)%yaadmr g}h@ﬁ 't}ﬁoug%oélrre)’éa,rbdﬁoﬁlﬁiﬁ‘ﬁ| th®@hadn W »

nor phol i ne butyl pi peri di n-4-y

di met hy| amr%@g%dwmaﬁ@pﬁ oy iFing (g cha&L &Xﬂmly‘& &f Boxypivlsar irgligply inglude

1-(4-am nghytane %@?P)]Pl P&t flt'n@[ @HﬁlCHz ] 1,1-ethylene [-CH(CHs)-], 1,2-propylene [-

1- ( 2- ami noet hoxycar boxy) pi peri di né- 4-yl

1- tertbut@k&é&ﬂ@bhy]hpﬂpéﬁﬂmmndﬂwy[(}ﬁéﬂﬁy¢HzPSNﬁwanyﬁUﬁngh@ goiPounds of
the invention, the R2 group nay be any one of the specific R2 groups of the
correspondi ng position of any of the exanpl es described herein. Specific
currently preferred enbodi nents of the invention include: 4- [ 1

-(4-Chl orophenyl)- 1H pyrrolo 112,3 -c[pyridin-3 -yl[cycl ohexan- 1-am ne



301- { 4- [ 1-(4-Chlorophenyl)- 1Hpyrrolo 112,3 -c[pyridine-3

-yl [piperidin- 1-y1 }-2- hydroxyethan- 1-one 2-Am no-I- {

411- (4- chworzophasneg) - 1H pyrrolo [2,3 -c[pyridin-3 -yl ThCpar2aiios3gisyl }
et han- 1- one 3-Amino-1- { 411-(4tichl orophenyl)- 1H pyrrolo 112,3
-c[pyridin-3 -yl Thiperidin- 1-yl}propan351-one WO

2011/ 1137&&&@4”5&&@@%]9&%@% dhereof are contemplated, such as C;,-alkylene and C,3-
4-113- (4- Met hyl phenypi mi dazo| 1, 5-a] pyrazi n- 1-yl ] nor phol i ne

4- 113- ( 4- @Vlshophenypi mi dazo[ 1, 5- a] pyr azi n- 1- yI | mor phol i ne

3- (4-Chl orophenyl)-1-(oxan-4-yl)imdazo[ 1, 5-a] pyrazi ne

1- (4-Chl oro-2-fl uorophenyl) - 3-(oxan-4-yl)-1H pyrazol o[ 3, 4-c] pyri di ne
5111 (4- dﬁd@gﬂ@hemje@ -to 1fipopipe.azllband 1@ omipec ppyipdink, np8teraply] glporind iadidn- 3 - ol

t hoxy- nyv.1) - 1H pyrazol o[ 3, 4-c] pyri di n- 3- yI]pyrrolldlne
1 [1- (g Cﬁ 8é%b gﬁ: %h%kﬁquéz%IO[S 4-c] pyridin-3-yl] pi peridin-4-ol
1-[1-(4- N@thylphenyl) 1H pyrazol o[ 3, 4-c] pyri di n-3-yl ] pi peri di ne- 4 car boxam
de 4-]1-(¢ Ioro en - razol o[ 3, 4-c] pyri di n- 3-yl | nor phol i ne

102, 2, 2- T4I|“¥ @ttwﬁa—ﬁ%%aﬁ

4-111-(4- nethylphenyl) 1H pyrazol 0113, 4-c] pyri di n-3- yl ] norpholine
4-[1-(2- Fl uoro-4-net hyl phenyl) - 1H pyrazol o[ 3, 4-c] pyri di n- 3-yl ] nor phol i ne
4-111- (4- dﬁ?@?oﬁﬁ€ﬁ9T¥ ¢ 1HNgde 0l 0113, 4- ¢] pyri di n- 3-y11- 2- met hyl nor phol i ne

4-111-( 4- Chl or ophenyl) - 1H pyrazol 0113, 4-c] pyri di n- 3-y11- 3- net hyl nor phol i ne

15311-(4-thhylpheny1 1H pyrazol o[ 3, 4-c] pyri di n-3-y11- 8- oxa- 3-azabi cycl o[ 3
. 2. 1] oct aifexo” refers to the carbonyl group =0.

2,2-Di met hyl-4-[1-(4-nethyl phenyl)-1H pyrazol o[ 3, 4-c] pyri di n-3-yl ] nor phol i n
e Methyl 4-[1-(4-nethyl phenyl)-1H pyrazol o[ 3, 4-c] pyridin-3-yl]
nmor phol i neORimal’ beXyp@inglly” means that the subsequently described event or circumstance

4-111-(4-Meth 14 13,4-c i.di n- 11-1. 4- oxazepane
4 L1 (e ek L R Pati B8 e 325t IR B Ghees eabr AP G
20111-£ 4- &@ﬁﬁmh@h@&x&%aﬁ&h@ymagqhQ&&Bdﬁhﬁgmmr|d|n 3-yl ] pi peridin-4-ol
1- (4- Chl or ophenyl) - 3- (oxan-4-y1) - 1H pyrrol o[ 2, 3-c] pyri di ne
1- (4- Met hyl phenyl) - 3- (oxan-4-y1l) - 1H pyrrol o[ 2, 3-c] pyri di ne

4-[ 1- (4- ChbipraRkeRsAl) - ddd ke olrgéa%s Sbe@ﬂggwsw Na 3pr¥f)a]rfﬁ%rgh drBeefrigim no-1 - {
4- [ 1-(4-chlorophenyl)- 1H pyrrolo -c] pyridin-3 pi peridin- 1-yl
}but an- 1commsiioa thataw peietafly| safe, non- t0X1c and neither biologicall y nor otherwise

4-[1-(4- .C 51%5 %)ml&&é‘ ﬁ?%ir %E&Lnlezfpﬁﬁlrﬁ%g Qéerés%ve %Bhﬁ% blfal[gﬁkgce%ﬁ jboxyl at &

3-(3,6-Di yran - met hyl pheny pyrrol o[ 2, 3-c]
pyri dizme B@mr a pharnaceutlcally acceptable salt, or N-oxide thereof. In
one aspect, the invention relates to a conpound of formula (1) for use in
t herapy. The conpounds as defi ned above are useful as inhibitors of SSAO

activity. “Asasieal, astlb@yhatia indedoylprophylaRie dof nieah st digsrdg@r@\wendiiion opf
condi ti ons and di seases i.n mhlch i nhi bition of BSS%Qﬁg?ctivity is

benef i ci aPMelBpEons simmaggn phthe digerderfnge {jhag bgenepbd treatnent or WO
2011/ 113798PCT/ EP2011/ 053818 20

25 “An effective amount” refers to an amount of a compound that confers a therapeutic
effect on the treated subject. The therapeutic effect may be objective (i.e., measurable by

some test or marker) or subjective (i.e., subject gives an indication of or feels an effect).

“Prodrugs” refers to compounds that may be converted under physiological conditions or
30 by solvolysis to a biologically active compound of the invention. A prodrug may be
inactive when administered to a subject in need thereof, but is converted in vivo to an
active compound of the invention. Prodrugs are typically rapidly transformed in vivo to
yield the parent compound of the invention, e.g. by hydrolysis in the blood. The prodrug
compound usually offers advantages of solubility, tissue compatibility or delayed release

35 in a mammalian organism (see Silverman, R. B., The Organic Chemistry of Drug Design



prevention of inflammation, inflammatory di seases, immne or autoi nmune

di sorders, or inhibition of tunmour growh. In particular, it is believed

t hat conpwordsi/aag79Bornmul a (1) are useful for the treat meot/Epr0153/0p38¢% ent i on
of arthritis (such as rheunmatoid arthR2itis, juvenile rheumatoid arthritis,
osteoarthritis and psoriatic arthritis), synovitis, vasculitis, conditions
associ at egh ik Atfdnanmatd, anNs@fer tAradpwerest %M),q)g. GOh)spEisgASEa

ul cerative colitis, inflammtory bowel disease and irritable bowel

syndr one) comaRaf 9§ Secipydition may| fej prrRarak P pedifging ApneHenghgrougs.diush as e,

vascul ar dereif iyain U FRRISY ygra{pg,alsm@ehpﬁya GhREARAGI (R ERcARNLA B BTe.
chroni c obstructive pul nonary disease and acute respiratory distress

syndr one) way st dtej wodifisamee sre(dlenabdidithe indpwpat thangpyalomonan yivbi bridsi s,
cardia¢c fibragsi nd, sy, m.c. scler 0si.s [0 ) i.nf : ry
i seacss bRl TARERFLEiGCRRLAR Gef MEvBE BERIT N aletil AT FLY 4
psori asi sjcetasy sfoemate andf fuatimatk odorivaesp ools eydryxyd fameipnd egsuss, of phé@imat ory
and/ or aut oj mune conditi.ons of the |liver (such as autoi mune hepatitis, 15
primary bF¥’ﬁ?@e@?P@Hg§f§?mﬁprﬂ6WP@gpﬂWér di sease, sclerosing cholangitis,
and autoi mune chol angitis), diabetes (type | or Il) and/or the
conplications thereof, chronic heart failure, congestive heart failure,

i scheni ¢ dhweghaws the speciicaion prdoike 2pRadsdsdyB Rgivepdiemicy BEmpkjumgye and
nyocarndi alpainfi@y &kb&?as@@l/ Qs TR £LQMRIL A& MBS ddsNGIERDdru Qbims SeREE 1 eved
that the conpounds of the invention are especially useful for the treatnent
or preventugrrof gaseuwhemios! fpomedlydirngameushalhotnepinpdss edl! ttautogeramtandel |
arteri U1 s o TRKANARU i@ hEEH! BRI BehGE I P RS Arorfiavisalii, L sease,
Wegener' s granul omat osI's, urgStrauss syndrome, m croscopic polyangiitis,
Henoch- Schehideienarpiompsrad diasyeoginedou [HEnagtivingers cant lngoseat Inethkio pytedotmst i ¢
angiitis and Prinar% qggiitis of th ceﬁtral 2§nervog§ §¥sten1 Itbis al so
beli eved Phit "HECEABBUATE G2, BTy ShE VO HE ML SR TY U EMUP f or t he
t r eat nent pRfient hetaRtpdtdfoant, Wt iab inSixtudd rod MizSte@IdGic s Clidswge BB m¢ludt Sease or
atopic dermatitis, 30 In view of the evidence cited in the above

i nt r oduct BEWALHCH ISUmep, WRich Gan Byiiesnb i e SBRFetsafT (6 dIIPS Oriah 81X g
gastric cgngsde, Mel anoma, hepatoma and head and neck tunours and that mce
bearing enzymatically inactive VAP-1 grow nel anomas nore slowy, and in
view of the Iink between VAPl and angi ogenesis, it is also expected that

WO 2011/1 9 2 t u i Lan are

anti - angi %g%ncﬁ)gl%(rl@gt ﬁ%&é@gﬁg%ﬁa\%‘yup‘fIl{g?d;pd?nagﬁeg{’ r%ge?%e%}éﬁ%%&%aﬁger s by

i nhi bi2t i ophapma¢awadenily gracasptableThseltd nfaeidt ioon badeusidiitioh uskdss) t thercobnmddands of

formula (1) above.for use in the treatnment 5 or prevention of the

nbove. mentheRae G e Rebl i ficbeTEL BB Niand Br B SR sOmttes ¢ he
use of saihdrapounrRalyaksive Aok Neidmidfiactade eddifiorBsaltetinaf®nhe E@ipduhds Are eat ment
or prevention of the above-nentiﬁned condi tions and di seases, Tq%,invention

f ur t her moP¥C¢ i el UllesCoBRHEES Pdr hiYee AETRATORT IS EVeCi B91VEHS U hhE®ndi t i ons
and di seagRsma&iPillyShdep@acii Lic Laditing hs By "RERIRL . thé NfabdIdbMY wiBNani N need
of such treatnment an effective anmount toof a conpound as defined above.

Met hods daprrpisigicearithelieinmpliry @ride andlyflssiaongpaie aicidst weh gig hiydiogen shlpddat i fi ed
as in nee i.C t:ak: : . 1.fyiqn I in need
of such tg%§§(ﬁA?&%g%’g%ﬂ§%ﬁfﬁ%ﬂ€S fﬁgﬁgggg’%kgﬁﬁ%%é¥mbgmgoﬁgg$?ﬁbéare

pr of essi opwh aaddnuancibeacstibpadtirvmnpie.agid, bpdrnkyangticorcidl Sebf ecitli peuyie. g.
measur abl e.;by @ Lest r (I ANASLic IR Nod) L. QLfieh, B8REEHR, it ey et hods
herei n i n&i'ud& thts & urtney conprising nbnl?oring’su%jecPI?esponse to the
t r eat ment tohdiieduighbhiatabdnmethSustiph@tic had,i trifusraycetit adididempes hadlisacs@opl | ng of
subj ect tissue, fluids, specinmens, cells, proteins, chenjcal. markers,
genet it 26“‘3@%1?“1 %‘l@,ta‘é‘i‘r& acld GiEFIasHds S%‘icyilg&FI&‘aPt?F’énoéi’ I9vHe afife BR¥AL

regi men. hAddehgic ABY,NRESictabia 54 Man. Eﬁe@l&?%%ﬂﬂdidﬁ&ah dankiatd @d as in
need of such treatnent by assessnent for a relevant marker or indicator of
sui t abi | i $8ABPOGSHAM: RGBS, andpalin it phyaIasaeall dseentalespingnsush ovi des a

net hod of asr,mf'a} }e?ﬁﬂlﬁﬂgb%ﬁl%hfg? 'afklyﬁlhﬁlgers,e%%zaaéne:r%ﬁd rg'?lr(ligg gacjdg,c Ld&ﬂeés, tne step of

determning a |l eve di agnosti ¢ mar ker (Marker) .g., any target or cel
type del i agatimdarddysna Tiro derimaadddionysaly ag osnddgrdn hlep edpmprisss selivagnebich c
nmeasurenent (e.g., screen, assay) in a subject suffering fromor
susceptible to a disorder or synptons thereof delineated herein, in which

t he subj ect has been adm ni stered a therapeutic anmount of a conpound herein
sufficient to treat the disease or synptons 30 thereof. The |evel of Marker
determ ned in the method can be conpared to known | evel s of Marker in
either healthy normal controls or in other afflicted patients to establish
the subject's disease status. In preferred enbodi nents, a second | evel of

N T - .



22 determned prior to beginning treatnent according to this invention;
this pre-treatnent | evel of Marker can then be conpared to the |evel of

Mar ker i rwohelisubjsect after the treatnent conmences, toPdeEPRemiOsIhe
efficacy of the treatnent. 5In certai®¥ nethod enbodi nents, a |evel of

Mar ker or Marker activity in a subject is determ ned at |east once.

Conpar i sOotheOfonhfRik@® ah®¥@lsStheRof are hBle ABOMORA! sWBhagI reMeRImME, Marrkey, | evel
obt ai ned previously or subsequently fromthe sane patient, another patient,
or a nor nalForlHgsedtl theghlg- be useful i n deternini ng whet her therapy according
to the invention is having the desired effect, and thereby permtting

adj ust nent of dosage levels to as appropriate. Determ nation of Marker

| evel s mayfhbergywprX or ned usi ng any suitabl e sanpling/ expression assay nethod
known in th r rdescri herein, Prefer tiss or fluid sanple
St st s SeloPloghTR UG BF PR Bl FESUEH ALY oy hE AheClialiif e

bl ood, urfommplatli-ssue, nouth or cheek cells, and hair sanples containing
roots. Qther suitable sanples would be known to the person skilled in the
art. Determnation of 15 protein |levels and/or nRNA | evels (e.g., Marker

| evel s) i QukbRlySaephel GasbdaterResiRE MRehiés iintgudoss WhtRX &: t echni que known
inthe art, includin but not limted to, enzynme immunoassay, ELI SA,

r adi ol abthierf@fP%‘éash?/n Eﬁmﬁ@e@d Wiags #5195 rehdnivg:9fi nescence net hods,

real -t me RERm AN AR, R2IE- 7 20 NP RN Ghr rent Iy preferred
enbodi ment of the invention is a pharmaceutical conposition conprising a
conmpound B ferorad and R) R* b ged Here s dehingshabowe: aror e phar naceut i cal |y
accept abl e di,or o] - . clinical use, the conmpounds
of the in@%ﬁ@@%ﬁi%?%9€o?wdfg%ﬁﬁﬂ#§%%§§ﬁ§?ﬁggédﬁica| formul ati ons for

vari ous moddsmofla S R, RE raatl iYoare ad defined hbdve; @ppr eci at ed t hat conpounds of

the i nventiqn be, admhni, stered together with a physiologically
acceptablhmggpﬂﬁ%??m% c%%ﬁéﬁP$56¥eﬂ% ﬁ&ﬁf@xWﬁe phar maceuti cal conpositions
of thesinvention may be 30 adm nistered by any suitable route, preferably
by oral, rectal, nasal, topical (including buccal and sublingual),

subl i nguailhe gFeRRier mal , intrathecal, transnucosal or parenteral (including
subcut anegug, iR S EHL Hvenddit BAYLHGHES CARK! kbR MRt &AGEALEHS ation.
WO 2011/ 113798PCT/ EP2011/ 053818 23 known in the art of pharmacy.

Phar maceutG©a o Graadiylsne eiivd 2 mecthudens) ¢thylprceprareryleng radigdlyglnt heurgatly ve
substance, .l e? 9&6‘6&?&8&“?3‘ Gal | yboﬂ&,c‘?@@b' St %?eltl‘érléngerlﬁognotﬁ@rt Jﬁ&g}%é{ ent i onal
pharmaceutically acceptable carriers, di'l uents or exclpients. anpl es of
exci pizent smbwdmeetiers,a bged.at i n, gum arabi cum | actose, mcrocrystalline
cellul ose, starch, 5 sodium starch glycolate, cal cium hydrogen phosphat e,
magnesi um stearate, talcum colloidal silicon dioxide, and the |ike. Such
formul ati ®Re giGup vl so contain other pharmacol ogically active agents, and
conventiopal additives, such as stabilizers, wetting agents, enulsifiers,
flavouri n§' AgaHcBlY pi$Eids cmaEmeHeol| fhgenVendiga) Y ys R S
conmpoundshidoBg! WaRo @), 9NARy s ghiHefH,t Re1qi,epar 8t LOOH, PhelfiRbl ¥

bet ween 0.2- 1020% by weight in preparations for parenteraf use and nore

pr ef erabl guFatlygetcredsnyopimane X ghil, Ol o Bk Atanslsrmpire awntaprsiesicdt r at i on.
The fornuhﬁh&gganqaghggﬁgg{ther prepared by known nethods such as

granul ation, conpression, m croencapsul ation, spray coating, etc. The
formul ati ons may be prepared 15 by conventional nethods in the dosage form
of tableti‘ capsuj es, granul es, powders, syrups, suspensions, suppositories
or injectigﬁgrlﬂﬁ uid fornul ati ons may be prepared by dissolving or
suspendi ng it bdecasl frve hgdidgém Mimerind) hydoeyl, OF ,-alkber sushiiat abthexy ehethbes.

Tablets a anyl es e coated j.n a conventi onal manner. . To maintain

t her aptut Fgaﬁlyag‘fy?%‘b"g%é‘%mo&? X&@hﬁw’% Y ORsO R Hy ¥ P¥4s of
tinme, congowtds @hintbheNHreRichons 20naWu; b&HMELNROrNAt 8dpleiihly ShoW kgl ease
formul ati ons. The dose | evel and frequency of dosage o? the specific
conpound ibedigagatyf thegevsationyZ dnhyalragsp PeRYArSTYLf act or s i ncl udi ng t he pot ency
of the specific conpound enployed, the netabolic stability and | ength of
action of that conpound, the patient's age, body weight, 25 general health,
sex, diet ThegrmpaWd ti ne of adm nistration, rate of excretion, drug

conbi nation, the severity of the condition to be treated, and the patient
under goi ng therapy. The daily dosage may, for exanple, range from about
0.001 ng to about 100 ng per kilo of body weight, adm nistered singly or
multiply in doses, e.g. fromabout 0.01 ng to about 25 ng each. Normally,
such a dosage is given orally but parenteral 30adm nistration may al so be
chosen. WO 2011/ 113798PCT/ EP2011/ 053818 24 PREPARATI ON OF COMPOUNDS OF THE
| NVENTI ON The conpounds of fornmula (1) above may be prepared by, or in



5 conventional nethods. The preparation of internedi ates and conpounds
according to the exanples of the present invention may in particul ar be
i1l um natwo 2by/t1Bmsf ol | ow ng Schenmes. Definitions of varcCalbpesiliomsihe
structures in schenes herein are commgnsurate with those of correspondi ng
positions in the fornulas delineated herein. u)Schene 1. General synthetic

routes fom pPreRafipt premrred e&@ﬂiﬂﬁi@!ﬂﬂ@f @F iRt & (I @lecekah M, \/Ml\g,augy Rl and
R2 are as defined in formula (1); 15Conpounds of general fornmula (la) can

easi |y besSyshepramesghylr tayh HIBPY!r d1oBrPyB- orc hplprGidiated urh a5 Byoremethzk
reaction WefBrofhe Q)rﬂetrltﬂgoﬂomef fuge R hdnGliana! r&EH&P efbolinehovy qyed by

i ntroduction of (fo exarrphg by a Suzuki I’eantl on) to give conpounds of
fornmul a (hyhogen| Va), or by initial introduction of RL foll owed by
introduction of a functional group at R2 that can be nodified to give
alternative R2, as in (Va). Conpounds 20of fornulae (Ina), (IVa) and (Va)
can easi | YhbgrapRerted i nto conpounds of general V\D

2011/ 1137 8PCT/E 11/053818 25 for ) b rd synt hetj c et hods.
A ternati ToP CHOEATEPOoHtEdn fapys i B abthd o eRhPBEd (G Feon B ho
appropri apﬁlcaﬂledeéyyﬁemﬁ@ @lri\ﬁﬂdﬁ@n'}ayluﬂﬂé @ﬁtlogemyersaﬁsumédrwua 604 ba)mdrel | oned

by introduction of Rl (for exa an aryl atlon reacti on The | atter
appr oach FESEMERM SelectechHem %%?gepe%lclﬂ ﬁs chigroapy flugrgy cypant)-ealkd sgh & al .

Synt hegi Smedd, 3PS to?Bf isopRPSt, hgﬁ)k@lrﬁeallgyl sgﬁlngsr ﬂor@%&hﬂehlfﬁﬁof&ﬁlﬁll for

preparation of conpourids of fof nul a wherein Y, Z, 'Rl and R2
are as defi pEthoramdatigngii zaill(OKyCll@kﬂbhiﬁbaﬂd@l -oflkyjetveh ais hf}’dlroﬁmllf@ﬂ(}’ll b))f can

(e??rl gxgrerpf &gﬂtﬁacfgoph(ﬂ%::ﬁgg[}g% i%?uc&l eﬂ%lcﬁl ‘\;Rgg(gelgli?p %BQ#{OI‘M_EX npl e by a
Suzuki r eachi snyminomethyl, ragnimrestiyh g)rtdﬁﬁ'ﬁ(a)rsmé,p@l A~wikylaman-Gppllopr d1a(fi1]e4—

41 54pS or
P opar at | OO Rt aE BT iR PR R OB RGN ot 2
(Ic) gan easiNRMk®, QI(@DIQSCQC((BQRéraddqu?SQO§Réndard met hods 5 known in the

scientific literature, for exanple, by the cyclisation of
3-hal 0-44(pyridin-4- yl)carbonyl conpounds of general forrmula (llc) wth

hydr azi neg, 5 elirrdi %Yéf&ﬂr&iaéﬂlmnﬁént%ﬂﬂéqw&ﬁﬁoml{l gensioahl sfuegtﬂwe@wﬁth%} to give
conpounds of genera formula (1Vc), and subsequent introduction of RL (for

exanpl e byr BaArcapitaaniricleglad fiognhalogsn evchrstihotsoramiork eaeiy. hpdrokdser-ski | | ed

in the art nd 10Zhu

et al., BI _%1 P§uc%§% er(r)]P e%g{’ {ﬂﬁ o e(; H%}‘EL&IZ%%@&%I%QQ gﬁﬁ\%rorgegﬂg &ner al

synt het i ctrrfblutcendthd (¢ eplaoat-Conlkyf, mgdnpmyrﬁ?ﬁi&aml f oyamot@sfalld) . such BSwher ei n

W Y, Rl and R2 easdeflndln (

2011/ 1137@@5@??%%2 0%1 /cgglggilg/ amino 81 mlkal b)l - alkV\Pmlno Ciy-alkyl, di(Cy4-
alkyl)amino-C;_4-alkyl, -NR*R*E.

In another currently preferred embodiment R' is heteroaryl such as pyridine-2-yl,
25 pyridine-3-yl or pyridine-4-yl optionally substituted with one or more substituents

selected from as fluoro, chloro, and C; 4-alkyl such as methyl, ethyl, propyl, or isopropyl.

In an alternative embodiment R' is phenyl, optionally substituted at one or more of the
para-, meta- and ortho- positions by one or more substituents selected from hydrogen,
30 fluoro, chloro, cyano, hydroxyl, C;4-alkyl such as methyl, ethyl, propyl or isopropyl, or

fluoromethyl, difluoromethyl, or trifluoromethyl.

In a currently preferred embodiment R' is phenyl substituted at the para position by a
substituent selected from, fluoro, chloro, cyano, hydroxyl, C;4-alkyl such as methyl,

35 ethyl, propyl or isopropyl, or fluoromethyl, difluoromethyl, or trifluoromethyl. In an



27 pyrrolol 3,2-dlpyrimdines (lid) and reaction with an al dehyde, followed
by reduction and subsequent introduction of RL (for exanple by an arylation
react i on)woSociism®8hods are known to those skilled in tireTaPRe11f063818XaNpl €
in W2008070507 and Antilla et al., JOC, 69, 5578, 2004. Schenme 5. Ceneral
synthetic route for preparation of conpounds of formula (le).

t oConpoungiter@five@0gémly frofeffed @mbb&ehdihe §RRI dupstRBenPiERM B RERAMEIINg tO
standard nmet hods known in the scientific literature, for exanple, by
condensat FiIprosE 15tk or opyrimi dines (lie) with a Winreb anide and
subsequent reaction with a hydrazi ne. Such nethods are known to those
skilled in the art, for exanple in WZ2003039469 and Verma et al, Tet.

Lett., 50In @®8er 2008y PBelSrdteerab@lime@s ke risibhany htubetithied pblheendtorpopitiepar at i on
of conpougﬂﬁ(ﬁg formula (1f). Conmpounds of general fornula (If) can easily
be prepare %y e condensation of pyrazi ne-2-carbonitriles with a Gignard
reagent to give amne internediates (If). Functionalisation of amnes (If)
to give apides or ureas o neral. forgula, (lilt) .and cyclisation with
bhosphor ub HReR SR preldcahpimaelon ThbndeiREANE (e Betschens

7. Gener aby 8§ ¥itshgichCsele0tell €rohDliydps RR M@k d, o tRY], TIRACtRAS dliodogietil, ar (1 9) -

WO 2011/ 113798PCT/ EP2011/ 053818 28 wher ei n M@ Z, Rl and R2 are_as

def i ned i HiffgFwRAtYL(Iny anoghsppesieiers rbodinent &l i heril substigiedainthp @rihe epar ed
from 1 pysdi@ndldydr @R ubHAZ RES15 (hg) by bromi nation with CuBr (for
exanple, as descrirbed in Gallou et al., Syn. Lett., 2, 211-214, 2007) and
subsequent introduction of RL (for exanple by an arylation reaction) and R2
(for exa - Hak t Wi 1 1S 8. e . thetic
Fout e 1 o T ity PR bbb HRAGLCRR & Mo SPECHBLER e C
and R2 ar ghasl dief whedinithe frdroquieg {ntljor para@osiponsndsy laf angenebalatiboofuhba (| h)
can be prepared by. se ue tial alkylations of

1H, 2H, 3HF Sﬂﬁ?ﬁi§§%¥%16§thin-2-ones (11h), for exanple as described in 15
W2008954749. Scheme 9. Ceneral synthetic route for preparation of

conpounds_of faormula (1D . . .
In a preferred embodiment the optional substituents of R* have a length of 4 atoms or

fewer, preferably of 3 atoms or fewer, more preferably of 2 atoms or fewer.

The group R?
20 In one currently preferred embodiment of the invention R? is —B—Q—[R3]n. ncanbe 1, 2, 3,

or 4. In another currently preferred embodiment n is 1 or 2.

The ring Q is a saturated or partially unsaturated monocyclic 3-7 membered heterocyclic
or C3.s-cycloalkyl ring substituted with R’. In a currently preferred embodiment Q is a 7-
25 membered saturated or partially unsaturated 7-membered heterocyclic ring such as a
homomorpholine ring, or a bridged homomorpholine ring wherein the bridge is formed by

an ethylene or propylene radical, or a 7-membered cycloalkyl ring such as cycloheptane.

In an alternative preferred embodiment Q is a 5- or 6-membered saturated or partially
30  unsaturated 5 or 6 membered heterocyclic such as tetrahydrofuranyl, tetrahydropyranyl,
piperidinyl, piperazinyl, morpholinyl, cyclohexyl, or any of the foregoing rings
comprising a bridge formed by an ethylene or propylene radical, or a 5 or 6-membered

cycloalkyl ring such cyclopentyl or cyclohexyl.



WO 2011/ 113798PCT/ EP2011/ 053818 29 Conpounds of general fornula (1i) can be
prepared from 1H pyrrol ol 2, 3-dl pyridazines (lii) by brom nation with CuBr
(for exampbepriad®™escribed in Gallou et al., Syn. Lett. PCZ/EP2011/023848 2007)
foll owed by either introduction of R26(for exanple by nucleophilic
substitution) followed by R1 (for exanple by a Suzuki reaction), or by

rever si Ngif heafreR®f PRFerddd ERbRAMBRNPRORY LRI Otvaietdim ROk OddRcRl R4 gY) -
Schenme 10. General synthetic route for preparation of conpounds of formul a

(1D, N- NNhygpggnzhglogen ey 2 Alupiez GRPBY o> MBide {ANBgydoRyivoxo (=0), C
RIB( OH) 2Ms0n R PRk Mid 3{13 ' B ag}?r?goﬁu)é\gl Zbut RIS AR C @S %@f' ned in

formula (I); 10 Corrpounds of for "can be prepared from
1H pyrrol ﬂll@ogletlhb’b)dnﬁlmtzmﬁbﬂ ¢rl llrljﬂ)mlt@yleﬂrybrﬁ?lnaatlkqm swrh ls @ueBroxgf ethoexanpl e,

o ther [ nbegabe o grofl CratodGanke iph Sorabinifhy. bkl 350 >
fol | owed bdtoREthit, omydﬁ»@mumlltw saclbuz Wyidroxgmethybon) hydoxyythyle vweasi-Gg,-t hese
syt het i codueehy B DipBosPC oB fTuP bt s il & PRI R N

/ RINH2NHZ a o hSINCO. - élkyllam(&)k@] eyl Shidh a\§,meZ}1ylﬁ11naé’tHyl%(@r4%116§&)aﬂﬁ{d Oﬁd i n
formula (1); 20 Compounds of general fofm | k) can be prepared by

cycl i sati oKy S"@Br?ﬁdh’ﬁﬁ@ylémﬂé’é%} alVkf d%mﬂl%fr@(m IRe) il thh R{Fd ez $xewle. f or

exanpl,g, g %‘eﬂcﬁﬂe&?ﬂ ok B¢ &btal%én @lih theJrﬁHB lto QfhidN@e O}CQ[I N@s&eFrem gal
Society, 3 g 287-94; 1 WO 2011/ 11 8PCT/ EP2 /053818 30
cyclic amino group such as plperldlnyl piperazinyl or morpholinyl, -NR %C(O)OR’,

NR°C(O)R® wherein R® is hydrogen for example and R is, for example methyl, ethyl or

n- or iso-propy, -NRC(O)NR*R*® or -C(O)NR**R*® wherein R® is hydrogen for

example and R* and R*® are, for example, hydrogen, methyl, or ethyl or taken with the

15 nitrogen to which they are attached form a cyclic amino group such as piperidinyl,

piperazinyl or morpholinyl, -C(O)R? or -C(O)OR’, -NR®S(0),R’, -S(0),R> wherein Rs is,

for example, hydrogen, methyl, ethyl, phenyl-C;.4-alkyl such as benzyl or phenylethyl,

and heteroaryl-C, 4-alkyl having S or 6 ring atoms in the heteroaryl part, and wherein any

phenyl or heteroaryl residue is optionally substituted with one or more substituents

20  selected from halogen, cyano, C;4-alkyl, halo-Cj4-alkyl, Cj4-alkoxy, Cjsalkoxy-C;.

salkyl, hydroxy-C; 4-alkyl, cyano-C;4-alkyl, amino-C; 4-alkyl, C;4-alkylamino-C; 4-alkyl,

di(Cy4-alkyl)amino-Cy4-alkyl, ~ -NR**R*®,  -NR°C(O)OR’>,  -NR°C(O)R’>, -
NR°C(O)NR*R*™, -C(O)NR*R*®, -C(O)R’, -C(O)OR?, -NR°S(O),R’;

25 In an alternative currently preferred embodiment R? is -B-R’, wherein R? is selected from
amino (-NH,), Cy_4-alkoxy such as methoxy, ethoxy, propoxy or isopropoxy, C;_salkoxy-
Cj4alkyl such as methoxymethyl, methoxyethyl, or ethoxyethyl, hydroxy-C, 4-alkyl such
as hydroxymethyl or hydroxylethyl, cyano-C;_4-alkyl such as cyanomethyl or cyanoethyl,
amino-Cy 4-alkyl such as aminomethyl or aminoethyl, C; 4-alkylamino-C;_4-alkyl such as

3  methylaminoethyl, di(C,4-alkyl)amino-C4-alkyl such as dimethylaminoethyl, -NR*R*?,
-NR°C(O)OR’, -NR°C(O)R’, -NR°C(O)NR*R*, -C(O)NR**'R*, -C(O)R’, -
NR®S(0),R’, phenyl-C_4-alkyl and heteroaryl-C,_4-alkyl, and wherein any phenyl or
heteroaryl residue is optionally substituted with one or more substituents selected from
halogen, cyano, Cj4-alkyl, halo-Cj4-alkyl, Cy4-alkoxy, C;4alkoxy-Cj4alkyl, hydroxy-C;.

35 4-alkyl, cyano-Cy4-alkyl, amino-Cy4-alkyl, C;4-alkylamino-C; 4-alkyl, di(C;4-



Schenme 12. General synthetic route for preparation of conpounds of formula
(12). N-NN-N S-RINH2NH2 S- H2NRNsN O (I111)(Il) wherein Z, RlL and R2 are as
defi ned iwof2orrmiBm®8(1); 5 Conpounds of general fornula @CI)EPC@n/oBS1Prepar ed
by cyclisation of conpounds of general? formula (I1l1) w th hydrazi nes, for
exanpl e, as described in Haider et al., Journal of the Chem cal Society,

Per Ki n Tr aiR$3hin6:103_,-hiky L IRMREE aRREBINORY IRRPC(GIRENNRECYD)NRREBI- 72; 1986.
10 Schene 13 Gengr al %pthetlc route for, preparation of conﬁgunds of

fornul a (CE@)NR/YRM(C(QJ FOIRKR’, NW(@ZRNHYQTﬁﬁd%@Y@HH{W BR'pr1d Bnd R2 are
as defined Jn fiordRk! R @(%Rs%ﬁgp@pgﬂ&q§v cgeneral fornula (Im can be

prepared by sequenti al kylation / t|on of
7H pyrrol ol 2,3-dl pyrimdines (l11m, for exanpl e as described in

compounds Tofer S inar (A SR i oREbE ont P RIHRS & ) s Giner ef n
Y, Z, Rl d&fthelR3abare as defined in formula (i); Compounds of general formula

(I'n) can be prepared by cyclisation of conmpounds of general formula (In)
wi th hydrazines, for exanple, as described in Filaok et al., Journal of

O gani ¢ Chemicateptly Fdfek@) end@PncAO 06 the2d0&ntiodR? is selected from morpholine
including morpholin-4-yl, morpholin-4-yl-methyl, oxolane including oxolan-3-yl, oxolan-

10 3-yl-methyl, oxane including oxan-4-ylmethyl, oxan-4-yl, tetrahydropyridinyl, piperidine
including piperidin-4-yl, piperidin-4-yl-methyl, oxo piperidine, piperazine including
piperazin-1-yl, oxo piperazine, or piperazin-1-yl methyl, any of which being substituted

by R’ on the ring, or on the ring nitrogen in the 1-position.
15 In an alternative currently preferred embodiment R? is selected from:

(1) piperidine including piperidin-1-yl, pyrrolidine including pyrrolidin-1-yl, and
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl any of which being substituted by R’
on the ring.

20
(11) a mono- or disubstituted amino group, the substituents being selected from C,4-alkyl,
hydroxy-Cj.4-alkyl, halo-C;_4-alkyl, cyano-Cj4-alkyl, amino-C;_4-alkyl, C;4-alkylamino-
Ci4-alkyl, hydroxy-C;_4-alkylamino-C;4-alkyl, di(Cy4-alkyl)amino-C;4-alkyl or C;.
salkoxy-C;4alkyl wherein in any of the foregoing an C;4alkyl part may be methyl, ethyl

25 orn- or isopropyl and an C;_4alkoxy part may be ethoxy or methoxy.

(ii1) an Cy4alkoxy-Cy 4alkyl, hydroxy-Cy 4-alkyl, cyano-C; 4-alkyl, amino-C; 4-alkyl, C;4-
alkylamino-C4-alkyl or di(C;4-alkyl)amino-C,_4-alkyl group wherein in any of the
foregoing an C;_4alkyl part may be methyl, ethyl or n- or isopropyl and an C,_salkoxy part

30  may be ethoxy or methoxy.

(iv) morpholin-4-yl, morpholin-4-yl-methyl, 4-methoxycyclohexyl, 4-aminocyclohexyl,
4-tertbutoxycarbonylamino-cyclohexyl, oxolan-3-yl, oxolan-3-ylmethyl, oxan-4-
ylmethyl, oxan-4-yl, 3,6-dihydrooxan-4-yl, dimethylamino, N-(2-methoxyethyl)-N-

35 methyl-amino, 1-hydroxyethylaminomethyl, piperidin-4-yl, 1-hydroxypiperidin-4-yl, 1-



WO 2011/ 113798PCT/ EP2011/ 053818 31 wherein Z, Rl and R2 are as defined
in formula (I); Compounds of general formula (10) can be prepared

accordi ngvoaoSc¢haeme 15, for exanpl e 5as described i n HaPpd&mEpea11aF3si8 Jour nal
of the Chemi cal Society, Perkin Trans&ctions 1: Organic and Bi o-Organic
Chem stry, 1, 169-72; 1986. Schene 16. Ceneral synthetic route for

prepar at | @;t RBRLA %qeqhhom et HRpipePlaNHyIN 1 Zhyd W@ﬁiﬁé'&' I4-N' N (2)
NH3 (R1- Bﬁyur( P 91%2 N R2 511 y' I\}IE%Z( h(?ptllz)wherelyn R{ e?r);d arlé lgs defi ned
in fornul 3 é1<§fymﬁmﬁlha§>eeﬁmg‘eﬂek cxaapﬁmlépwrmméa}ﬂ b Fppepatdd accor di ng
to Scheme rq lonally, a
conpound %?ﬂﬁeth? a (I ygzilﬁéalﬁggﬁbgp?ga%dgﬁgﬁn%%%#gpo%gﬁlo‘% %ggpgorrpound of
formul a (Iﬂl)llmonfoomelﬂne rmfrl)emydmlfﬂeyls t-(GtapwethFiné-ohollhdwinegdabbylevi(at i ons

oot ert il SO U BTG oo BF R e 35 PR AL SR teinsi ik e acay
4-yl, 1-(3-(tertbutoxycarbonylamino)propan-1-one-1-yl)-piperidin-4-yl, 1-(2-
(tertbutoxycarbonylamino)ethan-1-one-1-yl)-piperidin-4-yl, piperazin-1-yl, 4-
methylpiperazin-1-yl, piperazin-1-yl-methyl, 4-methylpiperazin-1-yl-methyl, 4-
methoxycarbonyl-piperazin-1-yl-methyl, hydroxymethyl, 2-hydroxyethyl, 1,2,3,6-

10 tetrahydropyridin-4-yl, homomorpholin-4-yl, 2,2-dimethyl-morpholin-4-yl, 3,3-dimethyl-
morpholin-4-yl , piperazin-2-one-4-yl, piperazine-2-one-5-yl, 8-oxa-3-
azabicyclo[3.2.1]octane, 4-tertbutoxycarbonylpiperazin-1-yl-methyl, 3,3-
difluoropyrrolidin-1-yl, , 3-hydroxypyrrolidin-1-yl, 3-methoxypyrrolidin-1-yl,
piperidine-1-yl, 4,4-difluoropiperidin-1-yl, 4-hydroxypiperidin-1-yl, 4-

15 aminocarboxypiperidin-1-yl , 3-methylmorpholine-4-yl, 2-secbutylmorpholin4-yl, (2S,
6R)-dimethyl morpholine-4-yl, 3-methyloxycarbonylmorpholin-4-yl, 1-
methoxyethylaminomethyl, 2-aminomethylmorpholin-4-yl, 1-methoxyethylamino, 1-(3-
aminoethylpropan-1-one)-piperazin-4-yl, 3-aminocarboxylmorpholin-4-yl, 3-
(morpholine-4-carboxy)-morpholin-4-yl, 3-(1-aminoethyl- 2-aminocarboxy)-morpholin-

20 4-yl, morpholine-3-yl, morpholine-2-yl, 1-butylpiperidin-4-yl, 1-
dimethylaminocarboxypiperidin-4-yl, 1-ethoxycarboxypiperidin-4-yl, 1-(4-aminobutan-1-
one)piperidin-4-yl, 1-(2-aminoethoxycarboxy)piperidine-4-yl, 1-tertbutoxycarbonyl-
Ipiperidin-4-yl, formyl.

25 In any of the compounds of the invention, the R* group may be any one of the specific R*

groups of the corresponding position of any of the examples described herein.

Specific currently preferred embodiments of the invention include:
4-[1-(4-Chlorophenyl)-1 H-pyrrolo[2,3-c]pyridin-3-ylJcyclohexan-1-amine

30  1-{4-[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridine-3-yl]piperidin-1-yl }-2-
hydroxyethan-1-one
2-Amino-1-{4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]piperidin-1-yl }ethan-1-
one
3-Amino-1-{4-[1-(4-chlorophenyl)-1H-pyrrolo|2,3-c]pyridin-3-yl]piperidin-1-yl } propan-

35 1-one



DCEdi chl or oet hane WO 2011/ 113798PCT/ EP2011/ 053818 32 DCMli chl or onet hane
DI PEAdi i sopr opyl et hyl am ne DVAdi net hyl acet am de DMVFdi net hyl f or ram de
EDC1- et hywo2e(13H8l198et hyl am nopr opyl ) car bodi i m de hydr oclrCoMmPAE 1/053818

ESl el ectrospray ionization EtOAcet hyl19acet ate Et OHet hanol hhour(s)

HBTUWO- benzotri azole-N, NN |, N -tetranethyl-uroni um hexafl uoro- phosphate

Chr omat o0t gy LEVELE . Reto . G Vhas. Saeerr onet 'y | BXa. | otoxybenzoi ¢
aci d | nt |l A HEloatSCEBAPId? s dPySop oFIamEs Mol ar
MCPBANet a3 ¢hl Qf RRH-RANT 9 GindEl IQMEIWQB%%I@C etonitrile MeOHmet hanol
m nm nut e(s) Msnet hanesul fonat e MSMasS ectronetry NaBH( OAc) 3sodi um
t ri acet oxyHéhhyd2iftieramhen gt dwphdyylr-olipgomelo[3,4-clpyridine
Pd2(dba) 3 11} ${ L ReNAYL P EASIEEEBRE-HpPAkh A T Yidin-3-01
3-Methoxy-1-[1-(4-methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]pyrrolidine
1-[1-(4-Chlorophenyl)-1H-pyrazolo|[3,4-c]pyridin-3-yl]piperidin-4-ol
1-[1-(4-Methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperidine-4-carboxamide
4-[1-(4-Chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-ylJmorpholine
10 2,2,2-Trifluoroacetic acid; 4-[1-(4-methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-
ylJmorpholine
4-[1-(2-Fluoro-4-methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-ylJmorpholine
4-[1-(4-Chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]-2-methylmorpholine
4-[1-(4-Chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]-3-methylmorpholine
15 3-[1-(4-Methylphenyl)-1H-pyrazolo[3.,4-c]pyridin-3-yl]-8-oxa-3-azabicyclo[3.2.1]octane
2,2-Dimethyl-4-[1-(4-methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-ylJmorpholine
Methyl 4-[1-(4-methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl] morpholine-3-carboxylate
4-[1-(4-Methylphenyl)-1H-pyrazolo[3.,4-c]pyridin-3-yl]-1,4-oxazepane
4-[1-(4-Methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperazin-2-one
20 1-[1-(4-Methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperidin-4-ol
1-(4-Chlorophenyl)-3-(oxan-4-yl)-1H-pyrrolo[2,3-c]pyridine
1-(4-Methylphenyl)-3-(oxan-4-yl)-1H-pyrrolo[2,3-c]pyridine
4-[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-ylJmorpholine
4-amino-1-{4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]piperidin-1-yl }butan-1-
25 one
2-Aminoethyl 4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]piperidine-1-
carboxylate

3-(3,6-Dihydro-2H-pyran-4-yl)-2-methyl-1-(4-methylphenyl)- 1 H-pyrrolo[2,3-c]pyridine
30 or a pharmaceutically acceptable salt, or N-oxide thereof.

In one aspect, the invention relates to a compound of formula (I) for use in therapy. The
compounds as defined above are useful as inhibitors of SSAO activity. As such, they are
useful in the treatment or prevention of conditions and diseases in which inhibition of

35 SSAO activity is beneficial. More specifically, they are useful for the treatment or



Phphenyl PhMetol uene r.t.roomtenperature SCXStrong Cation Exchange
SMstarting material tBuLitert-butyllithium W 2011/113798PCT/ EP2011/ 053818
33 t BuOHwotetwitiareel TFAtrifluoroacetic acid THFt et r ahy @CoffEPe@En/ 053818
TsOHp-t ol uenesul fonic acid 20

X- Phos2- di cycl ohexyl phosphi no-2',4',6' -triisopropyl bi phenyl WO

2011/ 113781%9&5%582Qﬁ&hﬁ%&%ﬂ&n%rﬁ%ﬁ?ﬂ&%aﬂ@ﬁ&%@%&@lﬂ&é@@w%
Experinmental Methods SReactions were conducted at room tenperature unless
ot her wi seln§gedInqidgmowizerdiave reactions were performed with a Personal
Chem stry/ Bi ot age mi crowave reactor using process vials fitted with

al um num caps and septa. Hydrogenations were performed using a Thal es

H Cube. Phepatatdryi if bféighedclﬂmtmmtp@gm@mwomméa ﬁéalfeom@ljfcmmhd\mme@iolri ca gel
60 (230-4 h) LN r Y&l i dwlth
Serata o PEQERD) i e Sl ok Fhul@PAE hAE By MAMBH s8Ry was
per f or medog¢pagh@id aodh psgmtuenar(lﬁtlls)s oignB324s, prusqulisindcdadit®an akG2dkedf wabkti on

col | ector k Li RP 18.(40-63u col ums.
rover vo ABANBREGAL Bab ot b Ry RS khe ot e fa M R Ens or

equi pped Bhhh Hﬁ@d’é@nﬁféﬁerﬁéﬁl@rlﬂiweW%@rORB) 15&@@561&055@1 n@NipG@aSsiA 100/ 150
X 20 mm colums,_ or. on an XTerra Prep M5 C18 5 um 15 19 x 50 mm system The

purest f r ACDFHHE sudipese oYasetie emerbide @Rt e Inflmmeplos adisaaersr (Yo @am  The

met hanesubfRpatgrdnit S¥sRdivat %ﬁn&ﬁf;ﬁdllé’éa@@ A esuld 1%£Blfat1§y ﬁﬁfrés%%%%ld}gfneﬂ
al cohol s and met hanesul fonyl chloride and triethylamne in Conpounds

ver e typi bty dieisedl (inpluding adopathio wehnarry0brosiprdaghiag Gbrpsis |at1®f smmmm S.

Co d L
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(Singl e Quatapicugaimeitiy kﬁd@%bﬂ%ﬁ&ﬁ%ﬁ@/ﬁﬂé@hat@gum@pemkemmhrm eslepsast,r ospray
t f Aqi | t 1100..HPLC /

spect areirtfm RS ol oot Rl Ry B Gyl R G o Baptinn Ace 3

C8 colw Wﬂpﬁl’i@rymlﬁa& cﬁ‘l‘H0511 e{T&_ohDBé ll%rr&lsegieaﬁhl@ﬂimé-&'[o@eﬁl%ti\s@% duboimatuae (+0. 1%
TFA) over mn, 215-3 hod A) or a Phenonmenex 25 Synergi, RP-Hydro
col umm ( 151@ angifisy dighpicy Gpspﬁgi 0r1H>5ﬁnﬁ/L0r B@rcomphcat@es heregh shoaistiesrt falygrs MecN

(+0. 085% Ififddsiivd N@ftefallﬁr'éo iskfenfi EAilséaye%r (shcHH} S{%Q& 30 iRAmARERedsiB) -

Accur ate masses (HRMS) were neasured using either an Agilent MSD TOF
connect edingyysand\gypeardial infortipppe/¢yihe eampligatiqnsgherdné anal yses the

cal i bration was checked by two nmasses and automatically corrected when
needed. Spectra were acquired 30 in positive el ectrospray node. The

acqui ned fres belicangthandis copour@e-of teAnvdariof hicesspeiadiytusenl OfF thehecaags peaks
was used) n C T bitrap,XL eguipped with an
Advi o111 VePex R ek B E Qe TEUET sy poriB ot piRimfE BRE L he
cal i br at i aferites Pohyaakad b@/dds;lnrKewimﬁlsai‘seasspafﬁdgeﬂervsegﬁnal@ﬁwomed (hargposi ti ve
el ectrospray node. The acqujred nmass range was jju z 100-2000. Sanpl es were
di ssol vedSE8'St n BKASES gi WSTOREMA s oPOVIEALSwhi HFGBPEhGHRER f BPENEY di | ut ed

wi th MeOH:§b01300MHe mA08@Acbiud 3k SERSeT{sEE Mk QRSB ihasOadditO HC the ReBAH t O

-0. 1M sol utions prior to analysis). The conpounds prepared were named using
ACD Nafre Bergouszyeiclr 10. 0. | NTERMVEDI ATE 1

It is also believed that the compounds of the invention are especially useful for the
treatment of rheumatoid arthritis, chronic obstructive pulmonary disease or atopic
dermatitis.

30
In view of the evidence cited in the above introduction that VAPI is up regulated in
several cancers, including gastric cancer, melanoma, hepatoma and head and neck
tumours and that mice bearing enzymatically inactive VAP-1 grow melanomas more

slowly, and in view of the link between VAP1 and angiogenesis, it is also expected that



53- Brono- 1H pyrrol o[ 3, 2-c] pyri dine 5-Azaindole (118 ng, 1.00 mol) and
copper(1l) bromde (669 ng, 3.00 mml) were mxed with MeCN (10 nL) and
stirred fwo 20115118798 To t he m xture was added 2 M ammoni aPCH/EvR@H0§3B28 L) and
the resulting suspension was added tlwater (40 nlL) and extracted 10 with
Et0Ac (2 x 60 nmL). The organic | ayers were conbi ned and washed with bri ne

and evapofmat @shfonds & dletlheenhbﬁ | aMMBRUAEn(c1HA MBsefcre Have MBlifyERI th nth =
197, 199 (MtH). Br N N-1. O To a mixture of Internediate 1 (1. 80 g, 9.14

mol ) in B@une@o)fﬁwemn&a%anaﬁwtn@ﬁwaww di carbonate (2.18 g, 10.0 mmol)
fol |l owed by 4-dinmethyl am nopyridine (122 ng, 1.00 nmol). After 80 nmthe
solution was diluted with DCM (20 nL) and washed with 20 0.1 M HC1 (25, 10
m.) and bﬁhméwmﬁhmtmhgadh@mHbyennmnmdﬁmﬂbdmﬂmﬂz5@@%ibfmkﬁeﬂﬁdmaﬁdmt

evapor at e Iec 1 d (2,47 g,
00% . 5. ERrehEi ok G ghiienitIRR AR AR Rl SbekEl | P kbl &1
3-(4-chl Ofrmh]kieﬂ’]lﬂfl&)lsd(b'ﬂ-spydrd’OOiPO{lrﬁlSZH e pyaninthictuee df cacdoaydnafoe the\/’@atment

2011/ 113798PCT/ EP20 /0 3818 36 Internediate % 3”? ng

m xed wi t A BEYEPHEUE0NS 1A e oKy ‘F?é‘ﬂlélot‘ﬁa"rﬂ‘}“ea af %’HB‘P\%FB]B% c aC| d
(23.0 ny, iRiulss MeMbs PBAGeHAKDr ?%elﬁldi’@f sGh2DndiBA9 and diseases, comprising
Tetraki s-(triphenyl phosphi ne) pa | adi um(0) (6.00 ngy, 0.005 mol ) was added

and the niigisETiRg &0 pmmed iagludipe pag.dp n%f'@‘ HvchAreaiment aipefifscyve dmewt (0. 8

) angd ELOAGMRurRd Hderived ShRdded. The mi xture was centrifuged and the
organi c | ayer was separated. Flash chromatography (1:3 EtOAc/tol uene) gave

the title compound (21 ng, 64% . HRVS (ESI+) calcd for CL8H17C1N202

328. 0979,

S0 Ca. onMePi O Rl NIREMERL At e subiegr s iggified pynaiced g 8 o 5
(2.20 g, ParGBulamwdtdd wesmontx kidntiiytoly DORjoCCD mekd oémethTiFeAnichd cad be in3@e Nl )
Af t 3 h.th t ed d t he t ed th MeOH
o e PGl e d R r B R e AR B SV RN B i T o
Na2CCB3s ( 3objectVe 1OFIneasidblb bl Aeest dBa@bganha@hddyer was dried (Na2SO4) and

concentrated to yield the title conpound (1.48 g, 97%. MS (ESI+) mz =
229, 231. | NTERVEDI ATE 5 tert-Butyl

4- (3- br onpy JikkP¥pER, He3ndnsdsmerdidindride YiERE R iR kifeahBaMYhatgd Ar 20
response to the treatment administrations. Such monitoring may include periodic
sampling of subject tissue, fluids, specimens, cells, proteins, chemical markers, genetic

20  materials, etc. as markers or indicators of the treatment regimen. In other methods, the
subject is prescreened or identified as in need of such treatment by assessment for a

relevant marker or indicator of suitability for such treatment.

In one embodiment, the invention provides a method of monitoring treatment progress.
25 The method includes the step of determining a level of diagnostic marker (Marker) (e.g.,
any target or cell type delineated herein modulated by a compound herein) or diagnostic
measurement (e.g., screen, assay) in a subject suffering from or susceptible to a disorder
or symptoms thereof delineated herein, in which the subject has been administered a
therapeutic amount of a compound herein sufficient to treat the disease or symptoms
30  thereof. The level of Marker determined in the method can be compared to known levels
of Marker in either healthy normal controls or in other afflicted patients to establish the
subject’s disease status. In preferred embodiments, a second level of Marker in the subject
is determined at a time point later than the determination of the first level, and the two
levels are compared to monitor the course of disease or the efficacy of the therapy. In

35 certain preferred embodiments, a pre-treatment level of Marker in the subject is



Internediate 1 (394 ng, 1.99 mmol ), tert-butyl

4- Rmet hyl sul f onyl ) oxyl pi peri di ne- 1- carboxylate (614 ng, 2.20 mml) and
Cs2CC3 (wWBQ01y/1137980 mmol ) in DVF (10 nlL) was heated at PBU/ER2@u@63sight .
Most of the solvent was evaporated am® the residue was purified by flash
chr omat ography (3% MeOH in CHCb) to give the title conmpound as an

250f f - whi H&e®Qhdddpi{c26o innidd WeatnMat GESkdihe M Zisind8Rion383s Q)M*tk@atment
| NTERMEDI ATE 6 W% 2011/ 113798PCT/ EP2011/ 053818 37 tert- But y

443- (3, 4- Ew@wﬂ&M@ﬁﬁéﬁynﬁwmmmgvmﬂ@ﬁépstheé?@ypfB@mKQJyﬂmbﬁﬁ@wraﬁﬁéhg-

car bOXyl aErgatf%eﬂpc)éﬁlﬂ{eﬁcégf told'a{e%fﬁ@q{eaetfﬁcag ()ﬁ@le Qreﬁfﬂyento 10 mol ) K2CC3 (34 0
nmg, 0.25 nmmol ), 5 tetrakls(trlphenylphosphlne)pal adium(0) (6.00 ng, 0.005

nmol ) and 3 4-di chl or ophenyl boronic acid (23.0 ng, 0.12 mmol) in

1, 4-di oxap egrgun mnwod%f% gﬁ%e%l{s (aolevelmf)M E{Pﬁlgﬁia?lgera@}ctl\a B,h% Q SPIPJg)Ct 135 The

crude prodhc preparative ive e conpound
as a whltan&mhn@ﬂﬁlamngmeZQ@mpmHEWBfbﬁﬁm&ﬂmmaleg t@ﬁmﬁ&ﬁH&ﬁﬁ&&N&@bf

445, 1324, und 445.1336. 10 | NTER

tert - But y}VL?IQlﬁEi 5%{1%9[ 1%6‘310%5}%9% ?“gE %u%ntﬁlfm ths s3me RHEH SHYHB P ne- 1 -
car boxyl abea rﬁbnﬁal subj e@t ﬂ@%éumnﬁl me@ﬁnlﬂwm@pkm,y%ceblﬁ % @ime (0.95
g, 8.05 nmmol), tert- 4- 0x0- piperidine-1-carboxylate ,. 8.54

mmol ) andml’(QJFO(HGS b@ll@g th?i ¢e%reﬁﬁ€139t ?inﬁ therohy Izemltms a%%mﬁééf éasaa% leW%lﬁ | ux
over ni,ght 4 T olgﬂalg UhRer B iBH I8 MbiRed E@elg\@ltl ?fo&kbed%ﬂﬁlgt Noui¥eQE (50 ni)

was added. e resulting solution was concentra ed to circa 50 nL and then
ext r act edsaninlisg/cxpristonvissdy DEMONBOPIV(Gn 1he BO omdpscribhé horegakidenblyers were

20 combi n e S| fi f
chronatogﬁ%%ﬁqgggﬁggﬁﬁgé%%gqu?%0%¥%?éﬁt$gM)?%?EX H%bﬂﬁ ﬂgﬁea ﬁ@ﬂﬁt yel | ow
solid (2. titluge bORRA uris t{skfs] wjouh pr ch&@BCe(ldvidd)l. haiN\ERFRIMS DIoATEi 8z ZCMQH But yl
441- (4-ch enyl)-1 2, 3- yridin 6- t.et r ahydr o-

oyt 1 di mo- PHEEPHGRIGpEs A bRt S YR repob it 653818 BaS i B0 pensi on
of |nnern@@uﬁi&vas@a@oﬂmmgu\Qwa@(agph&um£4m@hbQfmph@ﬁmkkb@b@pm&xaﬁdd (16.0
ng, 0.10 mmol), F er(l]) acetate (18.0 .and triethylam ne
(20.0 ng, MBI @MY ajpﬂq frelagie Knann) innds ast |1?Cr1%<an$ d?rut 712t miteth o, §YUF e was
concent r afifduAkal N&MLISA, radiolabeling/assay techniques, blotting/chemiluminescence

methods, real-time PCR, and the like.

20  COMPOSITIONS

A currently preferred embodiment of the invention is a pharmaceutical composition
comprising a compound of formula (I), together with one or more pharmaceutically
acceptable carriers and/or excipients.
25
For clinical use, the compounds of the invention are formulated into pharmaceutical
formulations for various modes of administration. It will be appreciated that compounds
of the invention may be administered together with a physiologically acceptable carrier,
excipient, or diluent. The pharmaceutical compositions of the invention may be
30  administered by any suitable route, preferably by oral, rectal, nasal, topical (including
buccal and sublingual), sublingual, transdermal, intrathecal, transmucosal or parenteral

(including subcutaneous, intramuscular, intravenous and intradermal) administration.

Other formulations may conveniently be presented in unit dosage form, e.g., tablets and

35 sustained release capsules, and in liposomes, and may be prepared by any methods well



Spurified by preparative HPLC to yield the title conpound (5.20 ng, 13%.
M5 (ESI+) nmlz = 410, 412 (M+H). | NTERMVEDI ATE 9 tert-Butyl

4-{ 1H pyrwol20{121,13798] pyri di n- 3-yl } pi peri di ne- 1- car boxyl| aPeTEP2011/058818 A
suspension of Internediate 7 (598 ny,232. 00 nmol ) and 10% Pd/C (cat) in EtOH
(3 nL) and cyclohexene (1.5 nL) was heated at 150 C for 25 min in a

M crowaveks®ar iPthe dDF Phitnbtic®. PRGmbédutiedl edranei @Y aRO il $epatéE by the
title conpound as a colourless oil (540 ng, 89% . M5 (ESI +2 mz = 30

(MH) . | NPERVEDhATELYY stubqrt{chutow a pharmaceutically acceptable salt hereof, with

N‘ (4-{1H P(M{VEIQL &L?gﬁamﬁh&)ﬁﬁéﬂbrﬁcg P(A‘t}lec X&Ll@ﬂgeéﬂﬁ%nﬁnorle% legI olf'N 0
..... N) \ H A suspension of IH pyrrolol2, 3-el pyri 05

mml ), t eﬁxmmmtgl fare( wateQ@ebmcgmm ehadcyin) d@td@ammceocazlste@@egcellaloseﬂ, Stﬂmﬂ ) and
KOH (0, 95 17..9 refl rnight. The
ol ut on St ey Diele ARAh bl ARSI i Sl “HRAM, S

The resul tolhgi@mhlmnomowas, ammmmthlkat Sacht cﬁomznuﬂamanéSGnayL aRodcomxdir aclieed t hree

times wt 9:1, 50 nl) and the r nic ers re conbi ned and
Comeenty sPu el e FRalhn Pt LRREAS R Ry S EenE o

2011/ 11378@8@&%&1&%&/ 05284 sg%nQCB{XfB&@th the mthV@sutah;e thd heuncoMpewed as a
white solid (1.96 mz = 3 M+H) . | NTERMEDI ATE 11

5t ert - But meueﬁs {SglF‘Ft‘fﬂ‘iﬁrnr(bi 8?% by @%@P PHIhs- I@"’Rﬂ”}%’?cl’@ﬁé@@l’ peldicehigre A

f I i nttral use | Dre /
T A o R N v S S A A

mi crO\NaveWpi@ht:im@Fepaiﬁhen&ﬁOr(@l@]r@mva@rilthntered and concentrated to yield a
di ast ereoi sonmeric mxture of the title 10 conmpound (229 ng, 97%. MS (ESI+)
mz = 316 (M+H). | NTERVEDI ATE 12 tert-Butyl
N-{441- ( 41bhlfomod@ionetday | phénht) pidgapyr b lkap®n 3nahidsr suwth nas3 gxahdlation,
cycl ohexyl | car bamat e 15
compression, mlcroencapsulatlon spray coating, etc. The formulations may be prepared
15 by conventional methods in the dosage form of tablets, capsules, granules, powders,
syrups, suspensions, suppositories or injections. Liquid formulations may be prepared by
dissolving or suspending the active substance in water or other suitable vehicles. Tablets
and granules may be coated in a conventional manner. To maintain therapeutically
effective plasma concentrations for extended periods of time, compounds of the invention

20  may be incorporated into slow release formulations.

The dose level and frequency of dosage of the specific compound will vary depending on
a variety of factors including the potency of the specific compound employed, the
metabolic stability and length of action of that compound, the patient’s age, body weight,
25 general health, sex, diet, mode and time of administration, rate of excretion, drug
combination, the severity of the condition to be treated, and the patient undergoing
therapy. The daily dosage may, for example, range from about 0.001 mg to about 100 mg
per kilo of body weight, administered singly or multiply in doses, e.g. from about 0.01 mg
to about 25 mg each. Normally, such a dosage is given orally but parenteral

30 administration may also be chosen.



A suspension of Internediate 11 (32.0 ng, 0.10 mmol ), (4-chloro-2-

nmet hyl phenyl ) boronic acid (17.0 ng, 0.10 mmol ), copper(ll) acetate (18.0
ng, 0.10 woebjvaswstri et hylam ne (20.0 ng, 0.20 nmol) i RCDEYRE1/0848)8 was
stirred for 72 h. The m xture was cormdentrated and then purified by
preparative HPLC to yield a 20di astereoi soneric mxture of the title
conpound (1.30 ng, 2.9%. Ms (ESI+) mz = 440, 442 (MtH). WO

2011/ 113798PCT/ EP2011/ 053818 40 A suspension of 1H pyrrolol 2, 3-cl pyri di ne
(1.18 g, IBEBARMION QEEPMRQMNDEQF&IQE&NYENEI@@ 87 g, 15.0 mol),

copper (1) iodide (95.0 ng, 0.50 nmol), K3PO4 (4.46 g, 21.0 mml) and

t rans-di am nocycl ohexane (250 ialL, 2.00 mmol) in 1,4-dioxane (15 nL) was
heat ed t oThefdompofinsls 8 deymila Theabtrivrt mae bwagrepond ebit. r et éd aamdgy heiths esi due

was 5purifi by flash,chro [o]o)3 y: (Et O t | el he. ti.tl npound
e a 1§ ghtVEF ulie LAl ShE AREOHBRn ML 418 Flfhing deche Ry

| NTERT VEDERiplckdof( the Ghrbsento pivendtion) hpy i@ pamic@lay by riddrhian@dibyethbiHRllowing

Pyrazi ne-2-carbonitrile (.10. ,.. 100 mml ) was dissolved in Phive (100 niL)
07 anSet om0 gt T SR LR BB e SR IoreY (e PRI 100
mol ) waswaddede BO¢diiceiimMing PoaNEs iB tHE fBemulipQiclif@eddilRfeii Xt ure was stirred
for 6 h and NaBH4 (7.58 g, 201 mmol) and tBuOH (100 nL) were added. The
reaction mxture was warned to 60 C for 15 18 h and quenched with 1 M aq
NaOH 591 uSiime 17 f@}%né‘a}’sﬁzﬁﬂh&ié AURE (R RxLbAGE &M hd FErOARIARY the conbi ned
organic layers were drired (Mg504) and concentrated in vacuo. The residue
was purified by flaSh Q\rllromat ogr aphy Et OH NH3 200:8:1 to 50:8:1) to
give the title ountd"®s a brown oyl 7,46 g, 34%9. Ms (ESI+) mz = 220.0
(MH) . 20 | NTERVERYATE 15 (4- Met hyl pheg§/l § (pyr azi n- 2-yl ) net hanami ne NH2
The title compo repa Sy aNCh d rowmn oil (890 ngy, 9%,
simlarly to I'ntefnedi anesd4, Hisi ng p-It ol \uyINnHTRgNESi um broni de i nst ead of
4-chl or ophenyl 25%magnési um bromi de. WNTERVEDI ATE 16

N[ (4- Met hyl nyl (ﬂ%ér azi n- met hyl | nor pQol i ne- 4- car boxam de WO

2011/ 11379 Ep2014PoE3818 41 rmedi at e\{5 (890 ny, 4.47 mol) and
DI PEA (0.93 ni, 5.36 mmol ) were dissolV in (20 nm).

4- Mor phol i necarb chl oride (O. m., 4.9 s added and the
reacti on mxturedwas—stigged fof ™R d. The reacti '
DCM 5 washegapi {1l M-ag—Hcl T°M ag—Na2e3

ure was diluted with
concentrat ed i nfV¥geuo. ;E}gbgl cruge Rroduct was pq_.bj. [
IVE 3

L rBy fl&shBr

chromat ogr aphy (1y2% n to give titl %%gp l'as a yell ow
gum (690, 499% ng)./ MS (ESI+) wtW= 313 5 MH) .4 | NFERVEDI ATENL7 AT\
N- R4- Chl oP ML(pry(oagi n- 2- 3TOret h nmor phol /¥ ne- 4- car boxam de
HN__~ R2
N Y Y R2CHWCHO w
N
D= " as y / (Vila)
. N
R'~N~# e RI-N 7 7\ Z(VI)
NHBoc — a
amay ¥ w e WN G

wherein W.Y, Z, R! and R? are as defined in formula D;

15 Compounds of general formula (Ia) can easily be prepared from 1H-pyrrolo[2,3-
clpyridines (ITa) by either reaction with a ketone to introduce a functional group at R*
followed by introduction of R' (for example by a Suzuki reaction) to give compounds of
formula (Illa / IVa), or by initial introduction of R' followed by introduction of a
functional group at R? that can be modified to give alternative R?, as in (Va). Compounds

20  of formulae (Illa), (IVa) and (Va) can easily be converted into compounds of general



N HNLO Internediate 14 (1.83 g, 8.33 mvol ) and DI PEA (1.59 nL, 9.16

nmol ) were dissolved in DCM (40 nL). 4-Morpholinecarbonyl chloride (1.05
m., 9.16 woeb)i/ma®sadded and the reaction m xture was sSPCTmEPA1fioOs3838 d. The
reaction m xture was diluted with DCM5 washed 15 with 1 Mag HC1L and 1 M aq
Na2CO3, dried (My504) and concentrated in vacuo to give the crude title
fmgk/gg | ﬁgrrélallaba@my S@hdAd (s¢ntheicImeSdd9. - AN Sy U-CHIbY o3 -B3B oy ridivtk) -

201- [ (4- ChYl8t 6pméayayrlivdr with ibo apmaptiag pideBydeptongivh sopwenids) of3gehstHhy | ur ea
WO 2011/ 1%&1%81%'?37{ aﬂ%%%éé 9y5§1%%§uc41%n N (z&%éﬁﬁéye%faﬂ e)rg%&}weémoﬂf 1h¢03 nu,
2.28 mol ) was di ssol ved at 0 EA (417 u 2.39

mol ) vvaslaadld@@roa?ﬂn IS[khowgem@m(eZSZBledgﬁl th@ amsfonﬁxﬂn)plmsxla@tdlédsmﬂ@smh% reaction
mxturg ls%dgar at 0 Cfor 1 h. A solution of Internediate 14 (500 ny,
2.28 mmw?68 (417 ul, 2.39 nmmol) in DCM (10 nL) was added and 5 the
reaction mxture was stirred at r.t. for 64 h. The reaction m xture was

di |l uted q C brine, dried
(Ngscn) 8%%%%%??3&%8*FW36§Eﬂ%IWT aW%é%&%@P Bﬁ&ﬁﬁiéﬁg y reverse
phase coI um chr oyat ogr aphy (20+100% MeOH inywater) to givevthe crude title
conmpound whi ch Nmgs used wi t further p ication in synt hesi s of
Exanpl e 37. 10 Ve ATE 2 RIB(OH), _

1-[ (4-Chl oroph n,\it) -py1=a2| n- 1-3,/3- 'orre{—hy-laurea\ N/ HelLO
Internediate 1 40 ny, &0 nﬂ@i) andérDl (0.42 MR "2Y40°hmol ) were

di ssolved 15 i nwDCM (20 niL). Vi hyl car bamy!l chloride (Ow20 nL, 2.20 nmol)
was added and the reaction mxture was stirred for 3 d. Fli‘rther

di met hyl car banyl chl ori deaspQg21l0 nm, 1.10 mmol) was added angkat he reaction
m xture was stirred for 6 h. e reaction m xture was dil Wed wth DCM
washed with 1 Mag HClL and 1 MYag Na2CC3, drigd (MgSO4) and xoncentrated in
vacuo to give the crude titl®onpound as i
20(ESI+) mz = 291.3 (MH). MEBIOATLE 2
N- R4- Chl or ophenyl ) (pyrazi n- 22 3\ ¢

25 ntermedi ate 14 (490 ng® 2.¥3 fmol ),
(319 ng, 2.45 W

wherein W, Y, Z, R! and R? are as defined in formula ID);

10
Compounds of general formula (Ib) can easily be prepared from bromoindoles (IIb) by
either introduction of R? (for example by nucleophilic substitution) followed by R! (for
example by a Suzuki reaction), or by reversing these steps (with an appropriate protecting
group strategy).

15

Scheme 3. General synthetic route for preparation of compounds of formula (Ic).



mml ) and DI PEA (0.43 nmL, 2.23 mmol) were dissolved in DMVF (10 nlL) and HBTU
(930 ng, 2.45 mml) was added. The reaction m xture was stirred for 3 d and
WO 2011/ MB298AGI7TIEP2011/ 053818 43 concentrated i n vacu®CT/EHPROINOSISIS ON

m xture was dissolved in Et0Ac, washed with 1 Maq HC1L and 1 M ag Na2CGCB,
dried (MgS™) and concentrated in vacuo to give the crude title conmpound as
a light brown gum (5 ny, 69% VS (ESI +) mz = 332.4 YM+tH). 5

| NTERMVEDI ATE 21 N7\ BrMg—R?> N LDA N\

N- R4- Chl or ophenyl ) rAzim=—2-8TOnetk Jl 1t- 2- =—4- yl \aget?an de , 0 HNO

The title conmpoupgd s prepared ag/a crsade b oi | £(419 ny, 53%,
similarly to Internediate 20, usi ngHDetrahy opyr an- 4 yl -acetic acid

i nstead of tetrahydropyran-4- 10carboxylic acid. Ms (ESI+) mz = 346.1
(M+H) . | NTERMVEDI ATE 22 IBX

N- R4- Chl or ophenyl ) (pyr azi n- 2- 3TOret hy| | oxol ane- 3- car boxam de 0 HN O

15The titl e conmpound was prepared as crude brown 0|NI (4&}@ ng, 61%,

simlarly to Internediate 20, u5|ng tetrah)KbrOSfur ' C|d|nstead of
t et r ahydr opyr an- 4- boxyILl é aci d. (E +) Nitef 0 (M+H) .
| NTERVEDI ATE 23 2 R”N P~g?

N- R4- Chl or ophenyl )F( pyra2|-nN2 Ogg& 1=4- met hoxycycl 3hexane | - car boxam de
(:) WD 2011/113798PCT/ EP2 05 8044 The title compound (523 ng) was
prepared simlarly to Inte d| ate) 20, usigndnnTet hoxyyrliohexane
carboxylic acid instead of tetrahydropyran- car%oxyl iicuaci d, as a crude
brown oil which was used without further purifN cation! 5 | NTERVED ATE 24

N- Met hoxy- N- met hyI ox ne- 4- car boxam d Y
reductive N (llic) N
amlnatlon NaNO 7\ 7
= (IVe)
(R2 - amine) HN, A~g?
N

wherein Y, Z, Rl, R? and R? are as defined in formula D;

Compounds of general formula (Ic) can easily be prepared according to standard methods
5 known in the scientific literature, for example, by the cyclisation of 3-halo-4-[(pyridin-4-

yDcarbonyl compounds of general formula (Ilc) with hydrazines, or by cyclisation of

compounds of general formula (Illc) to give compounds of general formula (IVc), and

subsequent introduction of R' (for example by an arylation reaction). Such methods are

known to those skilled in the art, for example in Verma et al, Tet. Lett., 50, 383, 2009 and
10 Zhuetal., BioOrg. Med. Chem. Lett., 15, 2441-2452, 2007.

Scheme 4. General synthetic route for preparation of compounds of formula (Id).

Y Y
N
\ tBulLi \ /_\<N RL_| /N—\<N
—_— _
HN A g, _ HN. Pd/C HN g Cul N
w w

(IId) (Id)

15 wherein W, Y, R! and R? are as defined in formula D;

Compounds of general formula (Id) can easily be prepared according to standard methods

known in the scientific literature, for example, by lithiation of 7-bromo-4-chloro-SH-



N, O Di net hyl hydr oxyl am ne hydrochloride (1.23 g, 12.7 mmol) and N

nmet hyl nor pholine (3.80 nL, 34.5 mmvol) were dissolved in DCM (20 nL) and a
sol uti on WO 20f1/1a3®Be- 4- car bonyl chloride (1.71 g, 11.5 moo/EP201n/08X818 (20 nl)
was added drop-wi se. The reaction m x@7ure was stirred for 2 h, then diluted
to 200 nL with DCM washed with 1 Mag HC1 (2 x 100 niL), 1M aq Na2CG3 (100
m) and V\?ﬁﬁﬂo[@mpyﬂﬁndn@g (180 hiYBSHIn and aﬁ@m@ﬁ;mter@nsaednyféa@aﬁ)ntaadgl ve the
crude title conpound as a yellow oil (1.87 g, 94%. ES+ 174. 1

(M+H) . 155qbﬁﬂ@mmmfmtl%0éRFKbe?Wk[ Pbﬁ%ﬁtYMVPY%FIB@n§Pﬂ pihggdsae

O i sopr Oph A &hist <Rlcdn ind 4r SroM BRIV WE 0015 4 Ala(BG, Vel and
cooled to - C under nitrogen. é)ULI . M1 n hexanes, 10.8
mol ) vvas6%cﬁdé%12@94bp wi se and the resulti ng soI utlon vvas stirred at -78 C
for 105mn at 0 Cfor 30 min and then re-cooled to -78 C. 3-Fluoro-pyridine
(0.93 ., 10.8 mol) was added drop-w se over 5 mmand the reaction m xture
was sti rr Schehars. Zicheralsyathktid toate fof preprationmed camhpouidds (flfo8dulg(Ief0. 8 Mol ) in
THF (15 nL) was added nd t he reactloQ mxture was allqned to warmto
25room t enperat ure %tlrred for mn. THe reactjof m xture was
quenched with sat a«(} OAEPE 10 nLY and di Rut edi.wi t ¥ EfNOAc (200 ni). The
organi ¢ fracti on wasfWashed g Th (2 x50 L), ed (MgS™) and
concentrated in vacdio to F(j4—!Qe t he @r title comﬂbd\h an orange oil
(1.45 g, 64%. LCVM5 (ES-F): 220.1 (MrH). WO 2011/113798PCT/ EP2011/ 053818
45 3- (Oxan-4-yl)-1H gwr azol 0[3 4-c]pyridine Internedeate 25 (255 ng, 1.22
mol ) andwhyrdma, Riemddi oteyed defired(id S4muty, (2. 68 ol ) were di ssol ved in NVP
(3 nL) and the reaction m xture was heated in a mcrowave at 5160 C for 20
mn. The reaction mxture was purified by SCX chromat ography to give the
titl e iconpoumpouns ofifen@fad NGl (le) 2t &asiiPbe PRYAred h&BNﬁhl{gEtS"s)andﬁﬁ%elh({dM*‘l‘i)

| NTERMVEDI ATE 27 4- | uor o yrrolldln 1 Onet hyl ] pyri di n-3-am ne 10
3- Ani no- pgﬂlq%ﬂ Hetha sea?tbféﬂqaﬁsﬁ%% fglz%a ‘?Pﬁ%tﬁ)n %gclap@gmlv@aleﬁn DCM ( 4
nL) and Ma@hlwith Maeinréginde %n@'sﬁﬂsé@fe%ﬁétféh'vﬁthn@hm&iﬁ&c BLA! ind@ods3a3 NU,

2.46 mm nd NaBH( OAc) 3 (521 np, 2.46 mol ) were added. The reaction

m xture Vé“{ forthes skiled 1 the art, rﬁor Qj@@ﬂ?l?wéd)"@iz@%o&%@ranéé’ 9ap ca Al Tehe

sol vent s F q}ggp\%@l n vacuo. The residue was 15 di ssolved in DCM (20 ml)
and washe i sdat aq Na2COB8 (5 nlL). The aqueous phase

15

Scheme 6. General synthetic route for preparation of compounds of formula (If).

0 Y
J\ 2 /N A\
R MgCI HN™ R POCI, z
2 Ny o=
NaBH, Ieavmg I R R N/)\ R2

~

(IIf) greuP YTONT (If)

wherein Y, Z, R! and R? are as defined in formula D;

20
Compounds of general formula (If) can easily be prepared by the condensation of
pyrazine-2-carbonitriles with a Grignard reagent to give amine intermediates (IIf).
Functionalisation of amines (IIf) to give amides or ureas of general formula (IIIf) and
cyclisation with phosphorus oxychloride gives compounds of general formula (If).

25

Scheme 7. General synthetic route for preparation of compounds of formula (Ig).



was extracted with DCM (3 x 20 nlL) and the conbi ned organic fractions were
dried (MgSO) and concentrated in vacuo to give the crude title conpound as
a yel | owworm(1248798y, 56% . LCVS (ES): 214.0 (M+H). 20 PNTERMEDIOSSBES 28- 50
I nternedi ates 28-50 were prepared sim8larly to Internediate 27, by reacting
3-am nopyri di ne- 4-car bal dehyde with the appropriate am ne; see Table 1
bel ow. WO 2011x4M3798PCT/ ER2Q11/ 053818 46N-N Int Structuren Crude yield

LCVB (ES) | nt erediat eusNamel 2812 /r5806 194. D% 1(:3+ Ami ndpyDidi n-4-  cs---
H2NN  ( MtH) — — —
HN 7 N~ Y RN e R' =N ~R?
w w w w

(llg) (19)

wherein W, Z, R! and R? are as defined in formula D;

Compounds of general formula (Ig) can be prepared from 1H-pyrrolo[2,3-d]pyridazines
5 (IIg) by bromination with CuBr (for example, as described in Gallou et al., Syn. Lett., 2,
211-214, 2007) and subsequent introduction of R' (for example by an arylation reaction)

and R? (for example by a Buchwald-Hartwig reaction).

Scheme 8. General synthetic route for preparation of compounds of formula (Th).

Y Y
N N
SRR o g
—_
HN\[]/NH RuN\n/N\Rz
O O

—

10 Ilh) (Ih)

wherein Y, Z, R! and R? are as defined in formula D;
Compounds of general formula (Ih) can be prepared by sequential alkylations of
1H,2H,3H-imidazo[4,5-c]pyridin-2-ones ~ (ITh), for example as described in

15 W02008054749.

Scheme 9. General synthetic route for preparation of compounds of formula (Ii).

wherein W, Y, Z, R! and R? are as defined in formula ID);

20



yl)methyl | pyrrolidin-3-ol \---NCH 29 \ |/ 67% 208.0
4-1( 3- Met hoxypyrrolidin-1- H2N (MtH) yl) et hyl | pyridi n-3-am ne 30 \
| 48% 192wW0 241(@88r i di n- 1-yl met hyl ) pyri di n-3- H2N ( MPEX/ERRe1nA53818

29

Compounds of general formula (Ii) can be prepared from 1H-pyrrolo[2,3-d]pyridazines
(ILi) by bromination with CuBr (for example, as described in Gallou et al., Syn. Lett., 2,
211-214, 2007) followed by either introduction of R* (for example by nucleophilic
substitution) followed by R' (for example by a Suzuki reaction), or by reversing these

5 steps (with an appropriate protecting group strategy).

Scheme 10. General synthetic route for preparation of compounds of formula ().

N-N N-N N-N
7N, N, N,
CuBr2 — Boc,O — R'B(OH), —
A NH —_— e ;
Br—Xy NH Br—X NBoc R . NBoc
(1) W W W

w
MsO-~ g2 TFA
_N _
\ z
R'B(OH), MsO\R
N\R N~ o NH
W (1))

wherein W, Z, R! and R? are as defined in formula D;

10
Compounds of general formula (Ij) can be prepared from 1H-pyrrolo[2,3-d]pyridazines
(Ij) by bromination with CuBr (for example, as described in Gallou et al., Syn. Lett., 2,
211-214, 2007) followed by either introduction of R* (for example by nucleophilic
substitution) followed by R' (for example by a Suzuki reaction), or by reversing these

15 steps (with an appropriate protecting group strategy).

Scheme 11. General synthetic route for preparation of compounds of formula (Ik).

RINHNH, N

—_—

1N, 2
RN

(k)

wherein Y, Z, R! and R? are as defined in formula D;

20
Compounds of general formula (Ik) can be prepared by cyclisation of compounds of
general formula (IIk) with hydrazines, for example, as described in Deeb et al., Journal of

the Chinese Chemical Society, 37(3), 287-94; 1990.



10

15

20

25

31\ / 63%228.0 44(4,4-Difluoropiperidin-1- H2N (MH)

yl ) met hyl | pyri di n- 3-am ne 32 \ / 46% 208. 0 14(3- Am nopyri di n-4-

(MHH) vyl )wethultipioger i di n- 4- ol PCT/EP2011/053818
30

Scheme 12. General synthetic route for preparation of compounds of formula (Il).

N-N N-N

7 Ny—y N

— R'NH,NH, _
H,N 3 R, — > RN P~

() (I

wherein Z, R! and R? are as defined in formula (I);

Compounds of general formula (II) can be prepared by cyclisation of compounds of
general formula (II1) with hydrazines, for example, as described in Haider et al., Journal
of the Chemical Society, Perkin Transactions 1: Organic and Bio-Organic Chemistry, 1,

169-72; 1986.

Scheme 13. General synthetic route for preparation of compounds of formula (Im).

Y Y
N N~
N 7 N
_ . _
L NH R N-R?
W W

(llm) (Im)

wherein W, Y, R! and R? are as defined in formula D;

Compounds of general formula (Im) can be prepared by sequential alkylation / arylation

of 7H-pyrrolo[2,3-d]pyrimidines (IIm), for example as described in WO2009080682.

Scheme 14. General synthetic route for preparation of compounds of formula (In).

(lin)

wherein Y, Z, R! and R? are as defined in formula D;

Compounds of general formula (In) can be prepared by cyclisation of compounds of
general formula (IIn) with hydrazines, for example, as described in Filaok et al., Journal

of Organic Chemistry, 73(10), 3900-3906, 2008.

Scheme 15. General synthetic route for preparation of compounds of formula (lo).

H2NCH



250.1 14(3- Am nopyri di n-4- 42% H2NOAc (MtH) ypnet hyl | pi peridin-4-y1
acetate 34 ft 48% 235.1 14(3- Am nopyridin-4- NH2
WO 2011/113798 PCT/EP2011/053818
31

HZ PhCH,Br Q NH,NH, 9 5,\1;,? _ Ak, PN

\ \ 7 H

RS S Sa Y e ¥ e 56
wherein Z, R! and R? are as defined in formula (I);

Compounds of general formula (Io) can be prepared according to Scheme 15, for example

5 as described in Haider et al., Journal of the Chemical Society, Perkin Transactions 1:

Organic and Bio-Organic Chemistry, 1, 169-72; 1986.

Scheme 16. General synthetic route for preparation of compounds of formula (Ip).
SMe NH NH

2 2
P gmerea M 0 M
— 2) NH, __ RLB.O —
B X N<p2 X .N<Rp2 o 1 X .N<p2
{Ip)

10 wherein R' and R? are as defined in formula (I);

Compounds of general formula (Ip) can be prepared according to Scheme 16, for example

as described in WO 200713482%.

15 Optionally, a compound of formula (I) can also be transformed into another compound of

formula (I) in one or more synthetic steps.

The following abbreviations have been used:

Ac acetyl

AcOH acetic acid

aq aqueous

Ar aryl

Boc tert-butoxycarbonyl
caled calculated

cat catalytic

conc concentrated

d day

DCE dichloroethane



(MtH) yl) et hyl | pi peri di ne-4-carboxam de H2NN /| 63% 194.1
4- (Mor phol i n-4-yl nmet hyl ) pyri di n- 3- H2NNo ( MtH) am ne
WO 2011/113798 PCT/EP2011/053818
32

DCM dichloromethane

DIPEA diisopropylethylamine

DMA dimethylacetamide

DMF dimethylformamide

EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride

ESI electrospray ionization

EtOAc ethyl acetate

EtOH ethanol

h hour(s)

HBTU O-benzotriazole-N,N,N’,N’-tetramethyl-uronium-hexafluoro-
phosphate

HOBT 1-hydroxybenzotriazole hydrate

HPLC High Performance Liquid Chromatography

HRMS High-Resolution Mass Spectrometry

IBX 2-lodoxybenzoic acid

Int Intermediate

LDA lithium diisopropylamide

M molar

mCPBA meta-chloroperbenzoic acid

Me methyl

MeCN Acetonitrile

MeOH methanol

min minute(s)

Ms methanesulfonate

MS Mass Spectrometry

NaBH(OAc); sodium triacetoxyborohydride

NMP N-methylpyrrolidone

Pd,(dba); tris(dibenzylideneacetone)dipalladium(0)

Ph phenyl

PhMe toluene

r.t. room temperature

SCX Strong Cation Exchange

SM starting material

tBul.i tert-butyllithium



WO 2011/ 113798PCT/ EP2011/ 053818 47 Int Structure Crude yield LCMS (ES)
Internmedi ate Nane 36 / 45% 208.1 (MtH) 4- R2-Met hyl norpholin-4- yllnmethyllp

yridi n-3 warhné 138N 37 \ | 83% PCT/EP2011/053818
33
tBuOH tert-butanol
TFA trifluoroacetic acid
THF tetrahydrofuran
TsOH p-toluenesulfonic acid

X-Phos 2-dicyclohexylphosphino-2',4",6'-triisopropylbiphenyl



208.1 (M+H) 4- R3 -Methyl norpholin-4- yllnethyllp yridin-3 -amne HN 2
38 100% 250.1 (M+H) 4- {12-(2-Methyl propyl)norpholin-4- yll nethyllp
yridi n-3 wermne13Ms \ / H2N PCT/EP2011/053818
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EXAMPLES AND INTERMEDIATE COMPOUNDS

Experimental Methods

5 Reactions were conducted at room temperature unless otherwise specified. Microwave
reactions were performed with a Personal Chemistry/Biotage microwave reactor using
process vials fitted with aluminum caps and septa. Hydrogenations were performed using
a Thales H-Cube. Preparative flash chromatography was performed on Merck silica gel
60 (230-400 mesh) or using a Flash Master Personal system equipped with Strata SI-1

10 silica gigatubes. Reverse phase column chromatography was performed on a Gilson
system (Gilson 321 pump and Gilson FC204 fraction collector) equipped with Merck
LiChroprep® RP-18 (40-63um) columns. Reverse Phase HPLC was performed on a
Gilson system with a UV detector equipped with Phenomenex Synergi Hydro RP 150 x
10 mm, or YMC ODS-A 100/150 x 20 mm columns, or on an XTerra Prep MS C18 5 um

15 19 x 50 mm system. The purest fractions were collected, concentrated and dried under
vacuum. The methanesulfonate intermediates were prepared from the corresponding
alcohols and methanesulfonyl chloride and triethylamine in DCM. Compounds were
typically dried in a vacuum oven at 40 °C prior to purity analysis. Compound analysis
was performed by HPLC/LCMS using either an Agilent 1100/1200 Series Liquid

20 Chromatograph/Mass Selective Detector (MSD) (Single Quadrupole)
(1946A/1946C/1956C/6110) equipped with an electrospray interface or using an Agilent
1100 HPLC system / Waters ZQ mass spectrometer connected to an Agilent 1100 HPLC
system with either an ACE 3 C8 column (50 x 3.0 mm, 1 mL per min, gradient 10-97%
MeCN in water (+0.1% TFA) over 3 min, 215-395 nm, method A) or a Phenomenex
25 Synergi, RP-Hydro column (150 x 4.6 mm, 4 um, 1.5 mL per min, 30 °C, gradient 5-
100% MeCN (+0.085% TFA) in water (+0.1% TFA) over 7 min, 200-300 nm, method
B). Accurate masses (HRMS) were measured using either an Agilent MSD-TOF
connected to an Agilent 1100 HPLC system (during the analyses the calibration was
checked by two masses and automatically corrected when needed. Spectra were acquired
30 in positive electrospray mode. The acquired mass range was m/z 100-1100. Profile
detection of the mass peaks was used), or using a Thermo Scientific LTQ Orbitrap XL
equipped with an Advio TriVersa NanoMate electrospray ion source (during the analyses
the calibration was checked by three masses. Spectra were acquired in positive
electrospray mode. The acquired mass range was m/z 100-2000. Samples were dissolved

35 in DMSO to give 10mM solutions which were then further diluted with MeOH or 10mM



39 /| 72%222.1 (MtH) 4- { (2R 68 )-2,6-D nethyl norpholind-yll nethyllp
yridin-3 -am ne H2NNO 40 \ / 70% 220.0 (M+H) 4- {
8- Oxa- 3- awahworyining3 . 2. 1l octan3-yl methyl }p yridi n-3 - arCmEP20H2/653818
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NH4OAc in MeOH to ~0.1M solutions prior to analysis). The compounds prepared were
named using ACD Name 6.0, 7.0 or 10.0.

INTERMEDIATE 1
5 3-Bromo-1H-pyrrolo[3,2-c]pyridine
N
7 N\

Br X NH

5-Azaindole (118 mg, 1.00 mmol) and copper(Il) bromide (669 mg, 3.00 mmol) were
mixed with MeCN (10 mL) and stirred for 1.5 h. To the mixture was added 2 M ammonia
in MeOH (12 ml.) and the resulting suspension was added to water (40 mL) and extracted

10 with EtOAc (2 x 60 mL). The organic layers were combined and washed with brine and
evaporated to yield the title compound (190 mg, 32%). MS (ESI+) m/z = 197, 199
(M+H)".

INTERMEDIATE 2

15 tert-Butyl 3-bromo-1H-pyrrolo[3,2-c]pyridine-1-carboxylate
N

7 N\
o)

Br N\ N\‘(

o)
To a mixture of Intermediate 1 (1.80 g, 9.14 mmol) in DCM (60 ml.) was added di-tert-
butyl dicarbonate (2.18 g, 10.0 mmol) followed by 4-dimethylaminopyridine (122 mg,
1.00 mmol). After 80 min the solution was diluted with DCM (20 mL) and washed with
20 0.1 M HCI (25, 10 mL) and brine. The organic layer was dried (NaySQOy,), filtered and

evaporated to yield the title compound as a light yellow solid (2.47 g, 90%). MS (ESI+)
m/z =299 (M+H)".

INTERMEDIATE 3
25 tert-Butyl 3-(4-chlorophenyl)-1H-pyrrolo[3,2-¢c ]Jpyridine-1-carboxylate
N
7\

N N\gojé

Cl



41 \ |/ 99% 222.1 (M+H) 4- R2, 2-Di net hyl nor pholin-4- yllmethyllp yridin-3
-am ne H2NNO 42 \ [/ 100% 222.1 (MtH) 4-1(3,3 -Di net hyl nor phol i n-4-
yl ) met hylwp 29rividB1983 - ami ne  H2NNO PCT/EP2011/053818
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Intermediate 2 (33.0 mg, 0.10 mmol) was mixed with 80% aqueous dimethoxyethane (1

ml), 4-chlorophenylboronic acid (23.0 mg, 0.15 mmol) and K,COs (35.0 mg, 0.25

mmol). Tetrakis-(triphenylphosphine)palladium(0) (6.00 mg, 0.005 mmol) was added and

the mixture was stirred at 80 °C for 80 min. After cooling, water (0.8 mL) and EtOAc (8

5 mL) were added. The mixture was centrifuged and the organic layer was separated. Flash

chromatography (1:3 EtOAc/toluene) gave the title compound (21 mg, 64%). HRMS
(ESI+) caled for C]anClNzOz 3280979, found 328.0980.

INTERMEDIATE 4
10 3-(4-Chlorophenyl)-1H-pyrrolo[3,2-c]pyridine
N

7\

L NH
cl
Intermediate 3 (2.20 g, 6.68 mmol) was mixed with DCM (20 mL) and TFA (10 mL,, 130
mmol). After 3 h the mixture was evaporated and then co-evaporated with MeOH (3 x).
The residue was dissolved in EtOAc (80 ml.) and washed with 10% aq. Na,CO; (3 x 20
15 mL) and brine. The organic layer was dried (Na,SO,) and concentrated to yield the title

compound (1.48 g, 97%). MS (ESI+) m/z =229, 231.

INTERMEDIATE 5

tert-Butyl 4-(3-bromo-1H-pyrrolo[3,2-¢ Jpyridin-1-yl)piperidine-1-carboxylate
N
7 N\

" \_NCN\("
-

Intermediate 1 (394 mg, 1.99 mmol), tert-butyl 4-[(methylsulfonyl)oxy]piperidine-1-
carboxylate (614 mg, 2.20 mmol) and Cs,COj; (1.30 g, 4.00 mmol) in DMF (10 mL) was

20

heated at 80 °C overnight. Most of the solvent was evaporated and the residue was
purified by flash chromatography (3% MeOH in CHCls) to give the title compound as an
25 off-white solid (260 mg, 34%). MS (ESI+) m/z = 380, 382 (M+H)".

INTERMEDIATE 6



43 | 79% 252.1 (M+Na) Met hyl 4-1(3-am nopyridin-4-

ypnet hyl | mor phol i ne- 3-carboxyl ate H2N )-1 Me02C

44 N_\ /w02941208799 (M+H) 4- (1, 4- Oxazep an-4-yl net hyl ) ppcirdire@1anisne H2N
207.0 37

tert-Butyl 4-[3-(3,4-dichlorophenyl)-1 H-pyrrolo[3,2-c]pyridin-1-yl]piperidine-1-

7\
Cl O\é

A mixture of Intermediate 5 (38.0 mg, 0.10 mmol), K,CO; (34.0 mg, 0.25 mmol),

carboxylate

5 tetrakis(triphenylphosphine)palladium(0) (6.00 mg, 0.005 mmol) and 3,4-dichlorophenyl-
boronic acid (23.0 mg, 0.12 mmol) in 1,4-dioxane (0.8 mL) and water (0.2 ml.) was
heated at 80 °C for 3 h. The crude product was purified by preparative HPLC to give the
title compound as a white solid (12 mg, 27%). HRMS (ESI+) caled for Cy3Hp5C1L N3O,
445.1324, found 445.1336.

10
INTERMEDIATE 7
tert-Butyl 4-{1H-pyrrolo[2,3-c]pyridin-3-yl}-1,2,3,6-tetrahydropyridine-1-
carboxylate

7\

HN 2 (o \6
!
15 A suspension of 1H-pyrrolo[2,3-c]pyridine (0.95 g, 8.05 mmol), tert-butyl 4-oxo-
piperidine-1-carboxylate (1.70 g, 8.54 mmol) and KOH (0.95 g, 17.0 mmol) in MeOH (10
ml.) was heated at reflux overnight. The mixture was added to ice-water (50 ml.) and
then MeOH (50 mL) was added. The resulting solution was concentrated to circa 50 mL
and then extracted three times with DCM/MeOH (9:1, 50 mL). The organic layers were
20 combined and concentrated and the residue was purified by flash chromatography (9:1

DCM/MeOH) to yield the title compound as a light yellow solid (2.21 g, 92%). MS
(ESI+) m/z = 300 (M+H)".

INTERMEDIATE 8
25 tert-Butyl 4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]-1,2,3,6-tetrahydro-

pyridine-1-carboxylate
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A suspension of Intermediate 7 (30.0 mg, 0.10 mmol), (4-chlorophenyl)boronic acid (16.0
mg, 0.10 mmol), copper(Il) acetate (18.0 mg, 0.10 mmol) and triethylamine (20.0 mg,
0.20 mmol) in DCM (1 mL) was stirred for 72 h. The mixture was concentrated and then
purified by preparative HPLC to yield the title compound (5.20 mg, 13%). MS (ESI+)
m/z =410, 412 (M+H)".

INTERMEDIATE 9
tert-Butyl 4-{1H-pyrrolo[2,3-c]pyridin-3-yl}piperidine-1-carboxylate
N

7\

HN_ 2 \_ o \6
!
A suspension of Intermediate 7 (598 mg, 2.00 mmol) and 10% Pd/C (cat) in EtOH (3 mL)
and cyclohexene (1.5 mL) was heated at 150 °C for 25 min in a microwave reactor. The

mixture was filtered and evaporated to yield the title compound as a colourless oil (540

mg, 89%). MS (ESI+) m/z = 302 (M+H)".

INTERMEDIATE 10
tert-Butyl N-(4-{1H-pyrrolo[2,3-c]pyridin-3-yl}cyclohex-3-en-1-yl)carbamate
N

7\

Q
N 5 )
o)

N

H
A suspension of 1H-pyrrolo[2,3-c]pyridine (0.95 g, 8.05 mmol), tert-butyl (4-
oxocyclohexyl)carbamate (1.82 g, 8.54 mmol) and KOH (0.95 g, 17.0 mmol) in MeOH
(10 mL) was heated at reflux overnight. The solution was added to ice-water (50 mL.) and
then MeOH (50 mL) was added. The resulting solution was concentrated to circa 50 mL
and extracted three times with DCM/MeOH (9:1, 50 mlL) and the organic layers were

combined and concentrated. The residue was purified by flash chromatography (9:1

WO
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DCM/MeOH) to give the title compound as a white solid (1.96 g, 78%). MS (ESI+) m/z =
314 M+ID)™.

INTERMEDIATE 11
tert-Butyl N-(4-{1H-pyrrolo[2,3-c]pyridin-3-yl }cyclohexyl)carbamate
N

7\

Q
ML % e
o)

N

H
A suspension of Intermediate 10 (235 mg, 0.75 mmol) and 10% Pd/C (cat) in EtOH (2.5
ml.) and cyclohexene (1 ml.) was heated at 140 °C for 20 min in a microwave reactor.
The mixture was filtered and concentrated to yield a diastereoisomeric mixture of the title

compound (229 mg, 97%). MS (ESI+) m/z = 316 (M+H)".

INTERMEDIATE 12
tert-Butyl N-{4-[1-(4-chloro-2-methylphenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]-

cyclohexyl }carbamate

2\
m/& &QH&OK

A suspension of Intermediate 11 (32.0 mg, 0.10 mmol), (4-chloro-2-
methylphenyl)boronic acid (17.0 mg, 0.10 mmol), copper(ll) acetate (18.0 mg, 0.10
mmol) and triethylamine (20.0 mg, 0.20 mmol) in DCM (1 mlL.) was stirred for 72 h. The
mixture was concentrated and then purified by preparative HPLC to yield a
diastereoisomeric mixture of the title compound (1.30 mg, 2.9%). MS (ESI+) m/z = 440,
442 (M+H)".

INTERMEDIATE 13
1-(4-Chlorophenyl)-1H-pyrrolo[2,3-¢ ]pyridine
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A suspension of 1H-pyrrolo[2,3-c]pyridine (1.18 g, 10.0 mmol), 1-bromo-4-
chlorobenzene (2.87 g, 15.0 mmol), copper(l) iodide (95.0 mg, 0.50 mmol), K5sPO, (4.46
g, 21.0 mmol) and trans-diaminocyclohexane (250 pl., 2.00 mmol) in 1,4-dioxane (15
ml.) was heated to reflux for 5 days. The mixture was concentrated and the residue was

5  purified by flash chromatography (EtOAc) to yield the title compound as a light brown
solid (2.08 g, 90%). MS (ESI+) m/z = 229, 231 (M+H)".

INTERTMEDIATE 14
(4-Chlorophenyl)(pyrazin-2-yl)methanamine

NH,
N
( \J)\@L
-
N Cl

Pyrazine-2-carbonitrile (10.5 g, 100 mmol) was dissolved in PhMe (100 mL) at O °C and

10

4-chlorophenyl magnesium bromide (100 ml, 1.0 M in Et;,O, 100 mmol) was added
portion-wise over 5 min. The reaction mixture was stirred for 6 h and NaBH, (7.58 g, 201
mmol) and tBuOH (100 mL) were added. The reaction mixture was warmed to 60 °C for
15 18 h and quenched with 1 M aq NaOH solution. The aqueous layer was extracted with
EtOAc and the combined organic layers were dried (MgSOy) and concentrated in vacuo.
The residue was purified by flash chromatography (DCM:EtOH:NH3 200:8:1 to 50:8:1)
to give the title compound as a brown oil (7.46 g, 34%). MS (ESI+) m/z = 220.0 (M+H)".

20  INTERMEDIATE 15
(4-Methylphenyl)(pyrazin-2-yl)methanamine

NH2
N
N
( m
N

The title compound was prepared as a crude brown oil (890 mg, 9%), similarly to
Intermediate 14, using p-toluyl magnesium bromide instead of 4-chlorophenyl

25 magnesium bromide.

INTERMEDIATE 16
N-[(4-Methylphenyl)(pyrazin-2-yl)methylJmorpholine-4-carboxamide
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Intermediate 15 (890 mg, 4.47 mmol) and DIPEA (0.93 ml., 5.36 mmol) were dissolved
in DCM (20 mL). 4-Morpholinecarbonyl chloride (0.56 mlL., 4.91 mmol) was added and
the reaction mixture was stirred for 2 d. The reaction mixture was diluted with DCM,

5 washed with 1 M aq HCl and 1 M aq Na,COs3, dried (MgSQOy) and concentrated in vacuo.
The crude product was purified by flash chromatography (1-2% MeOH in DCM) to give
the title compound as a yellow gum (690, 49% mg). MS (ESI+) m/z = 313.5 (M+H)".

INTERMEDIATE 17
10 N-[(4-Chlorophenyl)(pyrazin-2-yl)methyllmorpholine-4-carboxamide

@

o

Intermediate 14 (1.83 g, 8.33 mmol) and DIPEA (1.59 mL, 9.16 mmol) were dissolved in
DCM (40 mL). 4-Morpholinecarbonyl chloride (1.05 mL, 9.16 mmol) was added and the
reaction mixture was stirred for 3 d. The reaction mixture was diluted with DCM, washed

15 with 1 M aq HCl and 1 M aq Na,CO3, dried (MgSOy,) and concentrated in vacuo to give
the crude title compound as a brown solid (2.55 g, 92%). MS (ESI+) m/z = 333.0
(M+H)".

INTERMEDIATE 18
20 1-[(4-Chlorophenyl)(pyrazin-2-yl)methyl]-3-(2-methoxyethyl)-3-methylurea

[O\
N/

o
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Preparation o ol of pyri di n= yl I nter
used without further purification in the synthesis of Example 37.

10
INTERMEDIATE 19
1-[(4-Chlorophenyl)(pyrazin-2-yl)methyl]-3,3-dimethylurea

\N/

HN ®)
N
( m
~
N Cl

Intermediate 14 (440 mg, 2.00 mmol) and DIPEA (0.42 mlL., 2.40 mmol) were dissolved
15 in DCM (20 mL). Dimethylcarbamyl chloride (0.20 mL, 2.20 mmol) was added and the
reaction mixture was stirred for 3 d. Further dimethylcarbamyl chloride (0.10 mL, 1.10
mmol) was added and the reaction mixture was stirred for 6 h. The reaction mixture was
diluted with DCM, washed with 1 M aq HCl and 1 M aq Na,COs;, dried (MgSO,4) and
concentrated in vacuo to give the crude title compound as a red oil (§10 mg, 88%). MS

0 (BESI+) m/z = 291.3 (M+H)".

INTERMEDIATE 20

N-[(4-Chlorophenyl)(pyrazin-2-yl)methylJoxane-4-carboxamide
o

HN ®)
N
( m
~
N Cl

25 Intermediate 14 (490 mg, 2.23 mmol), tetrahydropyran-4-carboxylic acid (319 mg, 2.45
mmol) and DIPEA (0.43 mL, 2.23 mmol) were dissolved in DMF (10 mL) and HBTU

(930 mg, 2.45 mmol) was added. The reaction mixture was stirred for 3 d and
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concentrated in vacuo. The reaction mixture was dissolved in EtOAc, washed with 1 M

aq HCl and 1 M aq Na,COs3, dried (MgSO,) and concentrated in vacuo to give the crude
title compound as a light brown gum (514 mg, 69%). MS (ESI+) m/z = 332.4 (M+H)".

5 INTERMEDIATE 21
N-[(4-Chlorophenyl)(pyrazin-2-yl)methyl]-2-(oxan-4-yl)acetamide

o

HN ®)
N
( m
~
N Cl

The title compound was prepared as a crude brown oil (419 mg, 53%), similarly to
Intermediate 20, using tetrahydropyran-4-yl-acetic acid instead of tetrahydropyran-4-
10 carboxylic acid. MS (ESI+) m/z = 346.1 (M+H)".

INTERMEDIATE 22

N-[(4-Chlorophenyl)(pyrazin-2-yl)methylJoxolane-3-carboxamide
o)

HN ®)
N
( m
~
N Cl

15 The title compound was prepared as a crude brown oil (465 mg, 61%), similarly to
Intermediate 20, using tetrahydro-3-furoic acid instead of tetrahydropyran-4-carboxylic
acid. MS (ESI+) m/z = 318.0 (M+H)™.

INTERMEDIATE 23
20 N-[(4-Chlorophenyl)(pyrazin-2-yl)methyl]-4-methoxycyclohexane-1-carboxamide

O/

N Cl
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The title compound (523 mg) was prepared similarly to Intermediate 20, using 4-

methoxycyclohexane carboxylic acid instead of tetrahydropyran-4-carboxylic acid, as a

crude brown oil which was used without further purification.

5 INTERMEDIATE 24

N-Methoxy-N-methyloxane-4-carboxamide

N,O-Dimethylhydroxylamine  hydrochloride (1.23 ¢, 127 mmol) and N-
methylmorpholine (3.80 ml., 34.5 mmol) were dissolved in DCM (20 ml.) and a solution
10 of oxane-4-carbonyl chloride (1.71 g, 11.5 mmol) in DCM (20 ml.) was added drop-
wise. The reaction mixture was stirred for 2 h, then diluted to 200 mL with DCM, washed

with 1 M aq HCI (2 x 100 mL), IM aq NapCO3 (100 mL) and water (100 mL), dried
(MgSOy4) and concentrated in vacuo to give the crude title compound as a yellow oil

(1.87 g, 94%). LCMS (ES+): 174.1 (M+H)".
15

INTERMEDIATE 25

3-Fluoro-4-[(oxan-4-yl)carbonyl]pyridine

\ 7

F O
®)

Diisopropylamine (1.50 ml, 10.8 mmol) was dissolved in THF (30 mL) and cooled to -78
20 °C under nitrogen. nBul.i (4.32 ml., 2.5 M in hexanes, 10.8 mmol) was added drop-wise
and the resulting solution was stirred at -78 °C for 10 min, at O °C for 30 min and then re-
cooled to -78 °C. 3-Fluoro-pyridine (0.93 ml., 10.8 mmol) was added drop-wise over 5
min and the reaction mixture was stirred for 2 h. A solution of Intermediate 24 (1.87 g,
10.8 mmol) in THF (15 mL) was added and the reaction mixture was allowed to warm to
25 room temperature and stirred for 15 min. The reaction mixture was quenched with sat aq

NH4OAc (10 mL) and diluted with EtOAc (200 mL). The organic fraction was washed

with water (2 x 50 mL), dried (MgSQO4) and concentrated in vacuo to give the crude title

compound as an orange oil (1.45 g, 64%). LCMS (ES*): 210.1 (M+H)".

30  INTERMEDIATE 26
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3-(Oxan-4-yl)-1H-pyrazolo[3,4-c]pyridine

\ 7/
HN\N/
o
Intermediate 25 (255 mg, 1.22 mmol) and hydrazine monohydrate (134 mg, 2.68 mmol)
were dissolved in NMP (3 mL) and the reaction mixture was heated in a microwave at
160 °C for 20 min. The reaction mixture was purified by SCX chromatography to give the
title compound as an orange oil (245 mg, 99%). LCMS (ES+): 204.1 (M+H)".

INTERMEDIATE 27
4-[(3,3-Difluoropyrrolidin-1-yl)methyl]pyridin-3-amine

N=—

W/,

oL

E
3-Amino-pyridine-4-carbaldehyde (250 mg, 2.05 mmol) was dissolved in DCM (4 mL)
and MeOH (4 mL), and 3,3-difluoropyrrolidine hydrochloride (353 mg, 2.46 mmol) and
NaBH(OAc)3 (521 mg, 2.46 mmol) were added. The reaction mixture was stirred for 18
h, quenched with water (5 mL) and the solvents were removed in vacuo. The residue was
dissolved in DCM (20 mL) and washed with sat aq NapCO3 (5 mL). The aqueous phase
was extracted with DCM (3 x 20 ml) and the combined organic fractions were dried

(MgSO4) and concentrated in vacuo to give the crude title compound as a yellow gum

(246 mg, 56%). LCMS (ES+): 214.0 (M+H)".

INTERMEDIATES 28-50
Intermediates 28-50 were prepared similarly to Intermediate 27, by reacting 3-amino-

pyridine-4-carbaldehyde with the appropriate amine; see Table 1 below.
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Table 1: Preparation of pyridin-3-amino intermediates

HR?
\ _— \ 7
H,N =0 NaBH(OAC)s H,N R®
Crude LCMS
Int Structure Intermediate Name
yield (ESY)
194.1 1-[(3-Aminopyridin-4-
28 Q 58% Y
H,N N<:L (M+H)* yDmethyl]pyrrolidin-3-ol
OH
208.0 4-[(3-Methoxypyrrolidin-1-
29 Q 67% Py
H N N/\:L (M+H)* ylmethyl]pyridin-3-amine
O/
N 192.1 4-(Piperidin-1-ylmethyl)pyridin-3-
30 Q 48% . ' P Y oy
H N N: > (M+H) amine
B 228.0 4-[(4,4-Difluoropiperidin-1-
31 Q . 63% . o )
H N NC>< i (M+H) yDmethyl]pyridin-3-amine
B 2080 | 1-[(3-Aminopyridin-4-
32 Q 46% . ‘py‘ '
H N NC>_OH (M+H) yDmethyl]piperidin-4-ol
B 250.1 1-[(3-Aminopyridin-4-
33 Q 42% . ) y‘ )
H,N N<:>—OAC (M+H) yDmethyl]piperidin-4-yl acetate
\ 7/ 235.1 1-[(3-Aminopyridin-4-
34 QN NH 48% + -py- . .
H N . (M+H) yhmethyl]piperidine-4-carboxamide
N\ / 194.1 4-(Morpholin-4-ylmethyl)pyridin-3-
35 /\ 63%
H,N N o) M+H)* amine
/




69%
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acetate
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Crude LCMS
Int Structure ield (ESH Intermediate Name
yie
N 208.1 4-[(2-Methylmorpholin-4-
36 Q /_( 45% . YROpROT
H,N N o (M+H) yDmethyl]pyridin-3-amine
B 208.1 | 4-[(3-Methylmorpholin-4-
37 QH 83% ) YIOIpROT
H,N N o (M+H) yDmethyl]pyridin-3-amine
N= .
250.1 4-{[2-(2-Methylpropyl)morpholin-4-
18 ) L00% { ylpropyl)morp
(M+H)* yllmethyl}pyridin-3-amine
H,N N o)
N\ / \/ 222.1 4-{[(2R,65)-2,6-Dimethylmorpholin-
39 2% { Yo
HN N ;O (M+H)* 4-yllmethyl }pyridin-3-amine
N 220.0 4-{8-Oxa-3-azabicyclo[3.2.1]octan-
40 \ ¢ 70% . { e
H N N o (M+H) 3-ylmethyl}pyridin-3-amine
B 222.1 4-1(2,2-Dimethylmorpholin-4-
41 \ ¢ /A( 99% . IO
H N N o (M+H) yDmethyl]pyridin-3-amine
/
B 222.1 4-[(3,3-Dimethylmorpholin-4-
42 VAN 100% . YOI
H N N 5 (M+H) yDmethyl]pyridin-3-amine
\ 7/ 252.1 Methyl 4-[(3-aminopyridin-4-
43 79%
HN N O (M+Na)* yDmethyl]Jmorpholine-3-carboxylate
MeO,C
N=
208.0 4-(1,4-Oxazepan-4-ylmethyl)pyridin-
44 N\ / f\ 9% ) | p y ybpy
H.N N (M+H) 3-amine
_°
a 0 2070 | 4-{(3-Aminopyridin-4-
s | MY~ 75% ( Y
H N N NH M+H)* ylD)methyl]piperazin-2-one
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1H pyrazolol3, 4-
H 3-Methyl -

HN, / N

HN,

clpyridin-3-yl}nmorpholine HN, / N 4
Crude LCMS
Int Structure ield (ESH Intermediate Name
yie
B o— w61 | FU*
46 N /_/ 84% ™ ﬁ)+ Methoxyethyl)(methyl)amino]methyl
+

LN N\ }pyridin-3-amine

4 \_ / 0% 293.1 tert-Butyl 4-[(3-aminopyridin-4-
A .

H,N N NHBoc (M+H)* ylD)methyl]piperazine-1-carboxylate

48 \ 7/ 550, 307.2 tert-Butyl N-{1-[(3-aminopyridin-4-
(%
HN N NHBoc (M+H)" yDmethyl]piperidin-4-yl}carbamate
\ /_(_NHBOC 1231 tert-Butyl N-({4-[(3-aminopyridin-4-

49 100% yDmethylJmorpholin-2-

HN N 0O (M+H)"

7 yl}methyl)carbamate
B o— g | U
50 \ 7/ /_/ 79% ™ ﬁ)+ Methoxyethyl)amino]methyl } pyridin
+
AN N -3-amine
INTERMEDIATE 51

tert-butyl N-[(3-aminopyridin-4-yl)methyl]-N-(2-methoxyethyl)carbamate

\ 7

HN

2

NHBoc

5  Intermediate 50 (293 mg, 1.62 mmol) was dissolved in DCM (20ml.) and di-tert-butyl

dicarbonate (388 mg, 1.78 mmol) was added. The reaction mixture was stirred for 2 h,

washed with sat aq NapCO3 (20 mL), dried (MgSO4) and concentrated in vacuo to give

the crude title compound as a yellow gum (366 mg, 81%). LCMS (EST): 282.1 (M+H)".

10 INTERMEDIATE 52

3,3-Difluoro-1-{1H-pyrazolo[3,4-c]pyridin-3-yl }pyrrolidine

61 \ / 36 75%

/' N



63 \ / 38 100% 261.1 (MrH) 2-(2-Methyl propyl)-4- {

1Hpyrazolol3, 4-clpyridin-3- yl } norpholine HN, / N WO
2011/ 113'A96RaI/HPA811/ 053818 51 Int Structure SM Crude PCeEEP2LITNBIIES)
I nternedi ate Nane 64 \ / 39 49

N=—

\ 7/

HN, 2N
F

E
Intermediate 27 (246 mg, 1.15 mmol) was dissolved in AcOH (14 ml.), and a solution of
NaNO, (79.6 mg, 1.15 mmol) in water (121 pl.) was added. The reaction mixture was
stirred for 5 min and then concentrated in vacuo. The residue was dissolved in EtOAc (20

5 mlL) and washed with sat aq NapCO3 (2 x 10 mL). The organic phase was dried

(MgSO4) and concentrated in vacuo to give the crude title compound as a yellow gum

(182 mg, 70%). LCMS (ES+): 225.0 (M+H)".

INTERMEDIATES 53-75
10 Intermediates 53-75 were prepared similarly to Intermediate 52, by reacting Intermediates

29-49 and 51 with NaNO,; see Table 2 below.

Table 2: Preparation of 1H-pyrazolo[3,4-c]pyridin-3-yl intermediates

NaNO,

\ 7/ . \ 7/
H,N R HNS PR
Crude | LCMS
Int Structure SM Intermediate Name
yield (ESY)
\ W/ 205.0 | 1-{1H-Pyrazolo[3,4-c]pyridin-3-
53 ey 28 98% . o
v N Z (M+H)™ | yl}pyrrolidin-3-o0l
OH
\ 7 219.0 | 3-Methoxy-1-{1H-pyrazolo[3.,4-
54 "y 29 89% . o o
v N Z (M+H)™ | c]pyridin-3-yl}pyrrolidine
O——
\ / 203.1 | 1-{1H-Pyrazolo[3,4-c]pyridin-3-
55 30 2%
HN, 7 NQ (M+H)" | yl}piperidine




52% 233. 1 (M+H)
yl } mor phol i ne HN,
3-{ 1H Pyrw@abo{@d3#Ascl pyri di n-3- yl }-8-oxa-3- azabi cyclop8TZxriéionsisne HN,

/' N

(2R, 6S)-2, 6- Di nethyl-4- {

1Hpyrazol o{ 3, 4-cl pyri di n- 3-

65 \ / 40 72%231.1 (M-H)

N 66 \ / 41 91% 233.1 (M+H) 50
Crude | LCMS
Int Structure SM Intermediate Name
yield (ESY)
N=
\ 7 239.0 | 4,4-Difluoro-1-{1H-pyrazolo|[3,4-
56 31 70% o S
N ,\Q( - (M+H)* | c]pyridin-3-yl}piperidine
F
N/, 219.1 1-{1H-Pyrazolo[3,4-c]pyridin-3-
57 32 60% o
AN, 2N (M+H)" | yl}piperidin-4-ol
OH
N\ / 261.1 1-{1H-Pyrazolo[3,4-c]pyridin-3-
58 33 69% o
HN\N/ N (M+H)" | yl}piperidin-4-yl acetate
OAc
\ 7 w | g | 2460 | (IHPyrzolol3 d-clpyridin 3-
59
HNSGZ N NH, ’ (M+H)" | yl}piperidine-4-carboxamide
o}
\ 7/ 205.1 | 4-{1H-Pyrazolo[3,4-c]pyridin-3-
60 35 53% MaED | vl holi
HN, 7 N/\\\/\O (M+H)* | yl}morpholine
N/, 219.1 2-Methyl-4-{ 1H-pyrazolo[3,4-
61 36 75% . o )
HN, 2 N/\( (M+H)" | c]pyridin-3-yl}morpholine
N \\/ 5
N\ / 219.1 3-Methyl-4-{1H-pyrazolo|[3,4-
62 37 66% o '
HN PN (M+H)" | c]pyridin-3-yl}morpholine
_°
_ 2-(2-Methylpropyl)-4-{ 1H-
) 611 ( ylpropyl)-4-{
63 38 100% pyrazolo[3,4-c]pyridin-3-
HN, 2~y (M+IH)*
N \\/o yl}morpholine

/



2, 2-Di et hyl-4- {

1Hpyrazolo{ 3, 4-cl pyridi n-3- yl}norpholine HN, /

[ 42 73% 233.1 (MtH) 3, 3-Dinethyl-4- { 1Hpyrazolo{3, 4-cl pyridin-3-

yl } mor phowOrze11/HB§98/ N

68 \ / 43 74% 263.0 (M+H) MeChyEP26l1/053818

1H pyrazol o{3, 4- cl pyridin-3-yl}norphdline-3- carboxylate N, / HrTh
Crude | LCMS
Int Structure SM Intermediate Name
yield (ESY)
\ / 331 (2R,65)-2,6-Dimethyl-4-{ 1H-
64 N, 2 N/\( 39 52% M pyrazolo[3,4-c]pyridin-3-
\\(O yl}morpholine
_ 3-{1H-Pyrazolo[3,4-c]pyridin-3-
\ 7/ 231.1 HH-by P
65 40 2% yl}-8-oxa-3-
HN, 2~y (M+IH)*
N o azabicyclo[3.2.1]octane
- 2,2-Dimethyl-4-{ 1H-
66 Nt a | o | 2 10[3,4-cIpyridin-3
o razolo[3,4-c]pyridin-3-
HN, 2 N/\k oy | Y
N \\/o yl}morpholine
o 3,3-Dimethyl-4-{ 1H-
67 Nt o | ne | 10[3,4-c]pyridin-3
o razolo[3,4-c]pyridin-3-
HN, 2 N>L\ (M+H)* by by
N \\/o yl}morpholine
\_ / 63,0 Methyl 4-{ 1H-pyrazolo[3,4-
68 43 | 74% " | cIpyridin-3-yl}morpholine-3-
HN\N/ N/\\ (M+H)+ py y } p
)\/O carboxylate
MeO,C
\ 7/ 219.0 | 4-{1H-Pyrazolo|[3,4-c]pyridin-3-
69 44 88%
N Nh} (M+H)" | yl}-1,4-oxazepane
NG
\ 7/ 218.0 | 4-{1H-Pyrazolo[3,4-c]pyridin-3-
70 o 45 60% ) )
HN. 2 N/\‘( (M+H)" | yl}piperazin-2-one
N L
— N-(2-Methoxyethyl)-N-methyl-
\ / 207.0 e o g
71 O 46 100% 1H-pyrazolo|3,4-c]pyridin-3-
~ N .
\ amine

67 \



Me02C

69 \ / 44 88% 219.0 (M+H) 4-{ 1H Pyrazol o{ 3, 4-cl pyri di n- 3-

yl }-1, 4- oxazepane HN, / N 70 \ / 45 60% 218.0 (MtH) 4-{
1H Pyr azowo{28114H819pyri di n- 3- yl } pi perazin-2-one HN, / RCHHEP2011/053818
52

10

15

Crude | LCMS
Int Structure SM old (ESH Intermediate Name
yie
\ _/ 3042 tert-Butyl 4-{1H-pyrazolo[3,4-
72 o /\\ 47 45% (M+ﬁ)+ c]pyridin-3-yl}piperazine-1-
o 7
N N\\/ NHBoG carboxylate
Q s | By N-({TH-
73 48 66% . pyrazolo[3,4-c]pyridin-3-
"7 NQ\ M+’ yl}piperidin-4-ylcarbamate
NHBoc
\ / 3340 tert-Butyl N-[(4-{1H-pyrazolo
74| N P~ /\(\ NHBoc | 49 71% M [3.4-c]pyridin-3-yl}morpholin-2-
\\/O ylDmethyl]carbamate
= 203.0 tert-Butyl N-(2-methoxyethyl)-N-
75 Q o 51 87% ™ ﬁ)+ {1H-pyrazolo[3,4-c]pyridin-3-
~ +
HN, 2 Nad yl}carbamate
INTERMEDIATE 76

tert-Butyl 4-[1-(4-chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperazine-1-
carboxylate

\ 7

N, 2
CI/®/ N N\/\\/\NHBOC

Intermediate 72 (400 mg, 1.32 mmol) was dissolved in DMF (3.6 mlL.) and 1-chloro-4-
iodobenzene (377 mg, 1.58 mmol), N,N'-dimethylethylenediamine (28.4 pul., 0.26 mmol),
K3PO4 (588 mg, 2.77 mmol) and Cul (25.1 mg, 0.13 mmol) were added. The reaction

mixture was placed under No and heated in a microwave at 140 °C for 20 min. The

solvents were removed in vacuo and the residue was purified by column chromatography
to give the crude title compound as a light yellow gum (138 mg, 25%). LCMS (ES+):
414.0 (M+H)".

INTERMEDIATE 77
tert-Butyl N-{1-[1-(4-chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperidin-4-

yl}carbamate




71\ |/ 46 100% 207.0 (M+H)

N- (2- Met hoxyet hyl ) - N-net hyl 1H pyrazol o{ 3, 4-cl pyridin-3- amne HN, //----/
N W0020111¥137w8 798PCT/ EP2011/ 053818 52 I nt Struct ur eCSMPAIu®essys el d
LCVMS (ES) Internediate Name 72 \ /| 47345% 304. 2

N=—

\ 7/
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20

N N/ N
Cl NHBoc

Intermediate 77 was prepared similarly to Intermediate 76 using Intermediate 73 instead

of Intermediate 72, to give the crude title compound as a light yellow solid (5.0%). LCMS
(EST): 428.0 (M+H)".

INTERMEDIATE 78
tert-Butyl  N-({4-[1-(4-methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-ylJmorpholin-2-
yl}methyl)carbamate

W,

NHBoc
/O/N\N/ \
_°

Intermediate 78 was prepared similarly to Intermediate 76, using Intermediate 74 instead

of Intermediate 72 and 1-methyl-4-iodo-benzene instead of 1-chloro-4-iodobenzene, to

give the crude title compound as a yellow gum (35%). LCMS (EST): 424.0 (M+H)".

INTERMEDIATE 79
tert-Butyl N-(2-methoxyethyl)-N-[1-(4-methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-
yllcarbamate

N=

\ 7/

(o]
N. 2 S~ -~
“N NBoc
cl

Intermediate 79 was prepared similarly to Intermediate 76, using Intermediate 75 instead

of Intermediate 72, to give the crude title compound as a yellow gum (6.9%). LCMS
(ES*): 383.1 (M+H)".

INTERMEDIATE 80
1-[1-(4-Methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperidin-4-yl acetate



(MtH) tert-Butyl

HN, NL..../NHBoc 73 \ /| 48 66% 318.1 (M+H) tert-Butyl

N (1- { 1HwoaaolasB84- cl pyri di n- 3- vyl

NHBoc
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74 \ | 49 71%334.0 (M+H) Hert-Butyl N-1(4-11H pyrazolo

N=—

\ 7/

N, 2
N
N
/O/ Q\OAC

Intermediate 80 was prepared similarly to Intermediate 76, using Intermediate 58 instead

of Intermediate 72 and 1-methyl-4-iodo-benzene instead of 1-chloro-4-iodobenzene, to

give the crude title compound as a yellow gum (30%). LCMS (ES*): 351.0 (M+H)".

INTERMEDIATE 81
4-[1-(4-Methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-ylJmorpholine-3-carboxylic acid

hydrochloride
a HCI
\ / c
N
/O/ \N/ \ (@]
HO,C

Example 66 (1.00 g, 2.84 mmol) was dissolved in THF/water (16 mlL, 1:1), lithium
hydroxide monohydrate (262 mg, 6.24 mmol) was added and the reaction mixture was
stirred for 3 h. The THF was removed in vacuo and the resulting aqueous solution was
acidified to pH 1 with 1 M aq HCl (~5 mL). The precipitate was collected by filtration
and washed with water to yield the title compound as an orange solid (28.3 mg, 2.7%).

LCMS (EST): 338.9 (M+H)*. HPLC (method B): Rf 4.40 min, 97% purity.

INTERMEDIATE 82

N-methoxy-N-methyloxolane-3-carboxamide

—N
Ia®
Tetrahydro-3-furoic acid (412 plL, 4.31 mmol) was dissolved in DMF (18 mL) and HBTU
(1.96 g, 5.17 mmol) was added. The reaction mixture was stirred for 1 h and N,O-
dimethylhydroxylamine hydrochloride (504 mg, 5.17 mmol) and DIPEA (2.25 mL, 12.9

mmol) were added. The reaction mixture was stirred overnight and concentrated in vacuo.

The residue was diluted with DCM (40 mL) and washed with sat aqg NH4Cl1 (20 mL) and
sat aq NapCO3 (20 mL), dried (MgSO4) and concentrated in vacuo. The residue was

purified by normal phase column chromatography to give the crude title compound as a

yellow gum (1.11 g). LCMS (ES+): 160.1 (M+H)".

} piperidin-4-yl) cprariEranmios3sidN,

r

4-{1H pyrazol ol 3, 4- cl pyridin-3-yl}piperazi ne-1carboxyl ate

N



13 ,4-clpyridin-3-yll norpholin-2- yl)methyllc arbamate HN, NHBoc r N

75 - 51 87% 293.0 (M+H) tert-Butyl

N- ( 2- met hweyetiiyB)98N11H pyrazol 013, 4-cl pyridi n-3- yl | eaTFERe®o5388 /
/----1C)---- HNrNBoc N | NTERVEDISATE 76 tert-Butyl

441- (4- chl orophenyl) - 1H pyrazol o[ 3, 4-c] pyri di n-3-yl ] pi per azi ne-| car boxyl ate

INTERMEDIATES 83-85
Intermediates 83-85 were prepared similarly to Intermediate 82, by reacting N,O-
dimethylhydroxylamine hydrochloride with the appropriate carboxylic acid; see Table 3

5 below.

Table 3: Preparation of Weinreb amide intermediates

/O_
—NH . HCl o—
HO . N/
R’ -
HBTU, DIPEA Rr?
° DMF o>_
Crude | LCMS
Int Structure old (ESH Intermediate Name
yie
o— tert-Butyl 3-
83 — < w0 | 20 [methoxy(methyl)carbamoyl]
© methoxy(met carbamoyl |mor
M (M+Na)* Y Y Y
o N pholine-4-carboxylate
Boc
_ tert-Butyl (2R)-2-
P 297.0 Y
84 _ NBoc 85% [methoxy(methyl)carbamoyl]mor
(M+Na)*
o) o pholine-4-carboxylate
O_
/ H 187.0 N-Methoxy-N-methyl-6-
85 —N N 48% 4 Y
o (M+H)* | oxopiperidine-3-carboxamide
o

10 INTERMEDIATE 86
(3-Chloropyridin-4-yl)(oxan-4-yl)methanol

\ 7

Cl O
HO

Magnesium (86.5 mg, 3.60 mmol) was stirred vigorously under nitrogen for 30 min. THF
(2 mL) and dibromoethane (2 drops) were added and the reaction mixture was warmed to
15 50 °C. A solution of 4-bromotetrahydropyran (495 mg, 3.00 mmol) in THF (4 mlL) was
added drop-wise over 5 min and the reaction mixture was heated at reflux for 2 h. A
solution of 3-chloro-4-pyridaldehyde (170 mg, 1.20 mmol) in THF (4 mlL) was added
drop-wise over 5 min and the reaction mixture was heated at reflux for 6 h, stirred at

room temperature overnight and heated at reflux for 8 h. The reaction mixture was cooled



5 Internmediate 72 (400 ng, 1.32 nmmol) was dissolved in DVF (3.6 nL) and
1-chl oro-4- iodobenzene (377 ng, 1.58 mmol), N, N-di net hyl et hyl enedi am ne
(28.4 p. wonpéiiarel ), K3PO4 (588 ng, 2.77 mol) and CulPCiaP2di1/063819. 13
mmol ) were added. The reaction m xtur® was placed under N2 and heated in a
m crowave at 140 C for 20 min. The tosolvents were renoved in vacuo and the
resi due wasp pukhd fedciy wiel $480mg SILONBnAEIN2PRY rdai@l MRl §af dkded ith| e
conmpound as a light yellow gum (138 ng, 25% . LCMS (ES+): 414.0 (MH)

| NTERVEDI EtfiAc A0 gy apd @@tasgpeous fraction was extracted with EtOAc (3 x 40 mL). The

N-{141- ( 4&&%9&9&2%&’%&%% U BZRhRL Birithsat AL I Qz@ﬁi'),]di’feﬂwgﬁbn'aﬂa_

yl I carbamate WO 2011/ 113798PCT/ EP2011/ 053 18 53 N\ 7/ | nternmedi ate 77
was pr eparedesiatdd iapbiguot 'Bhd nesiduanwal rariéicd By osinrg phase evlnmdichtosak@raphst ead of

Internediate 72, to gi.ve the crude tjtle conpound as | i gh el low solid
(5.09 7 LEMVEYY ES-gEyde Aseampappps 2 V) ?%htqﬁMg 9
N- ({441- (429retMyipheny0- 1H- pyrazol o[ 3, 4-c] pyri di n- 3-yl ] nor phol i n- 2-

yl I met hyl ) car bamat e 10l nternedi ate 78 was prepared simlarly to
Internmediate 76, using Internediate 74 instead of Internediate 72 and
1'”Ethy|'ﬁ¢h9@QEPﬁR§E@? instead of 1-chloro-4-iodobenzene, to give the
crude title conpound as a yellow gum (35% . LCVS (ES): 424.0 (M+H)

| NTERVEDI Ac(Hhlqi®-4-Boeamt-4-8Licarbonyl]pyridine

N- (2- net hoxyet hyl ) - N41- (4- net hyl phgny1) - 1H pyrazol o[ 3, 4-c] pyri di n- 3-

yl ] car bamat e \

Cl O

10 ©

Intermediate 86 (99.0 mg, 0.43 mmol) and IBX (183 mg, 0.65 mmol) were suspended in
DCE (2 ml) and the reaction mixture was heated at 70 °C overnight. The reaction
mixture was filtered and the solids washed with DCM (50 mL). The filtrate was

concentrated in vacuo to give the crude title compound as a yellow gum (109 mg). LCMS

15 (ESH): 226.2 (M+H)".

INTERMEDIATE 88

3-Fluoro-4-[(oxolan-3-yl)carbonyl]pyridine
N=
W,

F

3 O

20  Diisopropylamine (605 pl., 4.30 mmol) was dissolved in THF (8 mL) and cooled to -78
°C. nBul.i (1.72 mL, 2.5 M in hexanes, 4.30 mmol) was added and the resulting solution
was stirred for 10 min, warmed to room temperature for 30 min and re-cooled to -78 °C.
3-Fluoro-pyridine (370 ul, 4.30 mmol) was added drop-wise and the reaction mixture
was stirred for 2 h. A solution of N-methoxy-N-methyloxolane-3-carboxamide (685 mg,

25 4.30 mmol) in THF (4.2 ml.) was added drop-wise and the reaction mixture was warmed
to room temperature and stirred for 15 min. The reaction mixture was quenched with sat

aq NH4OAc (5 mL), diluted with EtOAc (50 mL), washed with water (2 x 25 mL), dried
(MgSO4) and concentrated in vacuo. The residue was purified by normal phase column

chromatography to give the title compound as a yellow gum (61.0 mg, 10%). LCMS



Internmediate 79 was prepared simlarly to Internmediate 76, using
Internmediate 75 instead of Internediate 72, to give the crude title
conmpound W® 2a11yE@B198w gum (6.9% . LCMS 20(ES-F): 383.1 ( WEHEP201INDERMEDI ATE
80 141- (4- Met hyl phenyO- 1H- pyrazol o[ 3,%-c] pyri din-3-yl | piperidin-4-yl
acetate WD 2011/113798PCT/ EP2011/ 053818 54 I nternmedi ate 80 was prepared
simlarly I igte 76, using Internediate 58 instead of Internediate
72 and 1- ﬂ%@ﬁy%ﬁi@ﬁﬂ%fbenzene i nstead of 1-chloro-4-iodobenzene, to give
the crude title conpound as a yellow gum (30%. LCVMsS (ES-F): 351.0 (MtH). 5
| NTERVEDI

441- (4- mﬁﬁ?’%ﬁ@?ﬁ?‘ﬁé@ﬁ%razm o[ 3, 4-c] pyri di n-3-yl | nor phol i ne-3-car boxylic
aci d hydr oedihediade 8919(35(1611&Qir€p26@1 §ihildfy go [ReBdbdinrBY, Wwascadiigs dlfved-i n

THF/ wat er l'i £ hi um hydr oxi de noh %rate (262 ng, 6.24 nmol)
was addledP H’dnqswgthr%%&rmremlarﬁ‘&?m% e stq TG FOPVS h. The THE was removed
in vacuo and the resulting aqueous solution was acidified to pH1 with 1 M
ag HCL (-5 nl). The precipitate was collected by filtration and washed w th
wat er to Yrbled: Preparationof Softgararidl (Byridin-doylinagkonylinterypediatesny, 2. 79 . 15
LCMS (ES): 338.9 (MtH). HPLC (rrethodoB) Rf 4.40 mm 97% purity.

| NTERVEDI ATE 82 N- net hoxy- N-rret hyl-oxol ane- 3-carboxamide 0- / -N>_clo O
20Tetrahydro-3-furoic acid ( 2 p. L, R%l mmo) ) /vas di ssol ved in DMVF (18

m.) and HBTU (1.96 g, 5.17m é wase added ie\r eacti on m xture was
stirred for 1 h and N, O- I yor oxy am e _fydtochl ori de (504 ng, 5.17
mrol ) and DI PEA (2.25 ni, ¢ were added) The reaction mxture was

stirred overni ght and concent rat ed in vacuo. Th& residue was diluted with

DCM (40 nm) and washed with sat ag NHACl1 (20 nl) and 25sat agq Na2CO3 (20
m.), dried (MJSH) and concentr at €duden| VREMS The resi due was purified by
nor ma] IPhase coSHWEMWRr onat o@%phy.t& gim he crudelntermediate Ngmend as |a
yel low gum (1.11 g). LOVS (ES+):| #8891[ |l wo
2011/{113798PCT{EP2011/ 053818 .
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89 — o] 83 54% . yDcarbonylJmorpholine-4-
F _) (M+H)*
3 N carboxylate
Boc
N . 2-[(3- idin-
7\ 3110 tert-Butyl (2R)-2-[(3-fluoropyridin
90 — NBoc 84 50% 4-yl)carbonylJmorpholine-4-
F (M+H)*
4 5 carboxylate
223.0 | 5-[(3-Fluoropyridin-4-
91 85 5.4%
(M+H)" | yDcarbonyl]piperidin-2-one
228.1 3,5-Difluoro-4-[(oxan-4-
92 24 32%
(M+H)" | yl)carbonyl]pyridine
F
- 228.1 2,5-Difluoro-4-[(oxan-4-
93 N\ / 24 67%
(M+H)" | yl)carbonyl]pyridine
F o)
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10 INTERMEDIATE 94



55 | NTERVEDI ATES 83- 85 I nternedi ates 83-85 were prepared simlarly to
Internmedi ate 82, by reacting N, 0- dinethyl hydroxylam ne hydrochloride with
t he appr opoi2atigiiegmsboxyl i c aci d; see Table 3 5bel ow. TalpCa/ER201R08633288 at i on
of Weinreb am de internediates HO ,0-38-NH . HC O0- / -N-R2 0 -R2 0 HBTU,
DI PEA DWVF Int Structure Crude yield LCM5 (ES) Internediate Nane 83 o- /

100% 297. Qrf-Blitya - [tseéﬁlol%lpwhna4-yl)(@uh&eyy&amynyip):ﬁamawbbwte

phol i ne-4-carboxylate -r\

\ /

Cl NBoc
HO

Diisopropylamine (1.82 ml., 12.9 mmol) was dissolved in THF (40 mL) and cooled to -78
°C. nBul.i (4.93 ml,, 2.5 M in hexanes, 12.3 mmol) was added drop-wise and the solution
5 was warmed to room temperature, stirred for 45 min and re-cooled -78 °C. A solution of
3-chloropyridine (1.40 g, 12.3 mmol) in THF (6 ml.) was added and the reaction mixture
was stirred at -78 °C for 4 h. A solution of tert-butyl 4-formylpiperidine-1-carboxylate
(2.89 g, 13.6 mmol) in THF (6 ml.) was added and the reaction mixture was warmed to
r.t. and stirred for 2 h. The reaction mixture was quenched with water (60 ml.) and
10 extracted with DCM (100 mL and 2 x 30 mL). The combined organic fractions were dried

(MgSO4) and concentrated in vacuo. The residue was purified by normal phase column

chromatography to give the title compound (2.94 g, 73%) as a yellow gum. LCMS (ES):
271.0 (M+H-tBu)".

15 INTERMEDIATE 95
tert-Butyl 4-[(3-chloropyridin-4-yl)carbonyl]piperidine-1-carboxylate
N=
W,

Cl NBoc
(e}

Intermediate 95 was prepared similarly to Intermediate 87, using Intermediate 94 instead

of Intermediate 86, to give the crude title compound as a yellow liquid (84%). LCMS
20 (ESt): 269.0 M+H-tBu)".

INTERMEDIATE 96
1-(4-Chlorophenyl)-5-fluoro-3-(oxan-4-yl)-1H-pyrazolo[3,4-c]pyridine

25 Intermediate 93 (3.09 g, 13.6 mmol), 4-chlorophenylhydrazine hydrochloride (2.68 g,
15.0 mmol) and DIPEA (4.73 mL, 27.2 mmol) were dissolved in DMA (20 mL) and



oN Boc 84 0- / 85%297.0 (MtNa) tert-Butyl (2R)-2-
| met hoxy( net hyl ) car banoyl | nor phol i ne-4-carboxylate -[\iTc 0o-/
0- H 48%we200/11518) + PCT/EP2011/053818
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heated using a microwave at 175 °C for 2 h. The precipitate was collected by filtration,

washed with MeOH (2 x 10 mL) and dried in vacuo to give the title compound as a light
yellow solid (974 mg, 22%). LCMS (ES*): 332.0 (M+H)".

INTERMEDIATE 97
3H,4H,5H-Pyrrolo[3,2-d]pyrimidin-4-one

HO \ /N

HN,__~

Ethyl 3-amino-1H-pyrrole-2-carboxylate hydrochloride (3.00 g, 15.7 mmol) was
dissolved in EtOH (40 mL). Formamidine acetic acid salt (2.44 g, 23.5 mmol) was added
and the reaction mixture was heated under reflux at 83 °C for 18 h. The reaction mixture
was cooled to r.t. and the precipitate was collected by filtration, washed with EtOH and
dried in vacuo to give the title compound as a beige solid (1.70 g, 80%). LCMS (ES™T):
135.9 (M+H)".

INTERMEDIATE 98
7-Bromo-3H,4H,5H-pyrrolo[3,2-d]pyrimidin-4-one
Ho—\ N

AN Z B

Intermediate 97 (1.70 g, 12.6 mmol) and NBS (2.69 g, 15.1 mmol) were dissolved in
DMF (100 mL) and stirred for 18 h. The reaction mixture was diluted with water (50 mL)
and the resulting solid was collected by filtration, dried, suspended in MeOH and filtered.

The filtrate was concentrated in vacuo to give the title compound as a beige solid (2.60 g,

97%). LCMS (ES*): 213.9, 215.9 (M+H)".

INTERMEDIATE 99
7-Bromo-4-chloro-5H-pyrrolo[3,2-d]pyrimidine

=\N
Cl \ /

AN b

Intermediate 98 (1.30 g, 6.07 mmol) was suspended in POCl; (60 ml.) and heated at 115

°C for 3 h. The reaction mixture was cooled to r.t. and poured cautiously onto ice (300

85
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10 | NTERMEDI ATE 86 (3-Chl oropyridin-4-yl)(oxan-4-yl)nethanol Magnesi um
(86.5 ng,wB.260/1B™8) was stirred vigorously under nitro@em/Hreo118838m8 n. THF
(2 nmL) and di bronoet hane (2 drops) weite added and the reaction m xture was
warnmed to 15 50 C. A solution of 4-bronotetrahydropyran (495 ng, 3.00 nmol)
in THFE (4mm)) Tiasa@dd @dx@iORadbsHicaUdh R, Madxirh@ed ®AEEOR: @ Xyoe was
heated at reflux for 2 h. A solution of 3-chloro-4-pyridal dehyde (170 nuy,
1. 20 mmol )L nlhepgombaned) oy eaicsiractigad wetie shiedi(dlaS O¢ bandscappsnaitgd iim dagugde t i on
m xture was heated at reflux for 6 h, stirred at roomtenperature overnight
and heat e#ivatthg B¢ gempgrdgist baigge selisa@dp ghe. 3@ u €M EE 0P eHd. 3489,
2011/ 1137@@?%55%{)11/ 053818 56 to 0 C and quenched with sat ag NH4Cl (10
m.). The reaction m xture was diluted with Et0Ac (40 nlL) and the aqueous
fraction was extracted with EtOAc (3 x 40 nL). The conbi ned organic
fractions hth sat ag Na2CC83 (20 nL), dried (MgSH) and
concentra{wﬁ%ﬁgﬁg.lmhe resi due was purified by normal phase col um
chr omat ogd-afiyroSt-GB,6dibs di- d»2Hepyurae-4tyil i-5@-pyorgbel 32 Jpgrimidiaé € yel | ow gum (69.0
ny, 25% . LCMS (ES-F): 228.2 (MtH). | NTERVEDI ATE 87
3- Chl or o- 4-[ (oxan-4-yl) carbonyl ] p r\ﬁ\ne N_

/

Intermediate 99 (500 mg, 2.15 mmol) was dissolved in THF (30 mL) and cooled to -78
10 °C. tBul.i (3.39 ml., 1.9 M in pentane, 6.45 mmol) was added drop-wise and the reaction
mixture was stirred at -78 °C for 5 min. A solution of oxan-4-one (1.08 g, 10.8 mmol) in
THF (10 mL) was added and the reaction mixture was stirred at -78 °C for 30 min and
then warmed to r.t.. The reaction mixture was quenched with water (5 ml) and
concentrated in vacuo. The residue was purified by reverse phase column

15 chromatography to give the crude title compound as a yellow solid (507 mg, 100%).
LCMS (EST): 236.0 (M+H)".

INTERMEDIATE 101
7-(Oxan-4-yl)-SH-pyrrolo[3,2-d]pyrimidine
20
=\
\ /"
HN 2
o
Intermediate 100 (513 mg, 2.18 mmol) was dissolved in EtOH (4 mL) and cyclohexene (1
ml) and 5 mol% Pd on C (cat) were added. The reaction mixture was heated using a
microwave at 150 °C for 30 min, filtered through celite and the solids washed with
25 MeOH (100 mL). The filtrate was concentrated in vacuo and the residue was purified by

normal phase column chromatography to give the title compound as a yellow gum (52.0

mg, 12%). LCMS (ES): 204.0 (M+1)".

INTERMEDIATE 102



\/ Clo/ 10 Internediate 86 (99.0 ng, 0.43 mol) and IBX (183 ng, 0.65
nmol ) were suspended in DCE (2 nL) and the reaction m xture was heated at
70 C overwOght1/113198 reaction m xture was filtered and tireTHEPRO1ADO5388%hed
with DCM (50 nmL). The filtrate was coricentrated in vacuo to give the crude
title conpound as a yellow gum (109 ng). LCVMS 15(ES-F): 226.2 (M+H)

| NTERVEDI ATERRBoprithideti-0-yh( e8Pl iRieRadnecar bonyl ] pyri di ne

20D i sopropyl am ne (605 p.L, 4.30 mml) was dissolved in THF (8 nL) and
cooled to -78 C. nBuLi (1.72 nL, 2%3\Min hexanes, 4.30 nmol) was added and
the resulting solution was stirre®f 10 mn, warnmed to room tenperature
for 30 mn and re-cooled to -78 -pyridine (370 p.L, 4.30 nmol)
was added drop-wi se and the reactlo e was stirred for 2 h. A

sol ution of N-methoxy-N et hyl oxol ane- 3-carboxam de (685 ng, 25 4.30 nmol)
in THF (4.2 nm) was added drop-w se and the reaction m xture was warnmed to
roomtenperature and stirred for .15 mm_The reaction m_xture was quenched
with sat rm@ﬂ@ﬁc@%wmfepml gt Prnterpdate 59- HiPE Sy ORI REHE v or (2
X 25 m), ifdich@dr § MaSPyrAnR, EP86E Hel @iRidconBOURI asl: !ﬂ?el[d%@ ligue (9es). puri fied
by normal phase col umm ‘chromat ography to give the title conpound as a

yel | ow gubCVBIES 227 0GM+ILCVS WO 2011/ 113798PCT/ EP2011/ 053818 57 (ES):
196. 0 (M+H). | NTERVEDI ATES 89-93 I nt er redi at es 89-93 were prepared
simlarly to Internmedi ate 88, by reacting 3-fluoro5pyridines with the
appropri atneTMEVRDERTBM8le; see Table 4 bel ow. Table 4: Preparation of

3-fluoro-4- (pyridin-4-y|%carbony[, i nter nedi at es I nt
3-(Oxan-4-yl)-1H-pyrrolo[2,3-c]pyridine

\ 7/
HN_ _~

O
10

4-Chloro-3-aminopyridine (200 mg, 1.56 mmol) was dissolved in DMA (4 ml) and
Pds(dba)3 (71.2 mg, 0.08 mmol), X-Phos (74.2 mg, 0.16 mmol), potassium acetate (458
mg, 4.67 mmol) and (tetrahydro-pyran-4-yl)-acetaldehyde (598 mg, 4.67 mmol) were
added under nitrogen. The reaction mixture was heated at 120 °C overnight, cooled to r.t.
15 and partitioned between water (100 mL) and DCM (100 mL). The aqueous fraction was

concentrated in vacuo and the residue was dissolved in DCM (100 mL), dried (MgSOy4)

and concentrated in vacuo to give the crude title compound as an orange/brown solid (314

mg, 99.8%). LCMS (ESt): 203.1 (M+H)".

20  INTERMEDIATE 104
1-(4-Chlorophenyl)-3-nitro-1H-pyrrolo[2,3-c]pyridine

\ 7/

NF No,
cl

Intermediate 13 (1.54 g, 6.74 mmol) was added portion-wise to sulfuric acid (5.85 mlL) at
25 0 °C. The reaction mixture was heated to 55 °C and nitric acid (0.42 mlL, 69% aq

solution, 6.40 mmol) was added cautiously. The reaction mixture was heated at 55 °C for
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3 h and then cooled to room temperature, poured into ice-water (100 mL) and neutralised

cautiously with 6 M aq NaOH. The resulting precipitate was collected by filtration to give

the crude title compound as a brown solid (1.01 g, 55%). LCMS (ES*): 274.0 (M+H)".

INTERMEDIATE 105
1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-amine

N=—

\ 7/

N F NH,
cl

Intermediate 104 (900 mg, 3.29 mmol) was dissolved in EtOAc/EtOH (130 ml., 1:1) and
hydrogenated at 70 °C over 10% Ru/C using a Thales H-cube (0.5 ml/min, 70 bar). The
solvents were removed in vacuo and the residue was purified by normal phase column

chromatography to give the title compound as a brown gum (156 mg, 20%). LCMS
(EST): 244.0 (M+H)".

INTERMEDIATE 106
3-Iodo-2-methyl-1H-pyrrolo[2,3-c]pyridine

\_/
HN/I

2-Methyl-1H-pyrrolo[2,3-c]pyridine (100 mg, 0.76 mmol) was dissolved in CHCls (5
ml.), N-iodosuccinimide (179 mg, 0.79 mmol) was added and the reaction mixture was
stirred for 2 h. The reaction mixture was quenched with 1 M aq sodium thiosulphate (5
ml.) and the CHCl; was removed in vacuo. The reaction mixture was partitioned between

sat ag NaHCO3 (40 mL) and EtOAc (40 mL). The aqueous layer was extracted with
EtOAc (40 mL) and the combined organic fractions were washed with sat aq NaHCO3

(50 mL) and brine (50 mL), dried (MgSOy4) and concentrated in vacuo to give the title

compound as a cream solid (179 mg, 92%). LCMS (ES™): 258.9 (M+H)".

INTERMEDIATE 107
tert-Butyl 3-iodo-2-methyl-1H-pyrrolo[2,3-c]pyridine-1-carboxylate
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\ 7
BoeN___~ |
Intermediate 106 (317 mg, 1.23 mmol) was dissolved in DCM (10 ml), 4-
dimethylaminopyridine (15.0 mg, 0.12 mmol) and di-tert-butyl dicarbonate (295 mg, 1.35

mmol) were added and the reaction was stirred overnight. The reaction mixture was

5  concentrated in vacuo and the residue was purified by column chromatography to give the

title compound as a white solid (369 mg, 84%). LCMS (ESt): 358.9 (M+H)".

INTERMEDIATE 108
3-(3,6-Dihydro-2H-pyran-4-yl)-2-methyl-1H-pyrrolo[ 2,3-c]pyridine
\ 7
HN_ _~

O
10

Intermediate 107 (369 mg, 1.03 mmol), 4-(4,4,5,5-tetramethyl-1,3,2- dioxaborolan-2-yl)-
3,6-dihydro-2h-pyran (260 mg, 1.24 mmol), tetrakis(triphenylphosphine) palladium(0)
(95.2 mg, 0.08 mmol) and NapCO3 (328 mg, 3.09 mmol) were dissolved in dioxane (2
mL) and water (2 mL) and the reaction mixture was heated in a microwave at 160 °C for
15 15 min. The reaction mixture was concentrated in vacuo and the residue was purified by

column chromatography to give the title compound as a pale yellow solid (161 mg, 73%).
LCMS (ES*): 215.1 (M+H)".

INTERMEDIATE 109
20  tert-Butyl N-(2-{4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]piperidin-1-yl}-

2-oxoethyl)carbamate

7\
c. Q&C {NSLOK

A suspension of Example 10 (30.0 mg, 0.070 mmol), N-(tert-butoxycarbonyl)glycine
(15.0 mg, 0.085 mmol), EDC (27.0 mg, 0.14 mmol), HOBT (19.0 mg, 0.14 mmol) and
25 triethylamine (40.0 pL, 0.28 mmol) in THF (2 ml) and MeOH (0.5 ml.) was stirred
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overnight. The mixture was concentrated in vacuo and purified by preparative HPLC to
yield the title compound (13.5 mg, 41%). HRMS (ESI+) caled for CisHyCIN4Os
468.1928, found 468.1936. HPLC (method A): Rf 1.89 min, 97% purity.

INTERMEDIATE 110
tert-Butyl N-(3-{4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c Jpyridin-3-yl]piperidin-1-yl}-

3-oxopropyl)carbamate

7\
AT &QWHWX%

A suspension of Example 10 (30.0 mg, 0.070 mmol), N-(tert-butoxycarbonyl)-[3-alanine
(16.0 mg, 0.085 mmol), EDC (27.0 mg, 0.14 mmol), HOBT (19.0 mg, 0.14 mmol) and
triethylamine (40.0 pL, 0.28 mmol) in THF (2 mL) and MeOH (0.5 ml) was stirred
overnight. The mixture was concentrated in vacuo and purified by preparative HPLC to
yield the title compound (11.5 mg, 41%). HRMS (ESI+) caled for CyH3CIN4O;
482.2085, found 482.2097. HPLC (method A): Rf 1.88 min, 99% purity.

INTERMEDIATE 111
1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridine-3-carbaldehyde
N

7\

Nz ©
Cl H

Intermediate 13 (229 mg, 1.00 mmol) was dissolved in dry DMF (770 pL, 10.0 mmol)
and cooled in an ice-bath. Phosphoryl chloride (920 pL., 10.0 mmol) was added drop-wise
under nitrogen and the reaction mixture was stirred at r.t. for 10 min and then heated at
100 °C for 6 h. After cooling the reaction mixture was added drop-wise to 10% aq
Na,CO; (30 mL). The precipitate formed was collected by filtration, washed with water
(3 x 5 mL) and dried under vacuum to give the crude product (~80% purity) as a brown
solid (240 mg). A small sample (12 mg) was purified by preparative HPLC to give the
title compound as an off-white solid (3.80 mg, 30%). HRMS (ESI+) caled for
C14HoCIN,O 256.0403, found 256.0413. HPLC (method A): Rf 1.30 min, 100% purity.

(MtH)
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EXAMPLE 1
3-(4-Chlorophenyl)-1-(oxolan-3-ylmethyl)-1H-pyrrolo[3,2-c]pyridine
N
7 N\

_ﬁo
N

Intermediate 4 (46.0 mg, 0.20 mmol), tetrahydrofuran-3-ylmethyl methanesulfonate (54.0
mg, 0.30 mmol) and Cs,CO;5; (98.0 mg, 0.30 mmol) were mixed with DMF (2 mL) and

Cl

heated at 80 °C overnight. The solvent was evaporated and the residue was purified by
flash chromatography (4% MeOH in CH;Cl) to yield the title compound (41.0 mg, 66%).
HRMS (ESI+) caled for C;sH;CIN,O 312.1029, found 312.1036. HPLC (method A): Rf
1.75 min, 100% purity.

EXAMPLE 2
tert-Butyl 4-[3-(4-chlorophenyl)-1H-pyrrolo[3,2-c]pyridin-1-yl]piperidine-1-

7\

Intermediate 4 (46.0 mg, 0.2 mmol), fert-butyl 4-[(methylsulfonyl)oxy]piperidine-1-

carboxylate

carboxylate (60.0 mg, 0.30 mmol) and Cs,CO; (98.0 mg, 0.30 mmol) were mixed with
DMF (2 ml) and heated at 80 °C overnight. The solvent was evaporated and the residue
was purified by flash chromatography (3% MeOH in CH;Cl) to yield the title compound
(11.0 mg, 13%). HRMS (ESI+) calcd for Cy3HyCIN;O, 411.1714, found 411.1717.
HPLC (method A): Rf 2.19 min, 98% purity.

EXAMPLE 3
3-(4-Chlorophenyl)-1-(oxolan-3-yl)-1H-pyrrolo[3,2-c]pyridine
N

7\

¥
Cl O
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Intermediate 4 (66.0 mg, 0.29 mmol), tetrahydrofuran-3-yl methanesulfonate (50.0 mg,

0.30 mmol) and Cs,CO; (98.0 mg, 0.30 mmol) were mixed with DMF (2 ml.) and heated

at 80 °C overnight. The solvent was evaporated and the residue was purified by flash

chromatography (3% MeOH in CHsCl) and then preparative HPLC to give the title
5 compound (14.5 mg, 17%). HRMS (ESI+) caled for Cy7H;sCIN,O 298.0873, found

298.0880. HPLC (method A): Rf 1.69 min, 100% purity.

EXAMPLE 4

3-(4-Chlorophenyl)-1-(oxan-4-yl)-1 H-pyrrolo[3,2-c]pyridine
N

7\

SN
cl ©

Intermediate 4 (46.0 mg, 0.20 mmol), tetrahydro-2H-pyran-4-yl methanesulfonate (54.0
mg, 0.30 mmol) and Cs,CO;5; (98.0 mg, 0.30 mmol) were mixed with DMF (2 mL) and

10

heated at 80 °C overnight. The solvent was evaporated and the residue was purified by
flash chromatography (4% MeOH in CH;Cl) and then preparative HPLC to give the title

15 compound (8.70 mg, 14%). HRMS (ESI+) caled for C;5Hy7;CIN,O 312.1029, found
312.1036. HPLC (method A): Rf 1.71 min, 100% purity.

EXAMPLE 5
Bis(2,2,2-trifluoroacetic acid); 4-[3-(4-chlorophenyl)-1H-pyrrolo[3,2-c]pyridin-1-
20  yllpiperidine

.2CF,CO,H
XN
cl NH

tert-Butyl 4-[3-(4-chlorophenyl)-1H-pyrrolo[3,2-c]pyridin-1-yl]piperidine-1-carboxylate
(Example 2; 5 mg, 0.012 mmol) was mixed with DCM (0.15 mL) and TFA (0.05 mL) and
kept at room temperature overnight. The solution was concentrated to yield the title

25 compound (7 mg, 100%). HRMS (ESI+) caled for C;sH;sCIN3 311.1189, found 311.1192.
HPLC (method A): Rf 1.31 min, 100% purity.
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EXAMPLE 6
4-[3-(3,4-Dichlorophenyl)-1H-pyrrolo[3,2-c]pyridin-1-yl]piperidine hydrochloride
N

7\

SN -HCI
cl NH

cl
Intermediate 6 (11.0 mg, 0.025 mmol) was treated with conc. HC1 (0.5 mL) in MeOH (2
ml) at 50 °C for 30 min. The solvents were evaporated and the residue was dried under
vacuum overnight to give the title compound as a white solid (8 mg, 93%). HRMS (ESI+)
calcd for C15H17C1,N3 345.0800, found 345.0802. HPLC (method A): Rf 1.42 min, 100%
purity.

EXAMPLE 7
1-{4-[3-(3,4-Dichlorophenyl)-1H-pyrrolo[3,2-c]pyridin-1-yl]piperidin-1-yl}-2-
hydroxyethan-1-one

N
o N\\(\OH

cl
To a mixture of Example 6 (5.00 mg, 0.013 mmol) and hydroxyacetic acid (2.00 mg, 0.03
mmol) in THF (1 mL) and MeOH (0.5 mL) was added HOBT (4.00 mg, 0.03 mmol),
EDC (5.00 mg, 0.03 mmol) and triethylamine (7.00 pL, 0.05 mmol). The mixture was
stirred overnight and then diluted with MeOH. Purification by preparative HPLC gave the
title compound as a white solid (4 mg, 76%). HRMS (ESI+) calcd for C,0H;9C1,N50,
403.0854, found 403.0857. HPLC (method A): Rf 1.66 min, 99% purity.

EXAMPLE 8
4-[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]-hydrochloride
N

7\

pOaad”

A suspension of Intermediate 8 (3.50 mg, 0.0085 mmol) in 1.25 M HCl in MeOH (1 mL)

-HCI

was stirred overnight. The mixture was concentrated, dissolved in MeOH, concentrated
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again and then dried under vacuum to yield the title compound as a white solid (2.70 mg,

92%). HRMS (ESI+) caled for CisH;i6CIN3 309.1033, found 309.1035. HPLC (method
A): Rf 1.19 min, 94% purity.

5  EXAMPLEO9
tert-Butyl 4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]piperidine-1-

7'\
AT &O“Wgo%

A suspension of Intermediate 9 (497 mg, 1.65 mmol), 1-chloro-4-iodobenzene (472 mg,
10 1.98 mmol), copper(l) iodide (94.0 mg, 0.50 mmol), NN’ -dimethylethylenediamine (44.0
mg, 0.50 mmol) and K;PO, (5§95 mg, 2.80 mmol) in toluene (15 ml) was heated at 110
°C for 72 h. The mixture was cooled to r.t. and diluted with MeOH (15 mL), filtered and

carboxylate

concentrated. The residue was purified by flash chromatography (EtOAc) to yield the title
compound as a yellow solid (606 mg, 89%). HRMS (ESI+) calcd for Cy3Hy6CIN;O,
15 411.1714, found 411.1725. HPLC (method A): Rf 2.14 min, 97% purity.

EXAMPLE 10
1-(4-Chlorophenyl)-3-piperidin-4-yl-1H-pyrrolo[2,3-c]pyridine trifluoroacetate

7 N\

— - CF,CO,H

N F
al NH

A suspension of Example 9 (580 mg, 1.41 mmol) in DCM (10 mL) and TFA (6 mL) was

20

stirred for 2 h, concentrated, dissolved in MeOH and concentrated in vacuo to yield the
title compound (569 mg, 95%). HRMS (ESI+) caled for CisHjsCIN; 311.1189, found
311.1192. HPLC (method A): Rf 1.13 min, 97% purity.

25



WO 2011/ 113798PCT/ EP2011/ 053818 58 tert-Butyl
4-[(3-chl oropyridin-4-y1) (hydroxy) nethyl | pi peridine-I-carboxylate N_\/
Cl NBoc HwoDRniigapmspyl am ne (1.82 nmi, 12.9 mmol) was di ecoEred 1i0m38THF (40
m.) and cooled to -78 69
EXAMPLE 11
tert-Butyl N-{4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]cyclohexyl}-

carbamate

L

cl

5 A suspension of Intermediate 11 (32.0 mg, 0.10 mmol), (4-chlorophenyl)boronic acid
(16.0 mg, 0.10 mmol), copper(Il) acetate (18.0 mg, 0.10 mmol) and triethylamine (20.0
mg, 0.20 mmol) in DCM (1 ml.) was stirred for 72 h. The mixture was concentrated and
purified by preparative HPLC to yield the title compound (6 mg, 14%). HRMS (ESI+)

calcd for C,4Hy5CIN;O, 425.1870, found 425.1878. HPLC (method A): Rf 2.19 min, 99%
10 purity.

EXAMPLE 12
4-[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]cyclohexan-1-amine
15 hydrochloride
N

7\

AN
cl NH,

A suspension of Example 11 (3.50 mg, 0.0082 mmol) in 1.25 M HCl in MeOH (1 mL)

-HCI

was stirred overnight. The mixture was concentrated, dissolved in MeOH and
concentrated in vacuo to yield a diastereoisomeric mixture of the title compound (2.80

20 mg, 94%). HRMS (ESI+) caled for CioHyCIN; 325.1346, found 325.1350. HPLC
(method A): Rf 1.20, 1.25 min, 99% purity.

EXAMPLE 13
4-[1-(4-Chloro-2-methylphenyl)-1H-pyrrolo[2,3-c ]pyridin-3-yl]cyclohexan-1-amine
25 hydrochloride

-HCI

N F
cl NH,



C. nBuLi (4.93 nL, 2.5 Min hexanes, 12.3 nmpbl) was added drop-w se and the
solution 5 was warned to roomtenperature, stirred for 45 mm and re-cool ed
-78 C. Awolatwiwasreef 3-chloropyridine (1.40 g, 12.3 molPCTIRP20iHBS3868 L) was
added and the reaction m xture was stiorred at -78 Cfor 4 h. A solution of
tert-butyl 4-fornyl piperidine-1-carboxylate (2.89 g, 13.6 mmol) in THF (6
M) was addedpeabidn tof @ntk@aeatO M 11.X0 HioC 0\0837 WthdIBth .95 M HCIaRdM&birred for 2
h. The reaction m xture was quenched with water (60 nL) and 10 extracted
with DCM MloovarLstird gvexnigly- ﬂ"@y MIFAEC crihinedigicgdadiseolTqdatt Mstdl iede dri ed
(MySO4)  apdh CAREEN, LAk SFko RSN ARt FRBHE AU fcbrﬁgom (hgggrel phase

col umm chromat ography to ve the title conmpound as a yell ow
gum LCVBIRES-TEEMSAFBI0 qalddFiek CB}:CING 3BWTE}2NED1nATE991505 eIﬂPL(Bmmhod

4-1 (3-¢hl | ] pi peridi ne-1-carboxylate Internediate 95
was prgpa?%g{)F é’r%jIlgrglnrn){%%@%fﬁ)'?r{el?'{'rnedi ate 87, using Internediate 94 instead of
I nternedi ate 86 to give the crude title conpound as a yellow liquid (84%.

LCVB 20( EE 40 (MtH-t Bu) . | NTERVEDI ATE 96
1-(4-Chlo 5-fluoro-3-(oxan-4-yl)-1H pyrazol o[ 3, 4-c]pyridine F WO

2011/ 1137 93CT(4CRibY, 1481-pPrioRpL, 84 1piFidng 33 IpigekNR Y S11a2-(didletiylf or 2 h.
The preci plqt-g:/((a was c%l%ggt edﬁgg/ ﬁi trcli[ty?on %gm?d W tﬁ}ﬁ/E(()H (Zlglx 10 n)
and dri ed2mipojethagslionegi ve the title corrpound as a light yellow solid (974
ng, 22% . LCVS (ES-F): 332.0 (MH) n—& | NTERMEDI ATE 97

3H, 4H, 5H Pyrrol o[ 3, 2-d] pyri m di n-4o Et hyl

3-am no- 1H pyrrol e- 2-carboxyl ate h ochloride (3.00 g, 15.7 mmol) was

di ssolved in EtOH (40 nmL). F ] ic acid salt (2.44 g, 23.5 nmol)
was added toand the reacti ?DW

§ nfnder reflux at 83 C for 18
h. The reaction mxture wasS c ed to r.T> the precipitate was
colleated by filtration, washed with EtOH and®dried in vacuo to give the

titl 13 (siy Aa% yei 15
| NTERVED! AT B B a0, (20 huat b @0 BRED oy hRgRe R ]

| nt er medi 9@&5 opmel), APG, (21;2) Gﬂgm%ll& @WI)NB@@ 9.Qy,ma.5044nmmoD) wed e
dlssolved e was
di |l uted WI t né %%g% Oégdmﬁlgb he re uln'gl“ﬁn%dsﬂgP Hrvvas Cgﬂﬂé‘éﬁéﬁ&
filtrati onyernighteiﬂhe wswewehsetonqn:nm@d-lamtﬂieﬂ purifeded. prafeative [HH 4t © yield

concentr ed n vapcogigi%t(g3 ive 43;}%th§(]§§[n‘?oulgfarsczzfﬂgnqeo%% 11}117(2 60 g,

979% . 'L
found 396 1727. HPLC (method A): Rf 1.23 min, 99% purity.

EXAMPLE 15
1-{4-[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridine-3-yl]piperidin-1-yl}-2-

20  hydroxyethan-1-one

A suspension of Example 10 (30.0 mg, 0.070 mmol), hydroxyacetic acid (6.00 mg, 0.085
mmol), EDC (27.0 mg, 0.14 mmol), HOBT (19.0 mg, 0.14 mmol) and triethylamine (40.0
pL, 0.28 mmol) in THF (2 ml.) and MeOH (0.5 ml.) was stirred overnight. The mixture

25 was concentrated in vacuo and purified by preparative HPLC to yield the title compound
(11.9 mg, 46%). HRMS (ESI+) calcd for Cy0HyCIN;O, 369.1244, found 369.1252.
HPLC (method A): Rf 1.52 min, 98% purity.



| NTERMVEDI ATE 99 257- Br onp- 4-chl oro-5Hpyrrol o[ 3, 2-d] pyrimdine =\ \ / N WO
2011/ 113798PCT/ EP2011/ 053818 60 nml). The reaction m xture was basified with
K2CO3 anawexbrizias®d with Et OAc (3 x 200 nl). The conbi nedTmPg@ni0s38is act i ons
were dried (MJSOX4) and concentrated it vacuo to give the title conmpound as
a beige solid (490 ng, 35%. LCMS (ES): 231.9, 233.9, 235.9 (MtH). 5

| NTERMVEDI AXIA MG 16

4- Chl oro-7- (3, 6-di hydro- 2H pyran-4-y1l)-5H-pyrrol o[ 3, 2-d] pyri m di ne

| nt er medi &tAém@Q'l('%%'WP‘@PH'éwﬁdﬁ'nglQH?, stinvwiin3rylipieridgnlmlly and cool ed
to -78 10 HBuUL , 1.9 Min pentane, 6.45 mvol) was added

dr op-wi seetgiﬁg 1t ehptgg%%?ognmem xture was stirred at -78 Cfor 5 nm A

sol uti on of oxan-4-one (1.08 g, ~ mmol) in THF (10 nL) was added and the
reaction m xture was stirred at X78/C for 30 min and then warnmed to r.t..
The reaction m xture was quenche {th water (5 mkyciand concentrated in
vacuo. The residue was purifi g er e phase col um 15chr omat ography to
give the crude title conpeund-as a yel | T¥-(507 ny, 100% . LCVS (ES):
236.0 (M+H). | NTERVEDI ATE 101 7-(Oxan-4-yl)o5H pyrrol o[ 3, 2-d] pyri m di ne 20

I nternediate 100 (513 ng, 2.18 mml) was dissolved in EtOH (4 nL) and

cycl ohexenesugpengipd obfrferBiediglesh(9d9§A ng, OdB)mmeb én 43 HOtHe MasdE(1.on

el te ani? e a8l feR ICHRRSS BlopRed 1] ot Tiflop bl 1] BERL " oo

concent r atedcomenteatadoinandud he yiess ildudlenasnpund fas @edwhiye siordn@l mphgige). col umm

chr omat og ive th it d.as o] 2.0 r 1299 .
LOVS (ES) ! gﬁos‘?(fﬁ%d_ for Eﬁ%ﬁ@%ﬁf@%@yi i‘iﬂfﬁ%éﬁ%ﬁ%ﬁ@z@%ossew
61 (5- Chl onomis,igvndputitgt- y1) (oxan- 4-yOret hanone N=\ \ 1 N Cl

Internedi ate 102 was prepared simlarly to Internediate 25, using

5-chl d? opyri ni di ne 5i nstead of 3-fluoro-pyridine, to give the crude title

conpound agadpet fpw liquid (61%. LCVS (ES-F): 227.0 (MtH).

3-Amino-1-{4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]piperidin-1-
yl}propan-1-one hydrochloride

-HCI

15 A suspension of Intermediate 110 (7.50 mg, 0.018 mmol) in 1.25 M HCI in MeOH (1.5
ml.) was stirred overnight. The mixture was concentrated in vacuo, dissolved in MeOH
and concentrated in vacuo to yield the title compound as a white solid (7.10 mg, 95%).
HRMS (ESI+) caled for C,;Hy3CIN,O 382.1560, found 382.1564. HPLC (method A): Rf
1.27 min, 98% purity.

20
EXAMPLE 18
2-{4-[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c ]pyridin-3-yl]piperidin-1-yl }ethan-1-ol

N

7\

CI/O/ N\\\

OH



| NTERVEDI ATE 103 3- (Oxan-4-yl)-1Hpyrrol o[ 2, 3-c]pyridine 10

4- Chl oro- 3-am nopyridine (200 ng, 1.56 mmol) was dissolved in DVA (4 nl)
and Pd2( dwa)811(1d3798 ng, 0.08 mmol ), X-Phos (74.2 ng, 0. PETMPRO1)1/053308 assi um
acetate (458 ng, 4.67 mmol) and (tetr&hydro-pyran-4-yl)-acetal dehyde (598
ng, 4.67 mmol) were added under nitrogen. The reaction m xture was heated

at 120 C avakpingioh,ofG0@hpe 1® (25.0 mel 9.(B0nRaN! hidrOnaethetiyaen: va (100
m.) and DCM (ﬁluoo m.) . Th@ aqueous fg%actl on was %oﬁ}gﬁntratﬁgﬁ in V?ggl’m and

t he resi diié8vagoliasd YaRH OA) DAY meo O ) mmgh) is MeRHIDP) mhndvas oiEieht r at ed
in vacuo o (314 ny,
99. 8% | L%ﬁ%ﬂt%nﬁ%ﬁnﬁé&'gfh}fkérgﬁve lm%EH’R%Eﬁsthé‘Hﬂ@&%&%%@E%mg, i,

1- ( 4- Chl oHEpHeHSLY) Gl for 620 R (EN50 §P D[ 4513 faipg h§.diTfe HPLC (njatitodrAvedifat e 13
(1.54 added portion-wise to sulfuric acid (5.85 nL) at
250 C. 9Th21?eér(r1:ntﬂlég) \r%?i'ture was heated to 55 C and nitric acid (0.42 nm_,
69% aq solution, 6.40 nmol) was added cautiously. The reaction m xture was
heat ed at f WO 2011/ 113798PCT/ EP2011/ 053818 62 3 h and then cool ed
to roomtgggé\ﬁ%\"( e, poured into ice-water (100 nlL) and neutralised

cauti ousl yyi4- Eh%r%mywa@ﬁpyﬁbm[z s:%wytrimsgnpp(mipgmomhﬁahymt ed by
filtration to give the crude title conpound as brown solid (1.01 g, 55%.
LCVS (ES-FW"“Q‘P& 0 (MH). Internediate 104 (900 ng, 3.29 mmol) was

di ssolved in EtOAc/EtOH (130 nmL, 1: k) and hydrogenated at 70 C over 10%
Ru/ C using a Thal es Hcube (0.5 nlL/¢h Ny 70 bar). The tosol vents were
removed in vacuo and the residue was=gurified by normal phase col um
chromat ography to give the tit ¥ a brown gum (156 ng, 209%.
LCVMB (ES): 244.0 (MrH). | NTER)
153- | odo- 2- net hyl - 1H—pyrro|cd[2 3= c] pyri diTre

2- Met hyl - 1H-pyrrol 012, 3-cl pyridine (100 ng, O nmol ) was dissolved in
CHCb (5 mL), N-i odosucci ni i de (179 ny, 0.79 k) was added and the
reacti'dn m xture was stirred for 2 h. The reaction mixture was quenched
with 1 M acgus@dsiumof Rkasplk pha2®0 o, B(D)Sah)m@lmle heathiCB-camaldelgrio (€00 1 n

vacuo. The r i reiti n NaHCO3 (40 nlL)
and B oaceds o Sl atESh Bl men e e FBORT 3 Wt
overnight and purified by preparative HPLC to yield the title compound (6.80 mg, 30%).
HRMS (ESI+) caled for CpH»CINs 391.1564, found 391.1568. HPLC (method A): Rf
15 1.24 min, 100% purity.

EXAMPLE 20
4-[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]-1-[(1-methyl-1H-pyrazol-4-yl)-
methyl]piperidine

N
20

A suspension of Example 10 (25.0 mg, 0.059 mmol), 1-methyl-1H-pyrazole-4-

carbaldehyde (19.0 mg, 0.18 mmol) and NaBH(OAc); (37.0 mg, 0.18 mmol) in MeOH

(1.5 mL) was stirred overnight and purified by preparative HPLC to yield the title

compound (4.90 mg, 21%). HRMS (ESI+) caled for CyHpCINs 405.1720, found
25 405.1735. HPLC (method A): Rf 1.26 min, 100% purity.



Et OAc (40 nmL) and the conbined organic fractions were washed with sat aq
NaHCO3 (50 nL) and brine (50 nL), dried (MJSO4) and concentrated in vacuo
to give twe 2iiig798onpound as a creamsolid (179 ng, 929VCT/HPGNBOSIB:S F) :
258.9 (M+H). 25 | NTERMEDI ATE 107 tertBButyl

3-i0do-2-nmet hyl- 1H pyrrol o[ 2, 3-c] pyri di ne-1-carboxylate WO

2011/ 11378&R&PIEP2011/ 053818 63 1 ca BoN-, Internediate 106 (317 ng, 1.23

mol ) was di ssol ved in DCM 4- di met hyl ani nopyrldl ne (15.0 ny, 0.12

10 nmL
nmmol ) and3dt-l-&-Chiprpphengl)d BW&ZO&Z $eipyridine-3-yHpipsridiny l-wer e added and the
reaction h f i The reaction mixture was 5concentrated in
vacuo andy}itqﬁlé@%eésll{lﬁﬂe &l;&p%?l}i i ed by colum chromatography to give the
title conpound as a white solid (8369 ny, 84% . LCMS (ES): 358.9 (M+H).
| NTERVEDI ATE 108

3- (3, 6- Di hydr o- 2H pyr an- 4-y1) - 2- iget iy 1- 1H pyrrol o[# 3-c] pyri dine 10
I nternmedi ate 107 (369 ny, NARLS , 4,5 5-tetranethyl-1, 3, 2-
di oxabor ol an-2-y1)- 3, 6-di n 1.24 mmol),

tetraki s(triphenyl phosphi ne) pal | adi urr(O) (95.2 ng, 0.08 mmmol ) and Na2CO3
(328 ng, 3 0ehsioh bfﬂ@mlal@@elm@ (]O59dllnﬁéﬂ@,r38blbﬂloproﬁio)ntﬁlladlﬂ\ﬂh%[0(12 m.) and
the reaction m%é gwas heated in_a nmcrowave at. 160 C f r ]Iﬁ n. The
reacti on RBALAR WabOc drteivrigt & PHIK Acdplaias sHee é’§ch5‘ st fi ed by

col um chpRIRLRGIARAK (tlelr&ii)\/\;@astaG@eci ddd (Be FQPRAUNELAS was Bt & ﬂé?bh qQwpgol i d
(161 ngy, 73%. LCMB (ES-F): 215.1 é$MH%.C§I NTERMEDI ATE 109 20tert - Butyl

N- ( 2- { 441ther Petifiest by Prspyrativel PGy dg M @i hn@)qumdé@i gl the | - y11-
2- oxoet hy f 0 0 mmol),
N (rort - b ad R miaied tn PSP X g CAERBAD. 03u T8 RO T
mol ) ,10 HOBBSI{ 1&@! fngCﬂBI.ZIQNIM MSandu@b3G4. E‘ItSHyHEInﬁ? l(met(ldrtDA(Dt Rfal.28 @8 mmmol )
in THF (2 ép}.) an d MeOH (0.5 nmL) was stirred

EXAMPLE 22
4-{4-[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c Jpyridin-3-yl]piperidin-1-yl }butanenitrile
15 hydrochloride
N
7 N

N
Nz \/\///

A suspension of Example 10 (25.0 mg, 0.059 mmol), 4-bromobutyronitrile (17.0 mg, 0.12
mmol) and K,CO; (excess) (excess) in dry DMF (2 ml.) was stirred overnight. The
reaction mixture was concentrated in vacuo and purified by preparative HPLC. 1.25 M

20  HClin MeOH (1.5 mL) was added and the mixture was concentrated in vacuo to give the
title compound (9 mg, 37%). HRMS (ESI+) calcd for C;Hp3CINg 378.1611, found
378.1616. HPLC (method A): Rf 1.32 min, 99% purity.

EXAMPLE 23
25 [1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-ylJmethanol
N

7\

N Z
cl OH



WO 2011/ 113798PCT/ EP2011/ 053818 64 overni ght. The m xture was concentrated
in vacuo and purified by preparative HPLC to yield the title conmpound (13.5
ng, 41% .wWORM3/(1ESB+) cal cd for C25H29C1INAO03 468. 1928, Poumk2e168538986. HPLC
(method A): Rf 1.89 mn, 97%purity. B | NTERMVEDI ATE 110 tert-Butyl

N- (3-{441- (4-chl orophenyl)-1H pyrrol o[ 2, 3-c] pyridin-3-yl]piperidin-1-yll3-0
xopr opyl ) sadiban@t@ct326!mg,04.00 miely,- 12:3 MEYothalichPieS hspawrsiman ef, Exanmpl e 10

(30.0 ng, 0.070 nmol ?10 N-(tert-but oxycarbonyl)-13-alanine 10 (16.0 ny,
0. 085 moMyolEme (9@Ho2ng! )0Y61¢4a¢ﬁ1‘?"éltP_,InﬁqwﬁFﬁ/f(t‘lQ?dlﬁ%,m%.Ol@ o) Taad
triethyl aﬁﬁﬂﬁr_e( 4ag'hgat%& BtIT_Bﬂlg( %53@@1]\%611 c%oﬂ-;ﬁ’: thé ?ni%)e V@ﬁdadh@pt'd 2(191‘5&5‘]}) Was

stirred overnight. The m xture was concentrated in vacuo and purified by

pr epar at i (GOHPL thetppegppisitaiothed wit ¢odleg oo fitti@ti¢n, Wwashadgyithyweger (AHRVBLY) ESI +)

cal od for CP ORI GHIAOR. 0%, 208%.00u00, HARnEPR] prbRkin LB R ) v 188
1- (4- Chl orappreny las -4l kelpywr sdid [, Bag] @9Pd).dHRMSB(ESlrpabidé fyd€,H,;dINt@r nedi at e

13 (229 0 ' | ved iin dry. DMF (770 ittlL, 10.0 nmol) 20
and cool ggsﬁ'#@nfogﬁé#aﬁ.a I&’hﬁé%ﬂ@ﬁ% A?:t#‘rrolr%%‘gm( g@gpwtﬂ, 10.0 nmmol ) was
added drop-w se under nitrogen and the reaction mxture was stirred at r.t.
for 10 mn_and then heated at 100 C for 6 h. After cooling the reaction

m xture V\/EgA%]ﬂepdz‘Hrop-wi se to 10% ag Na2CO3 (30 nmL). The precipitate

f or med, was._sEQi4l d j } ex. ; yeand dried
under q(\)/acm% {40651?)%11?)4@ g%@g?%i{???-agb%gﬁlﬁ ?“t%z/ 1 g{s? aéﬂ%rﬁglrv%)nz% solid
(240 ng). A small sanple (12 ng) was p rr\fied by preparative HPLC to give
the title conpound as an off-white sol\Nd £(3.80 ng, 30%9. HRVS (ESI+) calcd
for CL4HOCLIN20 256. 0403, found 256,041 HPLC (nethod A): Rf 1.30 min, 100%
purity. WD 2011/113798PCT/ EP201 EXAMPLE 1

3-(4- Chl orophenyl) - 1- (oxol an- 3 hyl)-1 rrol o[ 3, 2-c] pyri di ne
Internediate 4 (46.0 ng, 0.20 nmmol), tetragzld of ur an- 3- yl et hyl

met hanesul fonate (54.0 5 ng, 0.30 mmol) an 2C33 (98.0 ng, 0.30 mmuol)
were mxed with DVF (2 nL) and heated at 80 € overnight. The sol vent was
evaporated and the residue was purified by flash chromat ography (4% MeOH in
CH3C1) t oAymadnde bhdntérintelmtecDip@28dng, 4100mmy]) H6%) methifpBe(akBk€20.0alcd f or

CLOMLTCINGG, 3121929, [0S, 232 3%, EEBUPTHARS: i Bl £ 1oy 100%
solution of NaBH(OAc)s (25.0 mg, 0.12 mmol) in DMF (100 pL.) was added followed by
15 AcOH (9.50 ul., 0.20 mmol). The reaction mixture was shaken for 1 h and was then
diluted with MeOH (1.5 ml) and water (0.5 mL). The solution was purified by
preparative HPLC to give the title compound as an off-white solid (6 mg, 35%). HRMS
(ESI+) caled for C19H,1CIN, 340.1455, found 340.1465. HPLC (method A): Rf 1.07 min,

94% purity.
20
EXAMPLE 25
tert-Butyl 4-{[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]



EXAMPLE 2 tert-Butyl

443- (4- chl or ophenyl) - 1H pyrrol o[ 3, 2-c] pyri di n-1 -yl ] pi peri di ne-| car boxyl ate
Cl ' ONl-wo208/ns®enedi ate 4 (46.0 ng, 0.2 mmol ), tert- paTEP2011/053818

4-f | met hyl sul f onyl ) oxyl pi peri di ne- 1-75car boxyl ate (60.0 ng, 0.30 nmol) and
Cs2C33 (98.0 ng, 0.30 mmol ) were mxed with DM (2 nL) and heated at 80 C

overni ght A Mu&obﬁ/@fﬁém\/&@&t@\l@pqilﬁbeﬂ 206t Menone snd g wasl pipetdingd-by flash
chr omat ogr aph 3% MeOH in CH3Cl) to yield the title conmpound (11.0 ny,

13% . HRVBUPES|aY (e d) eg Or%rm@gbmséﬂ\%zoeﬁh@eimwa@éWﬁ.@@o 27320 HPLC
(method Ay B fo%1%9Ar§oﬂmoﬁ%?/NQﬂﬁ c?xc)g etragléiﬂe%%&%ﬁpﬁiﬂ@%%%/aQ%QB 66

Internediate 4 (66 ydrofuran 3-y1l net hanesul fonat e
(50.0 g, a@es@olmmn)byaw@fcslzmmromn@ Tig: @artmmqtuwew strtlseadomi hh DVF (2

m.) and h ed
resi dugej mg@%g?lﬁutggwghw chr c%‘?eégﬁ nﬁ\%ﬂﬁf&?‘?g ?fl t hen
pr epar at i yephitive HBLGI tv)eglt/dnehet tild eoﬁp@mﬂp@umﬁo(fMNE smgd (2699 mg HRVB). ( ESI +)

cal cd 1‘885 ”W?@?W’EC T3nIRURY 1898 10880 HRRE TR Do ) RE 169

m n,

3- (4 Chl on sphanykys durltpxan- 4-y1) - 1K pyrrol o[ 3, 2-c] pyri di ne 10
Internmediate 4 (46.0 ny, 0.20 mmol ), tetrahydro-2H pyran-4-yl

met hanesul fonate (54.0 ng, 0.30 mol) and Cs2CAB (98.0 ny, 0.30 nmol) were
m xed W t pxIANpPi(I2241L) and heated at 80 C overni ght. The sol vent was
evaporated and the residue was purified by flash chromatography (4% MeOH in
CH3Cl) and-{tIherChioeqrhenyl)-1H-pirraoi2e3-gipyeidmhdytimethyl}piiresagiorind (8. 70 ny,
14% . HRMS (ESI+) calcd for Cl8H17C1N2Q_312.1029, found 312.1036. HPLC
(method A : Rf 1.71 nmin, 100% purity. EXAVWPLE 5

Bis(2,2,2-trifluoroacetic acid); —

4-[ 3-(4-chl orophenyl) - 1H pyrrol o - gl pyi di n-1- 20yl ] pi peridi ne
tert-Butyl /g/

4- 13- (4-chl or opheny1l) - 1H pyrr A01872- el pyr jti- 1- yI | pi peri di ne- 1- car boxyl at
e (Example 2; 5 ng, 0.012 mml) was m xed @t DCM (0.15 nmL) and TFA (0.05
nm.) and kept at roomtenperature overnight. Nhe solution was concentrated
to yield the title 25conpound (7 ng, 100%. HRVMS (ESI+) cal cd for
C18H18C1NBxadile 2389.80 023 1dmdl] 92s dissolved in MeOH (500 pL) and 2 M HCI in

diethyl ether (1 ml) was added. The mixture was kept at room temperature for 1.5 h. The
15 reaction mixture was concentrated in vacuo and the residue was dissolved in MeOH (1
ml) and 2 M ammonia in MeOH (1 ml.) was added. The solution was purified by
preparative HPLC to give the title compound as a white solid (4.30 mg, 55%). HRMS
(ESI+) caled for C1gHoCIN, 326.1298, found 326.1303. HPLC (method A): Rf 1.02 min,
81% purity.
20
EXAMPLE 27
2-(1-{[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-ylJmethyl }piperidin-4-
yDethan-1-ol
I\

N A
cl N

OH



HPLC ( net
67 EXAWPL

hod A): Rf 1.31 mm 100%purity. WO 2011/113798PCT/ EP2011/ 053818
E 6

4-[ 3- ( 3, wW0i2etasphenyl) - 1H pyrrol of 3, 2-c] pyri di n- 1- yl ppirfpeeéidiosss1s

hydr ochl o
conc. HC1
evapor at e
title co

ride Cl Internediate 6 (1.0 ng, 0.025 mmol) was treated with
(0.5 m) in MeOH (2 5 nL) at 50 C for 30 mn. The solvents were

A @aReiré bent@stadue 1Was(160ied owsdemodacy Kgﬁﬁ@fn@iegﬁholt(gl.gin\@ t he
RVS (ESI +) cal cd for

ound as a white solid (8 93%%ﬂ H
C18F117C19R4 mng)) @804 dighdernefthanes( @@@Tib apb LY 0Nl Wy shrikem ford Tnidy, 100%

purity. 1
1-{443-(3
- hydroxy
and hygro
m.) was a

O ANVENERI1(OAC); (25.0 mg, 0.12 1) in DMF (100 uL. dded followed b
,4-EichIoroéheﬁ?f)-lﬁ¥%yrré?g? ?b-c]dyr?%i%wﬁiilfpfbgpfdi%-l-y11-2

AcOHNCILOople 0.24 @Imaty Eherriesdtion emigfurExanshakes af 5y@0ighyandthea3 miol )

RGP e Ry o0 RSty TSR b sEioh Sl budiid BEDHT (O

tri et hyl apiepsrative. ODLALp diveOthe miviel Jompdhd B3 xtlighe yelksy sdlidr O myed4tbght and

compound MM Uil LG gy a0 Pl e 150 IPE FRARiS oo

403. 0854,
EXAMPLE 8

1fiouns A0S 0R8p7. HPLC (nmethod A): Rf 1.66 min, 99%purity. 20

4-[ 1- (4- Chl or ophenyl) - 1H pyrrol o[ 2, 3-c] pyri di n-3-yl11- hydrochl ori de WO

2011/ 1137
the title
Cl8fl 16C1
purity. 5
441- (4-ch
A suspens
(472 ny,

15

20

25

A]RGPIEP2911/ 053818 68 again and then dried under vacuumto yield
conpound as a white solid (2.70 ng, 92% . HRMS (ESI+) calcd for
N3{[344-Chdaephénylint!-poerold 23-cIpspidinGrd tresbylly)iperidindd-19 nmin, 94%

@éAME 9 tert-Butyl
¥ rSp gﬁyl)-lH—pyrrolo[2,3-e]pyridin-3-y|Ipiperidine-lcarboxylate
ion of Internediate 9 (497 N .65 mol ), 1-chl oro-4-iodobenzene

A mixture of Intermediate 111 (15.0 mg, 0.06 mmol) and 4-piperidinemethanol (28.0 mg,
0.24 mmol) in 1,2-dichloroethane (200 ul.) and DMF (100 pl.) was shaken for 1 h. A
solution of NaBH(OAc)s (25.0 mg, 0.12 mmol) in DMF (100 pL.) was added followed by
AcOH (11.0 pl, 0.24 mmol). The reaction mixture was shaken at overnight and then
diluted with MeOH (1.5 ml) and water (0.5 mL). The solution was purified by
preparative HPLC to give the title compound as an off-white solid (8.10 mg, 38%).
HRMS (ESI+) caled for CyoHyCIN3O 355.1451, found 355.1460. HPLC (method A): Rf
1.06 min, 98% purity.

EXAMPLE 29
4-{[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-ylJmethyl }morpholine
N

7\

AT e



10 1.98 mmol ), copper(l) iodide (94.0 ng, 0.50 mmol), N/ N

- di net hyl et hyl enedi am ne (44.0 ng, 0.50 mmol) and K3PO4 (595 ng, 2.80 nmol)
in tol uerwoQab/1IMB)98Was heated at 110 C for 72 h. The m PCHMEP20@0953300| ed to
r.t. and diluted with MeOH (15 nL), fi17ltered and concentrated. The residue
was purified by flash chromatography (EtOAc) to yield the title conpound as
a _yel I ow a0kixdut 008n@EeBRY0 11 KRB oS08 med 0hal AOrEBBLOEINGG20.24

15411. 1714, found 411.1725. HPLC (et hod Aﬁ ‘? mn, 97%purity.
EXAVPLE 10ml)ia- léﬁléhlefsﬁ@ﬁw@@ubo peck PYITHIK0 yh) wraﬁ Hyakerofop[l 3. A-sejuspRi di ne
trifluoro I n DCM
(10 ) and TEARUA U ERATE; A o df B G TINI"™ n Veor
and concehltlrQa!tlIe,cD 24‘111117@(1:)15 he¢ eeayii@l wixidre wap tshakee ongoighdand3Ben difjite DT . HRIVB

(T35 i o NGSul s it R &6“?6@%@%?@%%@? Asd rhrBEnss sRbasaRRIE Y

t ert - But ybive the title compound as a light yellow solid (7.60 mg, 39%). HRMS (ESI+) calcd for

e oI Ry AR Bl oo

(4-chl orophenyl )boronic acid (16.0 ng, 0.10 nmol), copper(ll) acetate (18.0
ng, 0.10 nnnl) and triethylamne (20.0 ng, 0.20 nmol) in DCM (1 nlL) was
stirred fb&XAMPIH 3%he nixture was concentrated and purified by preparative

HPLC t,0 yighd4 0 cd for
ot ksaY (Z‘zgﬂfiéfmeﬁ?ggjnygﬁizggogf% Tk hod}&)ﬁ’% ribln 491 °0 ™ 99%
10purity. EXAMPLE 12 / A
441- ( 4- Chl orophenyl) - 1H pyrrol o[ 2, 3- e]\pyr/ di n- 3-yl i cycl ohexan- 1- am ne
15hydrochloride C NH, H C A suspengian of Exanple 11(3.50 ng, 0.0082
mmol) in 1.25 MHCL in MeOH (1 red overnight. The m xture was
concentrated, dissolved in M concentkated in vacuo to yield a

di astereoi soneric mxture of the title conpound (2.80 20ny, 94% . HRMS
(ESI+) calcd for C19H20CIN3 325. 1346, foun 5.1350. HPLC (nmethod A): Rf
1.20, 1.25 nm 99%purity.  EXAWMPLE 13

441- (4- Chl or o- 2- net hyl phenyl) - 1H pyrrol o[ 2, 3- e]pyrldln 3-ylicycl ohexan- 1-am
i ne 25hydpoafbhee btiltermediate 111 (15.0 mg, 0.06 mmol) and 4-hydroxypiperidine (24.0 mg,

0.24 mmol) in 1,2-dichloroethane (200 pl.) and DMF (100 pl.) was shaken for 1 h. A
solution of NaBH(OAc); (25.0 mg, 0.12 mmol) in DMF (100 pL.) was added followed by
15 AcOH (11.0 pL, 0.24 mmol). The reaction mixture was shaken overnight and then diluted

with MeOH (1.5 mL) and water (0.5 mL). The solution was purified by preparative HPL.C
(Xterra C18, 50 mM NH4HCO; (pH 10) — CH3CN) and then re-purified (ACE C8, 0.1%
TFA — CH;CN). The combined acidic fractions were basified with 2 M NaOH (1.5 mL)
and extracted with DCM (6 mL). The organic phase was collected, dried (MgSO,) and

20 concentrated in vacuo to give the title compound as a white solid (3.70 mg, 18%). HRMS
(ESI+) caled for CioHyoCIN;O 341.1295, found 341.1304. HPLC (method A): Rf 1.00
min, 100% purity.

EXAMPLE 31
25 2-({[1-(4-Chlorophenyl)-1H-pyrrolo[2,3-c ]pyridin-3-yl Jmethyl }amino)ethan-1-ol



WO 2011/ 113798PCT/ EP2011/ 053818 70 A suspension of Internediate 12 (1.20
nmg, 0.0027 mmol) in 1.25 MHCL in MeOH (1 nL) was stirred overnight. The

m xt ure wWai® 200maeTy8r at ed, di ssolved in MeOH and concent PaTAE2011/0538¢%10 t O
yield a dlastere0|soner|c m xture of Mhe title conpound (1 ny, 98% . HRMS
(ESI +) calcd for C201-122CIN3 339. 1502, found 339.1505. HPLC (nethod 5A):
Rf 1.33, A 38wt R 124%0acatad T M. (lgmng(EOé-ﬂlmol) and ethanolamine (15.0 mg, 0.24

1-{441- (4- Chl or ophenyl) - 14 p rroI %%?%rldln 3-yl I piperidin-1-yll-2-(di
net hyl am Ay)ed Rdm-flic ﬁ@ethan%@%bén%d BN Ughhprestasen B 1d- Agolugon7o
mmol ), N, ﬁ%fﬁ% 4 mol ),
HOBT ( 19. gk ﬁmﬁ%(méfg 2% &gaé]gZ g{r?? dg}tglﬁlyl ani ?1% 4%)%85 i%l%d Q%Ym&dﬁo gb}%n THE (2
m.) and l\/élak@ (0. (52471@)11&1\)61?3" he rdarti@dmonigr niag khakeT logermight mrdethwaélhtr@hwéht rated

oo rsy SRR R RS SRRE 7 5 K DERSehflioh s GuhpEd By blbh@eopReens (P

(met hod Agive Rie title2&@mimonnd £984ighiryietlyw solidEANRRE, 3B6). HRMS (ESI+) caled for

1-{441-(4 P 1 din-1-yl1-2-
20" hydr o e HaST e TRk AR  Bthed i diomPsBs: o, 970
mol ), hydroxyacetic acid (6.00 ng, 0.085 nmmol), EDC (27.0 ng, 0.14 mmol),
HOBT (19.0 ,.0.14 mol) and triethylamne (40.0 iaL, 0.28 mol) in THF (2
m.) and N@@ggé 3%L) was stirred overnight. The m xture 25 was

concentra [ PLC to yield the title
corrp03$nd ﬁ%(“gmn%ﬁ’qgg%%ﬁ pﬂnmuﬁd[i oo B Phat BT 05 366 1244,
found 369. 1252. HPLC (net hod A) Rf 1 mn, 98% purity. WO

2011/ 113798PCT/ EP2011/ 053818 71 EXA
2- Ami no- 1-{441- (4-chl orophenyl) - 1H 3-c]pyridin-3-yllpiperidin-1-y
| I et han-1-one hydrochl ori de pUSRENSY onlof Internmediate 109 (9.50 ny,
0.020 mml) in 1.25 MHCl1 i n MsON . g8 stirred overnight. The

m xture was concentrated in vacuo, dissolved in MeOH, and concentrated in
vacuo to yﬂ@hddmhewh69®a@céﬁmmmnd)a@5dmmﬂwwen§&KHdC(ﬁngmiE%%ﬁtOHRWB (ESI +)
ﬁ,?]‘,: ngz /OOE)UCS% E%%\B %E]ﬁillgtﬁfe waé’I ggurg’? ?ntg)' %((:)e water Ph%O( nE} an({j ca&tlouﬁgl 1.24

3- Ami no- 1b$ﬂﬂﬁ¢6ﬁHchJwﬁm@ﬂﬂnyﬁQOJEm@ﬁﬁmnhgéauﬁﬂpwayﬁudnﬂi@ﬂytknmp£k|d|n-1-
yIIpr??ani&jgﬂgangdrochlorlde

the combined organic fractions were dried (MgSO,) and concentrated in

vacuo. The crude product was purified by flash chromatography (1-2% MeOH in DCM)
and recrystallised from EtOAc/heptane to give the title compound as an orange solid (162

mg). MS (ESI+) m/z = 295.5 (M+H)". HPLC (method B): Rf 4.62 min, 99.5% purity.

20  EXAMPLES 33-39
Examples 33-39 were prepared similarly to Example 32, by reacting Intermediates 17-23
with POCl;; see Table 5 below.



15A suspensi on of

Internediate 110 (7.50 nyg,
MeOH (1.5 nmL) was stirred overnight.

0. 018 nmol )

in 1.25 MHCL in
The m xture was concentrated in vacuo,

di ssol vedwDreoeidby9and concentrated in vacuo to yield theCrigP@1os3spoOund as

a white solid (7.10 nyg,

959) .

found 382.1564. HPLC (nethod A):

HRVE (B8l +) cal cd for C21H23CLN4O 382. 1560,

Rf 1.27 mm 98% purity. 20 EXAMPLE 18
2-{441- (4- Chl orophenyl) - 1H pyrrol o 2, 3-c] pyri di n-3-yl | pi peri di n-1-yl| et han-

1-ol / C WD 2011/113798PCT/ EP2011/ 053818 72 A suspen5| on of Exanpl e 10
(250 nyg, 0. 059 mTDl) yart UAya"et al dcnyuc \J.]..G Y 618 IIIIUI} and
NaBH( OAc)3 (37.0 ng, 0.|18 rrrmla in I\/EOHQI 5 L) @as st)rregd over ni ght and
purified by preparativd HPLE t—@ yﬁ*elqjthﬁ %“t e(;ceyrp@und::(l .8§Trg, 719 .
HRVB (ESI+) cal cd for (ROMR22CIABE 355: 1451 2 f pimd B5%, 1456. 2HPEC (et hod
A): Rf 51.17 mn, 99% peti|t |_E||1% ® 2 % 2o
4-[1-(4-Chl orophenyl) - 1k p rofo 3-~§]Egrg3ji n-3- y1151- Eyr%zol-S-yl met h
yl)- piperidine 10 Aubuspersi on of= npl e 520 . 059 ol ),
1H pyr azol e- 3- car bal dek%ﬂe 1% 0. H. Y5 aftl BH%)A@) 35(37.0 ny,
0.18 mml) in MeOH (1.=_m) Swas $tifred.over n| ght.and purd fiedSby
preparative HPLC to yigld %e%ltﬁe %r’r@uﬁﬁ %8@_5 ) 3@/@;F HRVE (ESI +)
cal cd for C22H22CIN5 391. 1564, f eund 39%& 1668 PEC {nef wdsA)— Rf 151. 24
mn, 100%purity. EXAMRLE[20 < & |2 < & |4 < = <~
4-[1-(4-Chl orophenyl)-1H pyrrol o[ 2, 8-c] pyridi p-3-y11-1-[ (1- et hyl - 1H pyrazo
| -4-y1)- nethyl]pi peric%e X0 A suspensionfof Exanple 10 25.0 ng, 0.059
mol ), 1-nethyl- 1H pyrggplle- 4«icarbal defiyde ([19. 0%y, 0| 18 &l ) fand
NaBH( OAc)3 (37.0 ng, 0./28 |nmmol) in MeOH (1.5 L) was st)rred overpni ght and
purified by preparativg HPLC to yield the tit|e conpound (4.90 ng, 21%.
HRVS ( ESI +) c?,l//cc;ior (23MH24CINS 40%. 1720, fopnd 25405.1735_ HPLG (et hod
A): R 1.26 @W/op&ity. W0 2011/ F3798PCT/ EP2011) 053818 73 EXAMPLE
21
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3-{441- (4- Chl or ophenyl)-1H pyrrol o[ 2, 3-c] pyri di ne-3-yl ] pi peridin-1-

yl | propanenitrile hydrochl ori de
0. 059 mMmowP,208/t8™8Dpropi onitrile (16.0 ng,

indry DMWF (2 nL) was stirred overni diit.
drop) was added and the reaction mxture was stirred for 24 h and then
purified by preparative HPLC. 1.25 MHCL in MeOH (1.5 nL) was added and the
m xture was concentrated in vacuo to give the title conmpound (9.80 ng,

5A suspension of Exanple 10 (25.0 ng,

0.12 mmol ) &OU/EL2GCB538eXCESS)
Further 3- bronopropionitrile (1

42% . HRMS—16{ESHH)Tealed—forC2H—123CHNA 364. 1455, found 364. 1459. HPLC
(method A) 5 Rix 1. 28 BN =99% guri tyy EXAMPLE 22
4-{4-[ 1- (p&Lhizor gphery 1p- 13+ pyrLol-9[ 23- ¢] pyridin-3-yl]piperidin-I-yllbutan
enitrile 15|hyw§r oghl oni dg é A sﬁsp@nﬂon of Exanple 10 (25.0 ng, 0.059
mol ), 4-promgbutyrioni t B 1€ ((17)10 Eyc0.12 mmol) and K2CB (excess)
(excess) ® d @2 @L)gwas tirré& oyernight. The reaction mxture was
concentrat ed On vacug afd pur|i f ea‘ﬁby’}prepar ative HPLC. 1.25 M 20 HCLl in
MeOH (1.5 g_)%vva§ ad@e(ﬁan the:Zrn'%tlﬁe was concentrated in vacuo to give
the titlel Conpound [(§ my, 37% .SHRVS TES|+) calcd for C22H23CLN4 378. 1611,
found 378| %1 . GI;JPLC?%( nBt h;@d A)E F@E X 32|nmin, 99%purity. EXAVPLE 23
25[1-(4-Ch rgphenyl 1%+ %rrolo[ 3-¢] pyridin-3-yl | nmet hanol WO
2011/ 113708PCT/ B¥2011 053818 |74~°Sodi G aget at e (326 mg, 4.00 nmol ), 12.3 M
formal dehyde in watler (780 "UIE, 10.0 mml) and AcOH (2 nL) were added to
Intermedijpte &3 (180 ~ 0.8Q mmlg. The|m xture was heated at reflux for
30 h. Aftler c8oling thesm xtyre wa8 added to 2 M NaOH (30nmL). The
precipitate formed was colledted by filtnation, washed with water (4 x 5
m.) 5 and| dried under vacuum| The residu¢ was purified by preparative to
give the title corrpoundNas alyellow solid (60.0 ng, 29% . HRMS (ESI+) calcd
for Cl4HILCINRO 258. 0560, foynd 258.0570| HPLC (nethod A): Rf 1.29 min,
100% purity. EXAMPLE 24 101-{
[ 1- (4- Chl propheny)FiHpyrrotjof 2, 3=ctpyridi n- 3-yl ] rnet hyl | - 4-r net hyl pi peraz
ine N C|A mxtureg of Internmediate 111 (12.8 ng, 0.05 mol) and
1- met hyl pj perazine |(20.0 ng, |0.20 mmol ) in 1, 2-dichl oroethane (200 'LIE)
and DVF ([L00,' L4 E) was:shakenl for ¥4 h. A
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solution of NaBH(QOAc)3 (25.0 ng, 0.12 mol) in DVF (100 'LIE) was added
followed by 15 AcOH (9.50 'LIE, 0.20 mmol). The reaction m xture was shaken
for 1 h awd2emsi18tyen diluted with MeOH (1.5 nL) and wat ecT(EP2&i1/0E3818 The
solution was purified by preparative ##PLC to give the title conmpound as an
off-white solid (6 ng, 35%. HRMS (ESI+) calcd for Cl9H21CIN4 340. 1455,
found 340p%x46ppr HRLC (nmethod A): Rf 1.07 min, 94% purity. 20 EXAMPLE 25
tert-Butyl 44[1-(4-chlorophenyl)-1H pyrrol 0[2 3-c]pyridin-3-yl] WO

2011/ 113734Psm-eapol-phontd HepyanzololFidelpyedine | nt er medi ate 111 (15.0 ny,
0.06 mmol ) and tert-butyl piperazinep- carboxylate (45.0 ng, 0.24 mmol)
in 1,2-dichloroethane (200 'LIU and 7 (100 'LIU was shaken for 1 h. A
solution of NaBH(OAc)3 (25.0 ng, 0.1 ) in DMF (100 'LIU was added
foll owed by AcOH (11.0 iaL, 0.2 N) eaction m xture was shaken for
1 h5and then diluted with M .5Nn1_) an@d water (0.5 nL). The solution
was purified by preparatlve HPL 0 give t title conpound as an off-white

solid (9. 8 27CINAO2 426, 1823 . found
426. 1838, E’Fﬁr}%‘h(“% %@1826‘%‘ &ETQ' ‘é‘iﬁﬁ ﬁ‘%e%f‘%er%u%ﬁ 1“1 T R ieedtsa| {

[ 1- (4- Chl grierhesyhg, ]d'i'Z)ﬁﬁErfo@' o R carneﬂhmémywnedl&nmb](n@orml bpupemagiaae N Cl
Exanple 25 (7.80 ng, 0.024 mmss) was dissolved in MeOH (500 ittL) and 2 M
HC1 i n di eetAsplunephsphate (54 yngagds Jdaatel werhdissolved i EMIES fbpandghcateddin

t enperatu i t vacuo
and the régrln 5em?/\t}aeslﬁ gl ssrczji%vé(gn[l{lrﬁ;jvﬂl\/{lgofg£b 1%11%&1?&:&: Wfﬂgﬂé}gaﬁ:n@rg(gnl{gclgﬁml\a}g H (1 nm)
was addedcornTherasal intinom. Was ropudpe iae distnvadrie pUM (i WemHRv@shw! witlveathe titl e

326, 1268, “FUGRA WG g0k et ol 4B yesh St GEhE B Tl 1P 20

EXAMPLE 2iesidue was purified by reverse phase HPLC to give the title compound (20.5 mg, 6.1%)

2-(1-{[1-(4-Chloro o] A | ].1et I ridin-4-
ypet han- 1550?%h %@%éfé%&fﬁ%&ﬁ@lléw%5§8§§gbg4%%‘r{? 12%6 'ﬁ]!t)]g medi at e
111 (15. O(Iﬁghocpgp@fmmllﬁmagg@ flaitiyperi dine ethanol (31.0 ng, 0.24 mmol) in

1, 2-di chl oroet hane (200 'LIU and DMF (100 ittL) was shaken for 1 h. A

soI ution of NaBH(OAc)3 (25.0 ng, 0.12 mmol) in DMF (100 ittL) was added

fol  owed Py ¢St 4ilg® iaL, 0.24 mmol ). The reaction mxture was shaken at
overnight and then 5 diluted with MeOH (1.5 nL) and water (0.5 niL). The

sol uti on Wasnpey 41f-pedelsprqpardamaitarlyso BRuaple 40 diyweacting [ti¢miediapodpoind as a

| i ght yeI 4 C1N30

369. 1608, oun%d 523 ﬁé}%é‘p&gﬁ% }@dOP%R%‘@A‘%’%%?Qbfﬁ%fgd“‘g %bf‘t%%’gir%?vt
EXAMPLE 28 (1-{

[ 1- (4- Chl or ophenyl) - 1H pyrrol o[ 2, 3-c] pyri di n-3-yl ] met hyl | pi peri di n- 4-
yOnet hanol CI OH A m xture of Internediate 111 (15.0 ng, 0.06 nmol) and

4- pi peri di nenet hanol (28.0 ng, 15 0.24 mmol) in 1, 2-di chl or oet hane (200
"LIU and DVF (100 ittL) was shaken for 1 h. A solution of NaBH(QAc)3 (25.0
ng, 0.12 mol) in DMF (100 ittL) was added foll owed by AcOH (11.0 iaL, 0.24
nmml ). The reaction m xture was shaken at overnight and then diluted with
MeOH (1.5 nmL) and water (0.5 nlL). The solution was purified by preparative
HPLC to give the title conpound as an off-white solid (8.10 ng, 38%. 20
HRMS (ESI +) cal cd for C20H22CLN30 355. 1451, found 355.1460. HPLC (net hod
A: R 1.06 nm 98% purity. EXAMPLE 29

4-{[ 1- (4- Chl orophenyl) - 1H pyrrol o[ 2, 3-c] pyri di n-3-yl | met hyl | nor phol i ne




/[ C

N
(1

WO 2011/ 113798PCT/ EP2011/ 053818 77 A m xture of
5.0 ng, 0.06 mmol) and norpholine (21.0 ng, 0.24 nmol)

in

Internedi ate 111

1, 2- di chiwocetimasms(200 ' LI U and DMF (100 ' LI U was shakeoT/pro1l/ob3817
sol ution of NaBH(QAc)3 (25.0 nyg,

foll owed by AcOH (11.0 ittL, 0.24 mmol).

0. 1282mol )

in DMF (100 'LIU was added

The reaction m xture was shaken

overnight and then diluted with 5 MeOH (1.5 nlL) and water (0.5 nL). The
sol uti on was purifie h; prpparafi\/p HPLC to ni\/p the title conp und as a
i ght yellow solid (7£C my, 399 . HRMS (E |+) cal cd f or C(C18H18CLN30
327.1138, found 327.1m5.§H§_c_(rregho€ A): [RE 1206 ’E%&Jrlt/. EXAVPLE
30 « 3 2 = | 2 .é‘
101-{[ 1- (4-Chl orophenfgl) -;iH;%pyErcl ﬁ[ 2\%3-@] y &l di\%n-B-y et h>71 | pi peridin-4-o0
| NC OHA nmixture o I|i®euredi ate 131 £15. (€ ny, Eé:o m@l)gand
4-hydr oxypi peridine (8. /@ng & 24ztmal )i L 2zdi ghl @ oef hane (00 ' LIU
and DVF (100 ittL) was gtaken Forl & h= Asql t§i&n of NaBH{ Gfc)3 (25.0 nm,
0.12 mol) in DWW (1O€iﬁL)§3W§s agdef f. IIowEadSoySlSﬂc 1.0]ittL, 0.24
mol ). The reaction nigktyfeTwasS shakel qver|night @d e did uted with MeOH
(1.5 nL) and water (05 ng_)BTge sal URi oh sapuiriﬁ.ie b)epFOepar ati ve HPLC
(Xterra C18, 50 mM NHEHECB (pH-10) = SQI—G@N) and<t hen rifi ed| (ACE C8,
0.1% TFA - CH3CN). Thgacqgrbigneﬁ gcidi § ffach ong vre|Dasi f ledEW th 2 M
NaOH (1.5 nl) and ext|Fadtedani &h |DEM E6 )| Thé orgalt c Shhdse2whs
collected, dried (MgSOA) and 20 goncentrated in vacuojto give the title
conpound as a white s@id (&£ 70 ng, 18% . HRMS §ESI +)| calcsl for C19H20CIN30
341. 1295, found 341. 11304. HBRLC (et hod A): |Rf 100 mm 100% purity. EXAMPLE
31 I
252- ({[ 1-(4- heny1) - 1H- pyrrol o[ 2, 3-c]|pyri di n- 3-yl ] et hyl I api no) et han-
1-ol w0 20111/ J13798ECT/ EPED11/ 53818 78 A ni xture of |nt®rmediate 111
(15.0 ng, O. g ) [and et hanol amine (15.0 ng, 0.24 pmol) in
1, 2-di chl oroet hanex (200 |' LIU and |[DMF (100 '|LI U, was shpken for 1 h. A
sol ution of NaBH(OAc)|3 (|25.0 ng, |0.12 mmol) in§DIVF (1p0 '41 U was| added
foll owed by AcCH £11.[0 ilaLst 0. 24 mol ). The reactd on i xtdre was| shaken
overni ght and tH difl utledzwi th 5 ®O0H (1.5 md and waterm(@S m.). The
sol ution was rlifi ed by pbeparatige #PLC tlo gtveé&the| titdesconppund as a
li ght yell owgDl|i4d, (6. 50 ngp%a SHREB (ES) +)Scakced for %mﬂlacmso
301. 0982, fod 381. 0934. (rrehod A): |Rf @@ | 1@‘V%pur| y. EXAVPLE
32 1() 4- [3 (Z&=Ngt Byl p@ry;ﬂjm@azc[@Sea] pyrijazi &- =yl ] por ghotd ne 7-$
| nt er nedi at el (890 |, 2215 mmgl wes di sisol ¥ee@in POCEB & ml) and
heated to 100 C for 2 h. T<.r :Eeactiaon;:m' xture ;%/asﬁpouredé nto i ce/ wat er
(100 nmL) and cautisus|ly Lo S A s 5 s =
S e |23 B s I £ X
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basified to pH -9 with solid Na2CO3 The resulting solution was extracted
with DCM (3 x 15 100 nlL) and the conbined organic fractions were dried

(MgSO4) awmo 20ommagTsrated i n vacuo.

give the title conpound as an orange solid (162 np).

The crude product wagcpmpediteasshy fl ash
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2011/ 113798PCT/ EP2011/ 053818 81 EXAMPLE 40

3- (Oxan- wo2Dptiltiptyeny|

-1H pyrazol o[ 3, 4-c] pyridine N_

)

| rCEmPe@il aF3B126 (245

ng, 1.21 mmol), |odobenzene (162 p.L,841.45 mol ), copper (1) iodide (23.0
nmg, 0.12 mmol), N, N -dinethyl ethyl enediam ne (26.0 pl, 0.24 mol) and
pot assi um phosphate (537 ng, 2.53 nmmol) were dissolved in DM (5 nL) and
heated i n_amcrowave at 160 C for 40 m The reaction mxture was
filtered through celite and cgngentrated|if vacuo. [The residug was
di ssol ved| i® BCM (100-mE, wash&l Wi th sptSa® NaHCDB( 180 ni)| water (100
m), drieddMB04) and ncentlrat ed i p, VRCHoZ The fe& dfe fmas| purified by
reverse phase HPEC {ogi Sie 3 he fitEe EorrpQJ.!,mQE(ZO 5 @, £6. H% as a beige
solid. HRVE: (ESl caEccbf q ClE‘—il@NBa 2B 1444, f puiid @8%1442. HPLC
(met hod B) :QRE 4564 |ng) 9 purrﬁym @ANPL%S“MCBQ Egangl €5 41L- 69 were
prepared [sifi Ffargy t OEXR By C?“eat:tqzngflrrter nediates 2p, 52- 57 and
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83 Calcd fof CI9@1NBE FBATHE = 5 | S = & | ¢ = -
= & = = O A - 9 O o A \© ~ O o
EXR W |Ex e |[£d v & T | &€& T
TE® |ZE4 |ZE® |ZEE |2 LA
= 2 = = 2 X = 2 = = 2 X = 2 X
O & m O & m O & m O & m O & m
: : : : ;
— v o v ™
<t v \O e~ [
w w w w w
s 2 &
=~ 3 i<
e ) <+ )
= o . (=]
2 8. b 8. o
= + 7 27 z % =S
o = A = A = A & S e %
£ S Bl Bl Bl z 32 2
T = g 5 g 5 o 3 5 2 5 3
= & e B 2 &£ |2 & e & 3
S s 2 S 9 s 9 ENEE
T g S = S < g S = =S
T o 2 g o 5 S5 |8 < S <3
s © =7 Oz ST O = 2, S =
= ¢ E NS T 2 E NG T 2 2
3 2 T3 T3 S | T8 - T 5 g
= 5 5 = 5 =N B e -
o o > — o — o, o — o < — o >
L T IN
\ L O Z o
O
ol O O &
z Z z
X I T NN A i
| \/Z w7 | ~ | \Z N
P~z ZZ B ! = iz
G \_
3 G
o — o o <t
w w w w w




< zZ
To.. 0O
°SEu”
8§ .32
£2-8
5 >B _klu o T
w PUI ﬁ (d _1 : =i
© wm hLu m o 1VJ_ : £ O\// 19
Ss&z3° und 986 ‘U 647 1 (d surjoydrowAyou N
OEBI. . < > M/\z Z N
>SE 58 H_ﬁmmmnév DIdH "€911°6Z¢ Punoy | %1°C | 19 -¢-[1&-¢-urpukd[>-*¢ Jojozeikd 7~ 6S
W = M w S z LY BHTE O'NIDHHD 10§ POIE) -H1-(Kuaydoroy)-4)-11-4 _
Eo . .mk9 .0 4
X _ —
=3 m m m 9 M m aund 9566 U 68y Iy (4 surjoydrow([4 T\ \/Q\
1 1 Z \ /Z
T —o m ~ m < RAWRW) YTdH '€9Y1°€1€ PUROY | %5 | 09 -¢-urpukd[o-pglojozeikd ~ —~ 8¢
m o4 m 3 3 233 mmﬁ €1€ OFNLILTHEY) 05 PI[e) -H1-([AuaydiAqiow-p-osonLi-7)-11-4 _
wOT SETH=
“FelEosIN “Kind 9,66 surfoydrow|[A-¢-urprakd[o 0" N \@\
5.H5%1av,_ee , _N~¢ N
o o JmEOCS R (G PoWeW) YIdH | %60 | 09 -p*¢Jofozerkd-1-(KuoydiAyiow — LS
. . . = 0/ S [ .
r m k m sod m S ZHHN) 0562 (ST SIKOTT “b)-11- ‘poe onoorosonpuI-cTT | VAL N\
&mewlhmmm .%uﬁhsm \// o
—_cgd == : drow[[£ 0
mw mmw m ; 2 2001 ‘urw 91°6 1 (g poyiowr) ondowl N \z,z\©\
m TS0 g 1 %BS1 09 -¢-utptikd[o-*¢Jojozeikd 7~ 9$
IS A O L XIdH ‘%001 T101°ST€ punoy
S -d >0 .—- C
—OMWIZ . to.—.— -H1-(1AuaydoIo[y)-4)-11-+ _
o= B8O -~ wa@ﬂmz O'NIDSTH’'D) 05 Pae) "
1 .ea QO > | — = =
X = 4
a D& o " 1 & Ehnd 9,001 ‘urw £9°% i (8 suroydrow([£ oOz \Z,Z\Q\
;< m - © = ml@ﬁmvﬁv unoJ | 9L -¢-urpuAd[o-4*¢Jorozeikd qs
S 2= o @ | PP IIdH '90E1°66T PUNOY | %LT | 09 ¢-uIpI p'clol —~
ON@&T A
N2F O =T g TR 66T ONISTHLD 10 Pare) -H-([Kuaydoronyi-4)-1]-4 o
o O — C O
o M T m — N OO
(92] N~ LN C — —
592~ -2 8%
e 260z aw
3m55.20T55
wOL afISaaa




0 N,

d d CNNPCT/EP2O11/05381840 NN / N

Ao 71-

INNE--.) T\

0

o0 71-

N --
N 71-

VD 71-

In 71-

“Knd 9566 ‘U L6 1Y (4 ourjoydrow(£ 3 \@\
Z N
poyoun) Y TdH "TL81°€TE PUnoj | %91 99 -¢-urpukd[o-p*¢lofozeskd-Hi L/\
‘9981°€TE OPNEHOLD 10] pae) -(IAuoydAyrow-)- 1 |-p-[Apowi(q-g'c
“Kund 9,9°66 ‘U €776 1A (4 oue)oo[ 1 ¢Jopahorqeze o@z N \@\
Z N
powoun) Y IdH "90LT 1€ PUNOy | %99 | 69 -¢-ex0-g-[[&-¢-urptkd[o-4*¢lofozeikd
‘01LTTTE OPNOHCYD) 103 Po[E) -HT-(AuaydiAmoN-1)-11-¢
“Kind 9566 ‘U ¢ 1 (4 aurjoydrouwrAyowrp \@\_o
poyown) YIdH $TET'€re PUnOY | %6°¢ | 9 -9°C-[14-¢-urpukd[>-*¢ Jojozeikd N
‘0TET EPE OYNIOSTHP'D 103 pore) -H1-(IAuaydoIofy)-)-11-4-(49°ST)
Kiand 9,001 ‘U ¢°9 I (g surjoydrow(jAdoxdjAqrow
poyoun) yIdH "T81T IS¢ pUnoj | %G1 €9 -0)-T-[14-¢-urpukd[>-p*¢ojozerkd
‘6LITTSE OPNPUH'ED) 10] pafe) -H1-(AuydiAyoN-1)-11-+
“Knd 9566 ‘U 6¢°6 1Y (4 aurfoydrowAyow N \@\_o
Z N
poyoun) YTIdH "L9TT°6TE PUnoy | %88 | 79 -¢-[14-¢-urpukd[>-*¢ Jojozeikd
‘Y9162 O'NIDHTHAYD 10 Pare) -H1-(1Ausydorory)-y)-11-p

[ 1- (4- Chl orophenyl)-1H pyrazolo 113 ,4-cl pyridin-3-yll pyrrolidin3-ol
10 / \

pyrazolo [3,4-clpyridin-3-y11-3, 3- difluoropyrrolidine 1-
* [/ N/ \wO2011¥113798 \

*




© 2
— St Z
. o — ©
L0 < m . —
mmWr,Bm °
o O CT -
~ & Ec_- o
N .¥T o —
0@ o~ m —_—
TTHa_ O o >
[@Ne\] M mw - N ] .
A&V o | hundoypor urgTs 3y (d ourue-¢-uIpriAd(s VN \@\
M .y ' 7 N
m\m_ 8 W,R Ay poyew) ) 1dH TILT°L6T PUNOY | %11 IL -p*¢lojozeikd-H1-(IKusydidypowr | ~o” 7 N\ o
— s Z e
Qo= T2 7 DILIL6T ONFILD 10) PaIR) -b)- 1-Apow-N-(IKoAXOOIN-T)-N _
¥355c87 =
- -
=527 ] 5 -And %66 u0-7 Iz\Jz " \@\
N - O o © o] ' Z N
J00  BRM VW (A Powew) YIdH | %0 | 0L | -uizesedid[[&-¢-urprkd[o-y*¢]ofozeikd ov/\ — 89
— C — (@ (4p]
o BEeLE | o {HHN080E (+SH) ST -H1-(Auaydi&yeN-+)-11- .
5583239 3 .
o 3 _ww - m < ‘Aund 9,66 ‘U 96y 1 (49 ouedazexo A \Jz N \Q\
. . - —_ z /Z
S 5 W,m m w . @5@ OTdH "€1L1°60€ Punoj | %€T | 69 - 1-[14-g-urprikd[o-p*¢ Jofozeskd —~ L9
m 5.7 DILI60E OPNOTHEL) 10) pore) -H1-(AuydiAyoN-1)-11-+ _
AN SERAR T 5
N~ m > Mmoo > oo
—<093T | Shund o001 ‘utw g6 1 (g Ae[Axoqieo-g-suroydiow o\/m N \Q\
O - C C L e ~
82 g3 2 ] i®wow) yrdr 119Tsse punoy | vy | 89 [-g-upukdfo-pglolomakd |~ ¢ P 99
c w— QN >
Ww e & 4 BOOTESE FOMNYHD o) PIre) -H1-(AuoydiAyow-y)-1]-4  [Ayol / |/
588z 50]TE
5 .at s w ﬂ < -Aund 9001 ‘uru gy's 1Y (d aurfoydrow[[£ O\Jz N, \@\
. . L O — 7 N
O Wm o m S 5 RWaw) YIGH 0LBT'ETE PUnoy | %18 | L9 -¢-urprkd[o-p*¢|ojozeIkd-H T — $9
— AN © —
55 6S 0.9 TN981€Te O'NEHLD 107 Pare) -(JAuoydiAyotu-)- 1 |-p-[Ayow(l-¢ ¢ —
“SE28 =%
TS <+ X
o~NTmO ..o O
— o0 ~X>E, .
mw CoHdw~ Oo
o C T %
<cB355%0
VECewOatom




1-[ 1- (4-Chl orophenyl) - 1H pyrazol o[ 3, 4-cl pyri di n-3-yl | pi peridine 1-
[ 1- (4- Chl orophenyl)-1H pyrazolo 113 ,4-clpyridin-3-y1ll1-4, 4-
di f1 uor opWpenidila®sl- [ 1- (4- Chl orophenyl)-1H pyrazol o PC3/EP2011/053818

, 4-cl pyridin-3-yl | pi peridi n4-ol 88
1-[1-(4- I 1) - 1Hpyr azol o[ 3, 4-cl pyri di n- 3-
yl | pi perwﬁmlg&gzaboxam de -o* N, 10/ \ -Nd d"--QNN, * 10 B/ \
HOCL* 10 IN[1-(4-CRidropheniy)OHIY dazotof LA-clPyrididNByl pipebhhd N ,--? tr) N tr)
N=—
\ 7/

CI/O/N\N/ N\/\\\/NH

Intermediate 76 (140 mg, 0.34 mmol) was dissolved in 1.25M HCI in EtOH (5 mlL.) and
stirred overnight. The solvents were removed in vacuo to give a yellow gum (141 mg). 47
mg of this material was dissolved in water (10 mL) and washed with DCM (2 x 10 mL).

The aqueous phase was concentrated in vacuo, de-salted (KoCO3 in DCM) and purified

by reverse phase HPLC to give the title compound as a light yellow solid (6.42 mg, 17%).
HRMS (ESI+) caled for CigHi6CINs 314.1167, found 314.1171. HPLC (method B): Rf
3.81 min, 99% purity.

EXAMPLE 71
1-[1-(4-Chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperidin-4-amine
N=—
\ 7/

N 2N
cl NH,

Example 71 was prepared similarly to Example 70, using Intermediate 77 instead of
Intermediate 76, to give the title compound as a yellow solid (88%). HRMS (ESI+) caled
for C;7H35CIN5 328.1323, found 328.1326. HPLC (method B): Rf 3.92 min, 97% purity.

EXAMPLE 72
{4-[1-(4-Methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-yllmorpholin-2-
yl}methanamine

N,

NH,,
/®/N\N/ \
°

Example 72 was prepared similarly to Example 70, using Intermediate 78 instead of
Intermediate 76, to give the title compound as a yellow solid (38%). HRMS (ESI+) caled
for C;5H»;NsO 324.1819, found 324.1823. HPLC (method B): Rf 3.71 min, 98% purity.



cr) tr) 71- tr) 85 Calcd for CL6HLS5FN4AO 299. 1303, found 299.1306. HPLC
(nmethod B): Rf 4.63 mn, 100% purity. Calcd for CL6HL5CLN4AO 315.1007, found
315. 1011.wOo41/HP19€ (et hod B): Rf 5.16 mm 100% purityPCLEMII1ASIS18 295. 0
(MFH . HPLC (nethod B): Rf 5.30 mn,8999% purity. Calcd for Cl7HL7FN4O

313. 1459, found 313.1463. HPLC (nethod B): Rf 4.85 mn, 99%purity. Calcd
for CL7HL7CLNAO 329. 1164, found 329.1163. HPLC (nethod B): Rf 5.49 mn, 98%
purity. CEXAMPIEYY) ,--?2 cr?2 C3inliIn ,--20 .rDO .rDO .rDO .rD 7"si 4-
[ 1- (4- Fl uor ophen 1()-1H yrazol o 113 |, 4-cl pyridi n-3- yl | norpholine 4-

[ 1- (4- Chl BroBweh 1)’--1&@4@9@&%1)01‘111@4-}1&1@11 Hi H-gyragplopdyt-shgridine3-

yl] carbamate

\ 7

~ N
N H
cl

Example 73 was prepared similarly to Example 70, using Intermediate 79 instead of
Intermediate 76, to give the title compound as a yellow solid (5.4%). HRMS (ESI+) caled
for C;6H1sN4O 283.1553, found 283.1556. HPLC (method B): Rf 4.88 min, 99% purity.

EXAMPLE 74
1-[1-(4-Methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperidin-4-ol

\ 7/

N, 2
N
N
/O/ \D\OH

Intermediate 80 (200 mg, 0.57 mmol) was dissolved in MeOH (4 mL), KoCO3 (315 mg,

2.28 mmol) was added and the reaction mixture was stirred for 3 h. The reaction mixture
was concentrated in vacuo and partitioned between DCM (20 ml.) and water (10 mL).
The aqueous phase was extracted with DCM (3 x 50 mL) and the combined organic
fractions were dried (MgSO4) and concentrated in vacuo to yield the title compound as an
off white solid (168 mg, 95%). HRMS (ESI+) caled for Ci3HpN4O 309.1710, found
309.1713. HPLC: Rf 4.40 min, 100% purity.

EXAMPLE 75
1-[1-(4-Chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]-4-(1H-pyrazol-3-
ylmethyl)piperazine
\ 7
=
/ —————

N, N/\\ NH
CI/O/ N \\/N N



2,2,2-Trifluoroacetic acid; 411-(4- nethyl phenyl)-1H pyrazolo [ 3, 4-

cl pyridin-3-yl !l norpholine

4-[1-(2- ABvoan/43 8t hyl pheny1l) - 1Hpyr azol o[ 3, 4- cl pyri di nP8I/BpRé1mOsIsh®| | ne 4-
[ 1- (4- Chl or ophenyl -1H pyrazol o 113 904-cl pyri di n-3-y11-2- net hyl nmor phol i ne
O/N NO

s 1) Y Psins 70 as Bt D el Nttt bl k. Dok 43R R 7 pLe

(met hod B}arbaﬁmeh?de?»amrﬂ (Qﬁf/mﬁm)lawNaﬁﬂ(@Ac);gqm@Zriglf)l%ﬂhlﬂ&) 30tk 2ddd®, found
351.2182. HPLC (et hod Rf 6.45 mn, 100% purity. Calcd for

C18_1- 119CITNA a34ba. hiZR0e wfa@kt[rfkd3482 1133&4DIH’19L@13(IIBLh@QJ5 Bimol Rfl Hopyfdkotd-n, 99%
purity. 3-carbaldehyde (14.3 mg, 0.15 mmol) and NaBH(OAc)3 (31.6 mg, 0.15 mmol) were

added and the reaction mixture was stirred overnight. The reaction mixture was diluted
with DCM (10 mL) and quenched with water (§ mlL). The organic fraction was washed
with sat aq NapCO3 (10 mL), dried (MgSO4) and concentrated in vacuo. The residue

was purified by reverse phase HPLC to give the title compound as a yellow solid (13.9
mg, 28%). HRMS (ESI+) caled for CyHpCIN; 394.1541, found 394.1543. HPLC
(method B): Rf 3.99 min, 97% purity.

EXAMPLE 76
tert-Butyl N-(3-{4-[1-(4-chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperazin-1-
yl}-3-oxopropyl)carbamate

\ /7
AT

3-tert-Butoxycarbonylaminopropionic acid (29.2 mg, 0.15 mmol) was dissolved in DMF
(2 mL) and HBTU (55.3 mg, 0.15 mmol) was added. The reaction mixture was stirred for
1 h and then Example 70 (47.0 mg, 0.12 mmol) and DIPEA (25.4 pL, 0.15 mmol) were
added. The reaction mixture was stirred for 2 h and concentrated in vacuo. The residue
was diluted with DCM (10 mL) and washed with sat ag NH4Cl (5 mL) and sat aq
NapCO3 (5 mL), dried (MgSOy4) and concentrated in vacuo. The residue was purified by
column chromatography to give a yellow foam (48.0 mg) which was dissolved in 1.25 M
HCI in EtOH (5 mL). The reaction mixture was stirred overnight and concentrated in

vacuo. The residue was dissolved in water (10 mL), washed with DCM (2 x 10 mL) and

the solvents were removed in vacuo. The residue was de-salted (K»CO3 in DCM) and

purified by reverse phase HPLC to give the title compound as a yellow gum (8.71 mg,
19%). HRMS (ESI+) caled for Cy9HyCINgO 385.1538, found 385.1542. HPLC (method
B): Rf 3.98 min, 97% purity.

EXAMPLE 77
4-[1-(4-Methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-ylJmorpholine-3-carboxamide



Cal cd for C19H20N4O0 321.1710, found 321.1706. HPLC (nethod B): Rf 5.23 mn,
99.6% purity. Calcd for CL9H22N40 323. 1866, found 323.1871. HPLC (et hod
B): Rf 5.0 20im1389% purity. 00 00 In ,-? Cr? cri .rD ?P8T/EPDN11ASM . rD cr)
.rD71- .rDIn .rD.rD .rD 4- [1-(4-CHl orophenyl)-1H pyrazolo

113, 4-cl pyridi n-3-y11-3- met hyl nor pholjne 4- [1-(4-Methyl phenyl)-1H
pyrazolo [3,4-clpyridin-3-yl1-2-(2- thyl propyl ) nor phol i ne

(28, 6R)-4-[1-(4-Chl orophenyl) - 1Hpyraz®8l & 3, 4-cl pyridin-3-yl1-2, 6-

di et hyl mor phol i ne 3- [1-(4-Methylphenyl) - ],H\\pyr azol o

113, 4-cl pyri di n-3-y11- 8- oxa- 3-y‘cN 0 ilSOZ. 11 oct ane

2,2-Di methyl-4-[1-(4-met hyl pheny 1H 1 0113, 4-cl pyri di n- 3-

yl I mor pholine 00,,, Ab-N / \ 03.----- N* 10 ).... .."N,N

r
! NH,
Intermdiate 81 (345 mg, 0.92 mmol) was dissolved in DMF (4.4 mlL), HBTU (419 mg,
1.10 mmol) was added and the reaction mixture was stirred for 1 h. NH4C1 (59.1 mg, 1.10
mmol) and DIPEA (401 pl., 2.76 mmol) were added and the reaction mixture was stirred
overnight. The reaction mixture was concentrated in vacuo and the residue was diluted
with DCM (20 mL), washed with sat aq NH4CI (5 mL) and sat aq NapCO3 (5 mL), dried
(MgSOy4) and concentrated in vacuo. The residue was purified by column
chromatography to yield the title compound as an orange solid (1.98 mg, 0.6%). HRMS
(ESI+) caled for C;3H9NsO, 338.1612, found 338.1614. HPLC (method B): Rf 4.02 min,

97% purity.

EXAMPLE 78
4-[1-(4-Methylphenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]-3-[(morpholin-4-
yDcarbonyl]Jmorpholine

\ 7/
oS
N
()
Intermdiate 81 (345 mg, 0.92 mmol) was dissolved in DMF (4.4 mlL), HBTU (419 mg,
1.10 mmol) was added and the reaction mixture was stirred for 1 h. Morpholine (96.6 pL.,
1.10 mmol) and DIPEA (401 pl., 2.76 mmol) were added and the reaction mixture was
stirred overnight. The reaction mixture was concentrated in vacuo and the residue was
diluted with DCM (20 mL), washed with sat ag NH4Cl (5 mL) and sat ag NapCO3 (5

mL), dried (MgSO4) and concentrated in vacuo. The residue was purified by column

chromatography to yield the title compound as a light yellow gum (1.02 mg, 0.3%).
HRMS (ESI+) caled for CyHy5NsO5 408.2029, found 408.2030. HPLC (method B): Rf
4.27 min, 98% purity.



/\ -N

for CLOH22NAO 323. 1866, found 323.1870. HPLC (nethod B): Rf 5.42 mn,
purity. Gabd11710879€19H20N403 353. 1608,

4.98 mn,

r..."No.... 8/ \0.rD,-?N.rDcr) .rD71- .rD 87 Calcd

found 353.1611. HPILEPeemONSIS B) :

100%
Rf

100% purity. Calcd for C18H20N40 309.1710, found 309.1713. HPLC
(rrethod B)é AE%S mn, 99% purity. LCVS (ES): 308.0 (MFH). HPLC (rnethod

§AM]1)"F % purity. Calcd for C17H20N4O 297. 1710, found 297.1711.
HPLC (”Et No@d- Bhino®hyDb-4LA -G fethFPR¥AMN HE Ppyrazolo3,43pyrddinad O ,--, N .CD 00

yllmorpholine-3-carboxamide dihydrochloride

\ / 2HCI

e

e,

HN—" "NH,

Intermdiate 81 (345 mg, 0.92 mmol) was dissolved in DMF (4.4 mlL), HBTU (419 mg,
1.10 mmol) was added and the reaction mixture was stirred for 1 h. tert-Butyl N-(2-
aminoethyl)carbamate (177 mg, 1.10 mmol) and DIPEA (401 pL, 2.76 mmol) were added
and the reaction mixture was stirred overnight. The reaction mixture was concentrated in
vacuo and the residue was diluted with DCM (20 mL), washed with sat aqg NH4Cl1 (5 mL)

and sat aq NapCO3 (5 mL), dried (MgSO4) and concentrated in vacuo. The residue was
purified by column chromatography and dissolved in 1.25 M HCI in EtOH (4 mL). The

reaction mixture was stirred for 1 h and the solvents were removed in vacuo to yield the
title compound as an orange solid (2.12 mg, 56 %). HRMS (ESI+) caled for C0HuNsO,
381.2034, found 381.2038. HPLC (method B): Rf 3.57 min, 100% purity.

EXAMPLE 80
1-(4-Chlorophenyl)-3-(oxan-4-yl)-1H-pyrazolo[3,4-c]pyridine

\ 7

Ny 7 X
cl

Intermediate 87 (98.0 mg, 0.43 mmol) and (4-chloro-phenyl)-hydrazine (171 mg, 0.96
mmol) were dissolved in NMP (1 mL) and heated in a microwave at 160 °C for 20 min.

KoCO3 (120 mg, 0.87 mmol), Cul (410 mg, 0.02 mmol) and NN-

dimethylethylenediamine (4.67 mL, 0.04 mmol) were added and the reaction mixture was
heated in a microwave at 160 °C for 1 h. The residue was purified using an Isolute MP-
TsOH cartridge, by normal phase column chromatography and by reverse phase column
chromatography to give the title compound as an off white solid (23.0 mg, 17%). HRMS
(ESI+) caled for C7H;sCIN5O 314.1055, found 314.1059. HPLC (method B): Rf 4.88
min, 99% purity.



.G C?.CDOt----r.,-2z, 3,3-Dinethyl-4-11-(4-nethyl phenyl)-

1H— pyr azol ol 3, 4-cl pyri d| n-3- yl | norphol i ne Met hyl
4-1 1- (4- wOhgipharygl) - 1Hpyr azol 0113, 4-cl pyri di n-3-yl|  PCT/EP2011/053818
rmr phol i ne- 3-car boxyI ate 4- 11-(4-Metdyl phenyl)-1H pyrazolo

4-cl py %@jﬁes%é -1,4- oxazepane 4- ||-(4-Methyl phenyl)-1H pyrazolo
113 , 4-cl E &/?ﬁg pi perazi n2-one N-(2-Met hoxyet hyl)-Nnet hyl - 1-(4-
met hyl ph/eﬁyal&pgléslﬂ\oyg Cgr\éﬁlp@épareﬂ mﬁllla@gyrtb ik fin '\ﬁe@m wgereaétmgmamYW&n&lﬁ N e

z---17z rN, N *
AN/ yl)carbqnbd] interngdiates with tbe appF(pBrlate "arylhydrazine; see Table 7 below.



.CD.Cb.CDt---- .CDO0O .CDCr? .CD WO 2011/113798PCT/ EP2011/ 053818 88
Internmediate 76 (140 ngy, 0.34 mmol) was dissolved in 1.25M HCL in EtOH (5
nm.) and swornadiiemwer ni ght. The sol vents were renoved i nPCA@PROIOSIPI¥E a
yellow gum (141 ng). 47 ng of this neerial was dissolved in water (10 i)
and washed wwth DCM (2 x 10 nL). The aqueous phase was concentrated in
vacuo, de-salted (K2CO3 in DCM and purified by reverse phase HPLC to give

the title conpound as [Tght yelTowsolid (6.42 nmg, I7% . HRNS (ESI+)
cal cd for C16HL6CLN5 £4§1 , found 314. 11171. HELC (|net hgd B)f Rf 3.81
mn, 99%purity. EXAVBEI1E Z |& T 2 .8 = 2
1-[1- (4- Chl orophenyl) t tH ‘yr\%zci o3, &£ clpyfri d%-g-yl ]|pEperi di n-4-amne Q /
Exanpl e 71 was prepar ST MY agd y| o %xgsnplcge 0, —usi ng@ nter nedi ate 77
i nstead of | nternedi at? , Rosyi M8 %g%ﬂ t4 eXconpound=as_.a yel | ow solid
(88% . HRVB (ESI+) ca|Td For- CI7HIBCING 328 13237 found 328. 1326. HPLC
(method B): Rf 3.92 mD, | W7Hp@Fity FXAFHE 228 | = T
{441- (4- Met hyl pheny1) -Ql—kgﬁyr—azg o[3, 4= clpylJ dien-§- yE&] nhr pBolinl- 2-
yl | met hanami ne Exafyl e578 was pregar &d s nid afl y3to=Exanpi e 70, using
Intermediate 78 instepd pf l-at &r medi ag es76 t 18 glvest g tdt L€ conpound as a
yel l ow solid (38%. HF/E %E§+Eca—§cc§fm El8pp 1T\ 50| 32 1@9, f ound
324.1823. HPLC (nethof"B)Y R & 71°my 9BY%puf tF. =0~ =
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Exanple 73 was prepared simlarly to Exanple 70,
I nternedi ate 76,
(5.4% . HROBo(1EIBM cal cd for CL6HLI8N4AO 283. 1553,
99% purity. BXAMPLE 74
141- (4- Met hyl phenyO- 1H pyr azol o[ 3, 4-c] pyri di n- 3-yl | pi peri di n- 4- ol
I nternmediate 80 (200 ny, 0.57 mmol ) was dissolved in MeOH (4 nl),

instead o

(et hod B):

f

Rf 4.88 mn,

using Internmedi ate 79

to give the title conpound as a yellow solid

f ound P2BEPYIHS65381HPLC

OH
K2CGO3

(315 ny, was added and the reaction Jm xture was stirred for 3 h.
The react ® was concerfrated in v&cuo and partitioned between DCM
(20 mL) a & (20 TL)x Tc*@e gueolus phase was extracted with DCM (3 x 50
m.) and t gani +f@cti 0 @erlg dried (MgSH) and concentrated
in vacuo eQitte <onpound asSan—of f mwhite solid (168 ny, 95%.
HRVB ( ESI @r %}:1@42%;09. 10} Tound 309.1713. HPLC: Rf 4.40
mn, 1009 EAAVPLE, 755 @ ST m
141- (4- Ch 1&% %1 iazol®[ 3, 4] Fyr&di n-B-y11- 4- (1H pyrazol - 3-
yl net hyl ) p ) %11@1@7@3@/ EP2§114053818 90 Exanple 70 (48.0
my, 0.12 gi s8olved=i nE DGM (3 @l) Zand [1H pyrazol e-3- carbal dehyde
(14. 3 nmg, agd :NalBE( QAc )3 126 ©y,=20. 15 nmmol ) were added. The
reaction sEirredif @ & daysgi DEPEA (43.2 p.L, 0.25 mol ),
1H pyr azo| €- <3- &r|ddl dehflel €145 3ongl© 0<15Tmm®l ) and NaBH( OAc) 3 (31.6 ny,
0.15 mmol)) were added and t|he reactilon m xture was stirred overnight. The
reaction m xtsre was diluted wxgh DOM (1Qenl) and quenched with water (5
nm.). The prgdhic fractfon was washed witifsat ag Na2CO8 (10 ni), dried
(MgS™) ahd concentrated in vacuo. The residue was purified by reverse
phase HPLC to give the titije compou ow solid (13.9 ng, 28%.
HRVS (ESI) cal cd for C201-120C1N7 394. 1541, found 394. 1543. HPLC (net hod
B): Rf 3.99 i®&n, 7% ®Writy. EXMPLE 76 t%rt-Bu|tyI
N- (3-{441t (4-chl orjophenyl) -1H pyrazo|l o[ 3, 4-c] pyfri di n-3-yl ] pi perazin-1yll- 3-
oxopr opyOgarbarate 3—tert—But-oxyearboenyamnopropionic acid (29.2 ng,
0.15 mml)) was dissolved in DVFL (2 niL) d HBTY (55.3 ng, 0.15 mmol) was
added. The reaction m xture wassstirffedJor 1 hl and then Exanple 70 (47.0
my, 0.12 pmol) and| DIPEA (25.4 $.L, 0. 1% ngol ) mere added. The reaction
m xture was stirred for 2 hl andgEconclent fiat@d i n| vacuo. The resi due was
diluted wth DCIVI(;% m.) an%wa&hed vvit@ sit ag NH4Cl (5 nlL) and sat aq
Na2CO8 (5[ #L)p dri ((MySO4)~ang concengr ated i|n vacuo. The residue was
purified g ¢Bl um| ghrdmat ograghy to give & yel| ow foam (48.0 ng) which was
di ssol ved| En"d.25 MEHGL in [EGOFE (5 niL). The reaction mixture was stirred
over ni ght| &nd&concght rat ed [ B vacuo.| Thé& resi due was dissolved in water (10
n), washeg witte OCGK (2 »® 102mJ and t h& sal venFs were renoved in vacuo.
The resid was ‘el Balte®E (K2OGB in DCM% aﬁl?d purified by reverse phase HPLC
to give tlkjé t2tI@ cGnpdurd ayel llow BunE(8. 71 ng, 19%. HRVS (ESI+)
cal cd for| €19FRIECINGO %8%1@8,§f(§1nd 385.2542.| HPLC (method B): Rf 3.98
mn, 97% purify=B¥AMPLEZ7— 5 ° v 2
441- (4- Me (ﬁyl %hgﬁy =1 I-E*p\,?r‘mlﬂl nT*’%,NA- c] p\,Tr i din- 3+ yl ] nor phol i ne- 3- car boxam de
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WO 2011/ 113798PCT/ EP2011/ 053818 91 NH, Interndiate 81 (345 ng, 0.92 mol)
was dissolved in DVF (4.4 nL), HBTU (419 ng, 1.10 mmol) was added and the
reacti on woxpura3mwas stirred for 1 h. NHACL (59.1 ng, 1rCO/Erawli)sisngl DI PEA
(401 p.L, 2.76 mmol ) were added and t9%e reaction m xture was stirred

over ni ght %@3% on m xture was concentrated in vacuo and the residue
was diIutg§ (20 nm.), washed with sat ag NHAC1 (5 nlL) and sat aq
Na2CO8 ( 54.riX4- cﬁldﬁﬁn&%&@bymdlopymmhﬂﬂ{ SHILN(1RpeAzollRE T esi due was
purified by colum chromatography to yield the title conpound as an orange
solid (1. géwl)mpw}me HRVS (ESI+) cal cd for C18HI9N502 338.1612, found
338.1614. HPLC (nmethod B): Rf 4.02
4- 1- (4- Met hyl phenyl) - 1H pyr azol o
yl) carbonyl ] nor pholine Q Interndi , 0.92 muol) was dissol ved
in DVF (4.4 nL), HBTU (419 ny, -added and the reaction

m xture was stirred for 1 ha hol | ne ~6 pL, 1.10 mmol ) and DI PEA (401
pL, 2.76 nmol) were added and the reaction m xture was stirred overnight.
The reaction m xture was concentrated in vacuo and the residue was dil uted
with DCM (20 d wi,t ( (5 n),
dried (Ngg%ﬁwﬁgn 2%§§$ Pﬁ%ﬁg ﬁhmgg%%%ﬁg%heﬁpgtl%Fﬁﬂ%gﬁi1ﬁ§wgﬁé, by col um
chr omat ogeapdiyettyde 1H56 g t0ER hinol) e ACOHEOLA dLa(s.zardmcgmndemmgygm(si 02 ny,
0.3%. HRVS (ESI+) calcd for C22H25N503 408. 2029, found 408.2030. HPLC

(et hod Bing, ®RF2 sngy) wina,ad@89d harrca¢tion miydre Qiried TaSIDI8 RdTeERAGICWE3818 92
EXAMPLE 79

N (2- Ami nBe? APHEPY PARER Y HOHBRY 1) 1988y F L3T1o8 oavass i 55t 39

yl ] nor phoNag(é@@(maﬁbpxiﬁm Mgs@;b)ﬂdtﬂ oaltkmirdtdien vbmoedeneaﬂee ®ds {usdied by, 0. 92
mmol ) was dissolved in DVF (4.4 nL), HBTU (419 ng, 1.10 mmol) was added and
t he react rayarseriphesgrdramgiogrephyr @dgivethel tike compounBasyd whit¢ Zolid (8.14 mg,

am noet hy r 7 I ) were
added andkkﬁg Egggiﬁ%%;)&ﬂgpﬁm%j F%g %%g%ﬁﬁfﬁgﬁ%$%gh?%§c%égﬁyglxture
was conceBh:rRit3ed) min, Y porignd the re5|due was dlluted with DCM (20 n),
washed with sat ag NH4CL (5 nlL) and sat ag Na2CC3 (5 nL), dried (MgSO™4) and
concentrated in vacuo. The residue was purified by colum chronat ography
and dissoEx@@APEE9025 MHCL in EtOH (4 nL). The reaction m xture was
stirred for 1 h and the solvents were renoved in _vacuo to yield the title
conpound &BuH- ‘bFlaﬂg‘é‘l%‘"@l’l“ﬁ‘ypzlH?YFR}OI%4%PYTHW§YUEQeW‘%I cd for
C20H24N602 381. 2034, found 381.2038&=HPLC (nethod B): Rf 3.57 min, 100%
purity. EXAMPLE 80

1- (4- Chl or ophenyl) - 3- (oxan-4-y1)-1
87 (98.0 ng, 0.43 mmol ) and Ej;ﬁbk
were dissolved in NWP (1 nLy-a heat edd rowave at 160 C for 20 mm
K2CO3 (120 ng, 0.87 mmol), Cul (4.10 nq 0.02 mmol) and N, N-

di met hyl eEh@lﬁléﬁ@@Waﬁmearedtsmlarm to Bxayap wﬁ%lu)smﬁérl@nddm%@daxﬁdfltmam@acti on

m xture [

pur 1 od oorEReiie. & Sy e uRbnd 1 coloflist ol F13¢ ] SRS TLES
chronatogcaghymdhdbb@bhé%éﬂS@lﬁha@éﬁ@dBﬂﬁﬁHEh@Qmm@o@&hpﬁ9486rmnv%ﬁbhe title
conmpound as. an off white solid (23.0 ng, 17% . HRVS (ESI+) calcd for
C17H16CINEY %14, 1055, found 314. 1059. HPLC (nmethod B): Rf 4.88 nm 99%
purity. WD 2011/113798PCT/ EP2011/ 053818

EXAMPLE 91
4-[1-(4-Chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]-N,N-dimethylpiperidine-1-

n, 97% purity. EXAMPLE 78
c] pyridin-3-y1]-3-[ (norpholin-4-

razol o[ 3, 4-c] pyri di ne I nt er nedi at e

7{/\Jydra2|ne (171 ng, 0.96 mmol)
m c

carboxamide

Example 84 (75.0 mg, 0.24 mmol) was dissolved in DCM (10 mlL), N,N-



93 EXAMPLES 81-88 Exanples 81-88 were prepared simlarly to Exanple 80, by
reacting 3-hal o-41(pyridin-4- yl)carbonyll internediates with the
appropri awe 2aryl1Bpdr azi ne; see Table 7 bel ow. WO PCT/EP2011/053818

2011/ 113798PCT/ EP2011/ 053818 95 Cal cd for CL7H1L8N4O0 295. 1553, found

295. 1556. HPLC. (et hod B 97 6% purity. Calcd for CL7HL8NAO
295, 1553, ditksiirasysoyE sy Oﬂflfpl_@% 4 et @}molﬁefané tS‘ﬂt}{‘Pﬂ‘Hm@Q%OBuWrt V72 Lcvs
(ES+): 304wl W) addbdPhdd (GEBLRAG B)lxtm%f wik QBrellMor %hG%@Wabﬁdﬁ mg@ﬁr@d for
C17H15CLFN30 332. 0960, found 332.0964. HPLC (nethod B): .17 nm  99%

purity. was ditutebwip 1320 piL) ad Nesnishedowishyvites ﬂwmzme@rgamc fraction

113,4-clp e - r

113, 4-cl p§¥/VH a£he§ WM{ %M‘ﬁ %lbdg’ (@ m‘H f%d k@%ﬁé )OW%%C‘%H%@@Z ol'o 113
, 4- cl pyri ghore3riué lwlaé Plﬂﬁﬁéé' HY2e @& phase chromat raphy to give the tltle compound as

1- (4-Chl orophenyl) -4-1l uoro- 3- (oxan4- g % yrazol ol 3, 4 Byrldlne C NH
N, N a white solid (8.17 mg, 8.9%). HRMS (ESI+) calcd for C20H22C1N5O 384 86, found

384.1589. HPLC (method B): Rf 5.17 min, 100% purity.

EXAMPLE 92
Ethyl 4-[1-(4-chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperidine-1-carboxylate

N, 2
C|/®/ N N\\(O\/
0

Example 84 (75.0 mg, 0.24 mmol) was dissolved in DCM (10 mlL),
chloro(ethoxy)methanone (27.5 pl., 0.29 mmol) and triethylamine (100 pl, 0.72 mmol)
were added and the reaction mixture was stirred for 18 h. The reaction mixture was
diluted with DCM (20 mL) and quenched with water (10 mL). The organic fraction was
washed with sat aq NapCO3 (10 mL), dried (MgSO4) and concentrated in vacuo. The

residue was purified by reverse phase column chromatography to give the title compound
as a white solid (12.1 mg, 13%). HRMS (ESI+) calcd for C,0Hy; CIN,O, 385.1426, found
385.1428. HPLC (method B): Rf 5.61 min, 100% purity.

EXAMPLE 93
3-Amino-1-{4-[1-(4-chlorophenyl)-1H-pyrazolo[3,4-c]pyridin-3-yl]piperidin-1-
yl}propan-1-one dihydrochloride

Example 93 was prepared similarly to Example 76, using Example 84 instead of Example

70, to give the title compound as a yellow solid (24%). HRMS (ESI+) caled for



/'"'\ HYNN* -N O-N* 100 N, -NIn o0 VD oO N o0 o0 o0 WO

2011/ 113798PCT/ EP2011/ 053818 96 EXAMPLE 89

4-1 1- (4- GNbanophat l) - 1H pyrazol o[ 3, 4-c] pyri di n- 3-y1] - 1PCTHPRyIAZ3HS 3-

yl met hyl ) pi peri di ne Exanple 84 (7980 ng, 0.24 mmol) was di ssolved in DCM

(10 nmL) and Y, -3: C 55.3 vy Q. D8 , AcOH (14.4
p.L, O. 25&%#@13%(51%%% %&E‘%@?@;%gﬁc8@%‘5047%|%f%v93r18&2§%%81.1f1%e reaction
m xture stirred for 18 h, diluted with DCM (20 nm.) and quenched with water
(10 m.). FEkenepgami c fracti on was washed with sat ag Na2CO3 (10 niL), dried
(MyS™) and concentrated in vacuo. The residue was purified by reverse
phase chr &tdi(dderaphgnyDod-glethoxy deloxpn-feyDcBhpsraralobd4-gIpmidine sol i d (8. 14 ny,
8.6% . HRVS (ESI+) calcd for C211-121GLN6 393. 1589, found 393. 1589. HPLC
(method B): Rf 3.90 nm 99%purity. E 90

1- Butyl-4-[1-(4-chl orophenyl)-1H pfra o[ 3, 4-c] pyridin-3-yl| pi peridine
Cl

Example 88 (110 mg, 0.33 mmol) was dissolved in MeOH (SmL), NaOMe (125 mg, 2.32

mmol) was added and the reaction mixture was heated using a microwave at 150 °C for
50 min. Further NaOMe (125 mg, 2.32 mmol) was added and the reaction mixture was
heated using a microwave at 150 °C for 30 min, then poured into 10% aq citric acid (50
ml) and extracted with EtOAc (2 x 50 ml). The combined organic fractions were dried

(MgSO4) and concentrated in vacuo. The residue was purified by normal phase column

chromatography and trituration with MeOH to give the title compound as a light yellow
solid (29.0 mg, 25%). HRMS (ESI+) calcd for C1sH1sCIN3O, 344.1160, found 344.1164.
HPLC (method B): Rf 5.45 min, 99% purity.

EXAMPLE 95

1-(4-Chlorophenyl)-3-(oxan-4-yl)-1H-pyrazolo[3,4-c]pyridin-4-ol

\ / OH

ANV \
cl

Example 88 (105 mg, 0.32 mmol) was suspended in water (5 ml) and KOH (177 mg,
3.16 mmol) was added. The reaction mixture was heated using a microwave at 200 °C for
30 min then poured into 10% aq citric acid (50 mlL.) and extracted with EtOAc (2 x 100
mL). The combined organic fractions were dried (MgSOy4) and concentrated in vacuo.
The residue was purified by reverse phase HPLC to give the title compound as a white
solid (20.2 mg, 19%). HRMS (ESI+) calcd for C17H;6CIN;O, 330.1004, found 330.1001.
HPLC (method B): Rf 5.06 min, 100 % purity.

EXAMPLE 96
1-(4-Chlorophenyl)-5-methoxy-3-(oxan-4-yl)-1H-pyrazolo[3,4-c]pyridine



Exanpl e 90 was prepared simlarly to Exanple 89, using butanal instead of
1H pyrazol e3-car bal dehyde, to give the title conpound as a col ourl ess gum
(6.8% . HROBo(1EIBME cal cd for C2J125CLN4 369. 1841, founaC3aP2d18453814HPLC
(method B): Rf 4.35 min, 99% purity. BXAMPLE 91

4-[1-(4-Chl orophenyl) - 1H pyrazol o[ 3, 4-c] pyridi n-3-y1]-N, N-di met hyl pi peridin
e-| carboxam de WO 2011/113798PCT/ EP2Q1l1/053818 97 di met hyl car banmoyl|
chloride (26.4 p.L, 0.26 nmmol) and tryetRylam ne (100 p.L, 0.72 nmmol) were
added and the reaction mxture was stNrAd for 18 h. The reaction m xture

was diluted with DCM (20 nL) and enghe) water (10 nmL). The organic
fracti on was washed with sat aq/@é\ﬂ@‘

10\nmL)y, dried (MgSH) and
concentrated in vacuo. The re$id s purifded by reverse phase
chr omat ogr aphy

to g§g6iove the title conpound as a white solid (8.17 , 8.99.
HRVE ( ESI ifereistiely Tofl lero-a1menlase. dseled i i Ts 6% 1go Nabdlec 18aet hod
B): Rf 5.5L¢ Y RUIdE Y andERANBLEn9RixBskdWhs heated using a microwave at 150
441- (4-chl orophenyl) - 1H pyrazol o 3, 4-c] pyri di n-3-yl | gl eri di ne- 1-car boxyl at
e Exanp doig2.5(Iz3han peyired)inge) 1Rvpo¢iyr dvlgeel (Bdmi Flv@lwr(@glta’@t)was
chl oro( et ( . 2 I n e ] pL,
0. 72 ol ) e b maE ol pulhed by CRodE ko Sl PINAEL AR S8 Pri
reacti on mcrtutsativasiran IMa(dd tongitvé tho@ve (cRMpornd sradwlgjeesotit €3b. 2nigh338at er (10

m.). The .G fraction i sat 0 dried
(Vson) ol Eo N SR Er RS L BlrPTadBRali s By BBl ce
phase col aspnahromepegy.aphy to give the title conpound as a white solid
(12.1 ng, 13%. HRVS (ESI+) calcd for C201-121C1N402 385. 1426, found

385. 1428. HPLC (nmethod B): Rf 5.61 mm 100% purity. EXAMPLE 93

3- Am no- 1gkdddpi(Bethl or ophenyl) - 1H- pyrazol o[ 3, 4-c] pyri di n-3-yl | pi peridi n-1-
yl | propan- 1-one di hydrochl oride WD 2011/113798PCT/ EP2011/ 053818 98

C20H2 2 C1 NE4-Sidorepbay D b (axandsdl)-1HGH 6 Hipyaa 7okt 3 A dpgidinforg. 91 min, 99%
purity. EXAMPLE 94 OH
1- (4- Chl or ophenyl) - 4- met hoxy- 3- (oxan- 4=1) - 1H pyrazol o[ 3, 4-c] pyridine \/ ol
Exanple 88 (110 ng, 0.33 mml) was di&sopved in MeOH (5nm), NaOMe (125 ng,
2.32 mmol ) was added and the reaction ¥Xture was heated using a m crowave
at 150 C for 50 mm Further NaOM X ~32 mol) was added and the
reaction m xture was heated u f Y owqave aat 150 C for 30 mm then
poured into 10% aq citric acid (59 nlL) and éXtracted with EtOAc (2 x 50

m.). The nhi ne ic f tions were dried S ntrated in
Vabio. i B S, 00T o RO S R R E LM R SR QRIS M ) ana
triturati 801 whdél) VeOkdded agd whe rédedod imfidterevapoatatiuvase anlidroghiveyel0@M sol i d

(29.0 ng, .259 . ES| +). cal cd faor, CI8HI8CIN302 344.1160, found

344. 1164, f‘ﬁal_@@at ’}@%yr %) .lﬁlﬁr'm‘g?‘t O f"bg&/%r iNF JCACEYfBY e gigts poured

1- (4- Chl oimephenyab) cidic(R¥RF0AnLindlite RydaAal-old &y bl diliattbn Olvashled Exanpl e
88 (105 ng, 0.32 mml) was suspended in water (5 m__? and KOH (177 ng, 3.16
mol ) was VB deder aerceaiatisgh ik figre iR th edvce e diengPmapond rovalghtat 200 C
for 30 m e RetHIOU5@dmb N @ L AMAY E1NI G1@%bA (20 INYOARSH. RXU Afhgd Wi th
Et 0Ac (2 x 100 nL). The conbi ned organic fractions were dried (MJSO4) and
concent r aB&H1GO0R. MBEU dmetiné By:dYi Sdifenina89pwrriifyi ed by reverse phase HPLC to
give the title conpound as a white solid (20.2 ng, 19%. HRMS (ESI+) calcd
for CL7HL6CLN302 330. 1004, found 330.1001. HPLC (nethod B): Rf 5.06 nm 100
% purity. ERXANALE®6

os 17 Tha s BB R P bR S oz iy AkiaRe! oL 3. 4-clpyridine VO




99 Internediate 96 (110 ng, 0.33 mmol) was dissolved in MeOH (2.5 nL),
NaOMe (125 ng, 2.32 mmol) was added and the reaction m xture was heat ed
usi ng a mvonowama7dat 150 C for 2.5 h, then poured into PO¥EPRaINI0S3SaEi d
solution (50 nmL). The precipitate wadotol | ected by filtration and purified

o v tho TIATETEGriobum) e AOMATEE S5 R-da0s it /53055 ARIEMEGM) cal cal

for C18H1 d . 99%
our iy, OGN & @664 A60, N qurtgmsa@}e%@ﬁedmn@ @t ng 0B nRfoly -2ad 6

1- (4- Chl op@pﬁ@emynl)ossha(cfo@a@ e \143- mpob pyeEHsYspenaled inoPBIFAL &) iplyr dndihsasd one  OH
| nt di KOH (169
o, 501 DTS Tusd U rob R, TR M Ry RUERARTERCL B M Kbt Belal O

m cr owav eca@atcedi@ed@n varuol Thy, resitlucl & [@riffiod bBﬁomliml pmde atlu@OChiCnfagrerddy m n. The
reaction m xtur red.into 10% trlc Cld 50m_

br oot pi t abt e SR Re PRy Rorarha, Sk LR Py B hafe A8
recrystal t1l6SIel(ﬂ 12090 HRMBWHSI O al @ fgi @ gHL0EN1O Bl@l(ﬁ@,ﬂiﬁ@ﬁﬂlﬂl@ﬁﬁ& ipight yel | ow
solid (15.6 169%) HRI\/B ESI +) calcd for Cl7H16C1N302 330. 1004, found
330. 1000. @ﬁﬂi@%&fﬁ&a@? PYI¥4 nm 99% purity. EXAMPLE 98

5- (4- Chl or ophenyl) - 7- (oxan-4-y1) -5H pyrrol o[ 3, 2-d] pyri mdine WO

2011/ 113798PCT/ EP2011/ 053818 100 Internediate 101 (52.0 ng, 0.26 mmol),

4- chl or o- F84dHEAZ8he (73.2 rrg, 0.31 mol), Cul (14.6 ng, 0.08 mml), N,

N -dinmeth ot assi um phosphat e
(92.3 ngxégﬁdénngﬁ%% Qﬁg pé yrQZO mb)s"ﬁ{lﬂ gnd heat ed under refl ux
at 110 C for 18 h. The reaction mxtur s cooled to roomtenperature and
concentrated in vacuo. The residue wa i fied by normal phase col um

chr omat ogr aphy and reverse phase colu hr gmat ography to give the title
conpound as a white solid (16.1 (ESI+) calcd for

C17f 116C1IN30 314. 1055, found 3iA 8. thod B): Rf 5.22 min, 99%
purity. EXAMPLE 99
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| nt er medi at 10 500 1) and (4-chlo heny hy razi
hydr ochl oﬁ ié& ol 3 ef?sdlﬁﬁ%wngo‘?z\%@{ gi%sab) (ﬁi E? ai‘g SH’L?‘P%ﬁd AcOH
(2 m—) ang s Tl“hé E(ﬁdenfté)ﬁverle&eﬂlovéﬁhﬁz SRhY 8 TheWWBSigud @5@&1@&%1\}66 i¥aswa @nd the

resi due was dissolved in 1&5 nm)_ and washed with sat aq Na2CO3 (50 ni).
The aqueotd.) wa«}exras%w@&wtmr DGR hSOD@M (8o ayousdayer mes eaisitsredithr gani ¢
fractions SHA d concentrated jn v e reS|du vvas

di ssol vedPL! &9&% %E?C%% & ARG gng ety %@dﬁ@%%kﬂ%@ N
o b SRS L L UL et P B AT e
col um chadivat @gr &ph)ontmlxglrvavatsheatbd tukifig GoMfReMnSe &% 180 \ﬂﬁlfbe3emiﬂ dhé137 ny,
20%) . HRI\/S ESI +) cal cd for Cl6H 1N40 315. 1007, found 315. 101 HPLC
(met hod B§O GBS ‘ﬂer&ge]ﬁ]ﬂi/e 1@0@(9%?qu ESRIOPY 5 1106616(1 by normal phase column

1- (4-Fl UOEBQB%E%)II}?,H{ K/@rlhél‘t]‘x’lé)coilﬂﬂ‘oﬂjyd bPh OfRite3s AP BT dhd1e20b). HHMS
2011/ 113798PCT/ 011/ 53818 101 pot assi um phosphat e 344 62 mmol )
were di soUINBHCHR DU (B Oapid. ROd: B8e A5 0 lod DGy Encibod By 1 £45 40
The react @D 1ghostufig, Was cool ed to roomtenperature, filtered through
celite and concentrdted in vacuo. The residue was dissolved in DCM (100
m.), washed vvlth sat ag NaHCO3 (100 ni), water (100 niL), dried (MgSO4) and
concentraiﬁﬁiI ago- The residue was purified by reverse phase HPLC to

gi ve the e corrpound as ared gum(4.34 ng, 1.999. HRVS (ESI+) calcd for
C18H17FN20-(29Tuckapleenyl) Rdfosta-9-41)L HA-pyridRC3(cpididide B) : Rf 4. 74 nm 100%
purity. Ne—

N F
. 0

Intermediate 103 (156 mg, 0.77 mmol), 1-fluoro-4-iodobenzene (206 mg, 0.93 mmol),
Cul (14.7 mg, 0.08 mmol), N, N'-dimethylethylenediamine (16.6 pl, 0.15 mmol) and




EXAMPLES 101- 103 Exanpl es 101-103 were prepared simlarly to Exanple 100,
by reacting Internediate 103 with the appropriate i odobenzene or

br omobenzagoepiigasrdsabl e 8 bel ow. WO 2011/ 113798PCT/ EP20XPLO5883838 103
EXAMPLE 104 441- (4- Chl orophenyl)-1H pyrrol o[ 2, 3-c] pyridin-3-yl] rmr phol i ne
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SSAO activity was assayed using 14C-| abel ed benzyl ami ne and anal ysed by
measuri ng radi oactive benzal dehyde. In a white 96-wel|l optiplate (Packard),
20 i aL ofwdi2butmas7osest conpound was pre-incubated at r.PCT@EPROI1283818L SSAO
enzynme for approximately 15 m nutes wWih continuous agitation. All
dilutions were made with PBS. The reaction was initiated by 30 addi ng 20

i aL of ttﬁ@@p pligm ne substrate solution containing 117-14Cl Benzyl am ne
hydr ochl ori de %CF 589, GE Healthcare). The plate was incubated for 1 hour
as above 4eflt(drChipmiophenyle 1l gqycrdlelR, 3wdpyddioghddintsphatine? 2 2etaiffuoroacdic i aL 1 M
HCl). Then.90 iaL Mcro Scint-E solution (Perkin-Elner) was added to each
wel | and aﬂqe pl ate was continuously m xed for 15 m nutes. Phase separation
occurred instantly and activity was reag\ n a,Topcount scintillation
35counter (Perkin-Elnmer). In the final action well, human reconbi nant
SSAO concentration WO 2011/113798P(T/ FPA011/053818 106 was 10 pg/m . In
order to optim ze sensitivity, th;@ﬁs at\e cdoncentration was decreased as
conpared to the HRP coupl ed assé&y or der H/get a higher fraction of

radi oactive produ Ln th uman SSAQ assay, .henzy i ne ntratjon was
40 | LFM (I’é)t?fz“ﬁ)e&}aéﬁ f(ut’ﬁ_()l.%% ﬁ-qaagm%m?@aoﬁ&%yla@?@ @“’a‘gﬂ ‘Ilndo'gf)&ﬁg 8% ified
conpoundsyé1) bRedicA¥RRALHRN eéilépg@!@ G vl Wire 2ad2a0PhdMi@ion S5 wee
Table 9). Table 9: SSAO i'nhibitory activity 10(A: <100nM B: 100-500nM C

500- 2500miyteCosipp andici@sye (ah NpO Confeo di dninCeH((@RP @an@fund mityel ¢ihM921L C 37
C73B2 ngngﬁ wca?s (80 a%dﬁhe3 ?eaction mixture was heated using a microwave at 150 °C for 15

min. The solvents were removed in vacuo and the residue was purified by reverse phase HPLC
10 to give the title compound as a brown solid (5.10 mg, 1.9%). HRMS (ESI+) calcd for
C17H16CIN;O 314.1055, found 314.1057. HPLC (method B): Rf 4.55 min, 97% purity.

EXAMPLE 105
2,2,2-Trifluoroacetic acid; 4-amino-1-{4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-
15 yllpiperidin-1-yl}butan-1-one

\ 7/

N F
NH
CI/O/ N\(\/\ 2

0]

TFA

Example 105 was prepared similarly to Example 17, from Example 10, using 4-{[(tert-

butoxy)carbonyl]amino }butanoic acid instead of N-(fert-butoxycarbonyl)-[-alanine prior to the

Boc deprotection step to give the title compound as a yellow gum (12%). HRMS (ESI+) caled
20 for CyHysCINSO 397.1783, found 397.1790. HPLC (method B): Rf 3.84 min, 99% purity.

EXAMPLE 106

2-Aminoethyl 4-[1-(4-chlorophenyl)-1H-pyrrolo[2,3-c]pyridin-3-yl]piperidine-1-
carboxylate

\ 7
N
C|/©/ d N\‘(O\/\NHZ

25 o

Triphosgene (95.2 mg, 0.32 mmol) was dissolved in DCM (5§ ml.) and a solution of N-Boc-
ethanolamine (155 mg, 0.96 mmol) and DIPEA (167 pL, 0.96 mmol) in DCM (1 mL) was
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added. The reaction mixture was stirred for 18 h and a solution of Example 10 (free base, 200
mg, 0.64 mmol) and DIPEA (167 pL, 0.96 mmol) in DCM (1 ml.) was added. The reaction
mixture was stirred for 1 h, diluted with EtOAc (50 ml.), washed with 10% aq citric acid (50
mL) and 1 M aq NayCO3 (50 mL), dried (MgSOy4) and concentrated in vacuo. The residue

5 was dissolved in DCM (5 mL), TFA (1 mL) was added and the reaction mixture was stirred for
1 h. The reaction mixture was concentrated in vacuo and purified by reverse phase HPLC. The

residue was dissolved in 1 M aq NapCO3 (20 mL) and extracted with DCM (3 x 20 mL). The
combined organic fractions were dried (MgSO4) and concentrated in vacuo to give the title

compound as a colourless gum (10.0 mg, 3.9%). HRMS (ESI+) calcd for C,Hy;CIN4O,
10 399.1582, found 399.1585. HPLC (method B): Rf 3.92 min, 99% purity.

EXAMPLE 107
3-(3,6-Dihydro-2H-pyran-4-yl)-2-methyl-1-(4-methylphenyl)-1H-pyrrolo[2,3-c]pyridine

\ 7

L

15 Intermediate 108 (59.0 mg, 0.28 mmol), 4-iodotoluene (72.0 mg, 0.33 mmol), N.N-
dimethylethylenediamine (5.93 pL, 0.06 mmol) and K3PO4 (123 mg, 0.58 mmol) were

suspended in DMF (1 mlL) under nitrogen and Cul (5.24 mg, 0.03 mmol) was added. The
reaction mixture was heated in a microwave at 170 °C for 9 h and concentrated in vacuo. The

residue was purified by column chromatography to give the title compound as a brown gum

20 (10.3 mg, 12%). LCMS (EST): 305.0 (M+H)". HPLC (method B): Rf 5.01 min, 98.5% purity.

BIOLOGICAL TESTS

Biological Assays of the SSAO Enzyme Inhibitors
25
All primary assays were performed at r.t. with purified recombinantly expressed human SSAO.
Enzyme was prepared essentially as described in Ohman et al. (Protein Expression and
Purification 46 (2006) 321-331). In addition, secondary- and selectivity assays were performed
using SSAO prepared from various tissues or purified rat recombinant SSAQO. The enzyme
30 activity was assayed with benzylamine as substrate by measuring either benzaldehyde
production, using '*C-labeled substrate, or by utilizing the production of hydrogen peroxide in

a horseradish peroxidise (HRP) coupled reaction. Briefly, test compounds were dissolved in
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dimethyl sulfoxide (DMSO) to a concentration of 10 mM. Dose-response measurements were
assayed by either creating 1:10 serial dilutions in DMSO to produce a 7 point curve or by
making 1:3 serial dilutions in DMSQO to produce 11 point curves. The top concentrations were
adjusted depending on the potency of the compounds and subsequent dilution in reaction

5  buffer yielded a final DMSO concentration < 2%.

Hydrogen peroxide detection:
In a horseradish peroxidise (HRP) coupled reaction, hydrogen peroxide oxidation of 10-acetyl-
3,7-dihydroxyphenoxazine produced resorufin, which is a highly fluorescent compound (Zhout
10 and Panchuk-Voloshina. Analytical Biochemistry 253 (1997) 169-174; Amplex® Red
Hydrogen Peroxide/peroxidise Assay kit, Invitrogen A22188). Enzyme and compounds in 50
mM sodium phosphate, pH 7.4 were set to pre-incubate in flat-bottomed microtiter plates for
approximately 15 minutes before initiating the reaction by addition of a mixture of HRP,
benzylamine and Amplex reagent. Benzylamine concentration was fixed at a concentration
15 corresponding to the Michaelis constant, determined using standard procedures. Fluorescence
intensity was then measured at several time points during 1 — 2 hours, exciting at 544 nm and
reading the emission at 590 nm. For the human SSAO assay final concentrations of the
reagents in the assay wells were: SSAO enzyme 1 pg/ml, benzylamine 100 uM, Amplex
reagent 20 uM, HRP 0.1 U/mL and varying concentrations of test compound. The inhibition
20  was measured as % decrease of the signal compared to a control without inhibitor (only diluted
DMSO). The background signal from a sample containing no SSAO enzyme was subtracted
from all data points. Data was fitted to a four parameter logistic model and ICsy values were

calculated using the GraphPad Prism 4 or XL{it 4 programs.

25 Aldehyde detection:
SSAOQO activity was assayed using 14C-labeled benzylamine and analysed by measuring
radioactive benzaldehyde. In a white 96-well optiplate (Packard), 20 pl. of diluted test
compound was pre-incubated at r.t. with 20 pl. SSAO enzyme for approximately 15 minutes
with continuous agitation. All dilutions were made with PBS. The reaction was initiated by

30 adding 20 pL. of the benzylamine substrate solution containing [7-14C] Benzylamine
hydrochloride (CFAS89, GE Healthcare). The plate was incubated for 1 hour as above after
which the reaction was stopped by acidification (10 ul. 1 M HCI). Then 90 pl. Micro Scint-E
solution (Perkin-Elmer) was added to each well and the plate was continuously mixed for 15
minutes. Phase separation occurred instantly and activity was read in a Topcount scintillation

35 counter (Perkin-Elmer). In the final reaction well, human recombinant SSAO concentration
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was 10 pug/ml. In order to optimize sensitivity, the substrate concentration was decreased as
compared to the HRP coupled assay in order to get a higher fraction of radioactive product. In

the human SSAO assay, benzylamine concentration was 40 uM (0.2 pCi/mL). Data was

analysed as above.

All of the exemplified compounds of the invention had an ICs, value of 1-2500 nM at SSAO
(See Table 9).

Table 9: SSAOQ inhibitory activity
10 (A: <100nM, B: 100-500nM, C: 500-2500nM)

Compound ICso (nM) Compound ICso (nM) Compound I1C5 (nM)
1 C 37 C 73 B
2 C 38 C 74 A
3 B 39 C 75 B
4 B 40 C 76 B
5 B 41 C 77 C
6 C 42 B 78 C
7 C 43 B 79 B
8 B 44 A 80 B
9 C 45 C 81 B
10 B 46 C 82 B
11 B 47 C 83 B
12 A 48 B 84 B
13 B 49 A 85 C
14 B 50 A 86 C
15 A 51 C 87 B
16 A 52 B 88 C
17 A 53 A 89 B
18 B 54 A 90 C
19 B 55 B 91 B

20 B 56 A 92 B
21 B 57 A 93 B
22 B 58 A 94 C
23 C 59 A 95 B
24 C 60 A 96 C
25 C 61 B 97 B
26 C 62 B 98 B
27 C 63 A 99 C
28 B 64 A 100 B
29 C 65 B 101 A
30 B 66 A 102 A
31 C 67 A 103 B
32 A 68 A 104 A
33 A 69 B 105 A
34 B 70 C 106 A
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CLAIMS

1. A compound of formula (I) or a pharmaceutically acceptable salt, or N-oxide thereof:

R1\A/X\R2

D
5 wherein
R' is phenyl or 6-membered heteroaryl, optionally substituted with one or more substituents
selected from halogen, cyano, C;4-alkyl, halo-C 4-alkyl, Cy4alkoxy-C, 4alkyl, hydroxy-C;4-
alkyl, cyano-C;4-alkyl, amino-Cy4-alkyl, Cy4-alkylamino-C;4-alkyl, di(C;4-alkyl)amino-C;4-
alkyl, -NR**R*®, -NR°C(O)OR’, -NR°C(O)R?, -NR*C(O)NR**R*®, -C(O)NR**R*®, -C(O)R?, -
10 C(O)OR’, and -NR°S(O),R’;

A is a bond;

R? is -B-Q-[R’], or -B-R?;
15

whereinn=1,2,3,or4

B is a bond, O, NR*, -C(O)- or C;3-alkylene;

20 Q is saturated or partially unsaturated monocyclic 3-7 membered heterocyclic or Css-

cycloalkyl ring;

when R? is —B—Q—[R3]n, R? is selected from hydrogen, halogen, cyano, amino, hydroxyl, oxo,
Ci4-alkyl, halo-Cj4-alkyl, C;4-alkoxy, Cj4alkoxy-Ciaalkyl, hydroxy-C;4-alkyl, cyano-Cj4-

25 alkyl, amino-Cy4-alkyl, C;_4-alkylamino-C4-alkyl, di(C,4-alkyl)amino-C,4-alkyl, -NR**R*®, -
NR°C(O)OR’, -NR°C(O)R’, -NR°C(O)NR*R*®, -C(O)NR*R*, -C(O)R’, -C(O)OR’, -
NR6S(O)2R5 , —S(O)st , phenyl-C; 4-alkyl and heteroaryl-C, 4-alkyl, and wherein any phenyl or
heteroaryl residue is optionally substituted with one or more substituents selected from
halogen, cyano, Cj4-alkyl, halo-C;4-alkyl, Ci4-alkoxy, Ci4alkoxy-Ci4alkyl, hydroxy-Ci.4-

30 alkyl, cyano-Cy4-alkyl, amino-C;4-alkyl, C;4-alkylamino-C, 4-alkyl, di(C;4-alkyl)amino-Cy_4-
alkyl, -NR**R*®, -NR°C(O)OR’, -NR°C(O)R?, -NR*C(O)NR**R*®, -C(O)NR**R*®, -C(O)R?, -
C(O)OR’, -NR°S(O),R’;
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when R? is -B-R?, R is selected from amino, Cy4-alkoxy, C;4alkoxy-C;_alkyl, hydroxy-C;_4-
alkyl, cyano-C;4-alkyl, amino-Cy4-alkyl, Cy4-alkylamino-C;4-alkyl, di(C;4-alkyl)amino-C;4-
alkyl, -NR**R*®, -NR®C(O)OR?’, -NR°C(O)R’, -NR’C(O)NR*R*®, -C(O)NR**'R*®,
-C(O)R®, -NR®S(0)2R’, phenyl-C_4-alkyl and heteroaryl-C_4-alkyl, and wherein any phenyl
5  or heteroaryl residue is optionally substituted with one or more substituents selected from
halogen, cyano, Cj4-alkyl, halo-C;4-alkyl, Ci4-alkoxy, Ci4alkoxy-Ci4alkyl, hydroxy-Ci.4-
alkyl, cyano-Cj4-alkyl, amino-Cj4-alkyl, C;4-alkylamino-C_4-alkyl, di(C;4-alkyl)amino-C;.4-
alkyl, -NR**R*®, -NR°C(O)OR’, -NR°C(O)R?, -NR*C(O)NR**R*®, -C(O)NR**R*®, -C(O)R?, -
C(O)OR®, -NR®S(O),R’, provided that when R? is -B-R’, and B is a bond and R® is -C(O)R’,
10 then R’ is not hydrogen;

R* R*® and R are each independently selected from hydrogen, C;_4-alkyl, hydroxy-C;.4-alkyl,
halo-C, 4-alkyl, cyano-C;4-alkyl, amino-C;4-alkyl, C;4-alkylamino-C,4-alkyl, di(C;4-alkyl)-
amino-Cy 4-alkyl or Cy4alkoxy-C;4alkyl; or R* and R*? together with the nitrogen to which
15  they are attached form a cyclic amino group such as a piperidinyl, piperazinyl, N-substituted

piperazinyl, morpholinyl or homopiperidinyl group;

R*! is selected from Ci4-alkyl, hydroxy-Cj4-alkyl, halo-C;4-alkyl, cyano-C;4-alkyl, amino-
Cy4-alkyl, Cy4-alkylamino-Cy4-alkyl, di(C;4-alkyl)amino-C;4-alkyl or C;jalkoxy-Cj4alkyl;

20 or R*! and R* together with the nitrogen to which they are attached form a cyclic amino
group such as a piperidinyl, piperazinyl, N-substituted piperazinyl, morpholinyl or
homopiperidinyl group;

R® is hydrogen or C;4-alkyl; and
25
X is selected from the radicals of formulae (1-16) wherein the bond marked * is attached to

R!A- and the bond marked ** is attached to -R%:
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conpound of fornmula (1) or a pharnmaceutically acceptable salt, or N-oxide

t her eof : woO@2b)1/8stverein RL i s phenyl or 6-nmenbered het ePcampRoi1opisional |y
substituted with one or nore substituénhts selected from hal ogen, cyano,

Cl4- al kyl, hal o- Cl14-al kyl, Cl4al koxy-Cl4alkyl, hydroxy-Cl_4- al kyl,

cyano- Cl4-al kyly,, am no-Cl4-at kyl, Cl4-al kykam no- Cl4-al kyf,

di (Cl4- al kylny-&im no- C14- alkyl, - NRAAR 4B, K 0) OR5, NNBGC( 0) R5,

- NR6C( 0) 0) OR5, Hakld -NNR6S(0) 2R5; A is a

bond; R2 is QJ.ESI" eyein n 2,33, or 4 s4a bond, 0, NR
-C(0)- or | kyl ene Qs saturathdse partial i it ur at ed
monocycl i ¢ 3W7 ménber ed hef er dtyclic 6r €3 72 cycl oal kX/l/ ring;
Y \2 Y
N~ N - N
H< N H}\ z z H— ) z
—( 5 R o
8
NP~ PN NN
% N *% *% * T *%k
O
N-N
H— D—z
—\ 12
11 N
_<Y
- N
H— Y—z H— N
— — 16
NS N\15 AN N\

wherein Y is selected from hydrogen, hydroxyl, amino, —NHR6, -OCHs;

5 7. is selected from hydrogen, fluorine, hydroxyl, Cj4-alkoxy, halo-C;4-alkyl, CONH,, cyano,
SO,NH,, amino, -NHR®;

W is selected from H, C;4-alkyl, halo-C;_4-alkyl;

0 2. A compound as claimed in claim 1 in which X has the formula 1 and wherein RL R Y,

7. and W are as defined in claim 1.

3. A compound as claimed in claim 1 in which X has the formula 2 and wherein RL R Y,
7. and W are as defined in claim 1.
15
4. A compound as claimed in claim 1 in which X has the formula 3 and wherein RL R Y,

and 7 are as defined in claim 1.



when R2 is -B-QLR31", R3 is selected from hydrogen, hal ogen, cyano, am no,
hydr oxyl, oxo, Cl4-al kyl, hal o-Cl4-al kyl, Cl4-al koxy, G 4al koxy-Cl_4al kyl
hydr oxy- G¥@-2ai11kmB798cyano- Cl- 4- 25 al kyl, am no- Cl4- al kKyIPCT/EP2011/053818

Cl4- al kyl am no- C14- al kyl, di (Cl4-al kyll) am no- Cl4-al kyl, - NRAAR4B,

NR6C( 0) OR5, -NR6C(0)R5, -NR6C(0) NRAARAB, C(0) NRAAR4AB, C(0)R5, -C(0)OR5, -
NROS( 0) 2185, - A fhlsffia o POBAML 1Lk Ty b nRASk RRYAL R uGhb el r! J0dy
wher ei n any phen or heteroaryl residue is optionally substituted with one
or nore substand Wemt ss ddlned iredaifir bm hal ogen, cyano, Cl_4-al kyl,

hal o- C14- al kyl , Cl4-al koxy, Cl_4al koxy-Cl_4al kyl, hydroxy-Cl-4- 30al kyl,
cyano- Cl4- al kyl , am no- Cl4-al kyl, Cl4-al kyl am no- Cl4-al kyl,

di (Cl4- aleky| Yaminn@ufid ds claibiey lin claidRAARVEIE XNMaKho)féRmla § NREX@YRR, ', R%, and

- NR6C( 0) NRAAR4B, NR4A R4B, c(0)R5, C(0)OR5, -NR6S(0)2R5; WO
2011?%13798P§f?%@§@% FHEREI8 h0o when R2 is -B-R3, R3 is selected from

am no, Cl4-al koxy, G 4al koxy-Ci 4al kyl, hydroxy-Cl4- al kyl, cyano-Cl4-al kyl,
am no- C14-al kyl , Cl4-al kyl am no- C14-al kyl, di (Cl4-al kyl )am no-Cl4- al kyl ,
- NRAARAB,7- - NReCm)oRs as clrsdinylrsn 1 ingBich 0 rdlgRiosnula Gyl e iRE B R ¥ 0) RS,
- NR6S(0) 2R5, honv! «Gifadl ik ¥li@nd heteroaryl -Cld-al kyl, and wherein any
phenyl 5 or heteroaryl residue is optionally substituted with one or nore
substituents selected from hal ogen, cyano, Cl_4-al kyl, hal o-Cl4-al kyl,

Cl4-al koxy, G _Lialk -G Lial kyl ., hydr -C1-4-,al kyl ano- Cl4- al kyl ,
oGO ) R bR ORY cxnele Pl oM N b A QY 00T T4 2 Y
-NRAARAB, - NR6C(0) OR5, - NR6C(0)R5, - NR6C(0) NRAARAB, - C( 0) NRAARAB, - C(0) RS,

- 0) OR5, -NR6S(0)2R5, proyided that. when is -B- ;and B is a bond and
re ) ) R TR K P bige B e Ry o 2N B 1S 2 Dond o

i ndependent|y sel ected from hydrogen, Cl4-al kyl, hydroxy-Cl4-al kyl,

hal o- C14- al kyl , cyano- Cl4-al kyl, am no-Cl4-al kyl, Cl4-al kyl am no- Cl4-al kyl ,
di (CL4- allRyl YA camporpdcassclaimsg inoanYopaesrdips Flatmawhegin: Bolp RPANGNE (RXBOr
togetfer wi th,diig.jai trogen to which 15they are attached forma cyclic amno
group such as a’piperidinyl, piperazinyl, N-substituted piperazinyl,

nmor phol i nyl or honopi peridi nyl group; R4Al is selected from Cl4-al kyl,

hyd - Gl4- 3| 4G I - jno- Cl4-al kyl,

Cla- al Ky "4 fos Erpulfyibitn PLEY s YRRk B o AT 42

Cl4al koxy- Cldalkyl; 20 or R4A1 and R4B together with the nitrogen to which
th ttgched f .cycl i i no. h i i di nyl,

pi per azi rlgl , NCUBEET L UEEpEATRPRE <P SREFID 1 BriReRopi per i di nyl

groupp R6 is hydrogen or Cl4-alkyl; and 25 X is selected fromthe radicals
of fornul ae (1-16) wherein the bond nmarked * is attached to R1A- and the
bond mar Kéd #xcquapoypd apainet & angprecedipe slyim MpgrsmoB el BbogNiins53818 110
Wwherein Y is selected from hydrogen, hydroxyl, am no, -NHR6, -OCH3; 5Z is
sel ected from hydrogen, fluorine, hydyoxy[, Cl_4- al koxy, hal o-Cl_4-al kyl ,
CONH2, cyédno A SopNMRd aggiiiped in agsiReeceding claim wherein Y is hydrogen

25 15. A compound as claimed in any preceding claim wherein R' is optional substituted with
one or more substituents selected from halogen, cyano, hydroxyl, C;.4-alkyl, halo-C;_4-alkyl,
Ci4alkoxy-Cj4alkyl, hydroxy-Cis-alkyl, cyano-Ci4-alkyl, amino-C;4-alkyl, C;4-alkylamino-
C,4-alkyl, di(Cy4-alkyl)amino-C 4-alkyl, -NR**R*2.

3 16. A compound as claimed in any preceding claim wherein R' is heteroaryl optionally

substituted with one or more substituents selected from as fluoro, chloro, and C; 4-alkyl.

17. A compound as claimed in claim 16 wherein R' is pyridine-2-yl, pyridine-3-yl or
pyridine-4-yl optionally substituted with one or more substituents selected from fluoro, chloro,

35 and C;_4-alkyl.



Wis selected fromH, Cl_4-alkyl, halo-Cl_4-alkyl; to2. A conpound as
claimed in claim1 in which X has the formula 1 and wherein Rl, R2, Y, Z
and W ar evaodefi3™8d in claiml. 3. A conpound as cl ai mne®Cirepe¢iaionssisi n
which X has the formula 2 and whereinlRl, R2, Y, Z and Ware as defined in
claiml1. 15 WD 2011/113798PCT/ EP2011/053818 111 5. A conpound as cl ai ned
inclaiml in which X has the fornula 4 and wherein Rl, R2, Y, and Ware as
defined in claim1. 6. A conpound as clainmed in claiml in which X has the
formul a 98and whepeind RIglaiRR( inrdy5¥ caims als tdéf iwhedkin R’ db @henyl.. optionally
conpound _as..cl ai in claim1l in which X, has the for .a 6 an rein R1,
ro Ty e TR ey BB el e oy 3 D st e P PER TR Ay
pr ecedi ngydlogénn e eichloR? ¢y&ine,BhEaBRByl,' .C;4-alkyl,9 fludosethyhudiduasnethai,med i n
any precg%{ln cl aimwherein R2 is -B-R3. 10. A compound as clained in
any prec ‘H’go%ﬁ’t Yim wherein B is a bond, -C(0)- or 15methyl ene. 11. A
conpound as clainmed in any preceding claimwherein Bis a bond. 12. A
conpound as clainmed in any preceding claimwherein Wis hydrogen. 20

13. A corfount cagpeund; anshiimed lélrﬁ}alﬁlr]%c‘é]éﬁf‘ﬁ& & RiieAYlviHRTtig e 3t thapaya peyifionyy
NH2. by 14 sutiRRAP QUAG AFrof], AWPRI dnbrBNYyRbeaeabRg, ¢ abiWhalghhedil S
hydr ogen 5515. A conmpound as clainmed 1n any precedi'ng clalmwhereln IS
opt i onal dsfiieserdttlea tufledrowatdylor nore substituents sel ected from hal ogen,
cyano, hydroxyl, Cl4-al kyl, hal o-Cl4-al kyl, G _4al koxy- Cl4al kyl ,

hydr oxy- Cl14- al kyl , cyano- Cl4-al kyl, am no-Cl4-al kyl,

Cl4- al kyl 2m ndCldpalnkyak clathhddGi 4lagh R § Wharimbe @drd saiskilent is MRbfedRABn f1BQD6. A
conmpound cl ai in any preceding claimwherein RL is heteroaryl

opt i onal IC@%%‘U‘P)YS‘?‘%{F ted with one or nore substituents sel ected from as
fluoro, chloro, and Cl4-al kyl. 17. A compound as clainmed in claim 16
wherein Rl is pyridine-2-yl, pyridine-3-yl or pyridine-4-yl optionally
substitutéd i $tnreHad gyclapicd insglpat 1§ Wheieia Rsdy Rehydubsighed ks 5ot pAtiteD,
35and,; Cl4y,ak kypben, WO 2011/ 113798PCT/ EP2011/053818 112 18. A conpound as
claimed in any of clains 1 to 15 wherein Rl is phenyl, optionally
substituted at the para, neta and ortho positions by one or nore

bstit t I h
Sl ke RESHELER, bf SMUELOARR ok bRy 1€ g AR X R b
conpound pasitial by maubsiitneisakecrd Bomtwde gl flusrophethyl, flsotosteiltyltdéithoadmdtingd, par a

position by.a substituent selected from fluoro, chloro, cyano, hydroxyl,
Cl_4-al kff?nfﬁlloﬁodj?%%t hyl, difluoronethyl, or trifluoronethyl.

20
23. A compound as claimed in claim 18 wherein R' is phenyl substituted at the ortho

position by hydrogen, fluoro or methyl.

24. A compound as claimed in any of the preceding claims except claim 9 wherein R* is -B-
25 Q—[R3]H,Q is a 7-membered saturated or partially unsaturated 7-membered heterocyclic or

cycloalkyl ring.

25. A compound as claimed in claim 24 wherein Q is a homomorpholine ring, or a bridged
homomorpholine ring wherein the bridge is formed by an ethylene or propylene radical.

30
26. A compound as claimed in any of claims 1 to 23 except claim 10 wherein R? is -B-Q-
[R3]H,Q is a 5- or 6-membered saturated or partially unsaturated S or 6 membered heterocyclic

or cycloalkyl ring.



10 20. A conpound as clained in claim218 wherein the para substituent is
sel ected fromfluoro, chloro or nethyl. 21. A conpound as clained in
claim 18 wbereym3R8 i s phenyl substituted at the neta p®@sirtEPeet1DH5d3ys
hydrogen. 22. A compound as clainedlih claim 18 wherein R1L is phenyl
substituted at the ortho position by a substituent selected fron1hydrogen

fl uoro, t hyl o, i 0 r I o} A
compound 55 ol e ARG il 8 GO IR © B s B Ry

ortho po$¢ttaﬂlyxirotayartw,dplpg&nnylfplg@‘amnxir mnmhhynyl cycmexylk commyoefribe é@egdnw rred
in_any ofy tpcorgrr%?ne albgi ¢ ormn?b lene I Pro le € adec g R2is -B25QIR31", Qs
a 7- nenberéd SAt U &t ed o par %F? nsa?d}dp’§’f nenbered heterocycllc or

cycloal kyl ring. 25. A conpound as clained in claim24 wherein Qis a
homonor pholine rin or .a bridged h ollne Lnhg wherein he bridge is
formed bySan cryiDe S Sped sy e e Pt baL sk M hiGumal be ol ai med
In any ofmcﬁiﬂaahm J1h@h P30 RXGEDY], 6k AL L0 mehsH @k B3 1h&hylBr@ALZAL Q 1S a 5-
or 6-nmenbered saturated or partially unsaturated 5 or 6 menbered

het er ocy ¢#FBYEPPYENGal kyl ring. WO 2011/ 113798PCT/ EP2011/ 053818 113 27. A
conpound as clainmed in claim26 wherein Qis selected from

tetrahydrofuranyl, tetrahydropyranyl, piperidinyl, plpera2|nyl
mor phol i @91 chﬁltﬂlwhed(yﬂ Clalmedana}nyoﬁ Ctahes i tsx@g\@)hqngnﬁ rgEpalpt-ys |pmgraambr| dge

forme h Ien | A u l imed in
any of ol ameree i P35 hb GG BERERRy RTBISE R G, "0 L)
oxol an- 3{yhmmﬂXGMﬁnHﬁﬁyWJﬁﬁmhMimn@»annﬁmyhgmﬁh%haHﬂham1AHVM1 or

t et rahydropyridi nyl . 29. A conpound as clained in any of clains 1 to 23
wherein R2 is piperidin-4-yl, piperazinlOl-yl, piperidin-4-yl-methyl,

0XO0pi per 3 Ne\ coipodh@P&y @&idd lir 3y oTefahyd 1 (PIBywkRfreiMR® & pip@idig 1. 9pbd onal | 'y
substituted R3 on the ring, or on the ring nitrogen in the 1-position.
30. A coﬁﬁHGWﬁn dYlcl aimed in any of claims 1 to 23 wherein R2 is

pi perj.di n-1I - or pyrrolidin-1-yl. 31. A conpound as clainmed in any of
clains 1 to 23 wherein R2 is norpholine. 32. A conpound as clainmed in
any of cﬂéanﬁ\qnmnmg@amﬁ@ﬁ@ﬁnl@Q&ﬁgh@ytlbp%b@@xmnéyewn@mh@nw cycl opentyl,

or cyclohexyl. 33. A conpound as clained in claim9 wherein R2 is an nono-
or disubstituted am no group, t he substituents being selected from

Cl4- al kyl32. hybdcf(mnq;ouﬁﬂdsddumﬁﬂ in 4yl cd<Birds hid3B whersia R isCldlopaipkly byclobutyl,

am no- Cl4- (%» Cl4- ql ¥ anlno Cl4- al kyl ,

hydr oxy- &I 0 I R HOEY Y- al kyl, di (G 4-al kyl ) ani no- C14-al kyl or

C 4al koxy-C _4dal kyl. 25 34. A conpound as claimed in claim9 wherein R2 is
an C|4alkoxy G 4al kyl , hydroxy- Cl- 4- aIkyI‘ cyano- Cl4- al k

am no- C143al Kysompeyad & q&vm&ﬁﬂhﬂal@l%wa?rﬁw g angmper A1 disREAt ¥‘5¢fﬂ HoInEELOUR. aI Kyl
group. 3Q1$e59ubﬁlt§&1mu{g¢e@§te& h@h{@ -1ty 1 e dXly- (|, 2B, hluot@l LLaedyahdicR

sel ected from norpholin- Hol i'n- 4~ yl - met'h 4-met’hox ycyc hexyl

4- am nocyybrexyd-Ci 44alkyle€tm1§ri%ymar er&kyarhymxm%h@ ino- GxaplémL di§1-,

oxol an- 3- X0 I | n4-yl, 3, dlhydrooxan 4-yl,

dlﬂEthy|a%F§§&Bﬁié%4 1§§§e¥ﬁ§?¥5%$%%ﬁhyl-anino, 1-

hydroxyethylanlnonethyl pi peri di n-4- yI 1- hydr oxypi peri di n-4-yl,

1- hydr ox r|d|n 4- 3 ymet ri din

1 oo, Do Ll T DB R S Aty

2011/ 11359@?6?&15@10113116595631&&8(1 141kyl, C;4-alkylamino-Cy4-alkyl or di(C;4-alkyl)amino-C;.
4-alkyl group.

30 35. A compound as claimed in any of claims 1 to 7 wherein R? is selected from: morpholin-
4-yl, morpholin-4-yl-methyl, 4-methoxycyclohexyl, 4-aminocyclohexyl, 4-
tertbutoxycarbonylamino-cyclohexyl, oxolan-3-yl, oxolan-3-ylmethyl, oxan-4-ylmethyl, oxan-
4-yl, 3,6-dihydrooxan-4-yl, dimethylamino, N-(2-methoxyethyl)-N-methyl-amino, 1-
hydroxyethylaminomethyl, piperidin-4-yl, 1-hydroxypiperidin-4-yl, 1-hydroxypiperidin-4-

35 ylmethyl, 1-hydroxymethylpiperidin-4-yl, 1-hydroxyethylpiperidin-4-yl, 1-(3-cyanopropyl)



pi peridin-4-yl, 1-(3-cyanoethyl) piperidin-4-yl,
1- (1H pyrazol - 4-yl ) net hyl - pi peridin-4-yl, 1-

(1- met hy IwoHeyra»s! - 4- y1) met hyl - pi peri di n-4-yl, PCT/EP2011/053818

1- (3- am nopropan- 1- one- 1-yl)piperidinif- yl, 1 -(2-am noethan- 1-one-1
-yl) pi peridin-4-yl, - (2-di net hyl am noet han- 1-one-1 -yl)piperidi n4-yl,
1-

(2- hyd gfnh@gfa [ﬁ o gz}n%etylklb ?%@ﬁ&ﬂnqﬂ %} fltﬁ/ P'%razol -4- %Bmeth 1- eprlﬁ)eéldm -4-yl, 1-

1-(3- (te utoxy ropan- in-4-yl, 1
- (2- (t er (butctwy-d Hriyorryl- éﬁi)m@)hyl hmnndln-éleyieL (L3 alymppqugehom m-yﬂ)pwbrldln 4-

pi per azi N3 |- Wl y azin hyi

4- net hyl 6’| pe(?'éaa’znrll lﬁoen}?anq Rt ﬁ?f{)plp%ldm M oxy ar 1am6?oﬁélragzq:a et zlpl%%ltdhn

hydr oxy metyiyi-(2- Rydﬁmmhxy&tdmyll ylfpipridinB4-yl, et(Bahyttimmmcﬁtbdnylalﬁﬂmbpropan 1-

hogID gg:: gg?llﬁllg’l)gm\éér&hg,ﬁ ylg1 ge éeg%u}?éy Ig)l%lg agmgﬂ)gtllan §0ne ?Ingelglpéi”ldln El%ﬁ]o' in-4-yl

8- oxa- 3- gRRIzaY CyDU3IndhlibipehAna -yl pi erazm 1 yl methyl 4- methylplperazm 1-yl-methyl,
104- tertbutoxycarbonylplpera2|n 1- F uoropyrro? din-1-y1"

3- hydr oxypyethotyicaP ﬁnylfugﬁramslﬁbtnﬁ@yyﬂswr%srm%!m Q_LhWYOXBfﬁthYérll dihe-1-yl,

4,4-difl I
4l ami nocgérf%lgzdrglﬁ};pﬂecgllﬁ ﬂly%:}%!n;m%rphlaﬁﬁi 405?1y:[32n§§%éﬁ%’;}1 Irllrrllclerl_)IY(J_llgrll -4- y123 ,3-dimethyl-

secbut yl mrﬁmmr%ﬂ yoipera(zmsl oBR}- yli |prr@temnle horphpl, Brega-4- a;hblcyCIOB 2.1]octane,

3- et hyI r ban li.n-4- X 0 | o

2- ani norr%ﬁ%ﬁl?u 0)rpy % ?Eyr%lg) N ra%m 11yl l%yg?fﬂ?ﬁ%a%?}rwci@ Yg_,@ﬁ}’wox’ypyrrohdm—
15am noetlhy;u Fﬂmp@ﬂx}fpyﬂnbdmm)pempmdmeﬂ y] 44311ﬂmmplpa~rdmm>lwﬂ ror phol i n- 4-yI ,

3- (norphol i ne-4- car y) - D olin-4- m noe

e R st R it e S S e 3

1- butyl pls@@)mydmapﬂow4,y11(2§1| @tchmkmm rﬂ@@ﬁblﬂ@wm B’%dﬂ@ll@cyéarﬁbnyhﬁorphohn 4-
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of tunmour grow h. 39. The use of a conpound as clainmed in any of clains
1 to 36 in the manufacture of a conposition for treatnent of inflanmmtion,
an i nf | amnwatoryiisisggsease, an i mune or an 30aut oi mrune diPSOEPRI1,1/063818

i nhibition of tunour gromh. 40. A rméihod for the treatnent of

i nflammation, an inflamuatory di sease, an i mMmune or an autoi nmune di sorder,

or i nhi bixty Qmﬁﬁgm&)w@ay Eci@;rzﬁw @m&ﬁﬁdﬁ%ﬂ%ﬁ% %frgz?)létgrl‘ %ﬁf ? @/g %ﬁahﬁy bj ect

suffering suc i sease an effective unt a conpo a () as
cl ai med 4 133diyoro#-nodthylpieng)116l-BGazol AN 20MyLidint 37H8PEHOER2011/ 053818 116

4l A CO[E%S'—'{Q%h??rH}gh 1?:‘?9[ dll)yéazoco?f%lg rTEp(yru:hn— —ag%mgﬁtaylwﬁ)é@iohor use as cl al med

in claim S the inflammti on
or InflaMHHK@Kyﬂ@bﬁﬁﬁ$B16#pWﬁWWME4QM3@MﬂQ$yﬂﬂmﬁmﬂwﬂmmﬂ&hn¢s arthritis
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syndr oma)MethIHe[rldééllleéhié@l%}’l)#ﬁlﬂt}if?ﬂ(’@[% gednyaiding3-ydmypphokige-3caghosdase,
vascul ar 4 qqrtﬁmt@p@engyl1@9&5%16[%@159}@&@5?@ £6@8€pdaknC! udi ng ast hne,
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syndroneﬁ[ld4ﬂﬂ®hﬁpmnwbdlﬂpﬁeaéd3ﬂﬂﬁ@ﬂﬂ@lhgﬂpmﬁﬁpmﬁhm@ pul nonary fibrosis,

cardlgc f.i (%édéﬁﬁﬁﬁ?ﬁﬁﬁﬁfﬁ$gﬂﬁﬁgﬁr fﬂgﬁ 935__% , an inflammatory

di seasSe of t ont opic dermatitis and
psorlaSISX4(§ﬂ®b§hmgb8ﬁbkaﬂmabdﬁprﬁﬂﬂﬁﬁBﬂpﬁyhﬁfOﬁE sepsi s, an

|nflannato nd|t| the liver (including autoimune
hepatiti g 6%?ﬂ§§@ﬂwﬁq{§¥€y§pf%ﬁggv OO@I %ﬁgF '8 liver disease, sclerosing
cholang|Uu§44anmnaykﬁymnquWQMQhangh&mﬁiggqhﬂgﬂbﬁﬁg15 (type | or 11) and/or

the conplications thereof, chronic heart failure, congestive heart failure,

an i schedr#nigpdeiddd-(Hiehoraaemngy- Swareloadc pgtidiar-dinesidiv Ly oRapdfmey) or
nyocaydi al Afnﬂfo@ﬂh?ﬂ Pln(4aaﬁi(4r915hetn?l lﬁg%l?llo'l(ﬁﬁg'c%ﬁldﬁﬂq§ ryﬁﬁlfperldlégl cﬁb@?ﬁﬁ@u nd as

claimed in any onhe cl ai ns use ‘as clainmed in claim39, or
met hod as-@l ﬂm@errZH eyran#rylm Vo8 1(A- -ty Iphehy mihlerysiojo (48 sdrysidines
rheumatoid arthritis, chronic obstructive pul nonary di sease or atopic
dermatitis. 43. A conpound as claimed in any one of clains 1 to 36, or use
as cl ai meda ipharclaadunic 88, acorptdbiesatrperidddxids thekaf.ned in claim 40 for inhibition
of tunour grow h.
20  37. A pharmaceutical composition comprising a compound as claimed in any of the
preceding claims, together with one or more pharmaceutically acceptable carriers and/or

excipients

38. A compound as claimed in any of claims 1 to 36 for use in the treatment of
25 inflammation, an inflammatory disease, an immune or an autoimmune disorder, or inhibition

of tumour growth.

39. The use of a compound as claimed in any of claims 1 to 36 in the manufacture of a
composition for treatment of inflammation, an inflammatory disease, an immune or an

30 autoimmune disorder, or inhibition of tumour growth.

40. A method for the treatment of inflammation, an inflammatory disease, an immune or an
autoimmune disorder, or inhibition of tumour growth, which comprises administering to a
subject suffering such disease an effective amount of a compound of formula (I) as claimed in

35 any of claims 1 to 36.
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41. A compound as claimed in any one of claims 1 to 36, or use as claimed in claim 39, or
the method as claimed in claim 40 wherein the inflammation or inflammatory disease or
immune or autoimmune disorder is arthritis (including rheumatoid arthritis, juvenile
rheumatoid arthritis, osteoarthritis and psoriatic arthritis), synovitis, vasculitis, a condition
associated with inflammation of the bowel (including Crohn’s disease, ulcerative colitis,
inflammatory bowel disease and irritable bowel syndrome), atherosclerosis, multiple sclerosis,
Alzheimer’s disease, vascular dementia, a pulmonary inflammatory disease (including asthma,
chronic obstructive pulmonary disease and acute respiratory distress syndrome), a fibrotic
disease (including idiopathic pulmonary fibrosis, cardiac fibrosis and systemic sclerosis
(scleroderma)), an inflammatory disease of the skin (including contact dermatitis, atopic
dermatitis and psoriasis), systemic inflammatory response syndrome, sepsis, an inflammatory
and/or autoimmune condition of the liver (including autoimmune hepatitis, primary biliary
cirrhosis, alcoholic liver disease, sclerosing cholangitis, and autoimmune cholangitis), diabetes
(type I or II) and/or the complications thereof, chronic heart failure, congestive heart failure, an
ischemic disease (including stroke and ischemia-reperfusion injury) or myocardial infarction

and/or the complications thereof.

42. A compound as claimed in any one of claims 1 to 36, or use as claimed in claim 39, or
method as claimed in claim 40, wherein the inflammatory disease is rheumatoid arthritis,

chronic obstructive pulmonary disease or atopic dermatitis.

43. A compound as claimed in any one of claims 1 to 36, or use as claimed in claim 39, or

the method as claimed in claim 40 for inhibition of tumour growth.



