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Inflammatory bowel disease (IBD) encloses two major forms of intestinal inflammation:
ulcerative colitis and Crohn's disease. Growing evidence has shown that multiple
cytokines, including interleukins and interferons, are involved in the pathogenesis of
IBD (Strober et al, (2002). The immunology of mucosal models of inflammation. Annu

35  RevImmunol. 20: 495). Activation of the IL-6/STAT3 cascade in lamina propia T cells
has been shown to induce prolonged survival of pathogenic T cells (Atreya et al,

(2000). Blockade of interleukin 6 trans signaling suppresses T-cell resistance against



nodel of psoriasis (Chang et al., (2009). JAK3 inhibition significantly
attenuat es psoriasiformskin inflanmmation on CD18 nutant PUJ mce. J

| munol . W83i2lB88%2 Th2 cytoki ne-drived di seases such agcalipesgpoadnd ast hma
could al so be a target of JAK 5inhibitors. IL-4 pronotes Th2

differentiation, regulates B-cell function and inmunogl obulin class
SWi t chi ngPoptagisi i chRNicpiestingl HF'@HIEE@‘IO@nEV'FﬁERR:'@sCFQQBFQ§§?%36q | gE recept or

and MHC Idy Qﬁ\anﬁﬁédnas i S\Vétmél MEE5: mtswmcsauy,@m3 Habeeyishsivies |1 ke
IL5andIE can _ al so COI’ltI’I bute to €0SI nop recruitnent in

br onc hoa|t9@s|caﬂstrta%¢yea°é'ye én intpastinali Theplle f QX‘P'H‘ ?)P'éﬁ%ﬁ?t paigNtsENg 3 dR%1 ogi cal

i nhi biti Qﬁh.eiiormg beeﬁ shem to%&e&mtﬂeq:oiaeﬁ@m@@cma@or%mm iANhée de@iE 1 ecept or
and WMHCI | - i nduced

%ﬁ tinmulation onBceIIer# Mz et al,, (2008).
The JAK3 (Lowatept ) ( 313@@5@9“\{6535*\5%@5%\@“3% infesfinaline/ISMPMRRlAtS n a
nuri ne Mg chnBWiseaaary BﬁfP@hé‘ﬁlpb'Vé HB??ﬁuTlﬁﬁlyéadbséwaff&w ihBicafedRat the4) .
Furthernore, JAK3-deficient m ce display or €e0si nogg recruit nt and

muicus sechdSHAT Pathway Playsapat BQ@HC[R%H” rand,thet 24 '"r}i@t%ﬁﬂﬁyg d to wild

type m cendrapbMpicamitia setting! . (2000) . Treatnent of allergic asthnma by
targeting Janus ki nase 3- dependent | eukotriene synthesis in mast cells

with 4-(3", 5 - dibronp-4'"- hydroxyphenyl)am no-6, 7-di net hoxyqui nazol i ne
(WHI ‘1897)Mulﬂﬁ€§cl@ﬁ§ﬂs‘}%%n)autélﬁrﬁdﬁesdén%&ﬂihﬂmgsdi%é%@&laféﬂztﬁrﬁéébymé on of the

CP-690, 550 JAK inhibitor in m.ce has been to reduce eosi nophi |

he
count as fﬂE‘I‘?tmﬁsP Plraupsindthe white dpatier; 'ﬁheawbe ?fLWH'WFSB%\E '}?raam i ne nodel

of pul mﬂﬁﬁlfipl@%&le?t%iﬁ"héd iBng Belé'rli Rﬁé’wr@tPcﬂéntlal (h%@.ﬂﬁés infinge 5IN6l3ad€ld5ﬂ |Fth2r
CP-690,550 is a potent_anti-in a nurine

Ul monar yL ol B i 23 (B (GO0t Ml CLagoles 85 FoNes 8 B8 TRk asi ng
SVI dence Hdaﬁén wtrpdisctneérspu @}gn et hqgemw eytbaines that ?@Ehl&hr&@h i amTaB ory

| sease such-as uveitis or dr oki ne ated in
experlPme? HA T BRthWAKIiRE QN’EPP&%’" §u’€‘¥{l aég'lt‘?_r Qas E{erbé/ hown. t?éﬁ'ﬁhgﬁf , woul d
be anmenabhguded p]‘rﬁgphd??b’@ért bISTA T3 dndabrekiceahe |ré:2ﬁ98é and’ B@/dhﬁ) of ative
cytokines in the re

ation of ocul ar autoj o Yt ok Growth
Fact ors FeNd Pap§ive g e"mﬁnte'rﬁtgo' nqelph@lgng]éAg F?:ta? 3 (f#z?? interfere
\(Mdt hI I'L- ﬁ%ﬁwhlmﬁws& 11;@?1 zﬁah@ap@rdsrre ;ﬁﬂﬁbhalytaltlorh an@ at@atiph of Janisi body
acli zuma ave shown efficac the tre erat o vitis
si cca and<ip rzaE’E‘?)PS‘?VER}"éﬁ‘P%"W’éEL%@{Q‘G&P?eR?E 'P%I‘}(’ g)1%12é%§lébgl c
t her gpi esaddther miiltilaAzed lﬁhmut@yeedmeams bddni sholweto Qedice 3écRMHbn of BNFi | ar | y,

B on; uct £ valbs S b sl HEUPE ey RO s AT S S AT 2B ST R o,
g gglr gagg gﬁripheffal glmg:[bg\hltélhltlb ERAEQ Btgnﬁiéﬂ'@-v\lhn'fb?ﬁﬁig Igeloﬁﬁtalrﬁo(JESercfHEAﬁ lgg )
Lo e e Sk o 1200 NSoh S RPaa g oGt & APGE Bmilishés DAL/ &6 >
suggest i mpqtt ﬂé@bor\des‘in BRbdtRNtA Riuagatiune dnbeshaldmydiisi imbiunobn may be

therapeut)s ida),

Psoriasis is a skin inflammatory disease which involves a process of immune cell
infiltration and activation that culminates in epithelial remodeling. The current theory
behind the cause of psoriasis states the existence of a cytokine network that governs

30 the interaction between immune and epithelial cells (Nickoloff BJ. (2007). Cracking the
cytokine code in psoriasis, Nat Med, 13:242). In this regard, IL-23 produced by
dendritic cells is found elevated in psoriatic skin, along with IL-12. IL-23 induces the
formation of Th17 cells which in turn produce IL-17 and IL-22, the last one being
responsible for epidermis thickening. IL-23 and IL-22 induce the phosphorylation of

35  STAT-3, which is found abundantly in psoriatic skin. JAK inhibitors may thus be
therapeutic in this setting. In accordance, a JAK1/3 inhibitor, R348, has been found to

attenuate psoriasiform skin inflammation in a spontaneous T cell-dependent mouse



this setting (Ozaki et al, (2005). The control of allergic conjunctivitis
by suppression of cytokine signaling (SOCS)3 and SOCS5 in a nmurine nodel. J

| mmunol , dé200439%2 There is growi ng egi dence of the crippirg@boti@b®29f STAT3
activity in processes involved in 5tunorigenesis like cell cycle

dysregul ati on, pronotion of uncontrolled growh, induction of survival
factors ameds nﬁpmrlasar(cbangipbﬁit,é%(?@)(-@i'@ﬁjﬁnhlbé@nétgf‘éca"t|)(WteSSTAT3 as a

target forfs/gh fih i rﬂﬂﬁé}@@itr&w gﬁc‘mbwﬂu@p@%@/m@é o RghaR). fedrmies). Cel | Res.

18: 254) agoni sm o y means of dom nant-negative nutants or
antisense ol i gonucl eotides has shown to pronote apoptosis of cancer cells,

i nhi bi ti op, zq{w ﬂﬁmeq?%sés 20h sPailk nghﬁa 59nm%fcomaesnsé Baun%e{rammce

I nhi bition consti tut active S human tunors by neans of JAK
i nhi bt orighibitgrs. rJIr-ﬁ\/prB"O&ESt'H@@ﬁ%’@ﬂt'@t'Q@pfﬁwiﬁt@%Bﬂ%ﬁflﬂG@% ABAt of this

di sease. u!n A}n%gﬁ,baﬁgasés sJagt?u d&?egﬂﬁatéé‘@otéﬁiﬁ dr&!ﬂ]cﬁbﬁ %d&dé%@i??és‘si&nfws been

shown to apopt osi s mal 1"gnant I's and 1 nhib roliferation

invitro laﬁcﬂecterptqr iangd NNy bemBeellg jand %'M?S magtgals+ Pher dh2 grigkiges like
| ynphobl gptg %ﬁﬁlm@o EWntﬁbu}é"t% goélﬁﬁﬂrm'ré&ﬁrtmgﬁtﬂ 'b?onc?igglvéélga lavage

Hemat ol ogi cal nal i gnancies wt sregul at ed T pat hways may benefit
from JAK byrﬁimlatlngreotmgmugﬂqmi’ §fwgl¢%lﬂh@t%@fd%|@jtﬂ%"| hewafto g Ak2

ki nagg a%auaetdme%y(ﬁﬁéfsfa%?Wec&@enémwmmpmau@éuﬂbmwsﬁrﬁmauan bhBLeliyie

pseudoki nase donal such as 20t AK2V61 nut at’ion) in_a spectrum of

myel opr ol (Kudiagz et/al., 2@ sEe JAKS hibitar €Pra90:519,is agrotent aﬂﬂ'@?ﬂ?ﬂlrﬂﬁmy

pol ycyth I SiASHHIA. BurdHapTD PRYFRESER 1540 thi s
regard, ?@f@?ﬁgﬁ/‘iﬁ@n o:a%‘l?oﬁh?% g'?acéﬁ}g JAIgé %(r)tent such as)nTG 101209

( Par danarffurthermpre, JpKBatES C'efﬂelleiﬁw'aYd?@ﬁﬁpii'"‘PRh"éémuéF‘eDfﬂ@@ PECETL i ve

i nhi bitor é?ghﬁﬁlé’@f\ﬁlﬁﬁ
JAK2V617F83§%(§BQE$ MI\)F? am%'%ﬁuﬁ?g% ﬁ?n\?l ufaﬁkg%??\d% 1658- 68) ?'6101348 (Veri g

et all’ (z(mv'yaatfal d3e90)of reptment i gllergicastiupa Pvéafsm Janys ikinase 3-

Lr eat mentgdly éeﬁfll’édld?)?néﬁé%%th‘ég|s4r?\K1?a¥f5ééiE'\Mﬁﬂ4l@?QSP&lbbb%’d—h’em a vera. Cancer
Cel I, 11) Hexner et al, Lestaurtinib (CEP701) is a

JAK2 i nhllmdfqawphW)ammJ dsdipethpxyayi é\f\’ij’c‘rﬁg?hg{’: &1 PR 20k B tfSer at i on

of pri marpsqgidy sfMiehe é‘o%.h@tréﬁd?mmﬁé Cesh, 540 m@mmbﬁxbpwrﬁicefr@é abbne
di sorders. "Bl ood, 111: 5663), CP-690,550 (Manshouri et al é 008)....The JAK

ki nase i rﬁhOMntterfe‘lElEﬁé%39500%';5-‘@'-‘@%%%‘9’8“ A® the Igvils obeotaxifard Jol 3 BBAte i a

ver aspel |i§ aGatfn ;%délhﬁ p&tﬁh@u‘é@}é&suﬁaﬂmb (KQdIaCRBEAl, (2508). B JAGS nhibtod
CYT387 (Pardanani et al (20 CYT387, a sel ective JAKL/JAK2 inhibitor:

i nvitro J<RE98p8Ats amomnﬁa@f@'@ém@atw.agyn&ﬁ@ BHERE MeAelAf PURNAEY usi ng cel |

l'i nes andsdqidopRiiid. EGlop8an U.OPAaRPEBY 654em a vera patients. Leukem a,
23:1441) have been proposed for treating myeloproliferative diseases on the

basis of their antiproliferative activity on cells carrying the JAK2V617F
nut at i on. Tralrdid iRéretsind eVRlehcd Bk eftbiingk playy @ pticyendtic€ e in ocular

25 inflammatory disease such as uveitis or dry eye syndrome. Some cytokines implicated
in experimental autoimmune uveitis, such as IL-2, IL-6, IL-12 and IFNg, Would be o
amenable to JAK inhibition (Vallochi et al, (2007). The role of cytokines in the
regulation of ocular autoimmune inflammation. Cytok Growth Factors Rev. 18:135). In
this regard, drugs or biologicals that interfere with IL-2 signaling such as cyclosporine

30 or anti-IL-2 receptor antibody (daclizumab) have shown efficacy in the treatment of
keratoconjuctivitis sicca and refractory uveitis, respectively (Lim et al, (2006). Biologic
therapies for inflammatory eye disease. Clin Exp Opht 34:365). Similarly, allergic
conjunctivitis, a common allergic eye disease characterized by conjuctival congestion,
mast cell activation and eosinophil infiltration, could benefit from JAK inhibition. STAT6-

35 deficient mice, showing decreased TH2-mediated immune responses which are
normally triggered by IL-4, do not develop the classical early and late phase responses,

suggesting that IL-4 pathway abrogation through JAK inhibition may be therapeutic in



| eukem a virus (HTLV-1) transformation is associated with JAK3 and STAT5
constitutive activation (Mgone et al, (1995). Constitutively activated
JAK- STAT wethmzogoion T cells transforne@ with HTLV-1. Scipem@P20126059249) and
JAK inhi bitors may be therapeutic in this setting (Tomta et al, (2006).

I nhibition of constituti v&@é active JAK- STAT pat hwa E presses ceI I
growt h ofthingaiting tOzaki et ale(A0OM- h9|9°G§°‘c‘§f[3’@P’9fﬁ@@iUé'&t"ﬂ'fy%BY upRregsion Ay

primary %Qﬁ)'kine‘é qﬁ-%lnh%k@@&sm and SDCS5 iRAl h@rd Rb&&YJ IBmdRdl, 17]5“\5489)610'[ i vating

mut at i ons " have een identified in adult acute | yrrphob astic | eukem a
of T cell origin (Flex et al, (2008). Somatically acquired JAKL nutations

in adul t g & drowinh eidantd 6f ekl fole &f STAPS ablity iR PRocéSdesinvaraddini ng to

this kinase as a target for 10the devel opnment of novel antileukem c drugs.
Condi i oflemprigenesistike seleys'e dygegyiption rrometion el yneentiiad SEvtBrindectioe Ak

ki nases, o?éﬂhlvsut*aefdré/aﬂm.bmbﬁl@ apBptodBBiddiquas ebal. 32608)0STATB8ted to be

therapeut ically useful for the treatnent or prevention of diseas I ncl ude:

neopl ast iterget \enslusing @pgptosisiiv srlchangd h?%ﬁﬂ'@ﬂ‘ﬁgl tuors. el fasy 38> 23% anspl ant

rej ecti ompt MYBf SPATS bR RT3 Y daMiHanEAEIANE mMuarits or BftAfehnse ver sus- host
di sease); autol mmune di seases (e.g., diabetes, nult Ieﬁlés'ms‘ﬁl erosis,

r heurmt oidigenudiaatides has ﬁ"l‘?"mﬁ?eﬁrewt%mm%ﬁ ekeangsr ¢ 8B i nfl ammati on

di segges a@‘@noﬁen@s% Qﬁ@upﬁéﬁtﬂéﬁdﬁ SHinokt |Hﬁﬁur\&oﬁi¢leﬁﬁ8élrlﬁhldlt|§ﬁ®$ €dnstitutively
i nfl anmati on-11 nked ocul ar di seases or aller

%’% %'La %h é}_ g dr y eye,
gl aucoma,acherISEAT B i hymam Bimers bymeansAf HHK Pk, YCRSHY' adherapedic,
age-r el atpfloBSheareatiREMT HAS ugebsearnﬁl tHi& idgatd) theuigRbfAny JAKSWBlQﬁ' (e. g

atopic dermatitis or psoriasis), In view of the nunerou ons t hat
are cont dWphastiachasdeasembenn tginduce 2pael 'squnU'@P Fr'ﬁiﬁﬂ ﬁ@ﬁ the JAK

pat hway Qrolfératibreinivitfo Khﬂﬁﬁ\ﬂ% (MeYdianléT@dM@Q@)' mhﬂﬁtlc&p&aicef& Iyrfnbabblaﬁw
corrpounds t hat. nodul at e %s and_use of these conpounds shoul d

provi l§e é%‘ﬂ@ﬂﬁ%?)’&l"ﬁ'ﬁﬁ%l‘%@fl’g&'tﬂ SfPP8% 0 a wide variety of patients.

Provi ded herein are novel imdazo[1, 2-Db]pyridazine and

|mdazo[45b] yridi ne 30deri vat i ves for treat nme condi tions
i n whi ch Hep E’BW@' G‘P"Q’T?é‘c'\?m("@' AYsiRgpiaied 3’%‘% sJ?fllQéh‘ﬁ?st'ﬂﬁy E?'ﬁ%&éé’"&an be

t her apeutJA@@hh%:tféﬁﬁké&entEﬁ@.e“sqm@umaﬁcadasaysr@@nbﬂdn dthKQﬂ@&%Btactmwaiyt | on
are sinmul taneousl%rt otent JAK1, JAK2 an i.bi.tors

i nhi bi t orgromesany) tigpsipe3tiansiand Talio ToRHi tegestohae domaiE e s
prevept i afe QAKPRSTTH R@itatidh) aNshdctramsofMiyelbs olisative disbass (lhle and
b onbocyPHE U RIS BoUERESTIA Bk d ST EF A AR BSSIHE <ol | d ¢ urmor s:
bone nar ripMnYRyIBEER) In this regard, several JAK inhibitors that tackle JAK2 potently, such
as TG-101209 (Pardanani et al., (2007). TG101209, a small molecular JAK2-selective
inhibitor potently inhibits myeloproliferative disorder-associated JAK2V617F and
25  MPLWS515L/K mutations Leukemia. 21:1658-68), TG101348 (Wernig et al, (2008).
Efficacy of TG101348, a selective JAK2 inhibitor, in treatment of a murine model of
JAK2V617F-induced polycythemia vera. Cancer Cell, 13: 311), CEP701, (Hexner et al,
(2008). Lestaurtinib (CEP701) is a JAK2 inhibitor that suppresses JAK2/STATS
signaling and the proliferation of primary erythroid cells from patients with
30  myeloproliferative disorders. Blood, 111: 5663), CP-690,550 (Manshouri et al, (2008).
The JAK kinase inhibitor CP-690,550 suppresses the growth of human polycythemia
vera cells carrying the JAK2V617F mutation. Cancer Sci, 99:1265), and CYT387
(Pardanani et al., (2009). CYT387, a selective JAK1/JAK2 inhibitor: invitro assessment
of kinase selectivity and preclinical studies using cell lines and primary cells from
35 polycythemia vera patients. Leukemia, 23:1441) have been proposed for treating
myeloproliferative diseases on the basis of their antiproliferative activity on cells

carrying the JAK2V617F mutation. Similarly, T-cell leukemia due to human T-cell



transpl ant rejection; inmmune-nedi ated di seases and i nflammtory di seases,
I ncl udi ng rheumatoid arthritis, nmultiple sclerosis, inflanmatory bowel

di sease (wochi2zs9bcerative colitis or8Crohn's di sease) PCT/EP2011/005929

i nflammation-1inked ocul ar diseases or allergic eye diseases (such as dry

eye, uveitis, or allergic conj unct|V|t|s) aIIerglc rh|n|t|s ast hma,
chroni ¢ Seukeriavinis, &Y Hdransipraption sasseeiptep withwAK3and $ M T2 mmat ory'

di seases cbﬁétﬁbw’ésac’ﬁmwnq rl@f’ét'él I($9@5) Qéﬁétlt@ﬁi'eﬁ/)actlvatedi bARasTAPW been found
that certain 1 mdazo[1, azine and im azo%% 2,] Igl ne -

deri vat i Pathwaydn Joedls tf&ﬁ%fOBB?‘éthh HAKVr I RE8NEQ 1289; At’%'@l" fSdNBe used
in the 1%rtﬁéﬂa5€9ﬁc uﬁrthneéetfﬁgkmﬁuté)ét élh?@gsﬂllrﬂ'ﬁﬁﬁ@ﬁof chRstufivedy adtreent
invention is directed to conmpounds of formula a_phar maceut ically

accepb ablVAKSETAT pathway|syppresses call gswieof rb'lm%“ct!"%%keé'g R VIS G ler at ed X

..y _- NHipfecteM T celllime§ ahdBlimaty aduREEN Bukelia defls. Qreafovaﬂogﬁtmrmmm 1to
3 X and Y each i ndependently represent a nitrogen at n‘b roup,
bissucukgia

wher ei n @ctiyatingimgationsshaye aigp beenddertiigd dn adult and &
repr esentyScdy dHdink @S et QEDEB)dSbMaticHIl cqtifes meﬂtrﬁutamoﬁ@rnmumnacofa

lymphoblastic leukemia. J. Exp. Med. 205:751-8) pointing to this kinase as a target for

10  the development of novel antileukemic drugs.

Conditions in which targeting of the JAK pathway or modulation of the JAK kinases,
particularly JAK1, JAK2 and JAKS kinases, are };onteMplated to be therapeutically
useful for the treatment or prevention of diseases include: neoplastic diseases (e.g.

15 leukemia, lymphomas, solid tumors); transplant rejection, bone marrow transplant
applications (e.g., graft- versus-host disease); autoimmune diseases (e.g. diabetes,
multiple sclerosis, rheumatoid arthritis, inflammatory bowel disease), respiratory
inflammation diseases (e.g. asthma, chronic obstructive puimonary disease),
inflammation-linked ocular diseases or allergic eye diseases (e.g. dry eye, glaucoma,

20 uveitis, diabetic retinopathy, allergic conjunctivitis or age-related macular degeneration)

and skin inflammatory diseases (e.g., atopic dermatitis or psoriasis).

In view of the numerous conditions that are contemplated to benefit by treatment .

involving modulation of the JAK pathway or of the JAK Kinases it is immediately
25  apparent that new compounds that modulate JAK pathways and use of these

compounds should provide éubstantial therapeutic benefits to a wide variety of

patients.

Provided herein are novel imidazo[1,2-b]pyridazine and imidazo{4,5-b]pyridine
30 derivatives for use in the treatment of conditions in which targeting of the JAK pathway
or inhibition of JAK kinases can be therapeutically useful.

The compounds described in the present invention are simultaneously potent JAK1,

JAK2 and JAKS inhibitors, i.e. pan-JAK inhibitors. This property makes them useful for
35 the treatment or prevention of pathological conditions or diseases such as

myeloproliferative disorders (such as polycythemia vera, essential thrombocythemia or

myelofibrosis), leukemia, lymphomas and solid tumors; bone marrow and organ



a Cl-C4 hydroxyal kyl group, a C3-Cl10 cycl oal kyl group, a C3-Ci10

cycl oal kenyl group, a nonocyclic or polycyclic C5-Cl4aryl group, a 5- to
14- menbewedofraiseroear yl group containi 8g at | east one hetempailono®ed ect ed
fromO, Sand N, a 5- to 14- nenbered heterocyclyl group containing at

| east one heteroatom selected fromO, S and N, 5Swherein the alkyl

hal oal kyltransplaptyejastiryimmunerpedirted. dlwé%an%ﬂ?mmaéwldlsewé%r'wav@mg and

het er Ocycrhé(um%%%i’r&rﬁi%ernumﬁfété‘étéréé!é qmammauh,s&dwfd%aaa (SURH lulcBP4tRve
substituents selected froma hal o en atom /ano grou a linear or

br anched colitiscy Gliok's digeagp), inflago "H@F%PR‘WT jPRARSS Of alaraseYRAIREIRGRI ky |
group, a (derds @:&I@%Sw&t&nhﬂ aw@ureon,%n&?wtgi énsfd.@m.ﬂﬁué a@frmochﬂarmenyl
group, a 10{) yridyl "group, a pyrimd ou&or a peridy roup; or Rl
and RO efbs mﬁuewﬁa%ﬁwyl*éﬁ E=@RP), a?nd(sglqzy Q@R@ﬂgfﬂ@aﬁse%(su 12TH2) 1_20R9
group, Oraiépic BRIt P PRoriabi) R3 represents a hydrogen atom a hal ogen atom
a cyano group, a linear or branched Cl-C6 al kyl group, a Cl-C4 hal oal kyl
group, a Cl-C4 hydroxyal kyl group, a C3-Cl0 cycl oal kyl group, a C3-C10

cycl oal kgpyds QP BBen foulB MR CeHhiR iRidaRel1YLY ?bh&z@%%ﬁu&&cﬂi@lﬂ)ﬂb yriding- t O
14- menbered heteroaryl gr OUP containing at | east one heteroatom sel ected

from 0,- SlesiMatives ase govel @nd potent dOK iHbiteEs ane e therefgregbmusestin dhsi ng at

| east}20 ¢ gﬁtcﬁrdpé\;&ﬂb§gfmg§@g,sg§§g§ 0, S and N, wherein the alkyl,

hal oal kyl , hydroxyalkyl, cycl oal kyl, cycl oal kenyl, aryl, heteroaryl, and
het erocyclyl groups are unsubstitut ed or substltut ed by one or nore

substituents 5?hﬁ§§l’%br%§é}mu¢vehﬁéﬂ3ﬂﬂre@{e@fb cém?léaﬁ@s &rfﬁﬂﬁjlaf(ﬂl) Idrraear or
branched Cl1-C6 al ky ,..a C-C 1 hal oal k group, a Cl- drox%/al kyl

25gr oup, @Wequt@yﬁy a@ﬂ bleysajty 97 salvaigepRN- Og&dsuﬁfstsf |°r g¢

pyri mdi nyl group, a piperidyl group, a -xCH2)OR9 group, a NR8R9 group, a
-C(0)-(CH2)n-R8 group, a -C(0)-(CH2) - oup, a -S(0)2(CH2)"RO group or
a -S(0)2(CH2) nNRBR9 group; wherein each n is|0, 1 or 2; 30R 4 represents a
hydrogen atom a Cl-C4 hal oal kyl gr ou C4 hydroxyal kyl group or a

| i near or branched C1-C6 al kyl group® al kyl group |sRunsubst|tut ed or
substituted by one or nore substituents sglected froma cypno group, a

C3- C7 cycl oal kyl group, a phenyl group, aspyridyl groupRsac g, m dinyl
group or a piperidyl group; 35R5 and (,éaékbl,nqlppendentl represent a
hydrogen atom a Cl-C4 hal oal kyl gr oup\, a Ct: dr oxygl kyl group or a

| i near or branched Cl-C8 al kyl group, gr oup }\s unsubstituted or
substituted by one or nore substituents sel roma cyano group,

derivative or tautomer thereof: R4
15
Formula (1)

wherein,

20  mis 0 or aninteger from 1 to 3;

X and Y each independently represent a nitrogen atom or a -CR; group, wherein at

least one of X and Y represents a -CR; group;

25 One of Gy and G, represents a nitrogen atom and the other represents a carbon

atom;

R; and R; each independently represent a hydrogen atom, a halogen atom, a hydroxy
group, a cyano group, a linear or branched C,-Cs alkyl group, a C4-C4 haloalkyl group,



WO 2012/ 06920211PCT/ EP2011/ 005929 a C3-C7 cycl oal kyl group, a phenyl group,
a pyridyl group, a pyrimdinyl group or a piperidyl group; R7 represents a
hydr ogen wbenz@etesal ogen atom a cyanolOyroup, a |inear ecTthranghed26Cl- Co
al kyl group, a Cl-C4 hal oal kyl group, a Cl1-C4 hydroxyal kyl group, a C3-C10
cycl oal kyl group, a C3-C10 cycl oal kenyl group, a nDnoc¥cIic or polycyclic

C5- Cuar yia Greupydraxyaikyl group, a GerfheFYdoaiof aravir 9 CstrotyFlRalfRny! 8ioNE: &t | east
one het erﬁ&%&pﬁ%?dﬁ%[yggcm;cr%ﬂw ryPgrtip, Bs- & Pt- hémBéred Metdrea9Hgraap er ocycl |
g S

group contai nf ne ﬁet eroatom sel ected fromO, S ang N,
10wher ei eopigining ipastioaedetarpatomsaiecied HPmy?. S and Noadria 14-0pembaiedeny | |

aryl, hetgihgiy gﬂﬁuil JORERIAG ¥t difetHéRSTotofh $EIEMES Hrbinld 8l afl Nsubst i t ut ed
by one or nore substituents Selected froma hal o%en atom a (éxano group, a

lineaP or brarveseinthe akylahalpplkyly Bydsoxyalkyh cygloalkylogycigakenybap!. a c1-

hydr oxyal kyl We%@awﬁaﬁéh%r@éﬁyf’ﬁﬂo'&% arcurifi®sntlitedd? glbstAuted by Gk ogr oup, a
pyrimdinyl group of 1ba piperidyl grou Rg represents a hy_drggen atom a

cyano group, dn@re-sgpstideniasrigrtegiama hg%ggn ElomAEYIRG ArRYR. JingaALor a
l'inear or branghehel,@, ﬁkﬁ)gtoﬁ Qlﬂ%rcyﬁ’dl&hkﬁblﬁdpf §10040) Hydlrékyalkpst i tut ed or

substituted by one or nore substituents selected froma c %Bgqugroup, 20a

C3- C7 cycl oal igfeuryademCs alkyrafany! geEa R Calp ¢rslierlky! gFaimy 2 AYRYiEny |

grougoor a pi RRFibEgrodH, @yrinfing &4 Bipéridyy gicugen atom a Cl-C4
hal oal kyl gr oﬁ%, 23601@64lﬁr?ydr ox}g/?l??g}ls gr(ﬁ)ﬁp d(}’{é:&?i near or branched Cl-C6

al kyl group, which al kyl group is unsubstituted or substituted 25by one or

mor @ SUDSHrIR, UARIR, eaieh HdeBEndery rapre¥ata CALP,OR, GRufa QYRCRALIOR, Oroup. a
phenyl group, a pgjrl dyl group, a pyrimdinyl group or a piperidyl group.
The i nverd®dh of 8rilReRe $i08Ri des synthetic processes and internediates
descri bed herein, which are useful for preparing said conpounds. 30 The

i nvention is also directed to a conpound of the invention as des%i bed

her eil f dfsreriesents @Hydrqaenatem: a HRIOORR AMALYER0 S 4P P BB P RIARRE apy .
The inventionalkf gfbs alt LELhABalkf gréi, @POUdBoyaIKyhgroup 000N as

descri bed herein, for use In the treatnment of a pat hoiﬁfgi %%) §ondi|tion or
di sease swysioalkyl pep.aCaufre G¥5lozkeBY BYUR. AHPBRAYRICH PPANSIGE nEedY (JAK), in
parti cul afrodf &l %ith 1uh@erdehed Ratkfoatyl geslp dontiiining atlieastase Hatersatoact ed from
nyel oproliferative disorders, ' iHﬁganc'L es aﬂd olid

tumors; SRSt %\P,a?nanqciwgaﬁ- %‘fﬁ%gl%'gh?rleﬁg‘régg{’g%arg# pataining at leas

20 one heteroatom selected from O, S and N,
wherein the alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are unsubstituted or substituted by one or
more substituents selected from a halogen atom, a cyano group, a linear or
branched C;-Cg¢ alkyl group, a C,4-C, haloalkyl group, a C;-C, hydroxyalkyl

25 group, a Cs-C; cycloalkyl group, a phenyl group, a pyridyl group, a pyrimidinyl
group, a piperidyl group, a -(CH,).ORg group, a -NRgRs group, ‘
a -C(0)-(CH,)n-Rs group, a -C(0)-(CH),-NRsRg group, a -S(0)2(CH.)nRe group
or a -S(0),(CH,),NRgRg group; wherein each nis 0, 1 or 2;

30 R, represents a hydrogen atom, a C4-C, haloalkyl group, a C;-C4 hydroxyalkyl group or
a linear or branched C,-Cg alkyl group, which alkyl group is unsubstituted or substituted
by one or more substituents selected from a cyano group, a C3-C; cycloalkyl group, a

phenyl group, a pyridyl group, a pyrimidinyl group or a piperidyl group;

35 Rsand Rgseach independently represent a hydrogen atom, a C,-C4 haloalkyl group, a
C,-C, hydroxyalkyl group or a linear or branched C;-Cs alkyl group, which alkyl group is

unsubstituted or substituted by one or more substituents selected from a cyano group,



medi at ed di seases and inflammatory di seases; nore in particular wherein the
pat hol ogi cal condition or disease is selected fromrheumatoid arthritis,

mul ti pl e wol2erasbmz i nfl ammat ory bowel 1ldi sease, dry eyepcuwErzdaiisosoad | er gi c
conjunctivitis, allergic rhinitis, asthma, chronic obstructive pul nonary

di sease (COPD), atopic dermatitis and 10psoriasis. The.,invention is also

di r ect ed & ©s-Gs 6y&palkl 8reuprB SHERY IEPUR. RPYNAYGRYR R RYSMIIRY ST s i n, i n
the manuficdiayeg@lipa medi cament for treatnment of a pathol ogi cal condition
or disease suSceptible to anelioration by inhibiton of Janus Ki nases (JAK),
in particular 15wherein the pathol ogical condition or disease is selected

from nyel@neptdsbRis@ hydPodtnsbMe b haldgeH latdih.aa cyanoRfieup] ateagovesranetedand
solid tunpors; bone narrow_and organ t ranspl ant r)fe)) E((I):,Qon' i ne- nedi at ed
di seades Grfes alkyligseym Adr yCobalealkd groum ALt M‘P alvLIoHR e he

pat hol ogi Galoaikgrytolip, ACLE HbysRAKRNYISrEE, AGhesbdyekyar goreyeicotCamniri ti s,

mul tiple sclerosis, inflammtory bowel disease, d eye, uyeitis, allergic
20conj undreym.a & to At meghered hetprgagy! JERUPRARTAINAY a%esf&?ﬁ}e&’ ?{951 pul monary

di sease (deidddd fréth @ S af®NMBEL id $4-aRemBered intdrocycliigroup\ventairimy af 1sast
provi des a nethod of treatnent of a pathological condition or disease
suscept i fne heteraatom eplgeted fomOi RA@MENon of Janus Kinases (JAK), in

partijgul ar 25wWprdrBinthé afkyh AkidalkgD hgdrloxfamyli dytlealkyl, cyticaieasl, iasylsel ect ed from
nyel oproliferative disorders, |eukema, | ﬁ l@gi'dﬁl |sglﬁﬁaﬂ0{ ﬁip and solid
tumors; bone rREREAVARMJIERIACKIYA QEQPS e 'g%) IfutRet o ity AP

di SﬁalseS, anfl im&tjeaéum_ ] iit@éﬁtséi!eié%&;%ef&)_mﬁﬂfa%deﬁ amp,té eydrmrgmbm@lzjneat bﬁ o

pat hol ogi cal condition or disease i e|] ect rom_rheunat pi rthritis,

mul tipl e scl eryanehed GeLeoaEaseyp. @o@é&“ E?Eig%'gg@,roléﬂ'? %‘9@“, h‘(f@%’fytaﬁ(gf allergic
30conj uncti vi tgpup,ad ££CYicgclbdkyl] 4 phenyhgidippa pgtidyd gictippd pyrimidinyy gropplaronar y
di sease (COPD), atqgpic dermatitis and psoriasis; conprising admnistering a

t her dfeut i cal | ¥PREASE OFHP: anbunt of the conpounds of the invention or a
pharmaceutical conposition of the invention to a subject in need of such

treatnment. 35The invention al so provides a conpinatio rodugat ~conpri sing
(i) the cRefSBIRFERISA hydiasnRIam: PGHANRIYHRT ﬁb’g rﬁ&ahﬁyﬂgr%gﬁua T one or
{mret additﬁ,jd%;@)af Ik§Cgriou _ofsumﬁ%arm@ganﬁmbgl&sa.;amhmﬁmm which auq:a%mhpiim t he

reat ment o el oprol jferative disorders uch a C i a,
essent i al UtSYPSHHEE\Ar iSURstiutsd byonpoF i"l‘?r’%§F%3(t?uqné‘ﬁﬁegﬁ?t§$h%(}%%ﬁ%ng%rggﬂ’
mal i ganca es-ggclsakyidgrbupTer shenplogreupradr pyvidygrdup raypyrintidiaplsgrbemor aej ect i on;
i mrune- nedi at ed di seases and i nflammatory di seases, nore in particul ar

wher ei n tHREHEH BUBgi cal condition or disease is selected fromrheunatoid
arthritis, multiple 5sclerosis, inflammatory bowel disease (such as

ulcerative colitis or Crohn' s di ry eve, Lt r i
conj unct i K¢ EPEseqis %ﬁ)@qfeg?'}ﬁtﬂﬁ Pgﬁ?@ﬂ%ﬂ‘,‘%@#‘@n?%b sdy?iﬁ%)&%l\lfgl %hﬁ%rnar y
di sease (&fihddr.or dtaehed dsOyailkyl groupnthipls alklybgrioap is unsubstituted or substituted

25 by one or more substituents selected from a cyano group, a C;-C; cycloalkyl group, a

phenyl group, a pyridyl group, a pyrimidinyl group or a piperidyl group.

The invention further provides synthetic processes and intermediates described herein,
which are useful for preparing said compounds.

30
The invention is also directed to a compound of the invention as described herein for

use in the treatment of the human or animal body by therapy.

The invention also provides a pharmaceutical composition comprising the compounds

35  of the invention and a pharmaceutically-acceptable diluent or carrier.



The invention al so provides a conbination product as defined herein for

si mul t aneous, 10separate or sequential use in the treatnment of the human or
ani mal boag.206med herein the term Cl12C6 al kyl enbr acesTiEPR@aNR9
branched radicals having 1 to 6 carbon atons, pref erably 1 to 4 carbon
atons. Exanpl es include nmethyl, ethyl, nproPt)‘| n- buty

sec- but y| Thetinygptipn is ﬂ'sﬁéﬂ'?‘}l?d tq thestamRRes Pt the inken E %F??Cnbfgﬂ'@(ﬁ}%ntw

1- et hyl pregpyde |n¥hé-trgétﬁﬁtnhﬁf§b9%| ichl goriﬂltiﬂ?utdhdﬁs}é'ég@ﬁhscéibtﬁl@fd I,

1- et hyl butyl, ogl met 2- di net hyl bu

2
1 5 ) otaneliomtion byaibURaf Jarius KiASes AR RsiHAs iprain e, oet h§\°g|§ﬁ&y|

3- et hyl F},%Fﬂﬁiﬁbn %F‘Glsbé&f B%é)écté&ﬁérﬁ%;%lodf’&ﬂé\‘atﬁe diSordfer, IsuRefid, hahprdie al kyl
radi cal may be opti onal substituted it is nmeant to 20i ncl.ude |inear or

br ancRed "Baligpan¢igs ?6‘350' tuors: RAME LRIV aDfh PN P sHian RIS FHeR: 'TYRUYS- or

substi t ut/Rediblad@INeaRES hhd MMaRnROE dised¥BE Al bhitidelal Whefedt thex anpl e by 1,
2 or 3 substituents. Wien two or nore substituents are pres each

subst i t ugtathqlegicalcopdition greiseaseds selectasrom Hebmatoid aghritis, mu tﬁ'ﬂ% term Cl-C4

hal oal kyl scHr6419, ihfflarifahKibwélditase ary e@éamétt@ QIIe?émGéanhctﬁittsCaHabiéW
group, which is bonded to one or nore, eferabld%r@) ator hal '?'gen atoms

Pr ef er abl finitisaasthma) ehfRyic abstusivePURE diseesh tQRiE-9ermal

used 1per eiddriadife term Cl- CAhydroxyal kyl enbraces |inear or branched al kyI
radicals 30 having 1 to 4 carbon atons, any one of which may be substituted
by one or nore, preferably 1 or 2, nore preferably 1 hydroxyl radicals.

Exanpl es e instionaslhraldretted |tb' d@e Bﬂmé%ﬁfﬁbﬁdﬁ of th fhventict &y Yescribed

hydr oxypr opyl ,. and hydr oxybut
Gl Caal kyPedint Biige mERBTRRS of A esieasnes i AT 4 2T ponditon or

35substi taiéssde sUsBé}ﬂlbleQb ata.ﬁemaeélm by ikBibitdraeti Jaah§ Kivasds [JAKY, mq.‘fabtwmait oms
attached to a divalent -SO2- ra t he

cycl dal kywh%ﬁ'ﬂrtﬁ%é’gthgﬁg!ﬁaé?wm 3sg '%?éff(ds?‘g%?ﬂ 'FY:e'E%fPl'thSE%"(Y?l c radl cal s

havi ng fr&sardefsOleliRerard hidorali rﬁfn@feefaa@sblld nmm@ ﬂameﬁnm\/mandatgm An

optionally substi t uted Cl0 c oal k di Il bst it ut ed
B T e e e L e s

di L f ter tent atrWl%T ﬁn'méaig tﬁé:ﬁth@t{)@idé&bdﬂdltldnaﬂlmbs@ wddcliéiﬁcl?fralh rh@draatoid
substituents, the substituents m t nme o i ffer ically the
subst i t uedtheitismyltipig. %ﬁo%ifd" %ﬁ P%"E’FS dfﬂeéS? H%)‘rﬁ)é‘? VYS! 'ﬁn%'l%i? i tuted.

Pol yoxcl i 6o iiad, kayergichingta, &sth@rﬂi ghithid omBtractivepuimbnsre diseasé (@ORD),
groups, preferabl %tftwo c%cl .0al kyl groups. Typically, polycyclic cycloal kyl

radi cal s HPRICSEMR s AR5 A- I ahydr onapht hyl (decal yI),
bi cycl o[ 2. 2. 2] octyl, adamantly, canphyl or 10bonyl groups.

The invention also provides a method of treatment of a pathological condition or
disease susceptible to amelioration by inhibiton of Janus Kinases (JAK), in particular

25  wherein the pathological condition or disease is selected from myeloproliferative
disorders, leukemia, lymphoid malignancies and solid tumors; bone marrow and organ
transplant rejection; immune-mediated diseases and inflammatory diseases, more in
particular wherein the pathological condition or disease is selected from rheumatoid
arthritis, multiple sclerosis, inflammatory bowel disease, dry eye, uveitis, allergic

30  conjunctivitis, allergic rhinitis, asthma, chronic obstructive pulmonary disease (COPD),
atopic dermatitis and psoriasis; comprising administering a therapéutically effective
amount of the compounds of the invention or a pharmaceutical composition of the

invention to a subject in need of such treatment.

35 The invention also provides a combination product comprising (i) the compounds of the
invention as described herein; and (ii) one or more additional active substances which

are known to be useful in the treatment of myeloproliferative disorders (such as



Exanpl es of nonocyclic cycl oal kyl groups include cycl opropyl, cyclobutyl,
cycl opentyl, cycl ohexyl, cycloheptyl, cyclooctyl, cyclononyl and

cycl odecywo,20iaws20esed herein, the terld C3-Cl0 cycl oal keoylEpenhnedes
partially unsaturated carbocyclic radi cal s having fron13 to 10 carbon
atons, preferably from3 to carbon_ at ons. cloalken radi ca

i s typi caoYEYingEldHYePL ‘Eﬁséﬁt'@rthr§ﬂl9§‘9m6%°w elo sbsr '9 kerpay | P’F‘B\éﬂlfjs whi ch

may be t hRaiRAARCiOS afd ESIRY tBAors; YBRE nfarfet Qi&o@hﬁltmh;kleméjeew GAmupss ri es 2
or nore substituents, the substituents may ferent.

0 |

Typi cal | ynedigted sliseases and iBflammatory W@F%%I"Mﬁ)m p@'it'B@ﬁ' ‘ﬁ'l’%retnﬁg?rsel ves
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The. ¢ 8r meciesis HRSlan: Hotel SGRSE Buer s Leara iy ecpofis S50 onps e
25C6- C14,4ryreyé. l%m%eélﬁhjwcéﬁuﬁaﬂutuavélwgeIrhuﬁutn@ras}ﬂﬁhacdhedm@omftwctumd| cal such
as phenyl, napht hyl, ant hr anyl and henantgpéorii Phenyl is preferred. A said

[

opt i onal IRY @QWHSG?%%I((@P@MPQH'?P‘* maRiitis 2p 3%¥%-cal | y unsubstituted or
substituted by 1, 2 or 3 substituents WhICh rray be the sarre or different.
Wien a C5-Cl4 aryl radi cal carries 2 or |thFent? substltuents
may be t hE'esRYRNtiGN AROrRTRYIER a compiation p 9 [y for shp @"e

substjipt Ueyebarddd oPsdeueRildl uge i trﬁrtr:wmameofttu@hambh Yr ‘iahiﬁmssd)dses unsubsti t ut ed.
As used herein, the term5- to 14- nenbered heteroaryl radical enbraces

typically a 5- to 14- menbered ring system preferably a 5- to 10- nmenbered
ring systmiusddtieinitivd R yCaalkyl ehﬁbrécesnmébemedahcm :smhlsmavmgmptm&l ng at

| east one heteroaromatic 35ri nd cont ajinin e he er oat om

sel ect ed FaRRA #toms, &rﬁ%F’RP'VAthg‘iag’%amﬁﬁn%é?'Bg'e é“?d% ?}F'Q'r ﬁtd‘VCQT may be a

rs] ingle rlp}epw.-ﬁrwpﬂm bilr, eed-bEGH tbutyy - péreyuanmahylbmsz nmaymmtwg cont ai Ins a
et eroat om ti a stitu r

radi dal '§°RW'c1aFﬁ?'pB?WﬁB ﬁﬁﬁ%@m&%ﬁ&‘?ww OW 'Inﬁe’? QIE tHL% tﬁent s

whi :j ch lrrayetbﬁbmtble1S|admueﬂfyluin;f|f1ezemhethv1bem a %.mahwautylnmtmmemyrmmr oaryl
radi cal carrj|es

t bstit t be th
or di ffer%ﬁid'm‘?jm’legté" go 'H%?‘i!lfj’géty % ‘?‘V@&"}Vr ﬂ'éfu | Iure@ grrg% a65- '? osif
nmenbered heteroaryl radical are typically themsel ves unsubsti tut ed
Ex I I d i nyl i
e o on Bl ol SRl Yok B S ARl et
Ib m d@tz)ﬁl Yihclr@é? nzeamodambuéd gn(hiramohwés de_tﬂnbladba\z@ |ng||ch| by beyahsumnneﬂ yl,
enzot hi azo |n urinyl ... qujn S
pht hal azﬁf;ﬁ”%swaiﬁat'%ﬁﬁ BPSIYR ?fY%B&'EPfeh ,St'ﬁ’g[‘ﬁag’éféﬁ'? Ie%g 4 %2 nyl |

ci nnol i nydubstitueaEOWWhen twodomoze suybstitiemtiohrienrésenit,smich dabstityent maydienttiel yI
I m dazolidin Irld terjdinyl, thianthrenyl, pyrazolyl,
2H pyr azotBBROUEHFEDY i mi di nyl, 1H pyrazol o] 3, 4-d] pyri mi di nyl ,

25  As used herein, the term C;-C, haloalkyl group is an alky! group, for example a C4-C,4
or C4-C; alkyl group, which is bonded to one or moré, preferably 1, 2 or 3 halogen

atoms. Preferably, said haloakyl group is chosen from —CCl;, -CHF, and —CF.

As used herein, the term C,-C, hydroxyalkyl embraces linear or branched alkyl radicals

30 having 1 to 4 carbon atoms, any one of which may be substituted by one or more,
preferably 1 or 2, more preferably 1 hydroxyl radicals. Examples of such radicals
inciude hydroxymethyl, hydroxyethyl, hydroxypropyl, and hydroxybutyl.

As used herein, the term C,-C, alkylsulfonyl embraces radicals containing an optionally
35 substituted, linear or branched alkyl radicals of 1 to 4 carbon atoms attached to a

divalent —SO,- radical.



15t hieno[ 2, 3-d] pyrimdinyl and the various pyrrolopyridyl radicals. As
used herein, the term5- to 14-nenbered heterocyclyl radical enbraces
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system preferably C5- G o carbocyclic ring system nore preferably
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2- benzof ura ( %l one, 351, 3- di oxo0l- 2-one, tetrahydr of ur anyl ,
3-aza-tetrahydrofuranyl, tetrahydrothiophenyl, tetrahydropyranyl,

tet rahydrgamﬁéyéﬁﬂ%ocg&hc‘lcy@%tk@l g"rBMbs m@P&@B%QMbprob?ll eypdisbutyl, c Ib@@ﬁm('

1, 4- di oxepna nyl 4- oxaazepanyl, 1, 4- dlthlepanyl 1, 4-

WD 2012/ WQ@OQ%WFYOEPQUHEYWQCWW”@E p?é’l‘i')ﬂyc°ﬂeﬁ¥ di azepanyl , tropanyl

(16, 5R) - 3-aza- bi cycl 0[3 1 O] hexyl, 3, 4-di hydro2H pyranyl,

5, 6-di hydr o- 2H pyran%/ ranyl 2, 3- hydr obenzof E’ra’ﬁykﬂ

t et r dy drAspysaddhergin, hftQmSC@Qe‘ﬂt"!&’ﬁi"&f‘ﬂrﬁ"?‘?@?‘?ﬁ@am?' dinsd r?tﬁ9| and

i ndol i nyl cqppnd y@ﬂ%dﬁaé hatvﬁg]fpdnﬁr@'i@QO%arﬂbﬂté%rﬂ§y;€rb§é|raﬂlﬁd'bﬂﬁﬂ toCacdrbes 2 or
n

nore substituénts, the substituents nma e sa As d
her ei n, tat@mt%eﬁ\ﬁafﬁoﬂﬁ'qglkﬁwlba%é‘@ §é¥ﬂ¥adkyéﬂ‘sﬂp%6ﬂg§fjﬁFH’@St'h@?iS%éy%Pf%u;(raoup

is a C5- C§7(SJ§%Hﬁl§tvﬂqchl%%?%E¥ﬁé 5&mé b giffe bt aVhem a B C c9d§16albényl berlicatir bon
atons is 10replaced by N and tiona in whic

f. bly 1
or 2, fureandgs %arwnea@bﬁweats@ bﬁE‘é’l”tBJ“?Ye‘PeeF@as@H?F{s ‘Qﬁ%réf‘tgfjre‘f"%ﬁﬁ Nyand

0. A2 Gpa subéiltt?éﬁ'f?m%r&gloﬁﬁb#m@?&jb Meqmméelwmdnﬁbmumycl ic group is
typi cal ly unsubsti or substituted b or 3 &\s }\Ftu[snts whi ch may

be t he sa@@f@'eimlqu&Y@ﬁPUteWp?YGQﬂeﬂ?teWKQVQ‘EH%‘FPY'

7- Mermber eg fRkiendl, 8fihdrRyici dyeloisésCyCl i C group are themsel ves
unsubsti tuted, unless otherw se specified.

As used herein, the term Cs-C1,4 aryl radical embraces typically a C5-Cys, preferably

25  Cg-Cya, more preferably Cg-C1o monocyclic or polycyclic aryl radical such as phenyl,
naphthyl!, anthranyl and phenanthryl. Phenyl is preferred. A said optionally substituted
Cs-Ca4 aryl radical is typically unsubstituted or substituted by 1, 2 or 3 substituents
which may be the same or different. When a Cs-C44 aryl radical carries 2 or more
substituents, the substituents may be the same or different. Unless otherwise specified,

30 the substituents on a Cs-C,4 aryl group are typically themselves unsubstituted.

As used herein, the term 5- to 14- membered heteroaryl radical embraces typically a 5-
to 14- membered ring system, preferably a 5- to 10- membered ring system, more
preferably a 5- to 6- membered ring system, comprising at least one heteroaromatic

35  ring and containing at least one heteroatom selected from O, S and N. A 5- to 14-
membered heteroaryl radical may be a single ring or two or more fused rings wherein

at least one ring contains a heteroatom.



Exanpl es of 5- to 7-nenbered saturated N-containing heterocyclic group
i nclude pyrrolidinyl, piperidyl, piperazinyl and azepanyl. 20 As used
herei n, swomomfosdine at ons, radicals, ntieties, chains ardT®mpedi@moPresent in
the general structures of the invention are "optionally substituted”. This
means that these atons, radicals, noieties, chains and cycles can be either
unsubstituted or substituted in any position by one or nore, for exanple 1,

2, 3 or ‘hsaﬁ&'Qﬁﬁér{a‘rl?@ﬁﬁsélt&@?@e@’ﬂ-hﬁerﬁﬁé%a’h@&@&rﬁlﬁﬁ&kah@%dﬂ the

unsubstltuted at ons noi eti es, chains and cycles are replaced by

cheni cal |uylsafe%létpie@9r substituted by Ac? o8 substigients waich may t?%t S58MER es. When
two or ﬁﬁ{bﬁir{?hla%“té 18! ﬁmeﬁftfé?é‘d‘ﬁeteﬂﬁ?ﬁ r&didt Chirid8 DlorfRdreldabbtit@etae or
su

di fferent stituents are typically thensel ves unsybstituted. 30 As

used Ber dhesubstituents may ke darsame GrHERMWYessthewise sreclisdi the, broni ne and
| odi ne afs%&tu?%t%b%%% 3l OfehtbetadPhétdtdayyl fadiddiard fyBicamihefiseredr broni ne

atom nost preferably chlorine or fluorine. The term hal o when used as a
prefix haosubditgede neani ng. Conmpounds cont ai ni ng one or nore chiral
centre may be used in enantionerically or 35di astereoi sonerically pure
form in the formof racemc mxtures and in the form of mxtures enri ched

in one orExspIRiessinelude PyitvbrPryraziyl. ySpudinyl. pysidazinyiefwyl henzsturgder i bed and
cl ai ngd S&:BP&\?ISS)%azToiW iEG&RByE bEﬁic%zaf,’l Hiliaaidmméiﬂdﬁnda@olyleirﬁazasjl t he

i ndi vidual enantioners, diastéreoners, and stereojsoner-enrli l)t[}ed m Xt ur es.

Convent i dhiadiazelyithienybPyrrelyl. theazethiagalyhindglyl. indazalyl. sHMBY. quieelvh dual
enant i OBy fiddyl l&ﬁhaﬁaﬁHylrﬁéprﬁrYy?R:WS igfeiirfokaNRyR q&hh'ak@lkhlyﬁ qQW\bllﬁiNI' y pur e

precursor or r esol ut acenuat e usli ng ? chi
pressur e dinngliny. @ﬁ?@ﬂaﬂéekzawﬂynmﬂubjso'%%@f‘ H%Q'F%Y'y'{“'@é’ idigyle 8'"&’(9

racem ¢ RR@AHFSHA, )pymlwem F%E&G[M—Hfbyﬂmﬁmw atM-pyrapslbad-tpyAsiidivg,
conpound, for exanple, "an al cohol int &]cﬁge where the conpound

cont dPns ta'ﬁna[@b:ﬁiﬂdnfﬁ'f“'@ﬁﬂl%‘drfmé!?@”“saW"é’Jﬂpd" @S-such as tartaric acid
or 1-phenyl ethylam ne. The 10 resulting di ast er eorrehc m xt ure may be
separated by chromat ography and/or fractional aI lizatio one or

both of tAfelUsgdareinebedenm pstochinembered etemosy ﬂr""f‘ rAY P'@

enant i OMe{dnSaroMatiEBsaiialeRl dr UrBaiFatéd® CRITS, Bdrbbdyelic fifg Wwerﬁr preferably @s-
conmpounds_of the invention (and chi ra:qb{ céshqgur sors thereof é“&e}’ obt ai ned
I

i n enant i GweaPeaYqliG ripg syHRRd MBE RISiEHR SRERUY PR SYE hPLC, on
an 150asYgHERSrrhére! R eRamplell, 2, BPi4ld? tihesiBore aBfisrefegabyf 16r hyfthecar bon,

typi cally heptane or hexane, tainin to,50% i nol
Vbl cal | FAPBTASMS o AR SHLPY 7 BESAEN S IECTPTa ) S ek REGTUEM y 0.1 96
g't et hyl ardagRal :ﬁaﬁlse %tsl'rfgtlé ARg of twder rﬂbmheeca:ﬁrfgsrwheréuhe:tt eoast crhrfdngn xt ure.

er eoi soner _congl oner at es, nay conventi.onal techni ques
known t o GaRERiRs §%Fﬁr%ﬁi°mn\’\ﬁ?€ aag fo igg-éem Rgtggogyggl(’r AdIFRIArIeS #]obr gani c
20Conmoungsre fubsiuBAE] the-subktiteénts Wdyehe thblesm\éwrkﬁffet@r%) . As used herein,

the term pharmaceutically acceptable salt refers to a salt prepared froma
base 29r acid which is acceptable for admnistration to a patient, such as a

nmanmal . S&'QQid%ghbﬁaIF]%ﬁbblﬂul@ﬁrﬂ wdunmﬁberbahemmytwmbicmmmq:uugbl e

IOP og?gg:’"cwosr& §tagteg%rr] Isgbsbtl%lustgg beqd r%rgugstatug%g sv%[clhcrr%)ll Be ﬁ'n%cseaprrtmea 8' e inorganic

different. Typically, the substituents on a 5 to 14-membered heterocyclyl radical are
themselves unsubstituted.
30
Examples of 5- to 14-membered heterocyclyl radicals include piperidyl, pyrrolidyl,
pyrrolinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyrrolyl, pyrazolinyl, pirazolidinyl,
quinuclidinyl, triazolyl, pyrazolyl, tetrazolyl, imidazolidinyl, imidazolyl, oxiranyl, thiaranyl,
aziridinyl, oxetanyl, thiatanyl, azetidinyl, 4,5-dihydro-oxazolyl, 2-benzofuran-1(3H)-one,
35  1,3-dioxol-2-one, tetrahydrofuranyl, 3-aza-tetrahydrofuranyl, tetrahydrothiophenyi,
tetrahydropyranyl, tetrahydrothiopyranyl, 1,4-azathianyl, oxepanyl, thiephanyl,
azepanyl, 1,4-dioxepnayl, 1,4-oxathiepanyl, 1,4-oxaazepanyl, 1,4-dithiepanyl, 1,4-



Phar maceutical ly acceptable acids include both inorganic acids, for exanple
hydr ochl ori c, sul phuric, phosphoric, diphosphoric, hydrobrom c, hydroiodic
and ni triwoagidicomnd organi c acids, forg exanple citric, ptymbaGoo®heiconi c,
glutamc, lactic, maleic, 30 malic, mandelic, nucic, ascorbic, oxalic,

pant ot henl C, succinic, tartaric, ben20| c, acetic, net hanesul%qom C,
et hanes ulthinzenanyl, B édiarenanybtropany!, (3 StaR)iearasbicyseldi1Olaexnd 3 4rivadest ¢

(1-hydro h ) Rebehtbratfyedi B4l oni ¢ aci d)
and the &ﬁay gﬁﬁ;réaéﬂ"ﬁ‘ﬁm yré}?praég‘!iayragﬁsg%t@d derived aGIHr}om fumari c,

hydr obr of¢teahydganyadinylof i Sé@ahydropyudlﬂﬂr iseindplinyhar@iwdriryhi ¢, xi nafoic, and
tartaric acids. 35 WO 2012/ 06920218PCT/ EP2011/ 005929 manganous, potassium

sodium zinc and the like. Particularly preferred are anmoni um cal cium
magne§i uMheretaasdp drhmaemberedingtaraeydlyd radizal £3rmigs 2 of SePre syhstituents, the

phar naceyy,i, émsﬁ@wtﬂglsg"@r&w&emases include salts of primary, 5
secondary a tertiary amnes, including alkyl amnes, arylalkyl am nes,
het erocycl yl am nes, cyclic am nes, naturally-occurring am nes and the

like, sugy @eﬁeﬂ%lﬂ' 18 terhfh atbﬁemeﬁ\%tef'énd sr!ﬁurachBﬁtalmng heteroc¥chc group

N, N - di benz ehedi am ne, di et hyl am ne, 2- di et hylam noet hanol
2- di met hy$ arﬁsrfbeqawﬁtﬂd cashaexplist ring sisteraimyhich epe amfﬁecarm HOMADF phol i ne,

N-et hyl pipaLid B,ffu amd%%eha unWhﬂfhoﬁf”E”bF‘ﬁ prefemm B 2, fUNAERRRBHR Stomk)

i sopropyl am ne, Si ne, ucam ne, holi ne, piperazine,
pi peri di rige f‘if&?%rﬁm@t?f@ﬂoﬁ@ﬁ Sﬁ%?%@‘éfrﬁ@ Nﬁﬂﬁ’ es, theobrom ne,

triethylamne, trinmethylamne, tripropylam ne, tronetham ne and the |ike.
Qther preferred salts accordin ag to the invention are quaternary amoni um

conpoundd $3dffe teeT-Menmbased patiraied Notoniaining hetereayplic aouR &WP%EWU with the

positive &Qasaﬁute& of E@béﬁtlﬁéd'-’ﬁ} 122 o%%u@ﬁﬂ@éht@@h%ﬂ rdy befheQamedmer al - aci ds
such as, for example | ori de, brom de, i odide, sulphate, nitrate,

phosphat é"ffftfﬁntaﬁwa?ﬁ'Untr@fsuéﬁt'té?'@fﬁr‘?F"c‘-‘ grdpd- @GE‘PEE%’ Saf%?teéﬁﬁﬁ“té'“"‘&c etate,

mal eat e, HRBEGHIE grduip!dratfemSsairBubstitGetN@tiss dtAéiwisH epecibiat e,
mandel ate, triTludroacetate, nethanesul phonate and p-tol uenesul phonate. X-

is 20 preferably an anion selected fromchloride, bromde, iodide,
sul phate, nitrate, acetate, maleate, oxalate, succin

trifl uor GABRIRSOT Suie & ’B?'B?’%ﬁegl??y"%edl"kC‘&’HP'BMQJ@"”B?@W QE"”pt'??'W%or oacet at e

or met hawi,mhgnﬁbgndw piperdSinyisd d¥epghyl, an N-oxide is formed fromthe
tertiary basic amnes or imnes present 25in the nolecule, using a

convefli ent oxi di si ng agent. The conpounds of the invention may exist in
bot h unsqly/aderrhe?&ifl, Ssthe 8t 1 dtehgFradithie, inbleties Ghuits andTyties gresentinnhé o

descri be a nDIecu ar conpl ex conprisin t he L0y ion and an
amount of9e5REal §hrustiies oéﬁgﬁ"ﬁﬁ%‘g@ﬁaéﬁl ?R}%Hg]&ye%{rgéﬁtlugedso\t%mea% '}?Bi@éﬁl es. The
t erm hydraab@s) adrER! MordievRinsaind Geleseah bbE‘elfhéJt @fisubbtitatedl e subdtitstet vat e
forms include, but are not limted to,

s of .t ention in
associ at ilBANKPPHIGRPEPNe gEEOEH for ‘Hﬁaﬂﬂl%i ‘ﬂé”bs}t‘ﬂﬁﬁ%ﬂﬂ’lﬁ % ﬁanol ,
et harol , hydrdgeinhatérhs bbaxd mhélawa@stmﬁé@aiomcﬁmaes n&ﬁetischl@ainsiand _
ethanolamne or mxturesthe | t eC|f|c nteppl ated that in
the prescHFles AR mARseddyeh §61"§P3ﬁta°?ﬁﬂt%'?fﬁla§jp"8%ﬁa %ré'é?)'ﬂp HEW fR9350ne
ol ecul e @tlekahen e dnHRretubishitiepicaepredeny, eiich @Dbstmem nesy e thyg daaiee.
or different. The substituents are typically themselves unsubstituted.

30 As used herein, the term halogen atom embraces chlorine, fluorine, bromine and iodine
atoms. A halogen atom is typically a fluorine, chlorine or bromine atom, most preferably

chlorine or fluorine. The term halo when used as a prefix has the same meaning.

Compounds containing one or more chiral centre may be used in enantiomerically or
35 diastereoisomerically pure form, in the form of racemic mixtures and in the form of

mixtures enriched in one or more stereoisomer. The scope of the invention as



WO 2012/ 06920219PCT/ EP2011/ 005929 Furthernore, it is specifically
contenplated that in the present invention, nore than one sol vent nol ecule
may be aswocehstmsezoni t h one nol ecul e of 17 he conpounds of pChrEPpI@®esIR9

i nvention, such as a dihydrate. Additionally, it is specifically

contenplated that in the present invention |ess than one solvent nol ecul e
may be asigseitadeandiFlaimeshencampassas e facemic aRp o e conPeyNds AL WElhAs

i nventi ofpe ﬁ'lmu%iseﬁarh%mehé( Higstéreomierd, l&ﬁﬂ Wr@ols&ﬁéﬁléﬁr%ﬁem'mith%spr esent
invention are contenplated as sol vates of conpounds of the present

I nvention that retain the biological effectiveness of the non-solvate form
of the coigpeRtbhal HehhiquesierMd prépatatiBniistidtiod 86 indRduaPbRatiorters riuaed

conmpounds of the i1nvention, wherein one or nore atons is replaced by an
at om RaviGhijatsyathesisdrom gipuitable eptically pure RiscwsahPireRelutionef the sacematger

di f f er entygfdO8reR8mpicO Bhifal Wﬁpr@!&sd@ﬁéunﬂ %ﬁmatéﬁrﬁﬁh} Wﬁm)nﬂltérﬁaﬁﬂatly” e.

Exanpl es of "1 sot opes suitable for inclusion in the con‘goun s of

i nvent i orth ?fﬁge(]'t?ée (%@tras%@'wewa%g@ry besigagted with|a sifiia l?l-‘i’pt@%'fyb?ﬁﬁ“’esuch as
11C, 13C dnd. 465 exdthe, dHfalcstit Noran tﬁ@@bse \fvhéi@rthé‘@omﬁﬁﬁrhh ésntdins ahodi ne,
such as 12 and 1251, nitrogen, such as 13N ' 5N, 0X such_as 150,

170 and msilc PHRASIHEPEY, 38 ACH %[sba§2|5U°%ﬁat%Tﬂ”F@P'd FcpharyeIBiEm 08 THS

i sot qpi C&béMﬁA@&S&@f&o@rﬁHﬂé@hﬁﬂdﬁe ffaylbeesdparfted bPBhroﬁﬂtog?éﬁ'ﬁWérﬁilort hose
i ncorporating a radioactive isoto are usef in g? and/ or substrate

tissue difEactipnalerystalization agd onger B@hl%ﬁﬁ ﬁi'e%ewegaoarp?é%c vertedie thed,  and

carbon- ZQHbspdiitfing pire ePdhfidriel(SByymesaf wéll KriiwnitdicheHKNIBA SrEthierary IOPivaf
their ease of [ nco orati on an readéﬁmaans of detection. stitution with

heavi er %8IRyEds Qibg inentien, (and; chyral Bracursals theregh dnayvehe a?tﬁ'"Faé‘? apeutic

advant ag%aﬁﬁ&ﬁéﬁédng-ehhmecgbﬁﬂtu@r grm&@h@tbgfapﬁy appitallyHPLOrorex@np! €,
I ncreased in vivo half-life or rements, and hence may

uced dosa r
be prief erdsyEMeinicigsin with 8 makil ﬁrﬁ’@é§e C@,?Pb%'f"pt"g 'wﬁq\ﬁﬂf%?"ptyel%% eRIARg P5 ng
| SOt opes, hexdfd) c%ﬁﬁﬁmh rromltﬁia 5019/5%0?deah8Ntyp¢@ny fremus&f zd%l éhmhwten

Emi ssion Topo studi es, for exani substr ecep

occupancy? °I°§g‘i‘ 6@9’%&] & tYpA‘E?é'VQd1 %&)ﬁ‘fﬁ%ﬁ&gn%;&’f‘%@m{ﬂ\%‘rﬂ "Eﬁ1 lpate ﬁ%ﬁ‘l‘-ﬁ ally be
pr epar ed thy eﬁ@éﬁé@l nﬁub@mat gsgté%%hw#%ﬁn gﬁn%gés)mhbtb‘é%eﬁhtdtécﬁﬂy tohveRtor@i t or by
processes anal ogous to ho escri bed herei [iate

i sot opi cdPFRN 'qufgéﬂnéﬁ'" @ XRRShSK| i(?'ﬁg é‘@ oI erleﬁ er 8§§ 'St her wi se
enpl gped. c&?ﬁs&ﬁfdéedy EfftlsPDi Bl kwuéﬁwvevorkomw;nds i ncl ude deut er at ed
derivatives of the conpounds of the invention. As used herein, the term

deut erat ed derivative enbraces 35conpounds of the invention where in a

particul as D@éd hefih, aheltemtphaﬁﬁadfesmibageaboamme Sall’ egfeactda lpltdaepaedum
Deut eri um

bl e isot ope, of dro t _at
nat ur al h%%e 8f dOl’E ﬁdFeﬂcc%’ 8%5/@’05(_5;%"'”“’ Wﬁ]%@?@ﬂt&ﬁ&gﬁ?%eﬁ?er?um
i ncor por ahamﬁDaI lSuéh salecam|ber GadeOﬁomnpNﬂimbelﬂlcénwad:dﬂptaiWe lirargaric foydr ogen

?gg(r:ntz:sznrq?gl aCE q%aoﬂd fgeut Efra%r%ijénqe% .céﬂ -accep ageqr?gj}'ggmcgr QFQ%H%Oarc? I on)

Pharmaceutically acceptable acids include both inorganic acids, for example
hydrochloric, sulphuric, phosphoric, diphosphoric, hydrobromic, hydroiodic and nitric
acid; and organic acids, for example citric, fumaric, gluconic, glutamic, lactic, maleic,
30 malic, mandelic, mucic, ascorbic, oxalic, pantothenic, succinic, tartaric, benzoic, acetic,
methanesulphonic, ethanesulphonic, benzenesulphonic, p-toluenesulphonic acid,
xinafoic (1-hydroxy-2-naphthoic acid), napadisilic (1,5-naphthalenedisulfonic acid) and
the like. Particularly preferred are salts derived from fumaric, hydrobromic,
hydrochloric, acetic, sulfuric, methanesulfonic, xinafoic, and tartaric acids.
35
Salts derived from pharmaceutically-acceptable inorganic bases include aluminum,

ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic,



5 Typically, a deuterated derivative of a conpound of the invention has an
I sotopic enrichnent factor (ratio between the isotopic abundance and the
nat ural awondexse20ef that isotope, i.el8 the percentage ®CTiEPe@npasvasi on of
deuteriumat a given position in a nolecule in the place of hydrogen) for

each deuterium present at a site designated as_a 1%)otent|al Ite of
deut er at imanganousie petaspivimdsediumy  Fipasandsthe (ke arbe Aty jRjRferred are

'nCOfpor%ﬁrﬂ%w E(Ja)g b, & Béﬁdmeamgémr&nd dodfunh §8tsOPi ¢ enri chnent fact or

is at lea %deu eriu In a nore preferred enbodi nent, the
I sotopic enrichment factor is at |east 15 6333.3 (95% deuterium

i ncor por yesbcaphem seah HaE@sln‘éQ:Hél%laﬁs@ﬂ firaBryent
fact or |§d|tgrq¥g\éés(?frgn§ %T“E%egjtlgé/lgdeut g{r%?um&?nclgr nﬁ {h g ung;rstood

that fhe sesendasy @nd rtertlemwneﬁaw&d"tﬁ a'é&c?f“lﬂ'@ﬁt rocyc,
desi gnat ghass acydlit earﬂﬁeéjeh'étﬁfaﬂwoe&rhﬁg | aﬂﬁiﬂ@@rﬁiﬂ\lhef NiKkeN $uth @é heginine,

deuteration si'tes. I sotopic enrichnent factor cankc;)e determ ngd usi ng

convent i (méﬁln%.naloﬁffﬁlaa.l rﬁéloh’éﬁis RhNAibecrylathyienediaming. sidieth¥aming.t né art,

i ncl udi ng; Em%%fﬂafneﬁebdméﬂ@anﬁmbtﬁék%leaéthmrﬂtnbc étﬁ?l@ﬁ@dlﬁrﬁlr(eNNR)
Prodrugs o e conpounds descriibed herein are al so 3 of the
Histigins  huraPace

i nvent i orethmvmﬁ‘@"@%rhlﬁtwlﬂqum i Ylugamgine; GRICEIPBEN
| nvenpi ong o;% VidmGier iy ¥Rk M@ﬁly@mbahmee nhdrbhélmeob. eezmbamaemhegwwmmt ivity

t hensel ves V\%en agm nistered into or onto the e conv rted into

conpou ndsr egins,t PROCAINGs BHINGSH AT PRINR a (et ARy é@l‘é@)ﬂ‘aé& T'f?r?py pigyne.

exanpl e, {umdish eyatddqhgh@@vage Such derivatives are referred to as
prodrugs . Furt I nformati on on the use of prodrugs nay be found in

Pro-drugs as 30 Novel Del ivery Systens, Vol. 14, ACS Synposium Series (T.

Hi guchi a@ﬂe}/\ére%r?ed @Jts%@%r@in@ﬁ@‘ﬂ% ipvEtRNGRE hu&tfe&wdrvlam"m&ompouﬂw ganon
Press, 1987 (ed. B. Roche, American Phar rracw@ cal .. Associ at;fgwg)
Jduced by

Pr odrlégs wmeraemww«lﬁr\hpf an apign (K ) inagsgriatedwith the PORIHS FRArog 8

repl aci ngatééaﬁ%apbé%h%nidamt\ﬁaﬁ&@é mirie?al deidesRidh asfot Bramslepeloridie, of t he
present inventionwWith certain nojeties known to those skil l@g}’l n the art

as ' pro- rspeides iodides SH'BEEtPI pifate. PResRbRIaGF 8N anipn &N Qraasye g Bipy H.

Bundgaar diof g*a?ﬁfﬁe doetatd, &ﬁileatev‘@n?é}ét%/ @ﬁr&@ 32515@]' SGEA L tafaR Indlatef he case

of conpounds that are solid it is understo b tho ed in the art
that the mﬁﬂ)‘é‘?i?tlev@'ﬂﬁgﬁﬁ@ﬁ}ﬂ*&sm&m“%‘l"P ongalg a &Péf’m?ﬂe% Fﬁ’l"@?‘?ﬂ% Brystalline

or D(Q()y NOSrfdrSoly Qﬁ%ﬁwn%lécféd&?orﬂ&ﬁlbﬁb@lﬁoﬁlﬁfdﬂod&id saiphatj nitrate; acétateended t o
be within the scope of the 5 ent ounds

descr i bednpleats, Axalate. sycanajg g%ﬁ” “‘?rﬂéc venyo{ﬁ P %ra{’lx\%fﬁqhg‘?{'dtng?one npl e,

t he i etyyifluoroacetate or methanesulphonate.

As used herein, an N-oxide is formed from the tertiary basic amines or imines present

25 in the molecule, using a convenient oxidising agent.

The compounds of the invention may exist in both unsolvated and solvated forms. The
term solvate is used herein to describe a molecular complex comprising a compound of
the invention and an amount of one or more pharmaceutically acceptable solvent
30 molecules. The term hydrate is employed when said solvent is water. Examples of

solvate forms include, but are not limited to, compounds of the invention in association
with water, acetone, dichloromethane, 2-propanol, ethanol, methanol, dimethyisulfoxide
(DMSO), ethyl acetate, acetic acid, ethanolamine, or mixtures thereof. It is specifically
contemplated that in the present invention one solvent molecule can be associated with

35 one molecule of the compounds of the present invention, such as a hydrate.



NH-"X 10 as represented in formulae (1), (1-a) and (1-b) may also exist in
the form 15 In one enbodi nent, the present invention includes

phar maceuwvoealdogomecept abl e salts, solwates, N-oxides, PUE/EPREIONBIYIY

i sotopically |abelled direivatives, prodrugs and pol ynorphs of the
conpounds descri bed herein, e.g. of a conmpound of fornula (1-a)

Typi cal | )Furthlaenqmeee imspecificaliyt Gantemplateddiat in e Prasentdvention. y“%féé'é?ﬂ ams e

salts, sql; Bﬁﬁml?%gue'\%%b&'%soc%@a g\tﬁ%@mau@sﬂhseaﬁ@eummﬁél ves of the

corrpounds scr a conpound formula (1-a). The dotted
| i nes i n présent uwedtwretsdﬁlmé?éld"tydfatﬁg‘\%ﬁﬁ"é"h|'tn‘§ spacitigaily epntemPiated Hetpounds

of formila{d %’gggrﬂ%\?e%tlbnﬂeﬁsttm én éﬁ{"ﬂwcﬁgﬁéxm ﬁa?%@%%élélea W@thfdngg, Whose

posi ti on nay vary depe |ch of GL and G2 represents a nitrogen
at om and méiecie pémeecmnwndS@ thsmﬁesaanbmvemrmns sughaha GE"\"B’[S'F%gent s a

ni trogen M%&%oﬁyét‘gg%%?éé%rﬁ irfvehtisHlara cdftent @te& i23@olvatdsaipr esent ed by

the formula CT/ EP2011/ 005929 and when &2 represents
a ni t r ogeompoundsintithel presgnt invention @ab@ﬁ%wea@'@ﬁg'cﬁ'lﬁquwﬁj‘&ﬁ% of B§MO8ent ed by

the for mgo?,aiie forrﬁyd?'tﬁél:érx ourfast he compound of formula (1), X and Y each
I ndependent 'y represent a nitrogen atomor a -CR7 group, wherein at |east

one of X and Y represents a -CR7 group.

10  The invention also includes isotopically-labeled compounds of the invention, wherein
one or more atoms is replaced by an atom having the same atomic number, but an
atomic mass or mass number different from the atomic mass or mass number usually
found in nature. Examples of isotopes suitable for inclusion in the compounds of the
invention include isotopes of hydrogen, such as 2H and *H, carbon, such as ''C, °C

15  and ™C, chlorine, such as *¥Cl, fluorine, such as "°F, iodine, such as 'l and ',

nitrogen, such as *N and "N, oxygen, such as "*0, 70 and '°O, phosphorus, such as

32p and sulfur, such as **S. Certain isotopically-labeled compounds of the invention,
for example, those incorporating a radioactive isotope, are useful in drug and/or
substrate tissue distribution studies. The radioactive isotopes tritium, 3H, and carbon-
20 14, *C, are particularly useful for this purpose in view of their ease of incorporation and
ready means of detection. Substitution with heavier isotopes such as deuterium, 2H,
may afford certain therapeutic advantages resulting from greater metabolic stability, for
example, increased in vivo half-life or reduced dosage requirements, and hence may
be preferred in some circumstances. Substitution with positron emitting isotopes, such
25 as "'C, '®F, 150 and N, can be useful in Positron Emission Topography (PET) studies

for examining substrate receptor occupancy.

Isotopically-labeled compounds of the invention can generally be prepared by
conventional techniques known to those skilled in the art or by processes analogous to
30 those described herein, using an appropriate isotopically-labeled reagent in place of

the non-labeled reagent otherwise employed.

Preferred isotopically-labeled compounds include deuterated derivatives of the

compounds of the invention. As used herein, the term deuterated derivative embraces
35 compounds of the invention where in a particular position at least one hydrogen atom is

replaced by deuterium. Deuterium (D or 2H) is a stable isotope of hydrogen which is

present at a natural abundance of 0.015 molar %.



10 I n one enbodinment, in the conpound of fornula (1) X represents a
nitrogen atomand Y represents a -CR7 group. In other enbodinent, in
t he conpowoadoofosdmerul a (1) Y represers a nitrogen at orcamb2015/095929
represents a -CR7 group. In another enbodinent, in the conmpound of formula
(1) X and Y independently represent a -CR7 group. 20ln a preferred
enbodi nent, in the corrpound of fornmula (1) X represents a nitrogen atom and
Y represgy em o rREGBRABATN/cHAREA FEABLi0R in CR7 group.
In a parti’c Fqar preef"erre aﬂegj 3 !n't%Q co’1I ouchgm formula (1) X and
Y i ndependigita wmlewndeéhymefgﬁ@ﬂpls feP'ﬁcQSHéy afpdierymmtom; galdhe conpound
of formul B fdaidr@ahand &2 represents a carbon
atom e%rfér)gen%&cﬁ@FaQ%ﬁﬁf%ncg%@bérfn f‘ﬂg C(?gngound of formula (1) &
repreSents a nitrogen atom5 and GL represents a carbon atom Typically, in
the conmpgy f i &?.%Huad%fmé%me Ha8'%h isbtb@t 0gen at om
a hydroxy B ﬁ{b &ru %%gﬁd%“rlg%’r anched Cl- al k grgup ! 1-%4 hal oal kyl
group, a e@mcrmmtyaaou(y@twwwgmme lsatoe@a@wn@mdktpe ngt%@!@bua neerRf|
gr oup, ggm;e]r g uh ﬂém&t&ﬁmé‘t‘é‘ 0én BB8ition #a Of three
 dhat I%‘I&?EI’O%.IO(S se géqehﬁ o?;%r ° gl ? \

het er oat ons om 0, S and N, nber ed,
sat ur at ednolecuiminghe iplagetes hidrogge) fpr eaghdeuterune ﬁfeﬁ@t“eﬁtc?o?@l ‘iﬁs'gﬂafﬁj’ 3%a

unsuhgt Lfﬁ&e@ﬁiapéttesdf l&@hfeﬁ'é’tfo‘ﬁ%rpt}‘\e%ﬁvpohﬂ@ oPht 1645t 8806 (HE4d, Ideerins el ect ed

froma a cyano group, a linear or branched Cl-C4 al kyl group,
a Cl-c4 amcoymallﬁranyl group or a C3-C7 cycloal kyl group; or Rl represents a
- 15(CH2) 0_20R9 group, a -0-(CH2)1-20R9 group, or a -NRSR9 group; wherein
R8 and Rg are as defined above. Preferably, Rl represents a hydrogen atom

a hal ogern atroeferrad embediment. the isptonrielearicharen faglr igablgpst 990847%% cycl oal kyl
group, a éutérfﬁ InrQarWBPer Grdferiidl dhBddifeht, HNE@bPIL Raridith&tda&eelal leakt Ng,

whi ch heterocy gfaql“n I's substituted by one, two or three substituents

sel edfed 633313 (95Hedasierivrainsaiposation 16 agﬂ@ﬁlgpfefaﬂ?q’ ﬁE%PPd'me%r BB SRPIE, - C4

al kyl gr I I 6). mak kibe@foeap; or Rl
represen%smgh@e?&% @*Yéa%%’?é%ﬁp? (9@5‘%‘&%&%@&1 frdo0 Brériou%rﬁ?r A eNR8R9 o oun

wher ei n Rbatath@l*@nlmmmgchiprﬂéBﬁ%éﬁﬂe%‘"ﬂi’fﬁ%@bﬁ aitsdenionated aRar or

branched &l %e@ttalﬂ%bn% mueper%%nb/ﬁsﬁ tﬁé%ftfé?ﬁ@ut&rdﬁbnrsﬁé& esents a hydrogen
atom a linear or branched Cl1-C3 al kyl group, a 5- to 7- nenbered,

saturated N-containing heterocyclyl ring, which heterocyclyl ring is

subsbipt utfl |Q&oﬁic%n%@ﬁti?¥étﬁﬂb5rpﬂé/Heﬁﬁﬁlﬁ@d uSihg B&nﬁ&iﬁbﬁ&l%ﬂa@tn@al
-0-(CH2)1_20R9 group or a -NRBR9 Prou wherein and Rg i ndn})ﬂgentl y
repr esentmethods known too en ordinary skilled in the art, |nclud|ng mass spectrometry (

and nuclear magnetic resonance (NMR).

Prodrugs of the compounds described herein are also within the scope of the invention.

25  Thus certain derivatives of the compounds of the present invention, which derivatives
may have little or no pharmacological activity themselves, when administered into or
onto the body may be converted into compounds of the present invention having the
desired activity, for example, by hydrolytic cleavage. Such derivatives are referred to as
'prodrugs'. Further information on the use of prodrugs may be found in Pro-drugs as

30 Novel Delivery Systems, Vol. 14, ACS Symposium Series (T. Higuchi and W. Stella)
and Bioreversible Carriers in Drug Design, Pergamon Press, 1987 (ed. E. B. Roche,

American Pharmaceutical Association).

Prodrugs in accordance with the invention can, for example, be produced by replacing
35  appropriate functionalities present in the compounds of the present invention with
certain moieties known to those skilled in the art as 'pro-moieties’ as described, for

example, in Design of Prodrugs by H. Bundgaard (Elsevier, 1985).



30hydrogen atomor a |linear or branched Cl1-C3 al kyl group. Mst preferably
R1 represents a hydrogen atomor a nethyl group. Preferably, when Rl

repr esentwoao/ochm27- menber ed, saturagijed N containi ng krerarocyobipko ri ng,
said heterocyclyl group is a piperazinyl group |inked to the rest of the
35nol ecule via a ring nitrogen atom in other words it is |linked to the
group i mdazo[1l, 2- b]pyridazine or imdazo[4,5-b]pyridine via a ring

ni trogen apom Subst i - Dl ' nb&§i haOn any
Fi ng. ot o ez £ G Shrb sBigy, B Gddmtpadby WosERiIEE iPhEwhha

2012/ 069 26 EENE EBAPLLNEDESP Salfsrreay axistio gifferentsaystaliine orrelymerpbisgen at om
whi ch is_not |inked upy L4 P } i f the

i m dazo[ﬁ?@%Perq"ﬁrﬁgwkgg% é’ﬁ r@ab&@?ﬁ?%%gﬁg[nggﬁgy E"’F’]g’&ﬁ'f'gg? gg?pr?ycl) group are
a Cl- €4 gprésednsimvéntionl group (preferably a nethyl sul fonyl group) and a
-0-(CH2)1_20- CH3 group. 5 Typically, in the conpound of formula (1) R2
represents a hydrogen atom a hal ogen atom a hydr_oxx group, a linear or

br anched TairtdBBeralokthe apmpopnds describad eraia preyalsewiship theySeopredf thg dr oxyal kyl
group, a.C3-C7 cyclo a phenyl group, a 5- to 7- nenbered

het er oarWVGEEB’&J&%?%%?%'AE&%%wo or three heteroatons selected fromO,
10S and N, a 5NHto—%, nenbered, saturated N containing heterocyclyl ring,
whi ch het er ocygl yl ri\qg is unsubstituted or substituted by one, two or

t hree subsiitdents selyected froma hal ogen atom a cyano group, a linear or
branched group, a Cl-C4 al kyl sul fonyl group or a C3-C7

cycl oal kyl = R2 represents a -(CH2)0_20R9 group, a -0-(CH2)1 20R9
group, or a -NR§RO group; wherein R8 and Rg are 15as defined above.
Preferably R2 represents a hydrogen atom a hal ogen atom a linear or
branched Cl1-C6 al kyl group, a C3-C7 cycl oal kyl group, a -(CH2)0_20R9 group,
a -0} CH2) 1- 20R9 group or a -NR8BR9 group wherein R8 and Rg independently

I epr esentasaeptksHn@@iEn foimilu®(1)a(1-a)nmdr(1 ) aiaytalsnedistdn @e- f68mal kyl group. Mre
preferably represents a hydrogen atom a hal ogen atom a linear or
branched C1-C3 al kyl group or a -NRBR9 group wherein Rg and Rg

i ndependent|y represgnt a hydrogen atomor a linear or branched Cl-C3 al kyl
group. Most prefrabl \R2 25represents a hydrogen atom or a nethyl group.
For the avoi dap#e of dowbt, when Rl represents a hydrogen atom a hal ogen
atom a hpdroxy) al kyl, hal oal kyl , hydroxyal kyl, cycl oal kyl ,

cycl oal kenyl , ar teroaryl, or heterocyclyl group, R2 may represent a
-(CH2) 0_20R9 group, a -0-(CH2)1 20R9 group,

15  In one embodiment, the present invention includes pharmaceutically acceptable salts,
solvates, N-oxides, steroisomers, isotopically 1ab_elled direivatives, prodrugs and

polymorphs of the compounds described herein, e.g. of a compound of formula (1-a).

Typically, the present invention includes pharmaceuctically acceptable salts, solvates,
20 N-oxides, steroisomers or deuterated derivatives of the compounds described herein,

e.g. of a compound of formula (1-a).

The dotted lines in the fused heterocyclic ring containing G, and G; in the compounds

of formula (1) denotes that there are two double bounds in the ring, whose position may
25  vary depending on which of G, and G represents a nitrogen atom and which

represents a carbon atom. Thus, when G, represents a nitrogen atom and G,

respresents a carbon atom, the ring is represented by the formula



30or a -NR8RO group. Likew se, when Rl represents a -(Cl-12)0-20R9 group, a
-0-(CH2)1- 20RO group, or a -NRBR9 group, R2 may represent a hydrogen atom
a hal ogerwetomyosmeobydr oxy, cyano, al kydy hal oal kyl , hydroxEebkylops929
cycl oal kyl, cycl oal kenyl, aryl, heteroaryl, or heterocyclyl group.
35Typically, in the conpound of forrmula (I) R3 represents a |linear or
branched Cl1-C8 al kyl group, a Cil- hal oal kyl group, a Cl-C4 hydroxyal kyl
group, a C3-C7 cycl oal kyl group, nonocyclic or polycyclic C6-Cl4 aryl
group, a 5- to 7- menbered hete | group WO

2012/ 06920225PCT/ EP2011/ 00592 ' two or three heteroatons
selected fromO, S and N, a 5- et erocycl yl group contai ni ng
one, two or three heteroatonms $erected frgmO0, S and N, wherein the al kyl,
hal oal kyl , hydroxyal kyl, cycl oal kyl, oal kenyl , aryl, 5heteroaryl, and
het erocycl yl groups are unsubstitute bstituted by one or nore
substituents sel ected froma hal ogen atom Za cyano group, a linear or

br anched a@amnad;mu@emm nitto§én &lom &rad Gatdsplesgnts @carborCato® the/dndisy al ky |
group, a C7 cycl roup, a phenyl group, a pyridyl group, a
pyrlnldlﬁﬁweawgﬁé%YE F%@Pgdyl group, a -(CH2)"OR9 group, a -NRS8R9 group
10a -C(0)-(CH2)n-R8 group, a -C(0)-(CH2)-NRBRO group, a -S(0)2(CH2)nR9
group or a -S(0)2(CH2) nNR8BR9 group; wherein each nis 0, 1 or 2; and
wherein R8 and RO are as defined gbove. Preferably, in the conpound of
formula (1) R3 represents a li _brygnched Cl-C6 15al kyl group, a Ga,
hal oal kyl group, a Cl-C4 hydroxyal kyl" gr a -C7 cycl oal kyl group, a
phenyl group, a pyridyl group, i i group or a piperidyl group,
wherein the phenyl, pyridyl, pyrim r piperidyl groups are
unsubstituted or substituted by one, r three substituents sel ected
fron1%4halogen atom a cyano group, &, inexa or branched Cl1-C8 al kyl group,
a Cl- hanaIkyI group, a 20C1- hydroxyalkyl group, a C3- C? cycl oal kyl
group, a phenyl group, a pyridyl group, a pyrimdinyl group, a piperidyl
group, a ar %Qﬁ% edrﬁbmmdaoffm(l IXOAHY Y@acﬂrﬂkpémlpfaﬁeg&mup, a

GOt Ci bt e e UL e )
above. 25roup.
10

In one embodiment, in the compound of formula (I) X represents a nitrogen atom and Y

represents a -CRy group.

In other embodiment, in the compound of formula (I) Y represents a nitrogen atom and

15 Xrepresents a -CR; group.

In another embodiment, in the compound of formuta (I) X and Y independently

represent a -CR; group.

20 In a preferred embodiment, in the compound of formula (1) X represents a nitrogen
atom and Y represents a -CR; group; or X and Y independently represent a -CR;
group. In a particular preferred embodiment, in the compound of formula (I) Xand Y

independently represent a -CR; group.

25  For the avoidance of doubt, when two R; groups are present, they may be the same or

different.



More preferably, in the conmpound of formula (1) R3 represents a phenyl
group, a pyridyl group, a pyrimdinyl group or a piperidyl group.

Pref er ablwo 2042269783 i s a phenyl group,23t is unsubsti tutret/Epzoizob®ed t ut ed
by one, two or 30 three substituents sel ected froma hal ogen at om
(preferably a fluorine atomor a chl or| ne atam, {ano ou near or

br anched lmne:srrmodgmer@rloup comsundof fiermuda (64 (ﬁ%%ﬁ? 7 B B%l’ngP"aa"‘tHFz
group or\% @Fe% g% Gy G4 hydroxyal kyI group or a C3-C7 cycl oal kyl
gr oup. B A B ot Y h0sa20 “N(R4)-(CR6 R6)m via a ring
car bon atom Pyridyl and pyrimdinyl groups are unsubstituted or

substi tuged %Eheﬂﬁﬁlmfew iPthel dohfd U % fdrinuRN1)SG SrbrebAE d riBbgen Atalogen

atom (prefe uorine atomor a chlorine aton), a cyano group, a
| i neab oranblﬁﬂ@ﬁ@?e@ﬁmfmﬂ(?ﬂmgr oup, a Cl1-C4 hal oal kyl group (preferably a
-CHF2 group or a 5- CFS group), a Cil-C4 hydroxyal kyl group, a C3-C7

cycl oal kyl group, -(CH2) OR9 group, a - NRSR9 oup, a -C&O)-%CHZ?\-RS
group, a Tyeally ("CM@)WWRQ ofyfosmyla @) RG@G)"’"EPG%E W@%ﬁ”ﬁiﬁ f hgloge
-S(0) 2( %MW?C Qf'&ip ARESH iR b?a'f}ﬁ:heﬂd Ll gﬂouénéioﬁ’-im hafbaligl groB, i s a

ni t rogen “at om yaho group or a net group and i s a_ni tyogen atom or
a net hyl aygobe hydnexyalipl graupas(Gp- CWPPG%' SAYP. @Ph?ﬂyhgrﬁyl’ @?o‘@ﬂg are

substjyt Utrﬁ?mﬁQreW' r{e*ﬂareﬁgl GHoub WOntaRirPEHE, A BFthrédIhstbidatimig ﬁet@fbaeorﬁs/r i dyI or

pyri m di ny@?rou ﬁresent on any ring atombut are refera\

present & %ﬁ%r@aﬁ@ﬁﬁ PR &f 1 FngmbRyednsayrated N-coniaiing ?f?f“(}j?%p, it is

"nked t h%hfcﬁfﬂeté}fac;}ciw H%ﬁ%uﬁsfﬂh@d%r%ﬁbﬂmﬁleﬁﬁybﬁé tdo@Nthred ot her wor ds
|sI|n d'to the group -

R4) - m via arln r
Subst it ueﬁhlb§t'téﬁ"t§ 5ﬁ|9ﬁtﬂdlfﬂ?”ﬁl9l a@gﬁﬂﬁt‘h‘ﬁya )B)éa"}?rgg‘éﬁ’?ta' 'éﬂ‘?’rﬁpﬁbeé(?ghf but are

prefer ab|é{kﬂ?ﬁﬁﬁﬁh (grc4t§]|@|§u|ﬁ;ﬁﬂ@@&Jp?lbpéfcsﬁ7%9abahylxgrowler Rul‘:aireéanma I S
present on the ring nitrogen atom The other bstituents sent, are
pr esdAt d@"h)OQQR@(SFP%’t anP-(Alk- 29?@\95‘?%993 -NReRaArpu; P%PBESP ojaLe

substi t ut QdyHinkR aBBe.Or two substituents 20sel ected from a hal ogen atom
(preferably a fluorine atomor a chlorine atomj or a C(0)-(CH2)-CN group.
Most preferably, the piperidinyl group is substituted by a C(0)-(CH2)-CN

group on plaferAbiy RORPredbRP ARflirogdn Sohta HaldyzhidteraNd linear pr br@obed Ci-Ces a
hal ogen at om préesent on a carbon atom ound of

oo i chan af s ara B oS et S RRPRLS. O,
C1- Chohy didansléylring! WHiBh BetefodyclyBang RfsubsRURAGY dok; b arlthisde gr oup.
Preferabl syubsﬁueLteépsreIeesc?ergitf?on(’%1 ah agtge% a or‘%t g ré]yar% gcn:%ugz a Pnaea(r)al gl)é e EpC4 ARCISES
alkyl group, a C;-C, alkylsulfonyl group or a Cs-C; cycloalkyl group; or R, represents a -
(CH,)0.20Rg group, a -O-(CH,)1.2ORg group or a -NRgRg group, wherein Rgand Rq
independently represent a hydrogen atom or a linear or branched C,-C; alkyl group.
25 ‘
More preferably R, represents a hydrogen atom, a linear or branched C4-C, alkyl!
group, a 5- to 7- membered, saturated N-containing heterocyclyl ring, which
heterocyclyl ring is substituted by a C,-C, alkylisulfonyl group; or R, represents a
-O-(CH,)1-20Rs group or a -NRgR group, wherein Rgand Rgindependently represent a
30  hydrogen atom or a linear or branched C;-Cs alkyl group. Most preferably R,

represents a hydrogen atom or a methyl group.

Preferably, when R, represents a 5- to 7- membered, saturated N-containing

heterocyclyl ring, said heterocyclyl group is a piperazinyl group linked to the rest of the
35 molecule via a ring nitrogen atom, in other words it is linked to the group imidazo[1,2-

b]pyridazine or imidazo[4,5-b]pyridine via a ring nitrogen atom. Substituents on the

piperazinyl group may be present on any ring atom but are preferably present on the



hydr oxyal kyl group or a linear or branched Cl-C3 al kyl group. Mre
preferably, R4 represents a hydrogen atomor a |linear or branched Cl-C3

al kyl gr owp.2oidamb20pr ef erably 30 R4 repyesents a hydr ogercatepoionod2sret hyl
group. Typically, in the conpound of fornula (1), RS and R6 each

I ndependent|ly represent a hydrogen atomor a linear or branched Cl-C6 al kyl
group. Prek aitedgey atdh, ian theRfitregerhatondepien demit lipkediortbe @raurdmida@Pldegdn at om

or a linear qr _.branched : al kvl .qr i

each i nd@lﬂé’ﬁaﬁﬂ?? Al V‘@g?zé’&ﬁﬁ%'nﬁ%r ggeef%%;c{ %'%%g{y eﬁ‘%‘?ﬁff"ﬁgﬁﬂ‘ yl.:ﬁ'o'?ﬁgi Egl |y
in the cappa@t cfikyisuifonylargup (prét@rabypa eethylssifanyl gpeun) @nd aa%&d‘hbgén atom’
a hal ogen_atom a cyano group, a linear or branched Cl-C4 al kyl group, a
Cl-C4 halSH¥MP-group, a C1- C4 hydroxyal kyl group, a C3-C7 cycl oal kyl
groups a phenyl group, a naphthyl group, a pyridyl group, a pyrimdinyl

group or _a pipetcidyl grou ' L, pﬁ% '

F\ilvtr) i (Tr d![ g%’;fﬁﬁyuf; g'%‘?o%‘ :ugﬂiﬁﬁﬁéiﬁuﬁﬁ?g%%F ﬁ%t ehda or Z;E%Jérpl ?pgﬁg é!rt)y one,

\ | & groupsa liedas of hedrCa-Caalkyberount @ fn-Ca he | grodRp, a

| i near or branched Cl- al k Q - -

Bg(rjir%xé?ﬁ?' gﬁ&%ﬁ’,‘yai‘@_!%?' %%Lda#gl;%?y'% B‘%n{}?l %?L%%,hp'gé ;Q)J;rgi’_i&gl Cércc)tjlp, a

hyémBéred hetroarypgrpep Conythingngoane, tM®oRhefechetploatormy sele@ed FamQ, 4

hydr ggen ato a _hal ggen _ato J | -

o ey 0y upra . &2 By AR R B, s RN et Felsiatges Bt “é{“fé@ﬁgeﬁr G

g.%/glrno(a:ml.(g.lret?b?wl gf?reurmub’sMU?UIqr,suBﬁltmte?W%ﬁIM@ﬂig@ecﬁg@ﬁtl a@'ﬁﬁ] a hal ogen

orin 1 | J

c17Cs' B eplecktfora naiRisrcafh § Sy, fiebp: £NeE oF biERkned ClucTay Soub O oup

(R gr ef er at(tycamrﬂklﬁlﬂ)rgrgmppor a £s-GRyclgatykgroup; or RyeRESERS anhen R1, R2 R3 or
mor e SR B ARt N B Ut N e ip ot

or nore s Bo® 0 e’ an ‘al Kyl grotup, a hal oa 20group o

a hydsoxyss definegrabope. Typically, when Rl, R2 R3 OP R7 is a said halgoaIEyIr
group substituted by one or nore substituents, said one or nore
substituents do not include an alkyl group or a hal oal kyl group. 25

Typi cal | yprevdrably IRy reft2s&ds ahyBidges atorsad Halgen ateymiadifeafpandiast reut ed by

one or nore substituent ' r It |

kyl gr PR R G R R 0R F GERROR BRI HEOLREHR 10R, afcpcrcle &
formul a (4 )NR¢Rdigolp whersin R; anst B indepsingeotibreptesenha AYHREeD APl § INRas er r ed
enbocHOmenct)fbrgﬁcr;teréecgeggﬁwbqoﬁ_ formula (1) mis 0 or 1;

More preferably R, represents a hydrogen atom, a halogen atom, a linear or branched
C,-C5 alkyl group or a -NRgRe group wherein Re and Reindependently represent a
hydrogen atom or a linear or branched C4-C; alkyl group. Most preferably R

25  represents a hydrogen atom or a methyl group.

For the avoidance of doubt, when R, represents a hydrogen atom, a halogen atom, a
hydroxy, cyano, alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl,
or heterocyclyl group, R, may represent a -(CH.)0.20Rs group, a -O-(CH,),.2ORs group,
30 ora-NRgR group. Likewise, when R, represents a -(CH,)0-20R, group, a -O-(CHy)+.
2ORg group, or a -NRgRg group, R, may represent a hydrogen atom, a halogen atom, a
hydroxy, cyano, alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl,

or heterocyclyl group.

35  Typically, in the compound of formula (I) R;represents a linear or branched C4-Cg alkyl
group, a C4-C4 haloalkyl group, a C4-C,4 hydroxyalky! group, a Cs-C; cycloalkyl group, a

monocyclic or polycyclic Cs-C14 aryl group, a 5- to 7- membered heteroaryl group



X is anitrogen atomand Y is a -CR group; or Y is a nitrogen atomand X
is a -CR group; or both X and Y are a -CR group; One of Gl and &

repr esentwoaoiy/dshmgen atom and the othgr represents a cachmpatonged Rl
represents a hydrogen atom a halogen atom a linear or branched Cl-C8

al kyl group, a C3-C7 cycloal kyl group, a 5- to 7- nenbered, saturated

N- cont ai BhAGiniRY 6HeD @6 birthréé heterosmme séletted GroprOyS andiNy & tedbst i tuted by a
Cl-C4 al kyl sul fo

nyl group, or RL re - -
_0- ( CH) Mesoheseq Pé{?ﬁgde‘Yggﬁ°HPe§Peé"“5?’g{1§'§see' %g\%ﬁ‘é‘r’éeﬁ%%gn el gg’@ﬂ"dent ly
;ggigzgmoslesa%gpgen atomor a I:near or branched C1-C3 al kyl group; R2

rogen atom a n ' -
al kyl group, aYV"@?'g:?hec%%Y'o ?IR?Pﬂgﬁgﬁﬁ’fﬁl@% @&%‘B’jg%@%‘gkreggg,wged o
; g;o § ggig)n éL ; 0 E;Q).gfag@tml, @?g hEt:rrod\Bl&_I@rogps ape uﬁwbditutgﬂ&ranustmgteﬂ @pedient | y

i.near - ;
represents a I"i‘?f@%”gﬁtﬁuﬂ?mﬁﬁﬁlﬁgtﬁdéf% “§f°§§§ggb?’gﬁap° ao@g@'&ﬁ’gﬁ%é{ kSI gR?oup,
golcyl/;:%l ihé/dg)@éﬂdgrﬁh cgr«oaémkylgrcﬂb, 6§1e®cﬂlai@dlhygr@poa;§21-(‘aa hysroyatyi ¢ or
- ro a - - . .

cont ai ni ng on&’°‘ERA@y¢>’Fét ﬁ,?cé%a‘ﬁﬁ@%oyga?%&ng@?é@?ﬁﬁﬁ}%{&g@hﬁ@g 5- to
Z-el rergpiégr ]tca(r:lorr;]eg(;@m@@ymbeﬂl\?ygmf,e@qmmn@iﬁagrma -NR@ROSBflOUh,r ee het eroat ons

: i_n.the
cycl d8l kyl, c;ﬂ:ﬁdé&%@ﬂ?rﬁ&u‘%% a@i@}-&‘%ﬁ%’?RaF?f?,dfﬁ@é*??’?é‘y’?%‘?f%?%%%ﬁﬂ’ are
unsubst i t ut ed gia -SEORICHLINRERagroure whievein 28 n ishd,cleorsdlpediwheseip Regef ect ed

froma hal ogen_ at om cyan roup, a linear or branched Cl1-C8 al k
, yl group,
a Cl-C4 hal Oa%qre@sdﬁgpgia%i hydr oxyal kyl group, a C3-C7 cycl oal kyl , 2

p?gr_lél) ngr oup,roa pyri Eim%gRgoup, a pyrim (c)ii nyl group, a piperidyl group, a
60y ( crprpitilhan s fimeaurt g s g Rpdbotassint: dfihel BLbranchied G Cag o
232; (@)qlsg;r Oa{rj;kwggup, ela;:‘lccmalsalﬁyé groubhaacu-wwdedmaksl areup hydlogesodm a

, a near or n ~ (53, 2 h
group or %ﬁ@%"(ﬁhw ?Q?HPk?/PV%JrV@%%’”gn%8&6’%@%@8%8@’2" eaﬁ? gfnargrg&a ?: (rjlgiatlr(ylor
branched Cl1- C3whérei thgpbepyl, pyRisly b pyirifRBlinyh ehpiperitlyb aregen are unsibstitytasory
hydrogen atom Orbsﬁtu]ﬁ' SPone | gr Alc0E duelit et diddte frOMP halogen &én, @Pr esent s

R0F Qe S oup a(? '

a hydrogen ato a cyano gr ) | near or~ branched 50 -C4
2|y Iély 1) gL §:Jp, r gc;@ho@#odgﬂlad?nlekybr byanched Gi-Cd alld drgum; Grafkialoglky @ioura 3c3- 7
Dyr i i nyl 9 ar gﬂ-& Aydosyaikyl SrSURP a A-AARRIAKY S685 P pRerYY §ictp! a ByRIw, 2

group, a pyrimidinyl group, a piperidyl group, a -(CH2).OR, group, a -NRgRg

group, a -C(0)-(CH.),-Rs group, a -C(O)-(CH2).-NReRs group, a -S(0),(CH2)nRe

group or a -S(0),(CH,).NRgRe group; wherein each n is 0, 1 or 2; and wherein

Rgand Ry are as defined above.

25
More preferably, in the compound of formula (1) Rs represents a phenyl group, a pyridyl

group, a pyrimidinyl group or a piperidy! group.

Preferably, when R; is a phenyl group, it is unsubstituted or substituted by one, two or

30 three substituents selected from a halogen atom (preferably a fluorine atom or a
chlorine atom), a cyano group, a linear or branched C4-C; alkyl group, a C,-C4 haloalkyl
group (preferably a -CHF, group or a -CF; group), a Ci-Cq hydroxyalkyl group or a
Cs-C; cycloalkyl group.

35 Preferably, when R; is a pyridyl or pyrimidinyl group, said groups are linked to the rest
of the molecule via a ring carbon atom, in other words they are linked to the group



or a piperidyl group, wherein the phenyl, naphthyl, pyridyl, pyrimdinyl or
pi peridyl groups are unsubstituted or substituted by one, two or three

substi t uegbzolsebed from a 10hal ogenygat o |
gatom a cyano gr euRmEpdothjoias or
branched C1-C6 al kyl group, a Cl-C4 hal oal kyl group, a Cl-C4 hydroxyal kyl

group, a C3-C7 cycloal kyl, a phenyl group, a pyridyl group, a pyrimdinyl
group or _gy(Rr} p(@tdeagk Qfaoélﬁng térban ton Ryridpiartd myinddingrgedusrazd  enbodi nent
in the conpound of

Lo ouRabsted o sutitviac wh ot e s Hiresspistdery EAEERENY AALEN ¥ 1 °
:)(t ﬁ;? ?e afae?gent ;R#gbly @TRoAhe Sibnadita ERorepates)d syal\orgrmumgelmeat om and t he
oo 5 P - s BRPCS G Al B o r Bl ALBHR G, & 4141 09en
:3; g{ ?E 33355 gmgwg;cpg,, rekmgwgwupra 0g-C,wiytloalkPgnedme mo{Gid)yPRy gneypi s

" _
(CH2) 1- 2@:{9‘9@ 95’”9\1\,ﬁe9 )r{%ﬁ‘réﬂp?rég%% %J(g))ng% Nif%/ﬁ?b%ﬁé%pa Rg represents

a hydr ogeg(@),@H,) Rgfg%u';g@ra F(OM(OH,)ANRiRyegroum wherein ehehin (310 681 ankyandgr oup;
30 R3 represents a |1 near

branched C1-C6 | oal kyl
group, a VEren Wﬁ?é‘ﬁ?&?ﬂ?&"@yr%%magr@? A ﬁkﬁwgﬂ%%% Rc?ﬁ?),g%g ha IOa d
19[1 guBheﬁyal(wmldM rgéthwj?ou;ﬁ Mx%jfélﬁﬂderaw pgridyl pnd py@midinyegriodps gte sgmstlﬁytedmer ein
ri i m di nyl or piperidinyl groups are unsubstituted
350r 1 9ub§’(”‘t%f{ '@%38@ 19BFe substituents sel ect eg froma hal gglenuateom

Sr gyano %Clibé.ﬁtueﬁté drng pyridyl obpyrintitiegh dtduomag|beydregand op anp riad atom ket &l ky |
up, a

droxyal kyl C3-C7 | oal - ) i
group, @0"@/%@@2 ORREIPERIII 005020 kyl, or a -(0)-(C2)n-Rs

Preferably, when R; is a piperidinyl group, it is linked to the rest of the molecule via a
15  ring carbon atom, in other words it is linked to the group —N(R4)-(CRs Re)m- Via a ring
carbon atom. Substituents on a piperidinyl group may be present on any ring atom but
are preferably present on the nitrogen atom. Preferably, one substituent is present on
the ring nitrogen atom. The other substituents, if present, are present on a carbon
atom. More preferably, the piperidinyl group is substituted with one or two substituents
20 selected from a halogen atom (preferably a fluorine atom or a chlorine atom) or a
-C(O)-(CHy)-CN group. Most preferably, the piperidinyl group is substituted by a
-C(O)-(CH)-CN group on the nitrogen atom and, if other substituent is present, it is a

halogen atom present on a carbon atom.

25  Typically, in the compound of formula (1), Rsrepresents a hydrogen atom, a C4-C4
haloalkyl group, a C4-C4 hydroxyalkyl group or a linear or branched C;-Cg alkyl group.
Preferably, R, represents a hydrogen atom, a C;-C; haloalkyl group, a C:-C2
hydroxyalky!l group or a linear or branched C4-C5 alkyl group. More preferably, R4
represents a hydrogen atom or a linear or branched C4-Csalkyl group. Most preferably

30 R, represents a hydrogen atom or a methyl group.

Typically, in the compound of formula (I), Rs and Rseach independently represent a

hydrogen atom or a linear or branched C4-Cs alkyl group. Preferably, Rs and Rs each

independently represent a hydrogen atom or a linear or branched C,-C; alkyl group.
35  More preferably, Rs and Rs each independently represent a hydrogen atom or a methyl

group.



wherein nis 0 or 1 and wherein and R8 is a cyano group, a |linear or
branched Cl1-C3 al kyl group, a Cl-C4 hal oal kyl group or a C3-C7 cycl oal kyl
group; Rawoeprxsents a hydrogen atom og7 a nmet hyl group; PETRP2@n@05969 each

i ndependently represent a hydrogen atomor a nethyl group; R7 represents a
hydrogen atom a hal ogen atom a cyano group, a |inear or branched

Cl- C3  al Kiybicghyimthescamipoondief faseiula,(l). Rr trpseseatsca rapiesaiti 2 BN JL9RD AR AIp or a

- C7 10%%&%%'4?&1 QE?A% ?rbﬂpaaﬁdéragg%raﬂéﬁéd éubé"'alkW@rB@ﬁ r£d,-eRahmpnt . in

t he conpoun nitrogen atomand Y is
a -CR, grgseyp, a:-@s hxedraxyﬂlkyﬂ ewen. acoﬁvmdoxkvlgraup,e@hegwkﬁrsupc?r both X and

Y are a - SRIMd trogen atom and

t he ot her%\%[g&eg Ps gyndgré?bﬁ%opgﬂ% I'«’gi%}dé%rragsents§| g%@%rogen atom a

| i neab or br anwiereinthe penyl, krwphgwblmndﬂ FU""I'@“S?' -or piReHdYIHIOURSATBY at ed
N-contai ni ng pﬁsﬁeﬁﬁ&%hﬂ sﬁbﬁ&te&"ﬁ%%ﬂe h%‘t‘fr%¥€|sm)stﬁu% %%g&é@%hié‘t ed by a

Cl-4 al kyl su group or resents a - é group
25wherei n R9 rhiaogenaters, a cyEaNQCHOHPLE lingar oupranphe Gp eeﬁmk%roaprﬂ/gr-Ggen at om

or a linear or 4?6%9%p%&ﬁy§yéxy?rkgl%oup a C,-CReyd f%ﬁﬁﬁe’ﬁgﬁg@hsnw

group, a pyri groodp rim-diny roup or a piperidinyl group,
wherei n the prepyidyl Wﬂpc@'P)/”rp'QrﬁYhﬁl@PnWa@ipeﬂfjﬂeg’f?'éﬁ nyl groups are

unsuq tituted or substituted by one or nore substituents selected froma
hal ogen atom or a - C(0)-(CH2)n-R8 group, wherein nis 0 or 1 and wherein
and R8 i PrefargbindRgepiesentssrhuirogasatemna Halpony alasyahcyaNe 9oy aJRgary each
i ndepend [ r Ikyl ora

2012/ 0693 e RS A, o R bRy o, B B P 2 gen
atom a |Gneacyapalky gmyneMO(gpr@fprgplyy&representsahydrogen atom, a halogen

atom (preferably a fluorine atom or a chlorine atom), a linear or branched C,-C; alky!
15  group (preferably a methyl group) or a C;-C, haloalkyl group (preferably a -CHF, group
or a -CF; group).

Typically, when Ry, R; R;or R is a said alkyl group substituted by one or more
substituents, said one or more substituents do not include an alkyl group, a haloalkyl

20 group or a hydroxyalkyl group.

Typically, when Ry, R; Rsor Ry is a said haloalkyl group substituted by one or more

substituents, said one or more substituents do not include an alkyl group or a haloalkyl

group.
25
Typically, when Ry, R; R;or R is a said hydroxyalkyl group substituted by one or

more substituents, said one or more substituents do not include an alkyl group or a

hydroxyalkyl group.
30 Typically, in the compound of formula (I), mis 0, 1 or 2; preferably 0 or 1.
In a particularly preferred embodiment, in the compound of formula (1)

misOor1;
35



group, or a Cl-C4 hal oal kyl group. In one enbodi nent, the conpound of
formula (1) is one of formula (l1-a): R2 Fornmula (I-a) wherein.rn, X, Y and
Rl to Rg wioeopwes®Ri ned above. In a praferred enbodi mnenPCTiEP2¢1hA0I9epouUnd
of formula (l-a): mis 0 or 1; 15 Xis a nitrogen atomand Y is a -CRY
group; or Y is a nitrogen atom and X is -CR7 group; or both X and Y are a
- CR7 gr olpis apritedgeneatdbm 30d 6 isca G R+ arqup; QIt\bﬁlaa’Ntﬂogeﬂ afogn andoRis rfdm; or both

X and Y o foltlod ts a hydrogen atom a hal ogen atom a
| i near o% (g“rpa ﬁaé%é %‘Zar?éyiﬁtﬁgg gu a C3-C7 cycloal kyl group, a 5- to
7- menbered, saturated N containing heterocycl yl ring, which heterocyclyl

ring is %%9&'(& lgn%dob¥e% %_gé {ﬁ nsé{BrfnCH?MlthQBfPMpre se'ﬁis 4 earbBAQIIMA; a

(CHZ)O grioup group or a -NR8BR9 group, wherein Rg
and |ndependently represent a hydrogen atomor a |inear or branched

- 3 al iy refedtifls @dggeh%g&ﬁssns SénBYdi‘ﬁ fiieaPbBRanendipCas B om 2

linear or '0F gr ou - cycl oal kyl group, a
4C - 12) 0-g20R0 adeepeycipalky! 9@90@52@1% @?@Qﬁredr sgjurajgebhteop wherein Ry

and Rg 'm%?gsgviyhha@a{ ﬁét‘émcxt gmﬁqﬁ%ﬂstﬁﬁt@&bwa@, -Cj | RAsuRnyt raﬂshed

Cl-C3 al k represe | near or_ branched

Cl- C4 ham&kgpre@ema ~(CGHABLOB4 angen, @il Ryt 2R BFOUROTR- Nﬁs%ﬂé%gl k3|r°”p’ :
grougg a LihG Rfin EM&é’rﬁQ rE?@eﬁ]f'hﬁ r¥derCitoMibr 2Alinear bbranchgyTber ed

het eroary grou contai n ng on wo or three heteroatons 5sel ected from O,
S and N, Gy-Gs alky) grouprenber ed het erocyclyl group containing one, two or
three heteroatons selected fromO0, S and N,

R, re'presents a hydrogen atom, a halogen atom, a linear or branched C;-Cs alkyl
group, a C,-C; cycloalkyl group, a -(CH.)o.2ORs group, a -0-(CH3)1..0Rg group or
15  a-NRgRs group wherein Rgand Reindependently represent a hydrogen atom or a linear

or branched C;-C; alkyl group;

R; represents a linear or branched C;-Cg alkyl group, a C4-C,4 haloalkyl group, a C4-C,
hydroxyalkyl group, a C5-C; cycloalkyl group, a monocyclic or polycyclic C¢-C14 aryl
20 group, a 5- to 7- membered heteroaryl group containing one, two or three heteroatoms
selected from O, S and N, a 5- to 7- membered heterocyclyl group containing one, two
or three heteroatoms selected from O, S and N,
wherein the alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are unsubstituted or substituted by one, two
25 or three substituents selected from a halogen atom, a cyano group, a linear or
branched C,-Cg alkyl group, a C4-C,4 haloalkyl group, a C;-C4 hydroxyalkyl
group, a Cs-C; cycloalkyl, a phenyl group, a pyridy! group, a pyrimidinyl group, a
"piperidyl group, a -(CH2),ORs group, a -NRgRs group, a -C(O)-(CHz).-Rs group,
a -C(O)-(CH,)-NRgRs group, a -S(0)2(CH_).Re group or a -S(0)2(CH2)aNRsRs
30 group; wherein each n is 0 or 1 and wherein Rg is a hydrogen atom, a cyano
group, or a linear or branched C,-Cs alkyl group, a C4-C, haloalkyl group or a
Cs-C; cycloalkyl group and Rgis a hydrogen atom or a linear or branched Ci+-Cs

alkyl group;

35 R4represents a hydrogen atom, a C4-C4 haloalkyl group, a C4-C,4 hydroxyalkyl group or
a linear or branched C,-Cs alkyl group;



wherein the al kyl, hal oal kyl, hydroxyal kyl, cycl oal kyl, cycl oal kenyl, aryl,
het eroaryl, and heterocyclyl groups are unsubstituted or substituted by
one, two WO 20tweesee0substituents sel ected from a hal ogen acomp2@10y®29 gr oup,
a linear or 10branched Cl1-C8 al kyl group, a Cl-C4 hal oal kyl group, a Ci1-C4
hydroxyal kyl group, a C3-Cr cycloal kyl, a phenyl group, a rid grLoup, a
pyri m di rRd angrRugachandsipsadentlyirepfesen, a Bydregamb3taare ag'l“%ﬁb?r lgi%o?\ﬂ%'@"{jﬁ oup, a
-C(0) - (C%Z%p group, a -C(0)-(CH2)n-NRBR9 group, a -S(0)2(CH2)nR9 group
or a -§( z "NR8R9 group; wherein each nis 0 or 1 and wherein Rg is a
hydrogen atom a cyano 15group, or a linear or branched Cl-C3 al kyl group,
a Cl-C4 halg e§¥$ts%r|§/df'br$%h égorﬁ:?’a ﬁZIo@&ﬁ'aRﬁ‘ﬂl ‘W&ya@nb@ﬂ&npﬁ@din?@ drdbrandmgdr ogen

atomor a 1rnear C3 alk resents a

hydr ogen GitGaalkyl gm_um Craf oAlIR3IkyY! GFHRy | % (én %!Lh)@PWHWb%?HP k‘i/{:e foup or 20a
| i near or y@lr %y[p(g[;%g é@,@l gry,l,pgg ﬁéﬁhthﬁ@r@\mﬂ aRfyrigAGrouip) dgeimikeng gyoup

r epr esent [ om or i near branched Cl1-C3 al kyl group; 25R7
representwaapihqr@dvbg@tﬁpatom a haI ogen atom a cyano group, a linear or

branched Cl-C4,al ?{-. ?ERFW @apﬁ&iy%yha}uowmhmgrmerﬂy@o@#b angdr Oxyal ky!
group, a C3- c” cyclo

ph |
pyri dyl group,unsupstituter @r ﬁyﬂgsct)é#t% BY SF‘ggx"& ‘-Hrégrléﬁﬁug@tﬂﬁﬁgs s%ﬁ@tgg ?rﬁprl Fe

phenyl, napht 0 §raugi ik é?rrbrap@hedﬁ-mrawpéroabac-c
30unsubst| t ut %logéﬁé’é& @?%ﬁte éb 9one Y reé}‘f’iﬁ’?g'&’ ent 1sél ect ed

from a hal ogenhalealkyl geoupy arfo- ngftvefvaa‘kvli 91'8'51? "’b f|?§;'P group,

a Cl-C4 hal oal 5}5 fi g%p’gp%@ﬂ\yhg,@w)@yglﬁ,}@n@rg@pp a C3- C? cycloal kyl, a
phenyl group, yridyl “group, a pyrimdinyl group or a piperidyl group.
35In a further partl cular preferred enbodi nent, in the conpound of formula

(1-2): m S, RirfREr ﬂrar’ucdfar‘ﬁeférr@bfehftﬂﬁﬁnéﬁtolﬁ\tﬁéldoﬁﬁpbﬁntﬂofféiﬁﬂng(lpup, or Yis a
nitrogen atom and Is a -CR7 group; both X and Y are a -CR, group;

pref ekabl y X is a nltrogen at om and Y |s a - CR7 group; or both X and Y are
- CR7 gr% Poor 1Rl represents a hydrogen atom a halogen atom a |inear or

branched Ci- aI kyl group, a 5- to 7- nenbered, saturated N containing

het erocyclyl ring, which heterocyclyl ring is substitut ed by a C1-C4

al kyl sul f gryh LSHFdidR o anm Bilad we@e@R%so@ oPY i§ BMriRjcheRRRin and Xdis awli&ei n Ry
represents a group R2 represents a hydrogen atom a hal ogen

atom or aglquﬁe@rb%hxtﬁ"@n\éﬁ@oa(ﬁ 7(%’°HP'kyI group; R3 represents a |inear
or brgnched C1l-C8 al kyl group, a Cl-C4 hal oal kyl group a Cl-c4

é?gﬁp Ogyalnié%lf G% ra%g G, rgpr%gergtz aC t(r:égoe%l aktXm gnc? Hﬁa otﬁe regrne\éentg c%?borf"atgw;' dyl

R, represents a hydrogen atom, a halogen atom, a linear or branched C,-C; alkyl
group, a 5- to 7- membered, saturated N-containing heterocyclyl ring, which

25  heterocyclyl ring is substituted by a C4-C, alkylsulfonyl group or R, represents a -O-
(CH2)120Rq group, wherein Rerepresents a C4-C; alkyl group;

R, represents a hydrogen atom, a halogen atom or a linear or branched C;-C; alkyl

group;
30
R, represents a linear or branched C,-Cs alkyl group, a C,-C, haloalkyl group, a C4-C4

hydroxyalkyl group, a C3-C; cycloalkyl group, a phenyl group, a pyridyl group, a
pyrimidinyl group or a piperidinyl group,
wherein the phenyl, pyridyl, pyrimidinyl or piperidinyl groups are unsubstituted
35 or substituted by one or more substituents selected from a halogen atom, a
cyano group, a linear or branched C,-C; alkyl group, a C4-C, haloalkyl group, a
C,-C, hydroxyalkyl group, a C5-C; cycloalkyl, or a -C(0)-(CH,)n-Rs group,



pyrimdinyl group or a piperidinyl group, wherein the phenyl, pyridyl,
pyrimdinyl or piperidinyl groups are unsubstituted or substituted by one
or nore swbiHwsents sel ected froma Bal ogen atom a cyaou/Epe@upssas | i near
or branched C1-C3 al kyl group, a Cl-C4 hal oal kyl group, a 20Cl-C4
hydr oxyal kyl group, a C3-C7 cycloal kyl, or a -C(0)-(CH)n-R8 grou wherein
nI Iksl 0 or 1 awbemirends ﬂoah@nﬂeglhesel@aeq/aadﬁ YEYANR 9rqup, hngar gf bignghitdhed C1- C3
al kyl group, lc, %4 oup; R4
represents a y?og #]Brga!tu ?né(k)%( a rreqéﬁ(ypéré)rﬁg%,a SW%JCS%Lﬂ%%rOggChP
|hngependently repLelsent a hydrogen atomor a nethyl group; R7 represents a
ydr ogenatom. . a.hal eth ofa MEP gliupUP, @ | i near or branched
Cl-C3 al f%g%ou 9%‘%8 ﬁ)mloal Kyl grOl'j%, a Cl-C4 hydroxyal kyl group or a
83) C75 30cycl oal kyI (E:]r oup. In another enbodi nent, the conpound of fornula

s o QLENkRY E{e'c@nﬂ 043/ 2GR BRaHh 29 X NHY RIR2

a epen r T 1

For mul a B?ﬁé wherel X, *égr%j Ri trglg are as deflngdq%a‘ﬁve. In a
preferred enbodinent, in the conpound of fornula (I-b): mis 0 or 1; Xis a

nitr Oge”@}éﬁ]% éro en g{%m & R4iBgerPator, h%yé‘nd‘gltoruﬁgﬂnn@erbWhé’dl s a
or ? &‘tR

-CR, grou are a r ef bl y
at om and C\-Gssalkyl graoR, a@&;phalqalkvbemp»@ %\&Myg%éygﬁﬁ{déﬁ)uﬁ?ro%ég g, ntrogen

10  cycloalkyl group.

In a further particular preferred embodiment, in the compound of formula :

misQor1;
15
X is a nitrogen atom and Y is a -CR; group: or Y is a nitrogen atom and Xis a -CR;
group; or both X and Y are a -CR; group;
One of G; and G, represents a nitrogen atom and the other represents a carbon
20 atom;

R, represents a hydrogen atom, a linear or branched C4-Cs alkyl group, a 5-to 7-

membered, saturated N-containing heterocyclyl ring, which heterocyclyl ring is

substituted by a C;-C, alkylsulfonyl group or R, represents a -0-(CH,)120Rg group,
25  wherein Rqrepresents a C4-C; alkyl group;

R, represents a hydrogen atom, or a linear or branched C,-C; alkyl group;
R, represents a phenyl group, a pyridyl group, a pyrimidinyl group or a piperidinyl
30 group,
wherein the phenyl, pyridyl, pyrimidinyl or piperidinyl groups are unsubstituted
or substituted by one or more substituents selected from a halogen atom, ora -
C(O)-(CH,).-Rs group, wherein n is 0 or 1 and wherein and Rs is a cyano group;

35 Rsrepresents a hydrogen atom;

Rs and Rg each independently represent a hydrogen atom or a methyi group;



15R1 represents a hydrogen atom a hal ogen atom a linear or branched Cl-C8
al kyl group, a C3-C7 cycloal kyl group, a 5- to 7- nenbered, saturated

N- cont ai nwogotxaisefoecycl yl ring, which fiet erocyclyl ri ngpcs/epodsindons ed by a
Cl-C4 al kyl sul fonyl group, or Rl represents a -(CH2)0_20R9 group, a
-0-(CH2) 1- 20R9 group or a -NRBR9 group, wherein R8 and RO independently
represent a hydrogen atomor a linear or branched 20Cl-C3 al kyl group; R2
represen t i Cl-C8
iyl gr SupePrabis U atisef oy WhalGn alohiTa fger S3Fanded e SoraRs

- 0- ( CH2) praqRer griat(y twloalkyl IRBIRO gr oup wherein R8 and R9 independently

r epr esent t 'Qﬁggn ; -al kyl group; R3
represenﬁg%ggﬁﬂﬁggﬁﬂgﬁtﬁggﬁﬁﬁgg$%:- é?g?fg%ﬁgﬁﬂﬁ%ﬁ;ﬁ%y- hal oal kyl group,
a Cl- &4 hydroxyal kyl group, a C3-C7 cycloal kyl group, a nonocyclic or
polycyclic C6-Cl4 aryl group, & 5- to 7- nenbered heteroaryl group
contai ni ng one, two or thrﬁg/ﬁe€5r atons WD 2012/ 06920235PCT/ EP2011/ 005929
selected from0O, S and N, a|5- to|7- nmenbered heterocyclyl group containing
cted fromO0O, S and N, wherein the al kyl,
yl, cycloalkenil, aryl, heteroaryl, and

one, two or three heteroato
hal oal kyl , hydroxyal kyl , &c
het erocycl yl groups are unsubst|ituted or substituted by one, two 5or three
substituents selected froma hal ogen atom aggygnR,ygroup, a linear or
branched Ci1-C8 al kyl group, G4 _bhgl oal kyl group, a Cl-C4 hydroxyal kyl
group, a C3-C7 cycl oal kyl, greup, ap\pyridyl group, a pyrimdinyl
group, a piperidyl group, a oup, \g -NR8R9O group, a
-C(0)-(CH2)n-R8 group, a - 2) - N8R9 group, a -S(0)2(CH2) RO group or
a -S(0)2(CH2)"NR8R9 10gr oup; ch nis O'or 1 and wherein R8 is a
hydrogen atom a cyano group, or aglinemrs or branched Cl-C3 alkyl group, a
Cl- 4 hal oal kyl group or a C3-C7 cycl oal k}/l group and RO is a hydrogen atom
or a linear or branched Cl-C3 al kyl °§F‘B'&r§,‘a)15R4 represents a hydrogen atom
a Cl-C4 hal oal kyl group, a Cl1-C4 hydroxyal kyl group or a linear or branched
Cl-C8 al kyl group; R5 and R6 each independently represent a hydrogen atom
or a | i neahersin my%n¥ Aed Reto Bs akg Ry AefyiedagPoven R7 represents a hydrogen
atom@ hal ogen atom a cyano group, a linear or branched Cl-C4 al kyl

group, a Gra, haloal kyl group, a Cl-C4 h oxyal kyl group, a C3-C7

cycl oal kyln QJPfGiﬁSEEda?fﬁ‘P@WFmgmﬂﬁ,°°5'pﬁaﬁq’1¥ﬂ{9fm ?610%); a pyridyl group, a
pyrimdinyl group or a piperidyl group,

misOor 1,

15 Xis a nitrogen atom and Y is a -CR; group; or Y is a nitrogen atom and X is a -CRy
group; or both X and Y are a -CR; group; preferably X is a nitrogen atomand Y is a -

CR; group; or both X and Y are a -CR; group;

R, represents a hydrogen atom, a halogen atom, a linear or branched C;-Cs alkyl

20  group, a Cs-C; cycloalkyl group, a 5- to 7- membered, saturated N-containing
heterocyclyl ring, which heterocyclyl ring is substituted by a C;-C, alkylsulfonyl group,
or R, represents a -(CH2)o.20ORs group, a -O-(CH)120R, group or a -NRgRg group,
wherein Rg and Rg independently represent a hydrogen atom or a linear or branched
C,-C; alkyl group;

25
R, represents a hydrogen atom, a halogen atom, a linear or branched C4-Cg alkyl
group, a C3-C; cycloalkyl group, a -(CHz)o2ORs group, a -O-(CH,)1.20Rq group or
a -NRgR, group wherein Rgand Rqindependently represent a hydrogen atom or a linear

or branched C4-C; alkyl group;



25wherein the phenyl, naphthyl, pyridyl, pyrimdinyl or piperidyl groups
are unsubstituted or substituted by one, two or three substituents sel ected
froma haveger/wp2 a cyano group, a3Rinear or branche@CUEPSR14D3999 group,
a Cl-4 hal oal kyl group, a Cl-C4 hydroxyal kyl group, a C3-C7 cycl oal kyl, a
phenyl group, a pyridyl group, a pyrimdinyl group or a piperidyl group. 30
I n a further particul ar preferred enbodi nent, in the conpound of fornula

(1- d}‘es%ééa ru?réif dr%réhcﬂba QA hIRY mu@nﬁl CY- mmamrr@l?aro@ppum Qr Yis a

nltrogen étom an group; or both X nd Y are ac §R7r§roup,
preferabhydrm%k)!égfﬂupr66%197@6‘9?'%'&“?“?sa rpono RANSYClG Cobse 4™ and v are

a - CR7 95@{1 a%f%&rﬁﬁéﬂéﬁ%e@erb%‘}f@%ﬁ c@ht@ﬁ%ngaoﬁbimeﬂthaéé)mtematomar or
branched satura%rﬁd N-cont i ni ng

grou
het eri)cy§¢|§1>te¢ |frr»?@ émﬁla\f‘ﬁ "Ee’% %‘rtegymegf'l‘b‘%’?ﬁilbetﬁgocgﬁ'ﬁlsqrf’?%f: apIPne
al kyl sul BPtme BBt dHhs EﬂreE@er@mt 8 addM)- 5(CH2) 1- 20R9 gr oup, Wner ein Ry

represents a Cl-C3 al ky represent? z?khydrog@ Q a hal ogen
atom or a | i naherein thﬂ%{hﬂMO@ﬂlcﬁydéq’Wﬂkbeﬁﬂ? loplkEPY<Wt s a |inear or

branched Cl- Cﬁet%'ré‘éﬂrl Qﬁ@H&er&yg}rgﬁGu hr‘é&HﬁMbst&!ﬁt@dDr sr&bsﬁﬂuté‘dlbtnyde,ctwal kyl
group, a C3-C/ cycloal ki/H gﬁroup, 39{1;{8 c%rl d ?u &
pyri m dinyl ngﬁ}ﬁe%ﬁubﬁt' &p frem%alo FBM AN DADHY B{)ﬁ’ Ayl

pyrigpdi nyl ok picRed bqldgﬂrkyggmaesa@f,&:4mdu@t grbubeﬁlcc}rc,,waaixyarmled by one
or nore substituents sel ecte

froma halo a 5c roup
linear or br aSEPdaCe-Gaevslaaliyl. grheny! 95[%!% H&'rgfﬁ'l’%ﬁ P g‘B géoﬂ
hydroxyal kyl g iy Grolip- g«:mg@a& §6up, &ENRR,Gré)p, (aCB&Dr (CHRJ.-Bs gtomp, wher ei n

nis O or 1 and wherein an hed Cl1-C3
kot Corous, 3 -ELOBC - SRsRyBroRp SO GH R Sroud of BAS R BNRARD o Rs
T ot & R B o B B A R R B e T hylr ogen
atomlSa hal og@Pup: R "ae‘@,‘ﬁir%a%hﬁﬂg’y‘%’ ?'\(ﬂgéﬁupo? (Jér%r{laﬁoe@@(g %t%l kyl
group, a Cl-Cg he) @@Iolé)klyl ?}bgblléndﬂgﬁla Bdroyet smvrabﬂelllnearoupmbh@d CaCe7

a

cycl oal kyl group rticu I ndi vi dual conpounds of the invention include:
alkyl group;

R, represents a hydrogen atom, a C4-C4 haI_oaIkyI group, a C4-C4 hydroxyalkyl group or
20 alinear or branched C;-C¢ alkyl group;

Rs and Rg each independently represent a hydrogen atom or a linear or branched C;-C;

alkyl group;

25 Ryrepresents a hydrogen atom, a halogen atom, a cyano group, a linear or branched
C,-C, alkyl group, a C4-C, haloalkyl group, a C4-C4 hydroxyalkyl group, a Cs-C;
cycloalkyl group, a phenyl group, a naphthyl group, a pyridyl group, a pyrimidinyl group
or a piperidyl group,

wherein the phenyl, naphthyl, pyridyl, pyrimidinyl or piperidy! groups are

30 unsubstituted or substituted by one, two or three substituents selected from a
halogen atom, a cyano group, a linear or branched C-Cs alkyl group, a Ci-Cy
haloalky! group, a C4-C4 hydroxyalky!l group, a Cs-C; cycloalkyl, a phenyl group,
a pyridyl group, a pyrimidinyl group or a piperidyl group.

35  In a further particular preferred embodiment, in the compound of formula (I-a):

mis 0or 1;



323- Or]o- 34( 3?) - 3-{_[3_— ( 2-10x|05 1, 2-di hydropyridin-3-yl)imdazo[ 1, 2-b] pyri dazin

-6- yl]am no}piperidin-1-yl)propanenitrile;

3- (6-{[ ( Mep-2012Rserwy| et hyl ] ami no}i m dazd] 1?2- b] pyri dazi nP8TYEPrqy0DdI2N- 2( 1H) -

one;

;%- ( 6_—3_[ ( %(S)l;_bl-(S- Fl uor opyri di n- 2-ypet hyl ] am no}i m dazo[ 1, 2- b] Pyri dazi n- 3-yl
pyridin - one;

353-( 6d{ [)(%?%n{t‘:oé&r Atoroarapy is aliCR2grppptdn)Y isamitrojematdavaridiX & &}QRy | dazi n- 3-

yppyriarn- - , . . . .

3y(1 §5|-0 ; £ I( (%52:2;%9‘3@?:25% iﬁi'ﬁﬁﬁi%% preferably s Rt aeedier @ B iS3 i i dazin- 3

- raump;-od and Y are a -CR; group;

)4- ( 6-%[ (1S) - 1- Phenyl et hyl Jam no}im dgazli)p[ 1, 2- b] pyri dazi n-3-yl ) pyri dazi n- 3(2H
- one;

gag: ﬁog o-%-rfﬁeééu_ﬁtg_a)hygn(gbnfatomra)pylo'gdnh ato, \alljrebhyt branchexd CrCeatkel 1, 2- b] pyri

- 3- yri din- - pne; . . :

5- Chl or 0%3_’%_8{ 194 "‘f"@?qo GaMEEE Nagqrtainipg hetaro e hing MMt hazof 1, 2- b] pyri

dazi n- 3- heferpoyciytiring &(substitateet by a C4-C, alkylsulfonyl group or R, represents a -O- _

S o LB OR; Grobp: RRebiriRsepietBRl W] BTaRGgréuf™! V! 1 m dazol 1, 2-bl pyrid

iog- Egijor o- 3 (6-{ %( 1|S) -1-( g_—f I gor opyridi n-2-ypet hyl j am no}-7-nmet hyl i m dazo]
, 2- pyli dazi n-.3- ridin- - Qne; .

(5)-5-11 &’SE’@?E@? (%’EQP%I%"L?&?%% heloadf o of 3 dpsrrionrans e Caz &Y 2- b pyri d

azin- 3- gpyridi n-2(1H) - one;

(1)8)-3'-&5-(1-1(52£];L:—510r0py” di n-2-yl) et hyl am no) - 3H i m dazo[ 4, 5- 13] pyri di n- 3-y

pyri di n- - one;
g IS%} 5- CC:Rg,rre?ri%s_éﬁtsg-milr(fbér 6t branched € dCpalRyhgredm yd GiCnbalodlkyligroun a0l ACH- b] pyr i
- 3- - -QNg; .

(S)- i]ch|*@P%’fﬁ%ﬁ‘-’%&fpfﬁ(_ﬁ%‘i@"ﬂé?ﬁ’-“?a?/PS‘%M?[%’:% ASYN AU B 31t i i dazof
, O" PYpyrion gyoypyira piped oupne; o _ o

200975, (1 BRI ke (Sobf T hOr S G S AN o701

g S) - 3£ g el- (1-( Cf?rfshgstiltmp;irﬁydina-@md& substituaritn s3lected o0 4 halopemgtomiazi n- 3- 11) -
- et hyl pyri di n- - Qne;

(S)-3-(6-( 1-(§-V?1‘%§F°o , Riltiear s branched Gr-Caalky gfoup,a Cr:Ge haloaliyl graupya 1 )

2- 20 C,-C,4 hydroxyalkyl group, a C;-C; cycloalkyl, or a -C(O)-(CH.),-Rs group,

wherein n is 0 or 1 and wherein and Rg is a cyano group, a linear or branched

C,-C; alkyl group, a C4-C,4 haloalkyl group or a C3-C; cycloalkyl group;

R4 represents a hydrogen atom or a methyl group;
25
' Rs and Rg each independently represent a hydrogen atom or a methyl group;

R, represents a hydrogen atom, a halogen atom, a cyano group, a linear or branched

C:-C; alkyl group, a C,-C4 haloalkyl group, a C4-C4 hydroxyalkyl group or a C5-C;
30 cycloalkyl group.

In another embodiment, the compound of formula (1) is one of formula (I-b):



25b] pyri dazi n-3-yl ) pyridi n- 2( 1H) - one;
(S)-3-(6-(1-(5-fluoropyridin-2-yl)ethylam no)-8-(4-(nethylsul fonyl)piperazi
n-1- y1)iwodamafsd202- b] pyri dazi n-3-y1) p¥#i di n- 2( 1H) - one; PCT/EP2011/005929
(S)-3-(6-(2-(5-fluoropyrimdin-2-yl)ethylam no)-7-nethylimdazo[1, 2-b]Pyrid
azin-3- yl)pyridin-2(1H)-one;
30(S)-5-fluoro-3-(6-(1-(5-
, 2- b] pyridazin-3-yl)pyrid ;
(S)-5-(6-(2-(5-fluoropyridi et hyl am no)i m dazo[ 1, 2- b] pyri dazin-3-yl)p
yrimdi n4(3H)-one; 35 Ex the preferred conpounds are:
3-0x0-34(3R)-3-{[ 3-(2-0x0-1, 2- ihydropyridin-3-?P)inidazo[l,Z-b]pyridazin-G
- yl]am no}pi peridin-1-yl)propanenitrile; (Rs-C -Re)
53-(6-{[(18)-1-Pheny|ethyl]irV inidﬁzo[l,Z-@}pyﬁFBazin-3-y|)pyridin-2(1FD
- one;

3-(6-{[(1S)-1-(5-Fluoropyri \n-2-/%etﬁy Hﬁ{inidazo[l,z-b]pyridazin-3-y1
) Pyridi n2( 1H) - one; N

3-(6-{[(1R)-1-(5-Fluoropyridin-2-y I]anino}Bﬂidazo[l,Z-b]pyridazin-3-y|
) pyri di n2(1H) - one;

. . .. R R
103-(6-{[(1S)-1-(5-Fl uoropyrimdi n-’2-ypef hyl ] am no}i m dazo[ 1, 2- b] pyri dazi n-

& i m di n-2-ypet hyl am no) - 7- net hyl i m dazo[ 1

3-1/1)Pyridin- 2(1H)-one; Formula (I-b)
)4- (6-{[(1S)-1-Phenyl et hyl]am no}i m dazo[ 1, 2- bl pyri dazi n-3-y1) Pyri dazi n- 3( 2H
- one;

5- FI uor o-@herein{r( 4.5y and R 4d ReAtspas Hefinedabpyg.et hyl ] ami no}i mi dazo[ 1, 2-b] pyri d
azin- 3- y1) pyri di n-2( 1H) - one;

155-Chl oro-3-(6-{[(1S)-1-(5-fluoropyridin-2-yl)ethyllamno}imdazo[1, 2-b] py
ridazin-3- yl)pyridin-2(1H)-one;

3-(6-{[ (49 dnfn--Hl i < ' -Wy- met hyl i m dazo[ 1, 2-b ri
>t 31%%7?“ £ rﬁwgg@hé cbnbBLAY bi BFhALXRE): et hy [ 1 Py
5-Fl uoro-3-(6-{[(1S)-1-(5-fluoropyridin-2-yl)ethyl]am no}-7-nethylimdazo[1

, 2= 20Db] pyrid ggﬁhn- 3-yl)pyridin-2(1H)-one;
(S)-5-fluoro- -(B6-(1-(5-fluoropyrimdin-2-yl)ethylam no)i m dazo[ 1, 2-b] pyrid
azi n-8 yl)pyridin-2(1H)-one;

RSP L. RitfobbR BRAY bhdlvs 3-LR) GFdUM; 87 ROA nikidgbT ettt 8hd xis B-BX 1 di n- 3- YO
25( S) - 5- cYTPEP;RrHotEX @nd (Ysark) arsRysrevei Referahly X iy NiiesRv ptosmand Yds 2of 4, 5- b] P

yridin-3-cil yrRp! & Bt K dAd PERs a -CR; group;

15 R, represents a hydrogen atom, a halogen atom, a linear or branched C;-Cs alkyl
group, a Cs-C; cycloalkyl group, a 5- to 7- membered, saturated N-containing
heterocyclyl ring, which heterocycly! ring is substituted by a C;-C, alkylsulfonyl group,
or R, represents a -(CH,)o.,ORg group, a -O-(CH>)1.2ORs group or a -NRgRg group,
wherein Rg and Ry independently represent a hydrogen atom or a linear or branched

20  C;-C; alkyl group;

R, represents a hydrogen atom, a halogen atom, a linear or branched C4-Cs alkyl
group, a Cs-C; cycloalkyl group, a -(CH;)e-2ORg group, a -O-(CH)1.20R, group or
a -NR;Rg group wherein Rg and Ry independently represent a hydrogen atom or a linear

25 or branched C,-C; alkyl group;

R; represents a linear or branched C;-Cs alkyl group, a C,-C,4 haloalkyl group, a C4-C4
hydroxyalkyl group, a C3-C; cycloalky!l group, a monocyclic or polycyclic Ce-C44 aryl
group, a 5- to 7- membered heteroaryl group containing one, two or three heteroatoms



(S)-5-chloro-3-(5-(1-(5-fluoropyridin-2-yl)ethylam no)-6-nethyl - 3Hi m dazo[
4,5- b]pyridin-3-yl)pyridin-2(1H) -one; 30and pharmaceutically acceptable
salts, soloabemed20xi des, or stereoi s¥srers, deut er at ed pde/mpPe@tiov®@39 and
tautoners thereof. In one enbodi ment, partuclar conpounds of the invention
i ncl ude . '

3- Ox0- 34(Bigcte fram Q.8 andbNia 5- i fryBempgTaddisterSeXAly arauRL2at21N3 BYyMPdazi n- 6
- 35yl ] angyl Qﬁn}eE'Hé?éerbH\‘sjsehé'ciéX f&ﬁﬁ@fs and Ne;

gnges (19 vf/)fr\]eergm the a?{wf ﬁar\rllogl(lj(yll méir%)zq(/)alkyl cycI]ogM;ll g)i/aczléalkeny}/ a?'ﬁyr Hdin-2(1H)-

§p§ ?I g I[ ( _18)2( i A)(éer%bﬂmra%%té#béyc&l ¥roupk ard Linstivatmbited staubbtitutedyel thazi n- 3-y
3- (6- O ( 1R) - 1-grdbree sybstiyents selected fiom A frlogan Al A H2P8EIoUR: B198RT Yfazi n- 3- v

1) pyridin- 2( I4dhn&HeR: C,-Cs alkyl group, a c1 C. haloalkyl group, a C;-C, hydroxyalkyl

53-(6-{[(1S)-1-(5-Fluoropyrimd ?ethllamcm)lmdazé P r|da2|n3

-y1) Pyri di n- 2§T24P.)a Gnky cycloalkyl a pheny group, a pyridyl group, a py m|d|ny Lro

17 (g (L (1S) -1 byl Grolls! 4 RCHIRDRIGHRAR BLNRSR] i o0y Remibl Rurgrelag | n- 3( 21

5- Fl uor o- 3- ( 6-3 {H(E)Chiz)eHRsRa graypy Ai-8f W262Ke)Ra OFRHP; o @ R NReRe2- b Pyr i
ggé | ghola yl ép %rbdb vaLt?Séréd;Deagﬁ'fﬁlls 0 or 1 and wherein Rg is a hydrogen atom, a cyano

ri dazi nogo y 1;%’9%‘? dqr@?l@@gq(_w Q{ﬁggr{e% ().[ rbf' Llrllyl ngu;z a)-/é:] ﬁépoé}g\}llg%gpagrog 1,2-b] py
3-(6-{[(15)-1- é?cftwacwgidmbrana R by tiioyeh 2edm ér abéer or irstenel T,2,0] pyri d
azin-3- yl)pyridin-2(1H)-

5- Fl uor o- 3- ( 6-3/KY 88UPi - ( 5- fI uor opyri di n-2-yl ) et hyl ] ani no) - 7- met hyl i mi dazo[ 1
, 2- 15Db] pyri dazi n-3-yl ) pyridi n-2(1H)-one;

E g} P>5/1r5|( g;lf%l rlégnteggsttf?apwqrggq%ts é ,_éS ];é‘%aﬁc())ﬁ%yrl Iggolur;]) g Cy '8 q‘l oxya glog}rbl% gla zo[ 1,2
(S) - 3- ( 6-4 knddpof bEcREY Cl-d; Atkgt ydaphy| am no) i m dazo[ 1, 2- 13] Pyri dazi n- 3-y1) -
5- met hyl pyri di n- 2(1H) - one;
Rs and R each independently represent a hydrogen atom or a linear or branched C4-C;
alkyl group;
20
R; represents a hydrogen atom, a halogen atom, a cyano group, a linear or branched
C;-C, alkyl group, a C4-C, haloalkyl group, a C4-C, hydroxyalky! group, a C3-C;
cycloalky! group, a phenyl group, a naphthyl group, a pyridyl group, a pyrimidinyl group
or a piperidyl group,
25 wherein the phenyl, naphthyl, pyridyl, pyrimidinyl or piperidyl groups are
unsubstituted or substituted by one, two or three substituents selected from a
halogen atom, a cyano group, a linear or branched C;-Cg alkyl group, a C4-C,4
haloalky! group, a C-C, hydroxyalkyl group, a C;-C; cycloalkyl, a phenyl group,
a pyridyl group, a pyrimidinyl group or a piperidyl group.
30
In a further particular preferred embodiment, in the compound of formula (I-b):

mis O or 1;
35 Xis a nitrogen atom and Y is a -CR; group; or Y is a nitrogen atom and X is a -CR;

group; or both X and Y are a -CR; group; preferably X is a nitrogen atom and Y is a -
CR; group; or both X and Y are a -CR; group;



20(S) - 3-(6-(1-(5-fluoropyridin-2-yl)ethylan no)-8-(2-nethoxyet hoxy)i m dazo[
1, 2- Db]pyridazin-3-yl)pyridin-2(1H)-one;
(S) - 3- (6-Wd2081dshaear opyri di n-2-yl ) et hydéam no) - 8- (4- (et ipyirawbiaoudorpi Per azi
n-1yl)imdazo[ 1, 2-b] pyri dazi n- 3-yppyri di n-2( 1H) - one;
(S)-3-(6-(1-(5-fluoropyrimdin-2-ypethyl am no)-7-nmethylim dazo[1, 2-b] Pyri da
%IS?-E-fIZSyl)py”dl n- 2( 1H) - one; S

- 5- I Qsrdsbds GhvdRs ' | Ol- 1,2-b [
SRR, 1)%%%'5 Jiﬁﬁ f’%"g’&’%@ég;ﬁ‘?’ﬁpﬂ hasheh Qro%i‘f,.)é' hrRbhyf &ahméd m.dgﬂam{u ] pyrid
(S) - 5- | Gooup, 3-5 &0 {1meBberesh FalAtPdNeratainipg Netargevsiy A9 Whidtkt hyl i ni dazof 1,
2- b] pyr 'hlg?e%&cﬁn Mhd &Y%db@titﬁte%(b%ﬁ CORS alkRuRGI)| BRADIBRFE Ukpreabhty aaocept abl e

salts, solvates, N-Oxi des, stereoisoners and deuterated derivatives

t her edf . (EklanpPRsIweLPt WheTsidReePEseBSABukedkYHEPWR's enbodi ment are:

353- 0x0- 34(3R) - 3-{, 2-di hydropyri di n-3-yl )i m dazo[ 1, 2- b] Pyri dazi n- 6-

yl ] am no}i%i peridin-1-yl)propanenitrile; .

3- ( 6- ([ ( To)renrepartn @ WdrdeNA1PMod haoga? afom ot ainsarias kranched C1SeAlvli n- 2( 1H) -
one; up:

3- (6-{[ (F5 "1- (5- Fl uor opyri di n-2-yl ) et hyl i ani no} i ni dazo[ 1, 2- b] pyr i dazi n- 3-y
| ) pyridi n2( 1H) - one;

3-(699[ ( Jl:?)r‘ﬁgrr‘e(séﬁtglaqmégpb!fﬂ)rghéhe%'dpég Bl o @& C T gRa6hIkylI rdlmwrd.dezi n- 3-y1
) Pyridi n2(’1H) - one; _
53- ( 6- { [ (hvdjoxyalks-gepup oy &1 SRk  95AUPeR ROPT BTIHE) PRYEDY §[AUP22p] pyri dazi n-
2: %/é? E)%/E i yﬁ\;ﬁ%ﬂ %H)L{poc%}ﬁh iferidinyl g.rou_p(,j . . . .
) - one; whe?g% tl’ef‘e pxeny?,n;;yrr]ig)}(ll g)]/rin?ié%gllldrzﬁigér%{r{yll g%ﬁb@ -a:rgé alrnggtritht%%ZI n-3(2H

5- FI uor 0- 3- ( 6-drlsbstitatbd by-dnk Wp ht¥ sLBithaehty belettsy frbana Rabgem dralal, 2- b] pyr |
dazi n-3- yl)pyridin-2(1H)-one;
105- &l or o- 3- (Y20 GIESP. 2JineArrarREANERGH i Gr BUGEPr P &iiFrdIAIAIYAIGUR; 3- b] pyr i
dazi n-3- Apyri¢llo; RidkbRyalyParoup, a Cs-C; cycloalkyl, or a -C(0)-(CH_),-Rs group,

wherein n is 0 or 1 and wherein and Rg is a cyano group, a linear or branched

C.-C; alkyl group, a C4-C4 haloalkyl group or a Cs-C; cycloalkyl group;
20 Rsrepresents a hydrogen atom or a methyl group;
Rs and Rs each independently represent a hydrogen atom or a methyl group;

R; represents a hydrogen atom, a halogen atom, a cyano group, a linear or branched
25  C4-C; alkyl group, a C4-C, haloalkyl group, a C,-C,4 hydroxyalkyl group or a C5-C;
cycloalkyl group.

" Particular individual compounds of the invention include:

30  3-Ox0-3-((3R)-3-{[3-(2-ox0-1,2-dihydropyridin-3-yl)imidazo[1,2-b]pyridazin-6-
ylJamino}piperidin-1-yl)propanenitrile;
3-(6-{[(1S)-1-Phenylethyljamino}imidazo[1,2-b}pyridazin-3-yl)pyridin-2(1H)-one;
3-(6{[(1S)-1-(5-Fluoropyridin-2-yl)ethyllamino}imidazo[ 1,2-b]pyridazin-3-yl)pyridin-
2(1H)-one;

35  3-(6{[(1R)-1-(5-Fluoropyridin-2-yl)ethylJamino}imidazo[1,2-b]pyridazin-3-yl)pyridin-
2(1H)-one;



3-(6-{[(1S)-1-(5-Fluoropyridin-2-ypethyl]am no}-7-nethylimdazo[1, 2-b]pyrid
azin-3- yl)pyridin-2(1H)-one;

5- Fl uor 0-80(2612{6¢20S) - 1- ( 5- f | uor opyri di 2 2- ypet hyl i ami nopcTAaPRaihphIond dazof 1,
2- 15b] pyridazin-3-yl)pyridin-2(11-1)-one; and pharnaceutically acceptable

salts, solvates, N-oxides, stereolsoners and de rated derjvatives

t her eof . 32@'“(&&)‘9d?fé“qrepmd@h%ﬁ'é‘?tﬁﬂ]ﬂm%‘%' 'H@Z‘gﬁ éélam"qaﬁ\?é%ﬁ’ 6Wd'rl§orrpounds
of gener g(19uénd;ormul a (1-a) may be prepared by the follow ng synthetic

route as illustrated in Schepe 1. S 1 5. ounds .o b- Fornul a
(1-a) rray“(ﬁé{[(&§i‘éTPH&TV'FFWH?W§Iq}'B3!9a@ﬁ]'gg’i?yl“\q@@'%rnﬁ}?w&iﬁ"gg(%f'& reaction
Wi t h sui tsafligrot BeEHEISY- SE-flucrepyridin By ythgildnyinclimidaiol¢ /2 bigyidaziredi de in a
sui tabl e sol vent such as acetonitrile at reflux. Conpounds of Formula (V)
may be 10PP¥IRE6 PNEeact i on of chl oroi mi dazopyri dazi nes of Formula (IV)
wi th ani meghigio-896-41 $)- 1-16-flusrbpgidin-g i)kt ]aminalimidaz b 152+blpyrdazin-3-
tris(di bencylidenoacetone)dipalladiun(0), in the presence of a |ligand such
as 2' - (diYOR¥idmEMSs phi no) - N, N- di et hyl bi phenyl-2- amine, and a base,
for exany @-Has)-u6tmidropyHdicRa@ethyllamirdprvrethylinidazals, 2th)pyrafaging- a
tenperature ranging from380C to reflux. 15Heteroaryl internedi ates of
For mul a (Yf)PY')d"C‘%ﬁH%émﬁlo represents a boronic acid or a trialkyl tin
resi dge $EioRS3{6-{[PLE)YI-{5-Morepytidie2-yHatlyksninb}-N-nebthyinddeto[ 1,2 | ves of
Formul a (I;I&)_ under g)al | a%ﬁ%catal yzed coupling conditions with a suitable
cat al yst ARYMOaERrSWIRYEARS O8f% Formula (1V). In a particular case,
conpoundgspb-frigho-B6- S Gdropyrimidin2-yhetblamird)irdgazes P bipyeidagiba-oni ¢ aci d
(R10= B( ﬁ% n&gg_i)? reacted with dihal oderivatives of Forrmula (11) under
Suzuki - MWRYHdIN ?Bh conditions (Myaura, N.; Suzuki, A Chem Rev.
1995, 95,(SR458)(14(5-Ngorepyridin2opyetisylarhinbp BHMmalagb[¥)5-blByddin3ep)pyiidins may be
catal yze !b}%/ a WD 2012/ 06920242PCT/ EP2011/ 005929 sui tabl e pal | adi um
cat allést hoB% [ 1, 11- bi s(di phenyl phosphi no) f er r ocene] -
(S)-5-chloro-3-(5-(1-(5-fluoropyridin-2-yl)ethylamino)-3H-imidazo[4,5-b}pyridin-3-

yl)pyridin-2(1H)-one;
(S)-5-chloro-3-(5-(1-(5-fluoropyridin-2-yl)ethylamino)-6-methyl-3H-imidazo[4,5-
b]pyridin-3-yl)pyridin-2(1H)-one;

20  (S)-5-(difluoromethyl)-3-(6-(1-(5-fluoropyridin-2-yl)ethylamino)imidazo[1,2-b]pyridazin-
3-yl)pyridin-2(1H)-one;
(S)-3-(6-(1 -(5-ﬂuoropyridin-2-yl)ethylamino)imidazo[1 ,2-b]pyridazin-3-yl)-5-

methylpyridin-2(1H)-one,
(S)-3-(6-(1-(5-fluoropyridin-2-yl)ethylamino)-8-(2-methoxyethoxy)imidazo[1,2-

25  Db]pyridazin-3-yl)pyridin-2(1H)-one; 4
(S)-3-(6-(1 -(5;ﬂuoropyridin-2;yl)ethylamino)—8-(4-(methylsulfonyl)piperazin-1 -
yl)imidazo[1,2-b]pyridazin-3-yl)pyridin-2(1H)-one;
(S)-3-(6-(1-(5-fluoropyrimidin-2-yl)ethylamino)-7-methylimidazo[1,2-b]pyridazin-3-
yl)pyridin-2(1H)-one;

30  (S)-5-fluoro-3-(6-(1-(5-fluoropyrimidin-2-yl)ethylamino)-7-methylimidazo(1,2-
b]pyridazin-3-yl)pyridin-2(1H)-one;
(S)-5-(6-(1-(5-fluoropyridin-2-yl)ethylamino)imidazo[1,2-b]pyridazin-3-yl)pyrimidin-
4(3H)-one;

35
and pharmaceutically acceptable salts, solvates, N-oxides, stereoisomers, deuterated

derivatives and tautomers thereof.



di chl oropal | adi um(11) conplex wi th dichloronethane (1:1) in a solvent such
as 1,4- dioxane, in the presence of a base such as cesium carbonate, at

t enper at weorzawgiong from 80 C to refl3& with or w thourcrir2msmob9

m crowave irradiation. 5ln another particular case, conpounds of
sub-Formula (l111-b), in which RLO represents a trialkyltin noiety, where
R11 represents a Cl-C6 al kyl group such as a n-butyl group (R1O =

Sn( R11) 3)exafiplesdsf the pef@red\tdripdlindalapeter i vati ves of Fornula (11) in the
presence of

a_suitab catal yst _such a - s
t et r aki s(%@?ﬁﬁéﬁ%fﬁ)p%ﬂg’dﬂ‘l%g‘f 1’1“&3%%’(‘35"%%”‘@85&'&?( PIPYidHNHE i n a sol vent
such as M]ghﬁrdj}ﬁpéﬁmhﬁcy]yﬁpdﬁadgnmle;terrperatures ranging from 80-130 C 10
with or without t use of m crowave jrradiation t Y ounds of
For muPa (3'@7‘%@'1'H?ﬁW@t‘hyél?ﬁY’PPéW\q@a%i'hWiW"% 'Hg’dﬂﬁ’dgd'&?z( Rfa (V1) may
be pr epargé-y S)-AaGLEIGEopYridn-2 eyl aminoYitdab] F2blpyridaZinBh))pydidih- bor oni ¢
acids of Formula (111-a) under Suzuki M yaura reaction conditions. Such
react i onZ(WMyoB® cat al yzed by a suitable palladium 15 catal yst such as
[1, 1" - bi A @-pheylEEasbpiin-gryeasiairblietitaoph2/bpeidazini3ty)pyadipt ex with
di chl oronet hane (1:1) in a solvent such as 1, 4-dioxane, in the presence of
a base suhi8"%esi um car bonate, at tenperatures ranging from80 Cto
refluy wii-{e-gosutt GEItlorb?ﬁirﬂiﬂm-zlﬁll)eﬁwylumuﬁnidalze{dimb]bwﬁdazin-&'i]bm'tdimnt of
conpounds_of Formula (I1) wth amnes of Formula (V), in the presence of
20a base,2@¥EA%s cesium fluoride, in a sol vent such as di net hyl sul f oxi de,
gt te gper@(&{[@@ﬂﬁ?ﬁéﬁ]@tﬁw]@mirid}['mit'lon’[S,Q-lﬂ?pyﬁﬁaain?wadazibé(Wm;r ise to
ronoderiyvative r V| | | pter L at e L e
' dazopys Pt 38t S Bhcropyran-petpe R ritteBy 7 hEYBRRI o ng
synt het i cylypQHdif-2asH)j-bhajstrated in Scheme 2. "NC,N RZHZNR2 (1X) Schene 2
30 Reacti f di 0 iLdazi ne f Farmula (V|1 1 S anmoni a
"n a 90l vernieecHBRL RIS eV S et P AT i o
deri vat i wapyadinf2p1Hubee; (| X) . Treat ment of am nopyridazi nes of Formula (1X)
wth a suj | kKylating. nt, such as. 2-chl or o- - pacet al dehyde
in a sui t%\’kﬁa'&@ﬁ&éﬁ%mgrﬁeﬂ"@@'ﬁf‘yﬁ)ﬁ&@ﬁB'I'nozhﬁ'f’é}:lﬁfgrp'g?ﬁé)[észgtr’]ggrgﬂwngn ?r om 60 to
130C gi veg)pytigia-2(PH)-ohelazopyri dazi nes of Fornmula (X). Conpounds of Fornula
(X) may b ransgf qr ' di hal pderiwvati.ve , _by treatnent
with a br%’ﬁi‘*‘?&?’?’ﬁﬁ'{&g gtﬂé'ﬁ‘éﬂ%yr n'gfygﬁﬁwgari'@ozﬁéﬁ%\bg“ﬂﬂagéé#\’)zas
20  b]pyridazin-3-yl)pyridin-2(1H)-one;
(S)-5-fluoro-3-(6-(1-(5-fluoropyrimidin-2-yl)ethylamino)imidazo[1,2-b]pyridazin-3-

yl)pyridin-2(1H)-one;
(S)-3-(5-(1-(5-fluoropyridin-2-yl)ethylamino)-3H-imidazo[4,5-b]pyridin-3-yl)pyridin-
2(1H)-one;

25  (8)-5-chloro-3-(5-(1-(5-fluoropyridin-2-yl)ethylamino)-3H-imidazo[4,5-b]pyridin-3-
y))pyridin-2(1H)-one; .
(S)-5-chloro-3-(5-(1 -(5-f|ubropyridin-2-y|)ethylamino)-6-methyl-3H-imidazo[4,5-
b]pyridin-3-yl)pyridin-2(1H)-one;

30 and pharmaceutically acceptable salts, solvates, N-oxides, or stereocisomers,

deuterated derivatives and tautomers thereof.

In one embodiment, partuclar compounds of the invention include

3-Oxo0-3-((3R)-3-{[3-(2-oxo0-1,2-dihydropyridin-3-yl)imidazo[1,2-b]pyridazin-6-
35  vyllamino}piperidin-1-yl)propanenitrile;

3-(6-{[(1S)-1-PhenylethylJamino}imidazo[1,2-b]pyridazin-3-yl)pyridin-2(1H)-one;



5acetic acid at anbient tenperature. Heteroaryl internedi ates of Fornul ae
(111-a) and (Il11-b) may be prepared by the follow ng synthetic route as

i Il ust ratwo 2012/d8elvene 3: Sn(Rii)3 13 Schene 3 In a pacrirpréianidase,
reacti on of methoxy derivatives of Formula (XI) with a brom nating agent,

such as bromne, in the prese of a |t

aget ate, 3§33 éBﬁt@-ﬁﬂ’@ggﬁfr\?é‘ﬁsa@ﬁw'35}"&@%??[3bﬁ&"&"‘iﬁz"{ 8&38}"5&' lrJ(rans

rangi ng f éﬁg)l ent tenperature to 100 C gives rise to bronoderivatives of

Formul a nds of  For XII rte 0 boronic acid
ﬂz@m)( B arpp T Sy NE BB THEL el s EUUTHAT - PYIE |t hi om

of For nul
| nterrredl Moky; reaction with an appropl ate al kyllithiumreagent, such as

but yl | th t abl | v t -100
C ol FowdttO)lT S FHPTBp EHaaTeY WPy Nl TR BB B ey -
trii soprqey,l.,pﬁ,ﬁ@te and hydrolhy5| s of the internedi ate Eoronate eslters by
t t t wt ueous rochl ori c t he rticular case,
et hoxy delrIdSHIdE ey oA AR g T &P ecedr e ioT g S B par v
st annanes_pfiofeRs-BH(@ %11! {5- ﬂD.)or&an:llri’-z-M)étﬁylﬂmﬁlhO}‘mmbzb[hQ -blpyridezireddi ng

organolithiuminternedi ates by reaction wth |ithium
2,2, 6, 6- tYHPYugRLh Wp‘?rﬁerldl de in a suitable solvent, such as diethyl ether,

at t qgpersaatHioRs 316491 $991 tﬁ-ﬂuraroaﬁ.dirazqfu)@tt-iyqérhmwmdmoacmbxpymam -3an
appropriate chlar ot r| al kyl stannane, such as chlorotributyl stannane. In
anot her oWBYIRIARAIH)ANS he present invention, conpounds of general

sub- For mi_g 4[41% 1E(BWI@&opﬁrﬁﬂrﬂﬁ%afwllél’ﬂEIo}-OLmétilnﬂdazbﬂ kelpyridaaint® as
|IIustrated|n chene 4. (XVI) (XVIl1)(I-b) 10
yhpyridin-2(1H)-one;
5-Fluoro-3-(6-{[(1S)-1-(5-fluoropyridin-2-yl)ethylflamino}-7-methylimidazo[1,2-

15  b]pyridazin-3-yl)pyridin-2(1H)-one;
(S)-5-(difluoromethyl)-3-(6-(1-(5-fluoropyridin-2-y!)ethylamino)imidazo[1 ,2-b]pyridazin-
3-yl)pyridin-2(1H)-one;

(S)-3-(6-(1-(5-fluoropyridin-2-yl)ethylamino)imidazo[1 ,2-b]pyridazin-3-yl)-5-
methylpyridin-2(1H)-one;

20 (S)-3-(6-(1 -(5-fluoropyridin-2-yl)ethylamino)-8-(2-methoxyethoxy)imidazo[1,2-
b]pyridazin-3-yl)pyridin-2(1H)-one;
(S)-3-(6—(1-(5-ﬂuoropyridin-2-yl)ethylamino)—8-(4—(methy|suIfonyl)piperazin-1—
yl)imidazo[1,2-b]pyridazin-3-yl)pyridin-2(1H)-one;
(S)-3-(6-(1-(5-fluoropyrimidin-2-yl)ethylamino)-7-methylimidazo[ 1,2-b]pyridazin-3-

25  ylpyridin-2(1H)-one;
(S)-5-fluoro-3-(6-(1-(5-fluoropyrimidin-2-yl)ethylamino)imidazo[1,2-b]pyridazin-3-
yl)pyridin-2(1H)-one;
(S)-5-fluoro-3-(6-(1-(5-fluoropyrimidin-2-yl)ethylamino)-7-methylimidazo[1,2-
b]pyridazin-3-yl)pyridin-2(1H)-one;

30
and pharmaceutically acceptable salts, solvates, N-oxides, stereoisomers and

deuterated derivatives thereof.

Examples of the preferred compounds in this embodiment are:

35  3-Ox0-3-((3R)-3-{[3-(2-ox0-1,2-dihydropyridin-3-yl)imidazo[1,2-b]pyridazin-6-
ylJamino}piperidin-1-yl)propanenitrile;
3-(6<{[(1S)-1-PhenylethylJamino}imidazo[1,2-b]pyridazin-3-yl)pyridin-2(1H)-one;



Schenme 4 Pyridines of Fornula (XI1l) nmay be reacted with heteroaromatic
am nes of Formula (XIV) in the presence of a base, such as triethylam ne,
in a sol weohomueheoas acetonitrile 15at4Q enperat ures rangcmgrbéaman®i ent
tenperature to 90 C to furnish conpounds of Formula (XV). Treatnent of
conpounds of Formula (XV) with am nes of Fornu i n_the presence of a
sui t abl e3b(§s{é(1§h&ﬂ5f§‘%PPW81¥6P@tyﬁ§QO'W aFﬂh?-él\a@mﬂ"-Sw@ﬁy M- but anol

at 80 C wi{fp-&e;Wi thout the use of microwave irradiation gives rise to

Conver t o-GollG-Ra ForRBH-2 DRUIT g sRge PO BB s ot

at rmspherz'(pHpé,gbs,sure using a suitable catalyst such as pall adi um on carbon

or Raney(r)-Nickel in a solvent_suc s .et.hanol or eth acetate. at anbi ent
t enpefat Sﬁ'@.‘{[“ ﬁéédPTF(BH‘P’BPV’WWé%'y'g?tnﬁ%"?fﬂ?}é{“ '?%ﬂ[?')z'taﬂrﬁaéméﬁyg%d@" r eagent
such as fg@{;gyamgi ne acetate in a solvent such as ethanol at 85 C furnishes
i m dazopyri di nes of Formul a 11.1). Treatnent. Qf conpoun f Formul a
(XVI 1) \fdi-ﬁen{l(aSkar'?'z?@wl@thyaagﬁ@{[m'g%%1-ég’?%i’gﬁ?%&" AUpypazn f?é%h%ﬂesi Lyl

chl ori de sapdomPsliguy s S)di-gefludiosyriaii-2.§éthgilurhinafmidaes[d/B-blpyidazér-3-
tenperatures ranging fromanbient tenperature to reflux or with aqueous
hydr ogen Wryidié(YArens on at 100 C gives rise to conpounds of Formul a
(1-bho W@Ohlblftﬁ3!36§{p’(1‘@1-&gmmgﬁicﬁm-ewumminb}imidaaopmab*quaaamaeti on under
the conditions 10of the hereinbefore described processes or are

i nconmpat iVBPé“"'\'M"?H"Qa‘?Qf'pr ocesses, conventional protecting groups may be
used I n aL@EASNAg5WFILdropjrimiantieiylaninop7-riethylmidago] € 2edpyrilazM/3-Gr eene and
P. Wits in 'Protective Goups in Oganic Synthesis', 3rd Edition,
John W1 e{P¥idigneC1HI®S) . |t nmay be that deprotection will formthe Iast
step i n tpusHIE LS £S)of-(S-MiGropyTdn-2iyl)sthpdminoHV-asetylinddazm(1,04 - b) . 15 The

term_am nQ-protecti qaro efers to a protecting group suitable for
prevént i r@pl{ﬂqéé'gﬁ'é'%t”gﬁ‘é#@()'&?"ﬁt ani no nitrogen. Representative

am no-protecting groups include, but are not limted to, fornyl; acyl
groups, for, exanpl e al kanoyl ou sych as, acetyl ; al koxycarbpnyl groups
such as t%}dtrﬁ'ﬁﬂggﬁ?}gﬁ? o?ﬁf-?lepta%i?cﬁfﬁéa?‘?jﬁﬁ%ﬁt%?@%%58?{9?'3‘2'6% rliﬁs such as
benzyl oxysatdraedlderitiesanstedt f | uor enyl met hoxycar bonyl (Fnoc); aryl met hyl
groups such as benzyl (Bn), trityl (Tr), and

1, 1-di- (4" -nmethoxyphenyl)nmethyl; silyl groups such as trinethylsilyl (TMS)
and pert-butyldinmethylsilyl (TBS); and the like. The term

hydr oxy-protecting group refers.to a protecting. qr '

o cvent | HyeosimEe e pediferl i prertn e ordlR hs i bERBLI

hydr oxy- pFérinees (I-a) nglybenrepared byahe Mlibwimgesyntbietit route eslillustratat lry Scigroeips,
such as nﬁthyl, ethyl, and tert-butyl; acyl groups, for exanple al kanoyl
groups, such as acetyl; arylnmethyl groups, such as benzyl (Bn),

p- met hoxybenzyl (PMB), 9-fluorenyl nethyl (Fm, and di phenyl net hyl
(benzhydryl, DPM; silyl groups, such as trinethylsilyl (TM5) and
tert-butyldinmethylsilyl (TBS); and



30the like. In a particular case, conpounds of general sub-Formulae (I-a)
or (I-b), in which the residue at R3, R5 or R6 contains, in part, an am ne
nmoi ety fuwotmbiozed with an appropridte protecting gr eep/EPRei/ 06829
tert-but oxycarbonyl (BOC), may be deprotected 35at the am ne noiety under
standard conditions (G eene's Protective Goups in Oganic Synthesis). The
correspondi ng free am ne may¥Hen be further functionalized by, for WO
2012/ 06920246PCT/ EP2011/ GQ Yexanpl e, a‘ | ati on, am dati on,

sul fonami dation or arylati®n Under standdtdJreaction conditions. EXAMPLES 5
The synt hesesgof the compound® of the ifvehtion and of the internediates
for use therggk ich | Hgﬁ?gggﬁb&fhthe f g Exanpl es (1-21) (including
Preparati on am%/gg EL%p&ﬁ&H—@HS—L»ZS))N#%Tgven in order to provide a
person skilledVinYth&art with a sufficientl kear and conplete

expl anation of th& present invention, but sikoul d 10not be considered as
limting of the ggsential aspects of its sulywect, as set out in the

pr ecedi ng pgrtl ons of this description. PREPARATI Q\l 1

3- Br ono- @isegl oroi I dazo[ 1, 2- b] pyri dazi ne 15|a) ®~¢

6- Chl or oi pind&ee[ 1] 2- b] pyri dazi ne Hydrobroni ¢ ag; “f&89% sol ution in water,
1.8 m., . % mml|) was added to a sol ution|of 2- ¥ ono- 1, 1-di et hoxyet hane
(11.6 nL, O7. 11 ) in water (18 nL) at agbi edf) tenperature and the
resulting mxture was heatedy"aly 110 C. After 45 minutes, the 20 reaction
m xture was cool ed and die Met her was-Xagded. The or gani perayer was
separated, de ed p@r magnesi ggg]*sul phat & ghd the solvent e p at ed to

obtain a cok& . Which was added fo a §u§pen5| on aP 0|C of g, R

6- chl or opyr Bc am ne (5M"qg, 3860 h) ﬁ\Rq but.anal . frh@,m
resul ting m xt w&$ heated at 130 C o \R The sol vent, eﬂmved
under reduced fre8sure, the residue was ta up ‘25 in a mxtunE f et hyl

acetate and water and the organic |ayer was s@bar ated. The aqueous Iayer
was treated withvBolid sodi um hydrogencarbondPe until a basic pH"

reached and extracted several tinmes with ethyl acetate. The organic Iayers
wer e conbi ned, dried over magnesi um sul phate and the sol vent renoved under
reduced pressure. The resulting resi dHe wgs treated with diisopropyl ether,
filtered and dried in me

5

Compounds of sub-Formula (l-a) may be obtained from methoxy derivatives of Formula
(V1) by reaction with suitable reagents such as trimethylsilylchloride/sodium iodide in a
suitable solvent such as acetonitrile at reflux. Compounds of Formula (VI) may be

10  prepared by reaction of chloroimidazopyridazines of Formula (IV) with amines of
Formula (V) using a suitable catalyst such as tris(dibencylidenoacetone)dipalladium(0),
in the presence of a ligand such as 2’-(dicyclohexylphosphino)-N, N-dimethylbiphenyl-2-
amine, and a base, for example sodium terf-butoxide, in a solvent such as toluene at a
temperature ranging from 80°C to reflux.

15 Heteroaryl intermediates of Formula (lil) (where Ry, represents a boronic acid or a
trialkyl tin residue such as tributyltin) may be reacted with dihaloderivatives of Formula
(1) under palladium-catalyzed coupling conditions with a suitable catalyst to furnish
compounds of Formula (IV).
In a particular case, compounds of sub-Formula (lll-a) in which R¢o represents a

20  boronic acid (Ro = B(OH),) may be reacted with dihaloderivatives of Formula (l) under
Suzuki-Miyaura reaction conditions (Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95,
2457) to give compounds of Formula (V). Such reactions may be catalyzed by a



30vacuo to yield the title compound (4.8 g, 85% as a beige solid. LRVS
(mz): 154 (M+1)+. 11-1-NMR 8 (300 MHz, CDCI3): 7.08 (d, 1H), 7.81 (s, 1H),
7.88 - 7.W020myo062idp. b) 3- Bronp- 6- chl o¥20i m dazo[ 1, 2- b] pprird®zeneod38r onm ne
(3.8 nL, 74.19 mmol ) was added dropwi se to a solution of 6-chloroinm dazo
[1,2-b] pyridazine (Preparation la, 4.8 g, 31 06 mml) in glacial acetic

aci d (80 SHitable palladiym satalysbaerh s Iﬂc?lsé%Ebﬂ"f)‘g‘@?)@@@m%wcFa%hl ting mxture
was st i r igRpickbpaRRILATTl) dsRpIex With dRhiopémethaie M1t pin.a Sdnenpeech g8 t,at e for med
was col |l ected bx filtration, washed with diet h%‘]!){?gé[}gr several tines and

dried i n9Pxane. inRPESPNE iR BASTYCNAS SFailM ¢3 SRR AP 18N8 at e
and a Satfﬂégra%@@bgai%&mwgﬁédruﬁt?ﬂmtﬁé uQ@bﬁﬁﬁé@W&\kﬁﬁbﬂiﬁﬂbrl&tThe o][ganitc layer
was separated and 5 washed w a saturate s. sql.ytion o assi um
car bopat & agpthesPalieyanfashe<AmpAUedp ﬁ}lﬁ?%‘ Qﬁﬂlﬁg K@%o‘lﬁ\)@ﬁ% ?@&B%ag'ﬁﬁ&er
re?ggedb{mgmd moieW;%égeJRe, répresbhig C{-el@gmglhgnb?@?ml ma7buiyébtcx6ﬂpe(ﬁ1@ngzg /()he
solid obtained was dried in vacug to, yie i coppoun .60,

as a pal & SHRow By iba_req_%w?ﬂp,ﬁ%a?od%gatmﬂ E?mi‘diiu)i@ ﬁ%@rgs?r%ﬁdﬁﬁl-lz,
ngL I3) : 7-s%1§a(tgéicattlahﬁ)st sJch&dt_éﬁakia(lrﬁph_egyﬁaoél&énegbauad!aglzﬁ’)% l%ﬂzeﬂ!) iodide f

- or o- 3- ( 2- net hoxypyr i di.n- 3- A m dazo[ 1, 2- ri dazi ne e o

S br onv. & 2Ol SHALEBUL N Ssglemuaidr At SrasEes Biapadrorg off 150465 51
ol Yo ( ithedrhvatsny thediss oB midrpRaveiiadiztioh do §ive BompodAdsSE Fumalla, (INgesi um
carbonate (30 nL of a 2M solution in water, 60 mol) and 1, 4-di oxane (250

m.) in a Schlenk vial was subjected to three cycles of evacuation
backf i I | iingn¥thkPsyatgstie. pathiwaly, cEinposhddsfiiRdmula (V1) may be prepared by reaction

phosphi no) ferrocene] -di chl orgpal ] adium(11) coppl wi t h, di.chl or anet hane
D103 1 Shbprmotratvss mBpim B ViRt Hirpbls i ol iR SR e
ggai n ?]Ullh@@lﬁrﬁde&%ighfvbﬁeitiéw. Sueh r@a%ibg§ iy b@vml wte'ﬁctry Dauitable palladiubref Ior 3

ein eat ed at I our §. seguent . the reacti was, cool e
dovvnani I5 tWé’haﬁﬁrﬁ%‘%&%‘aﬂwﬂF?'h"é?ﬁﬁ“ﬁ?i’ﬂceé‘ﬁ:ﬁ#"85%?3?‘@‘."“%38}"&&%i c
I axd/er \(/j\/aSNitﬂfdiQdo@w_ﬁtlhdrﬁql‘)gz inianseventhEich aénm-ﬁtr?ﬁasaliwmetpremem gumﬁer
reduce ressure., e residue,was treated wth e acet ate, and.
25solid FSHFHQB %&E"Y?qrég}aé‘?j,a G%E?Féa{%% tangingifiogy gﬁé{:ﬁ%{@uéﬁvﬁhé’( iwéthoﬁ% vacuo
to yi el d théasé bf mierewagediadiatiégh.5 g, 62% as a yellow solid. LRVMS (mz): 261

ME1) +. 11-1- NMVR 300 CDCl 3),:. 4,07 (s . 7. 7.99
E d, %I.H) , ‘I%_e@tgw(na at,g céfpﬁqunys_‘:zggF?gqulim),w@ %’Q'("Fﬁ 813 IF_%flr_'BuZa gé in t%g pﬁe@engy))f

20 a base, such as cesium fluoride, in a solvent such as dimethylsulfoxide, at
temperatures ranging from 100 to 180 °C in a sealed tube gives rise to

bromoderivatives of Formula (VII).

Intermediate halogenated imidazopyridazines of Formula (i) may be prepared by the

25 following synthetic route as illustrated in Scheme 2:

N _Cl Ny _Cl Br
LN LN /s p N O
I |
cl R, H,N Ry N R, N N R,
R4 R4 R4 R,

(VIII) (IX) x) (1)

Scheme 2
30
Reaction of dichloropyridazines of Formula (VIIl) with aqueous ammonia in a solvent
such as ethanol at 100 °C in a sealed tube furnishes amino derivatives of Formula (IX).

Treatment of aminopyridazines of Formula (1X) with a suitable alkylating agent such as



PREPARATI ON 3

34(3R) - 3- 0- ( 2- Met hoxypyri di n- 3- Al m dazo[ 1, 2- b] pyri dazi n- 6-yl ] am no} Pi peri di
nl-yl)-3-wepropesmenitrile 35a) Tert-BE3tyl PCT/EP2011/005929
(3R)-3- ([ 3-(2-net hoxypyridin-3-yl)imdazo[ 1, 2- 6] pyri dazi n-6-y1l-

am no} pi peri di ne-1-carboxyl ate WO 2012/ 06920248PCT/ EP2011/ 005929 A m xture
of 6- chl @rehi®o(F-Zrbromnagsipidehyde M g suitabimselyent sughnas proytanchat ( preparati on
(2 N (23 315 QeimQ%'g@Jr hyinglfRInt 69 Y50 €6 Bives ridgtdinid by Al d¥ek-of Fohayll at e

2' - (di cy(Q(b Cempopnds phF e R amnee HyndpEmrshipte. Shaladerivativesoef Fprmylagg

mol ), 33 Méa?rmanmhpébﬂﬁmﬁgtlr%gregge& Shith EEBromiABGh hebenesuch a8L) in a
Schl enk Vvi‘a subjected to three cycles of evacuation backfilling

wi t h ar g@eeticragid gtpmbigalenperiui®c et one) di pal | adi un{0) (0.04 g, 0.04 mol)
was then added and the resulting m xture was subjected to three further

cycl es of evacuation backfilling before bej ng heat ed at qu C}:_&‘ 20 hours.
Subseque tiatgroaryhistermgdiatesofzosmalas HuakRAG(I-P) Ma¥ PE PrERATS 8)’1 lite eluting

with et h%uo%ﬁir et Godte HalimisaaRIdARhemed: t he filtrate was evaporated
10t o dryness e crude was purified by flash chromatography (1:1
hexanes/ et hyl acetate to 100% ethyl acetate) to give the title conpound
(0.105 g, 42% as a solid. LRV (mz): 425 (Mrl)+. 1H NMR 8x( 300 Mz,
CDCI3): 1.18 - 1.51 ¢m 10H) 1.67 - J=86y(m 2H), 1.86 - 15 )

3- (2- Met hoxypyri di 1) 3R) p|p r|d|n3¥ L mda;o A pyridazi n- 6-
am ne 20A mxturd?q%{t/lrt- ~o0
(3R) - 34[3(2@ 0X yr|d|n3yl)|mdaz|[121Apyr|da2|n6ygll- .

anmi no} pi peri di ne- 1- carboxyl ate (Preparation 3a, 0.1 g, OH4 m@cb‘l) and a
solution of hydrogegghloride in netharely (1.25 N sol utiopui4)nm) was
stirred at anbient tenperature for 5 hours The reaction m xture was then
carefully diluted wifh aqueous saturated sodi um hydrogencar bonate sol ution
and extracted with chl oronmet hane (x3). 25 The organic | ayer was dried
eluting through a Phase Separator(r) nenbrane and the sol vent renoved under
reduced pressure to,)yJ.eI d the title conpound (0.08 g, 98% as a yell ow
solid. LRVMS (m z): |325(|\/Hr1)+ 1HNWR 8 (300 MHz, CDCI3): 1.25
(br.s., 1H), INJ O (m 3H, 2.72 - 3.07 30(m 4H), 3.10 - 3.28 (m
1H), 4. 05 (s, 3%, 514 - 5.43 (m 1H), 6.55 (d, 1H), 7.00 (d, 1H), 7.70
(d, 1H), 8.05 (s, 1Hn(R8)»13 (d, 1H), 8.68 (d, 1H). «c)

34(3R) - 3-{(3-(2- Met hoxypyridin-3-yl)imdazo[1, 2-bj pyri dazi n-6-yl ] ani no} -

pi per1 indi n-1-y1) - 3- gptppy opaneni tril e

353- [PZ 5- D oxopyrrolidin-1-yl)oxy]- 3 oxo%ropanenl trile (prepared as
described in

In a particular éase, reaction of methoxy derivatives of Formula (XI) with a brominating
agent, such as bromine, in the presence of a suitable base, such as sodium acetate, in

15 a suitable solvent such as acetic acid at temperatures ranging from ambient
temperature to 100 °C gives rise to bromoderivatives of Formula (XIl). Compounds of
Formula (Xll) may be converted to boronic acids of Formula (lii-a) by first formation of
the corresponding organolithium intermediates by reaction with an appropiate
alkyllithium reagent, such as n-butyllithium, in a suitable solvent, such as

20 tetrahydrofuran, at -100 °C followed by addition of an appropriate trialkylborate, such
as triisopropylborate, and hydrolysis of the intermediate boronate esters by treatment

with aqueous hydrochloric acid.

in another particular case, methoxy derivatives of Formula (Xil) may be converted to

25  heteroaryl stannanes of Formuila (l1l-b) by first formation of the corresponding



BE875054(Al), 75 ng, 0.23 nmol) was added to a stirred solution of

3-( 2- net hoxy

pyri di n- 3wpl2p206p203R) - pi peri di n-3-yl ] i44 dazo[ 1, 2- b] pyr i eeTinr26G1a0592e
(Preparation 3b, 63 WD 2012/06920249PCT/ EP2011/ 005929 ng, 0.35 mmol) in

di chl oronet hane (4 nL) and the m xture at I ent. te erature
for 18 hauganolithiym itermasiateR by feacton @’HBY,&H"U%%% gqﬁmégb yigipsadidp & and t he
resi due v@gahbsbivedsiioh dd diéihypéthen&t wwﬁure(slreﬁgfm@frbmﬂaa@oat:e to 3:2

et hyl acetate/ethanol) to give th g, 64% as a solid.

SLRNE ( mfeloweschy SN 21 2pppRRHRIe proTial Rannane sueh
3- (2- Met hppordribllistmAadd.) - N- MS) - 1- phenyl et hyl ] i m dazo[ 1, 2- 13] pyri dazi n- 6- am
ine 10Cbtained as a brown oil (34% from

6- chl 8r o- 3- (2- met hoxypyri di n-3-yl )i m dazo[ 1, 2-b] pyridazine (Preparation 2)

and [ (1 Jhahothepembedifieht aﬂhéﬁ)résént m\orerﬁlg)nt b@mﬁdmﬁrsldfgeba‘al suteEerthuiz (las
described in Preparation 3a.fol ngéash

ur
chr onmat odt &FA%/P] &remawﬂﬁagf%lpwmg %Y@&%‘PEOWS afdg:@lr et to 7:3

et hyl acetate/ethanol). 15LRVS (mz): 346 (M+l)+. 1H NVR 8 (300 MHz,

CDCI 3): 1.58 (d, 3H), 4.0Q03 (s, 3H), 476(d 1H), 4.84 - 5.00 (m 1H), 6.52
(d, 1H), 6.85 (dd, 1H,n "\82 - 7.42 (m 5H), (RZ\,RPO (d, 1H, 8.05 (s, 1H),

8.09 (dd, 1H), 8.14 J\yf() 8. 16 ,@d 1H). 20 PRERARATI O
N- MB) - 1- (5- Fl uor opyri di ny yOeth -(2-net Hox‘ypyrl di ry'lmjl){km'dazO[l 2- b]

pyri dazin ani ne, 2500t ed aso a e yeI | ow so (31/@ SN
6- chl or o- 39 nN1 %Ih X;Lp;{.glx_&_n_ﬁ-ym al 1,.2_L\ipy.u dazi Fi";erﬁ)at|@4Q->2)
and (S)- 147" jopyridin-2-yl)eth ne (prepared accm??o t he

nmet hod descriled i n W2006/ 82392A922)‘ II5=W| ng the experi%entll "rocedure as
described in Preparation 3a followed By purification by flash

chromat ogr aphysnf{ 1: 1 hexanes/ et hyl acewvate to 100% et hyl acete to 7:3

et hyl 30acetate/ethanol). LRV (mz): 365 (Mtl)+. 1H NVR 8 (300 MHz,

CDCI3): 1.59 (d, 3H), 4.04 (s, 3H) 4. 98 - 5.11 (m 1H), 5,40(d 1H), 6.56

(d, 1H, 6. dd, 1), 7.27 -7. 39'1( 2H), 7.71 (d, 1H), (s, 1H),
8. 14 (dd, ~3H~N"8. %\,é\ms 46 (m 5 P(BEIRARATI ON 6 o Re [
m N ~
HNJQQ;\EN\R‘ — - ( / Ny NF Rom ——> @Z’N‘ Relm
P R N _ R4
H,N Ry
Ry Ry Re Ry R2
(XVII) (XVIII) . (1I-b)
10
Scheme 4

Pyridines of Formula (XIIl) may be reacted with heteroaromatic amines of Formula

(XIV) in the presence of a base, such as triethylamine, in a solvent such as acetonitrile
15  at temperatures ranging from ambient temperature to 90 °C to furnish compounds of

Formula (XV).

Treatment of compounds of Formula (XV) with amines of Formula (V) in the presence

of a suitable base such as diisopropylethylamine in a solvent such as n-butanol at 80

°C with or without the use of microwave irradiation gives rise to compounds of Formula
20 (XVI).

Compounds of Formula (XVI) may in turn be converted to amines of Formuta (XVII) by

reduction with hydrogen gas at atmospheric pressure using a suitable catalyst such as

palladium on carbon or Raney®-Nickel in a solvent such as ethanol or ethyl acetate at

ambient temperature.



WD 2012/ 06920250PCT/ EP2011/ 005929

N-[ (1R) - 1- (5- Fl uoropyridi n-2-yGet hyl ] - 3- (2- met hoxyPri di n- 3-yl pm dazo[ 1, 2- b]
pyri dazi nw6-2aiose20ebt ai ned as a solid4512% from PCT/EP2011/005929

6- chl or 0- 3- (2- net hoxypyri di n-3-yl)imdazo[ 1, 2-b] 5 pyridazine (Preparation
2) and (R)-1-(5-fluoropyridin-2-yl)ethanam ne (prepared according to the
net hod d&eactioredf amingg 20Bormds O Wit s yitaRief§apet %’?Béﬁlmq""grocedure

as descr 'a}esghé h f&a{?ﬁm%ewas §ﬁaaf19|| 4t @8 fadhishes ithidaabpyaiine¥ of Famhula

chromat ogra exanes/ ethyl acetate to 100% ethyl acetate to 3:2
et hyl acéxutllé/ et hanol ). 10LRVB (m'z): 365 (Mt1)+. 1H-NVR 8 (300 MHz,

CDCl 3
05 1) L éé%g‘e?- dﬁ'gw”ﬂﬁ&’“gé of Fom?dl‘g g(\ﬁllﬁﬁlth a%uﬁéblé 'ﬁéa:?&") f?l:Eh éQa(tﬂ)(dsuié*)li_D 6 56
8.14 édd of frimethglsid ch ogdqgnq ﬁ?dlqpblodl glr]:qquim-pp § acet linle at

N [ ( 15) %ergge,%weé %dd’ﬂ'&h Armbieft }éi‘ﬁﬂ%/rbiurétd r%ﬂmé‘bhmﬂy Bc{uédﬂjbmyaronbhl m dazo[ 1

- pyridazin-6-amne Cbtained as a solid (14% fro
6- chI or o-kgomersiutionyaby PP &¢ §ives yisg f‘QTFQ{HE?}[“PS?fEP"Q@aéW)r dazi ne (Preparation
2) and (1S)-1-(5-fluoropyrimdin-2-yl)ethanan ne (prepared according to the

met hod described in W2006/ 82392A1) foI I ovm ng the ex erimental procedure as
descri bedVhen thecgrfingd iRogrones aig| JusRRIIDIR, %é?q@ﬂﬂ Hpderthe ﬁ°"‘ﬂ'°"s

chr opgt ng%@‘ﬁeékbéf&@&m%%s?é@é@ré incdmbtbfeatithdaidprotadsesf o 3: 2
et hyl "acet at e/ et hanol m z 366 H NVR

CDCI 3) : poguer(t@nagpqptecﬁn@groygs nm;q)be usegn aggorg%nwltriﬁ?ndajd&)?ac?ﬁe%f_b 6. 60

(1 Ic-ll) 1|é|) 55& Eﬁ)le sde PO Breekd and/P. 7(3 Mquid'i}\ 'Pt%t&ﬁvé Srodgdin CRgdriic- 8.19 (m

3- Met hoxys)ﬂfmletsﬂﬁkbt}ﬁ?)ﬁdﬁpan'ﬂﬂh")\g)ﬁw ﬁac’ﬂ“ﬁ@ %89)3" wew??&%%&ﬁ%%{ﬁ?‘% Wl fayi um on

carbon (4324240 stbpdp tHN ) ntHEIRG¢BpBUAEY 6F uB-ForSiulad(-3) am(mb) were 35 added
to a stirred solution of 3-chloro- 6 nmet hoxypyridazine (2.5 g, 26.43 mol)

in mdPhanol (10 nL) and the resulting mxture was stirred at 50 C for 1
hour. Therge@ehidindrotéding Pfouprerers td & Tpﬂit@&lnbfgr&hw&nﬁblel foepreventimger

ni trogen at rmsphere eluting wth nethanol .and t filtrate was evaporated

to drynes4ndesifed @%H@”Sp?t(ﬁ'me? niffeger; ReRreseriptve %‘I"Eﬂ'lp&?%ﬁ@?l%ﬂ'éo and washed
\é\ﬂolt Ce\r/]\/?t 32%5\% god? Eé@ﬁkbtthtéu@% fORSYI; (h'dyﬂgl'{:>0§§ fforfééﬂ@hﬁﬂe unmlmyl gluaipe saditas he
under reduced pressure to t 1.55 g,
86% as aAGehlaliyRyrcamRopy! | grouppsuciRS dert §Bt9"%(lﬁ§z’!’ "t!ﬁ)@?%é %fg"f”;gougﬁﬁﬁ 7. oog
(dd 2bH) . r3u§sgs&émas Bdiz Ioﬁy&?bonyﬁ((ﬂ?z) aAt 9lfldorery)methoxycarbonyl (Fmoc);
I\/Ethoxy- 4-(tributyl stanng R éj ei .
arylmethyl groups such as be %/y I ( r% nityl (Tr), and 1,1-di-(4'-methoxyphenyl)methyi;

silyl groups such as trimethylsilyl (TMS) and tert-butyldimethylsilyl (TBS); and the like.

The term hydroxy-protecting group refers to a protecting group suitable for preventing
25  undesired reactions at a hydroxy group. Representative hydroxy-protecting groups

include, but are not limited to, alkyl groups, such as methyl, ethyl, and tert-butyl; acyl

groups, for example alkanoyl groups, such as acetyl; arylmethyl groups, such as benzyl

(Bn), p-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm), and diphenylmethyl (benzhydryl,

DPM); silyl groups, such as trimethylsilyl (TMS) and tert-butyldimethylsilyl (TBS); and
30 thelike.

In a particular case, compounds of general sub-Formulae (I-a) or (I-b), in which the

residue at R,, Rsor Rg contains, in part, an amine moiety functionalized with an

appropriate protecting group such as tert-butoxycarbonyl (BOC), may be deprotected
35 atthe amine moiety under standard conditions (Greene's Protective Groups in Organic

Synthesis). The corresponding free amine may then be further functionalized by, for



n-Butyllithium (2.5 Msolution in hexanes, 7.1 nL, 17.75 mmol) was slowy
added (0.2 10 nmJmn) to a solution of 2,2,6,6-tetranethyl piperidine (3 mi,

17,75 molp 2012/0@p302di et hyl ether (16 m§ at -30 C under parg®edoidinmsphere.
The reaction mxture was stirred at 0 C for 30 m nutes before being cool ed

down to -78 C and a solution of 3- nethoxypyridazine (Preparation 8a, 0.85
g, 7.72 exainple, alkylation amidgtions sulégnamidation apaeyiationyndes sidsdarddead!otuni n) .
The reactcioﬁ@itigli,gture was stirred at this tenperature for 10 15 additi onal
m nutes before the addition of tributylchlorostannane (2.5 niL, 9.22 mol).
After stirring at -78 C for 45 mnutes, a mxture of diethyl ether and
aqueous saturated solution of ammonium chloride (15 mJ 5 nL) was added and
the t enp&AMPEESas al l owed to warmup to anmbient tenperature. Additional

di ethyl ether (300 nL) was then added to the m xture and the organic |ayer
was separated, washed with saturated 20 aqueous sol ution_ of anmoni um

chl ori de Thersyatheses f thesoEounds ol tbﬂéﬂ\'@nﬂf?mafﬂ%f thg injempedialag (AL YSBnder

r educed RRESRHLE iubRScTH Y Silbdngdidrdied D2 1){(reriaing PrepBiaioh aphy (100%
hexanes to 1:1 hexanes/di'ethyl ether) to give the title c?(qp und (0, 31 g,
10% as EE)@mp@eSy@rqsm(,a@pqu-Zg)) are given in order to provide a person skille ﬂt?qe_q{fNR 8

300 MHz .. . i i ion, But4bo(in 256H),
(1_ g &ﬂ%]éé’f}g%e&iﬁéségﬁa(nd%&ns pldte @Xpranatioch of(the pfident ihverition, But ogARATI C]tl') .

- .09 (s, H%‘ 7.44 (d, 1H),,8.69,%g, 1I—{). P
3- ( 310kt ek ppgensidened-as-linitna\efithe sssentighasperts;ah its suietta 28 58t B MY B6r i dazi n- 6
- amne Zﬂe?édir@{)&ﬂi@ﬁé)oﬁhk%e@ﬁﬂl%ypyri dazi n-4-yl)imdazo[ 1, 2- b] Pyri dazi ne
A m xture of 3-brono-6-chl oroi mdazo[ 1, 2-b] pyri dazine (Preparation 1 b, 182
ng, 0.78 mmol), 3-nethoxy-4-(tributylstannyl)pyridazine (Preparation 8b,

313 ng, 0.78 mmol copper (1) iodide (15 ng, 0.08 mml) and dry
N,ff-dinﬂwﬂi@de (4 mL) in a 35 Schlenk vial was subjected to three
cycl es of3. grsmbaE-tRGrémeidhidt j208] pyridhziaegon.

Tetraki s(tri phenyl phosphi ne) pal I adi um(0) (91 ng, 0.08 nmol) was then added
and tlRe resulting m xture was subjected to three further cycles of

evacuat i Ca)dléﬁi@rbirﬁiidaSoI;M,z-B] azink2/ 06920252PCT/ EP2011/ 005929 ar gon before
being stirred at 100 C tor 2p h

he. S0l venieraBemiCAEd deE rsablio duaiss pfalsdpd dRAeD NS SRie SRR 11 e
by flash &y ergmegradmbinokystiartexene it 11 asmbitie waterl (@/mt) by landserttat e)
Eﬁ/ﬂ'% \_'/_e b;r%ptelratttlxr% gr?d r?eupéjsu i%\glml ’re6vf}zg@ h&sted al?%l1%e°aoAftéjl" 4? Ir‘n%eé,%é) + 262
3- (3-Jget heuwivh hidadie was Yddoldt bs\&i:dfietﬂaylpémay meishyddedri Thez ofghn2- ey wadazi n- 6
6- ahl o o SEEREAb: A By traahseah, 1UidTHtG 2 tre sohvert yppgIAlesiy e @
( Pr epar at édred8)oila Mhidh( WaSkedded e aysuepbhsidrmat 0 of Eahlangpyrideziedsamineent al
B a8 Bbonna o Shen A P FSANBRCH B s e o Tap) ="
LRVB (M zgvermdift. Thé dplvent was removed under reduced pressure, the residue was taken up
25 in a mixture of ethyl acetate and water and the organic layer was separated. The
aqueous layer was treated with solid sodium hydrogencarbonate until a basic pH was
reached and extracted several times with ethyl acetate. The organic layers were
combined, dried over magnesium sulphate and the solvent removed under reduced
pressure. The resulting residue was treated with diisopropyl ether, filtered and dried in
30 vacuo to yield the title compound (4.8 g, 85%) as a beige solid.
LRMS (m/z): 154 (M+1)".
'H-NMR & (300 MHz, CDCl5): 7.08 (d, 1H), 7.81 (s, 1H), 7.88 - 7.99 (m, 2H).

b) 3-Bromo-6-chloroimidazo[1,2-b]pyridazine
35  Bromine (3.8 mL, 74.19 mmol) was added dropwise to a solution of 6-chloroimidazo
[1,2-b]pyridazine (Preparation 1a, 4.8 g, 31.06 mmol) in glacial acetic acid (80 mL) and



15 PREPARATI ON 10 (5-Fl uoro-2-net hoxypyridi n-3-yl)boronic acid

n-Butyllithium (1.6 Msolution in hexanes, 20 nm., 32 mmol) was slow y added

(0.4 mUmwp 20/@momel uti on of 3-brono- A% | uor o- 2- net hoxy pgrir®2ene/ 00929 g,

29.12 mol) and 20 triisopropylborate (8.4 nL, 36.62 mml) in dry

tetrahydrofuran (70 nL) at -100 C under argon atnosphere. e reaction

mi xt ure Waeresulting sixtyre wapstireq gf-ambigpl tep Fﬂiur&ff?ﬁ%fa@eﬁ-ﬁ'etpéﬁﬁ@%? ure

vas al | oygshddowdEMedfedShyoRitritich azhed withalisthyli cinir seoarae fimes rapdaiiedrie bei ng

cool ed down to_0 C _Aquequs %%groch,l,ori c acid (1tPl sol L%tionhd 120 m[]‘)f %/as

sl owl y ad@edp-ahie selid Ablaingd WassPartitioned betwegn etny, aGelgls, and @ saiUAed, of

25 sodi urgqh¥siis soRlfioh 3t pbtasyiametarbonatet e ad@aid |1ayel lwasHsupsrardoand 6 and

the resulti ng m xture was extracted with di]et héalts et her x?%. The, conbi ned

organfc WAFERPd WER @ satwatesh @ausahsoylionsal pe é'“thcaféfg' &l 98¢ PEhoved

un;je(rj rﬁ %@W%gﬁ?é;ebﬁﬁ){h@h&\é%ﬁﬁh?b&é@uﬁdﬁfg@&uo ved (plesiirg) THe6Ydeawas whit e
. f s .

5. 00" (s, 1o el b aentaney Miesedand 1o a9l cbiassprrtad iepacto o'yicld the' 27

6- Chl or O-tige CBmipbURY (5.8 gNe2%RPAY BYpaiedydliow-soligi M dazo[ 1, 2- b] pyri dazi ne

Obt ai ned as a yel | ow SOIIdI\&? 9% from

(5-fl uoro-2- §§‘Bﬂﬂ):i Ha! -13I-) boronic acid (Preparation 10) and

3- br q@go- 6- chl opaNRAREPD MKz, B BEL):- Hazi@erH)Pr 80ag,aH)onsk i, ol | owi ng t he
experinmental procedure as descri%’ed il’(l Pre)paral?éion)z. L:gal\/s (mz): 279
(Mt1)+. 51HNWR 5 (300 MHz, CDCI3): 4.07 (s, 3H), 7.15 (d, 1H), 7.95 - 8.06

(m 2H), PRePARATIOND. 8.64 (d, 1H). PREPARATI ON 12
3-(5-F um{)yri di nSX_Q”N- (1S)-1-(5-fluoropyridin-2-yl)ethyl]im
i dazo10[ 6-Chlgrp-2amethexypyridined wbimidaalhe-bipyidazing ange solid (20% from
6- chl or o- 3- (5-f | uor o- 2- net hoxypyri di n-3- yl)imdazo[ 1, 2- b] pyri dazi ne

(Preparation 11) and (S)-1-(5-fluoropyridin-2-yl)ethanam ne re
accorldi nd® mxtyrﬁ)eohétmé@%rfee'é?ﬁoweam{q BU%@%Q&’A&B”?%’] Qi é@ Qﬁggég

exper i We%ﬁ«bl)g(zqﬁeﬁnukmﬁaindﬁ%drbﬁi@ doitl (¥ 3pap b8 eimaiR deslunvvatbohate (30
purification flash chromat oaraphi é\l: 1 hexane t hyl. ag&gt EP!I 100%

et hyl ace”ﬂ'apfeaém solutiof; iR yatefe 69 Mrael 8RS, A Srgiox “Rl\éé(?m jnassaep ??W.as

1 N'VZR 8 dupfiididdizo thide BYcled O eldbuation , batkiling with @Fgor3HN, 1'BisiBiphedy26 (M
_1 H)7 830(5}ﬁ%%sg_ahigb)efseSrro(c@ne]%dicﬁloerngIad_iunE'si(IB?co‘anIexl th d?ch%?oﬁet%é?\g (Q:ql) (’?’.E')g, 7.64

20 2.16 mmol) was then added and the resulting mixture was again subjected to three

further cycles of evacuation backfilling before being heated at 100 °C for 2 hours.
Subsequently, the reaction was cooled down, diluted with water and extracted with
ethyl acetate. The organic layer was dried over magnesium sulphate and the solvent
removed under reduced pressure. The residue was treated with ethyl acetate and the
25  solid formed was filtered, washed with dichloromethane and dried in vacuo to yield the
titte compound (3.5 g, 62%) as a yellow solid.
LRMS (m/z): 261 (M+1)".
'H-NMR & (300 MHz, CDCia): 4.07 (s, 3H), 7.02 - 7.16 (m, 2H), 7.99 (d, 1H),
8.22 (dd, 1H), 8.33 (s, 1H), 8.59 (dd, 1H).
30
PREPARATION 3
34(3R)-3-{[3-(2-Methoxypyridin-3-yl)imidazo[1,2-b]pyridazin-6-ylJamino}piperidin-

1-yl)-3-oxopropanenitrile

35 a) Tert-Butyl (3R)-3-{[3«(2-methoxypyridin-3-yl)imidazo[1,2-b]pyridazin-6-yl]-

amino}piperidine-1-carboxylate



1H), 7.87 - 8.09 (m 1H), 8.31 -8.51 (m 1H), 8.51 -8.72 (m 1H).
PREPARATI ON 13 (5-Chl or o- 2- net hoxypyri din-3-yl)boronic acid 25 a)
3- Br ono- Swohbmroeed2 et hoxypyri di ne A s48 uti on of brom nectErP201miops929. 28
r5rm)lhl) in gl amﬁl acetic acid (7 m) was sIowa added to a m xture of

chl oro- 2- met hoxypyridine (2.1 g mmol ) _and_sodi um acetate (1.2 g,
14. 63 md mixtyreqf ¢'ﬁ<|>f°é'c@rmethaémyném %1!9 ﬁ#‘%%bﬂ AEING 4Frepat 'Péjzwasgso
stirred g 1583Q GE8" mbndi %Ft-buy! &Br@@cém%p%ﬁdlﬁéh%ﬂoiyht@qd231@\/\/“1 19

[

anbi ent terrper ature and then

h
organi c Irapeb. MQ'CK‘é%l%ﬁXMP@BSPWH&&"QﬁW‘eV;b'R 2o} 'té’%gg\g‘ﬁisﬁ grf%bf"-r di um

hydr oxi d%oai&% ?erflﬁ/&téﬁklécw%asé” 0'B GAme) ardiciiBnki @unphir &, Schiéradviavwas
nmagnesi um ;Ju E hat e and the solvent renoved lynder reducedgﬁ The

resi die & fq dbregycyalessof @YABYARNCHg PaRYIIng 1 Wit 38R« A AR efie q@?@% t he

t3| tglge( go%@%@);{l;?allﬁdﬂm(@ § @OWhhﬁ'ISI)SﬁHsI ﬂ*en blidadd bR the (‘&Dﬂm@lﬁlxu@ﬂ 3):

2012/ oegmmqtgb fbl% %ﬁ'e% sf enwasoa bﬁ%'ffﬂﬁ‘ﬁﬁﬁf?rieo‘?%“gs heated & oni ¢
aci d Oot ajqpedt a6 m'hb@rsSCédb@e&Je% fHeO FRaRtibH Es- Gootdd GanZFIméhQNmpghl di ne

(Preparatlon t te foll th
pr ocedur &%l'ée%%!ﬁ a‘&@&ie{hlf!{i gﬁ?%r?%gf%ldl qci)ir;f‘a}ﬂ'%m%?Lﬁ%\gag&rf Fltr i@ﬁ%ﬁ\ﬁn‘%npt-??atfﬁ NVR 8

(P %‘é‘é AQAZ"ZI'It&\I GF}FJe.%% THe 8ddé Svas PdtifiePbPfladtchraflatogfaphy (4 . hekbhes/8th¥Padetate 1H) :

106- Chl ort©-1§0‘(/"aet5¥‘||3@?@192 torgivedhs itle sempound (0 107944280 252 398y r i dazi ne
Obt ai ned as a \ahs mlzz;o,izgi(m..dﬂ% from

5 br om- 6- EhF‘Siﬂﬁ»ﬁ%ﬁé&éﬁ&ﬁz&aﬁw&ﬁ%‘sﬁa""%‘:&éi&@fﬁ&%‘-1?59“1 o 2Bl 8¢ ne
(emi‘; '+m9nt al  ps g8 GAUTR), 3535e880I (REAH) N3 B eRdeinh OTH)24.06%6 M), @dx) 4.5895
(m, 1H), 6.45 (d, 1H), 6.95 - 7.09 (m, 1H), 7.72 (d, 1H), 8.09 (s, 1H), 8.10 - 8.17
(m, 1H), 8.73 (d, 1H).

b) 3-(2-Methoxypyridin-3-yl)-N-[(3R)-piperidin-3-ylJimidazo[1 ,2-b]pyridazin-6-
amine
20 A mixture of tert-butyl (3R)-3-{[3-(2-methoxypyridin-3-yl)imidazo[1,2-b]pyridazin-6-yl}-
amino)piperidine-1-carboxylate (Preparation 3a, 0.1 g, 0.24 mmol) and a solution of
hydrogen chloride in methanol (1.25 N solution, 4 mL) was stired at ambient
temperature for 5 hours. The reaction mixture was then carefully diluted with aqueous
saturated sodium hydrogencarbonate solutionAand extracted with dichloromethane (x3).
25 The organic layer was dried eluting through a Phase Separator® membrane and the
solvent removed under reduced pressure to yield the title compound (0.08 g, 98%) as a
yellow solid.
LRMS (m/z): 325 (M+1)".
'H-NMR § (300 MHz, CDCl,): 1.25 (br.s., 1H), 1.78 - 2.00 (m, 3H), 2.72 - 3.07
30 (m, 4H), 3.10 - 3.28 (m, 1H), 4.05 (s, 3H), 5.14 - 5.43 (m, 1H), 6.55 (d, 1H), 7.00
(d, 1H), 7.70 (d, 1H), 8.05 (s, 1H), 8.13 (d, 1H), 8.68 (d, 1H).

c) 3-<((3R)-3{[3-(2-Methoxypyridin-3-yl)imidazo[1,2-b]pyridazin-6-ylJamino}-
piperidin-1-yl)-3-oxopropanenitrile

35  3-{(2,5-Dioxopyrrolidin-1-yl)oxy]-3-oxopropanenitrile  (prepared as described in
BE875054(A1), 75 mg, 0.23 mmol) was added to a stirred solution of 3-(2-methoxy
pyridin-3-yl)-N-[(3R)-piperidin-3-yllimidazo[1,2-b]pyridazin-6-amine (Preparation 3b, 63



11-1-NWR 8 (300 MHz, DMSO-d6): 3.99 (s, 3H), 7.51 (d, 1H), 8.31 (d, 1H),
8.33 (d, 1H), 8.37 (s, 1H), 8.63 (d, 1H). PREPARATI ON 15
203- ( 5- ChWoneor2dspmb hoxypyri di n- 3-y1) - MY (1S) - 1- ( 5- f | uor epympdimadsedet hyl | i m
i dazo- [1, 2-b] pyridazi n-6-am ne Cbtained as a brown solid (30% from
6- chl or o- 3- (5-chl or o- 2- met hoxypyridin-3-Yl) imdazo[1, 2- th_P%{_)i dazi ne
( Pr epar atm@r0-3%)mmabl ip Slichlorpsiethang, @pit) & H-the ypitura ias at pmeIEt e
accor di nerhGerafife 5 10Aoute ST er hAURROR RRGRRLdder el uceipnestieand

P

' t d bed P ti 3a fol d.b
pur 1 11 cathencsue Iestpustied fit Test ShPMa4ParaPny CHICSY S SRR Ran st Lrve

(mz): 3 i itle comtpoiVER (48 M308udias aGbid.3) : 1.63 (d, 3H),
4.06 (s,ga%el-ﬁiété%égmzt°59“é%thent1mifﬁ), 305.(75‘“?d, w 6.60 (d, 1H), 7.32 -
7.49 Bm 2H), LRMI(m@): 333M4d) 07 (br. s., 1H), 8.16 (s, 1H), 8.41 (br. s.,
1H), 8.93 (br. s., 1H). PREPARATION 16

3-Brono-6-chl oro-7-nmet hyl i m dazo[ 1, 2- b] pyri dazine 35 Ammonia (32% sol uti on

i n wat er PREPARATIEN45dded to a sol ution of 3,6-dichloro-4-

met hy| py r4_ Gk fHoxypy Adih-3-38-K.[(18YALphenyicthiififfiiazol®, 29bjpyridazinsgamiree t ube.
The resulting m'éé‘r’e wasggti F(rg?jma‘% 1"80 C ?or 70 hours, cool ed down and
the solvent was renoved under reduced pressure. The residue was purified by

f 1 ashochrOEBInRET AP RYbréwh i3 Ndth G- EMbrocs &L RethdxPpykiiie gl imitat epag e) to

yield the title conpound (3.8 G? 57% as a nbxture ?f WO i soner.s i,ch was
used in tRyEdazing (Brepgrationhduand 'Shdrehsnyiethylamingnfollpywing gy S5RETMEAt p1) +.
b) 6- Chl qr@eeuret BY! bodB2Q[ + 2Piebadatiod azaneolbvaat diyngsiirifiationbeiygdiashl i d
(41% fromthe m xture of- 6-chl oro-4-nethyl p¥é(1i]]o azjn- 3- Flag1 ne grf thyl

6- chl or o-ghweraategraphyi ati hexanasiethiy! @seiate rtgr i'BR7e1 81! rasefalti g ‘thethy

experi menjcatatdefMafdlyr € as described in Preparation la followed by
purification fl ash chr omat ogr aphy (100% hexanes to 7:3 hexanes/ et hyl

by
acet d6e). LRVE-RMpAYYZ)1345 (Math)+.
'H-NMR & (300 MHz, CDCl;): 1.58 (d, 3H), 4.03 (s, 3H), 4.76 (d, 1H), 4.84 -

5.00 (m, 1H), 6.52 (d, 1H), 6.85 (dd, 1H), 7.32 - 7.42 (m, 5H), 7.70 (d, 1H), 8.05
(s, 1H), 8.09 (dd, 1H), 8.14 (d, 1H), 8.16 (d, 1H).

20
PREPARATION 5
N-[(1S)1 -(5-FIuoropyridin-2-y|)ethyl]-3-(2-methoxypyridin-3-y|)imidazo[1 ,2-b]

pyridazin-6-amine

25  Obtained as pale yellow solid (31%) from 6-chloro-3-(2-methoxypyridin-3-yl)imidazo
[1,2-b]pyridazine (Preparation 2) and (S)-1-(5-fluoropyridin-2-yl)ethanamine (prepared
according to the method described in WO2006/82392A1) following the experimental
procedure as described in Preparation 3a followed by purification by flash
chromatography (1:1 hexanes/ethyl acetate to 100% ethyl acetate to 7:3 ethyl

30 acetate/ethanol).

LRMS (m/z): 365 (M+1)*.

'H-NMR § (300 MHz, CDCl5): 1.59 (d, 3H), 4.04 (s, 3H), 4.98 - 5.11 (m, 1H),
5.40 (d, 1H), 6.56 (d, 1H), 6.97 (dd, 1H), 7.27 - 7.39 (m, 2H), 7.71 (d, 1H), 8.04
(s, 1H), 8.14 (dd, 1H), 8.39 - 8.46 (m, 2H).

35
PREPARATION 6




151H-NVMR 5 (300 MHz, CDCI3): 2.46 (s, 3H), 7.72 (s, 1H), 7.78 (s, 1H), 7.87
(s, 1H). c) 3-Bromp-6-chloro-7-nethylimdazo[1, 2-b] pyridazine Obtained as a
bei ge solwa 200B9%02f r om 6- chl or o- 7- met3y| i m dazo[ 1, 2- b] periEkawii0es929
20(Preparation 16b) follow ng the experinental procedure as described in

P | b. :
(. "51y . NA(OR)445-Fiyaropgritio- bty -3\ metiogyonridi- S ppidazof 22y -2

256- Chl Ol ridagia-61&mixypyridi n-3-yl)-7-net hyl i m dazo[ 1, 2- b] pyri dazi ne
ot ai ned s a green solid (76% from (2-methoxypyridin-3-yl)boronic acid

and 3- brono-6-chloro-7-nmethylimdazo[ 1, 2-b] pyri dazi ne (Preparation 16c)
fol I owi NyiRRe@XRET 4 NBAlAl(12%P CREWN &- aﬂordespumbmdxypynana;wpmmmmz bBOLRVB
(mz): 275 (Mr1)+ 111N|\/R8£Q(80}%H% 3) 3H),
7. 09" §dd pyiiggzine; @epayatian) 2) g -1+ °r8 32”#2’(2 V"%ﬁ? %‘q'"%"z ng"; a&‘?—ﬂ
g?ELP[A(Rg;aQ:} (El o the method descznbed in Wolz?og?fosszgsm) following the experimental

uor opyridin r.i di.n 1 t hyl
i m dazo- Pracegui 35 | dpeeribed- ‘&m%@z’ '?0%?/ %9‘2’5&5% C%E} 'ﬂ/ (%5@5%" e
Cot ai ned cﬁﬁ)n?at@@r’aﬁﬁ‘y s@lq %e&aﬁ‘%letﬁglloﬁbetate to 100% ethyl acetate to 3:2 ethyl
6- chl oro-3 (2 nmet hoxypyridin-3-yl)-7-nmethyl im dazo[1, 2-bl pyri dazi ne

( Pr epar atacet@t quaa?m (S)-1-(5-fluoropyridin-2-yl)ethanam ne (prepared
acconging to tleav yBekgsrihed in W2006/ 82392A1) fol | ow ng t he

experinental procedure as descri bed in Pr
p;JLI }‘ i cat ![ 0[1 bii- NMR;@] (%Q]sﬁ'fﬁ RflApAy € %Bﬁ’egéﬁZE'/%& Oéda &X’t Bhoow
ethyl acetate 4y 4 315186 @cAhabYradaana), Jr.27LRVBo (] 2i1), 7370 8.04
1H NWVR 8 (300 MHz ZC@ \ 2) e(u : i2 35 (s, gl—l) |)04 05 ((d'sm-%?—l) 5.05 -
5.17 (m 1H), (5. 43 @d4(9!¢b1H)68§§-(%6(@+3 -7.24 -7.39 (m 2H), 7.55 (s,
1H), 8.01 10(s, 1H), 8.13 (d, 1H), 8.43 (d, 1H), 8.49 (dd, 1H).

15 PREPARATION7

N-[(1S)-1-(5- FIuoropyrlm|d|n-2-y|)ethyl]-3-(2-methoxypyr|d|n-3-yl)|mldazo[1 2-b]

pyridazin-6-amine

Obtained as a solid (14%) from 6-chloro-3-(2-methoxypyridin-3-yl)imidazo[1,2-b]
20 pyridazine (Preparation 2) and (1S)-1-(5-fluoropyrimidin-2-yl)ethanamine (prepared
according to the method described in W02006/82392A1) following the experimental
procedure as described in Preparation 3a followed by purification by flash
chromatography (1:1 hexanes/ethyl acetate to 100% ethyl acetate to 3:2 ethyl
acetate/ethanol). '
25 LRMS (m/z): 366 (M+1)".
'H-NMR & (300 MHz, CDCly): 1.64 (d, 3H), 4.05 (s, 3H), 5.17 - 5.33 (m, 1H),
5.47 (d, 1H), 6.60 (d, 1H), 6.99 - 7.08 (m, 1H), 7.73 (d, 1H), 8.09 (s, 1H), 8.11 -
8.19 (m, 1H), 8.55 (s, 2H), 8.61 (d, 1H).

30 PREPARATION 8
3-Methoxy-4-(tributylstannyl)pyridazine

a) 3-Methoxypyridazine

Palladium on carbon (10%, 0.1 g) and ammonium formate (2.1 g, 33.3 mmol) were
35 added to a stirred solution of 3-chloro-8-methoxypyridazine (2.5 g, 26.43 mmol) in

methanol (10 mL) and the resulting mixture was stirred at 50 °C for 1 hour. The

reaction was cooled down, filtered through Celite® under nitrogen atmosphere eluting



PREPARATI ON 19

6- Chl or o- 3- ( 5- f | uor o- 2- met hoxypyri di n-3-yl)-7-net hyl i m dazo[ 1, 2- b] Pyri dazin

e 1500t aiwedoameseodei ge solid (56% frsam PCT/EP2011/005929

(5-fluoro-2-nmet hoxypyridin-3-yl)boronic acid (Preparation 10) and

3- brorr_D- 6-chl oro-7-met hyl i m dazo[ 1, 2- b] pyri dazi ne (Preparation 16(2:&

]E(r)r} | ;)V\A nyvithh@ethapet pne ibe fitiate wvwasu peanpsatgdstor #yaeps: ey eyde Rrpdisrtovag Rvs
z): 2% W"’dic loromethane and washed with water. The orgbhithye? wasd Uielitdzer

CDCl 3) : St h diloroqegang and ypshed win 12 1H' 800 (d, 2018 8 41 (s,

1H), 8. eengamgsium-julphatepngiig s9lvend removed under reduced pressure to yield the title

3-(5-Fl uggﬁyg-ﬁ@ghﬁg, fobdd s ﬁa%ly)ejléh[ofl.ls) -1-(5-fluoropyridin-2-yCethyl]-7-

met hyl i m dazo[ 1, 2- b] pyri dazi n-6-am ne 25 Cbtai ned as a_beige solid (27%

from 8- chl or o-H-NMRF (390 MKz.1EPEbY yhY (#liIH)37:PPYdd:-1H), 7.38 (ad, TH), 8.82 -

net hyl i m dazo[glg2, bl @yri dazine (Preparation 19) and
(S)-1-(5-fl uorbpygi'dﬁﬁ'— 2-yl) ethanam ne (prepared according to the nethod
described in W2006/ 82392A1) follow ng the experinental procedure as

descri beq,iatuEf [ el 30purification by flash
3éth HB A the 30P on by flas
chr omat ogr)agﬂy Wﬁéxgw%eﬁ* acet aete to 100% et hyl acetate to 7:3
et hyl aceeButglithiuna i 5)M spiRtieh (mhexaneg97.1(Mk11775 mmol) was slowly addeg{BR 8
(300, jHz, %’r?l %-D ; (o? Mt tHyPipesiine (306 17575 Alol) iR-dhPdiettiyl 25 (M
1H) , Q/Héé“ , ] agqy.ﬁ%g z %) ?@a}-_ﬁ%l@?& TE Cee T #’83 (rf{ 1H,
8. 18 35( stherky)6 ms.) 4p-30°C under apa®Daimpsphers ThergashrTIdNeWas stired at 0
3- (5- Fl ugroz.2- ARt Maflr D BsiXd) & 7 5781 eor rd Kbkt ) et hyl
C i dazo [i:, E@'b?'gy&m%y r?'gg{rgmg’er{g&S%%éc{ TR\vinl 16 75 oD .é)rﬁ:b’ d EoRition Zofy 3 yl']
3- Br onp- Méthaxspyrdazine (Ruepasption 8.00-85 8. yi7Rampl in diyaiobyhistben(ypl) Wasi n- 6-
am ne A gy hadd @oﬁwﬁg—ﬁﬁ?'@%gw HRARE had stired bi $RZeRPetdtieiar #6i on 1
b, 0.2 g, 0.86 mmuol), 51 1-(5-1 uoro_gyrl m di n- 2-yl ) et hanam ne (prepared
accon8i ngdditionalemingtesoeefarestte; astsitionof fpalylchippastanmene (25 mé, 9227pMMale| ) |
cesi um f | A kffing Lt 378 b fof 48ninutes, a mixture of diethyl ether and aqueous saturated
solution of ammonium chloride (15 mL/15 mL) was added and the temperature was
allowed to warm up to ambient temperature. Additional diethyl ether (300 mL) was then
added to the mixture and the organic layer was separated, washed with saturated
20 aqueous solution of ammonium chloride, dried over magnesium sulphate and the
solvent removed under reduced pressure. The residue was purified by flash
chromatography (100% hexanes to 1:1 hexanes/diethyl ether) to give the title
compound (0.31 g, 10%) as a pale yellow oil.
'"H-NMR & (300 MHz, CDCl3): 0.88 (t, 9H), 1.03 - 1.19 (m, 6H), 1.23 - 1.40 (m,

25 6H), 1.43 - 1.61 (m, 6H), 4.09 (s, 3H), 7.44 (d, 1H), 8.69 (d, 1H).

PREPARATION 9
3-(3-Methoxypyridazin-4-yl)-N-[(1S)-1-phenylethyl]imidazo[1,2-b]pyridazin-6-

amine
30
a) 6-Chloro-3-3-methoxypyridazin-4-yl)imidazo[1,2-b]pyridazine
A mixture of 3-bromo-6-chloroimidazo[1,2-b]pyridazine (Preparation 1b, 182 mg, 0.78
mmol), 3-methoxy-4-(tributylstannyl)pyridazine (Preparation 8b, 313 mg, 0.78 mmol),
copper(l) iodide (15 mg, 0.08 mmol) and dry N,N-dimethylformamide (4 mL) in a
35 Schlenk vial was subjected to three cycles of evacuation backfiling with argon.
Tetrakis(triphenylphosphine)palladium(0) (91 mg, 0.08 mmol) was then added and the

resulting mixture was subjected to three further cycles of evacuation backfilling with



10 mmol ) and di net hyl sul foxide (5 nL) was heated at 180 C for 2 hours in a
seal ed tube. The reaction was cooled down, filtered through Celite el uting
with et hwoaoetmdm2and the filtrate wa¥ washed wi th wat ecy/EPrii@dodeer
magnesi um sul phate and the sol vent renoved under reduced pressure. The
residue was purified by flash chromatograph 40- 70% acet one in hexanes) to
gi ve t he argen eetomndsingostigdiat 1P0 ¥adgr 49 h&“ér ((Mﬁ rfg?tf%ﬁ“"%l'—rlgl\‘ﬂ(ﬁ? 80‘?%0 MHz,
CDCI 3) :  liovh, trsb soltdnt wasZ@moved 4hdénedltBd phes8lre(4hd the)residu® wakurifiell, 7. 46
(s, 1H), 7.60 (d, 1H), 8.584 , 2I—Q. b) . :

3- ( 5- FI udwdlashrbremaiogsarny (1. 3193;3') =5ethyl psptate (o 109% Sty PRIt 9ve s et hyl |
20i m dazqjd cénpbidd 'gfgﬂz;hg,-@o,@)ra'g@bggb%bn@d as a yellow solid (54% from
3-brom)-N-[(1S)-1-g -1 uor&?/rj m di n-2-yl ) et hyl ]

i mi da2o[ 1, 2- b]YRMP &R 2% &Hihe (Preparati on 21b) and
(5-fluoro-2-nmethoxypyridin-3-yl) boronic acid (Preparation 10) foll ow ng

t he experinental procedure as described in Preparatio ol L owed by
ur 11 batIHEe o RYCHRE A R -2be ey ARz AN 51} i 5
(250 MHz,apfyige! 3): 1.66 (d, 3H), 4.02 (s, 3H), 5.18 - 5.32 (m 1H), 5.50 (d,
éH)57 ?'stzqq(qgi_neégba’péip;& ?(gj\j’%g)zfrorz' E)’chsodrb-3:-L833|)-rhet§|'o)%?pygiaézir%-la_t')-yl)irﬁi’dgzllo[g 2’- 1H).,
N- [ (4D) - Iyjpyridakiner(Praparation-o2) Bhd ¢¢1Sy.1}phanRttygamme/Bydviad thedexpbyimzhtdl m dazo
[4,5-b] pyridin-5-am ne %) i . N b
6- Chl or o-RPFeURRt A X JBSFP8T ninz-Kreparatign; 3ap feayed. 2YaRyilcalion, %Y f3Fhni ne
E?.g m_,8(fﬂ1$£0|ﬁa phy 2tygdttﬁ@ﬁmemagew??:erui@ﬂ%-_amam(ailie»g%mmriagi 2- 3- ia;n ne

.0 g, 8.1 nmmo an -di ch] oro-3-nitropyridi ne : g, 8.4 mo in
acetonitrile (@ﬁz‘ﬁﬁ?"z&h%‘q&éﬂr)esul ting mxture was stirred at ambi ent
tenperature for 5 WD 2012/ 06920258PCT/ EP2011/ 005929 days and then at 50 C
for 24 h._The ﬁkec's gizate formed was filtered, washed with acetonitrile and
driednk 4 lid was then treated with tetrahydrofuran, filtered,
washed Wi (BLlF1aBFs2 nvéthoRyslridin3ayl)ssrdnidacidonbi ned filtrate and washings
were concentrated to dryness under reduced pressure to yield the title
conpound (0.32 g, 511% as an orange solid. LRMS (mz): 281, 283 (M1l)+.

iL)F NIV7R gBr(-Qg@llilem gmrltﬁ)sbluﬁ%rﬂ.ln th%rgid) d,206m86 32;1_'nm$gi)wasﬁsﬂmy( gddedflgcm Hz,
) . ,. , ; ; - . ,
N6- [ ( 1S) -Mk mﬂﬁ%ﬁe@i’? 5&‘? R:Q%P)é?ﬂﬂfﬁl(?@?@}ﬁ%a%‘ﬁﬁﬁ P'd?%ﬂ%-"i%‘l'i aggl)’ll tro

pyri fﬁone-taisﬁpfﬁp?lﬁbm 3.4 s 3062 rainby limdiyrtetréBydéSFurdn, (70 .ndY) atwid0)°Crarddendded

to a sol ue;[rlggr? a?mog;_nr?e%.oﬁ'ﬁél\#eggﬁon mixture was stirred at -100 °C for 2 hours and

afterwards the temperature was allowed to warm up slowly overnight to ambient

temperature before being cooled down to 0 °C. Aqueous hydrochloric acid (1N solution,
120 mL) was slowly added and the mixture was stirred at 0 °C for 1 hour. A solution of
25 sodium hydroxide (32% in water) was then added until pH was around 6 and the
resulting mixture was extracted with diethyl ether (x3). The combined organic layers
were dried over magnesium sulphate and the solvent removed under reduced pressure
to yield the title compound (3.28 g, 66%) as a white solid. '
LRMS (m/z). 172 (M+1)".
30 'H-NMR & (300 MHz, CDCl;): 4.04 (s, 3H), 6.00 (s, 2H), 7.88 (dd, 1H), 8.09 (d,
1H).

PREPARATION 11
6-Chloro-3-(5-fluoro-2-methoxypyridin-3-yl)imidazo[1,2-b]pyridazine

35



met hoxypyri din-3-yl)-3-nitropyridin-2-amne (Preparation 22a, 0.26 g, 0.69
nmml ) and (S)-1-(5-fluoropyridin-2-yl)ethanam ne hydrochl ori de (prepared
accor di ngvoaotdsozvet hod 15 descri bed i3 W2006/ 82392A1, POTAD2@,1/0059Z9¢ nmol )
in butanol (5 nmL) and the resulting m xture was stirred at 80 C overni ght.

Subsequently, the reaction wa 0 iluted wth acet ate and
was heg wqmz'ﬁ??’rﬁ? axygflowsglid, E%zjf)?i k’°5’h£€n%' '@8@3?‘%&@8'" %’P’P%‘EPB'\%? i
anhydr OU%P@QF&@hur’myUhﬁdilatsaaraﬁd-er—&‘rﬂomhuuﬁm pey|p)MiREzine d€Prepacitivnd 1b)

pressure. The residue was ur|f| ed g .chr omat ogr.aphy (hexanes 100%
20to 1:1°f W%@F@Hﬁ"m%@?&rp@? L{rﬁaﬁ‘*?éc%‘? P eRAr und (253 ng, 94% as
a yell ow soI i d_Rm@ga@ TH7R)(MHAFS (Mr1) +. 1H NVR 5 (300
MHz, CDCl 3) 1

o 58 fa, 1ty THNM fa@o'?ﬁwz FhA ¢ 67 35 Bo8 (@, Tk S sder By T b s
25(d, 1H), 8.@4 H$ -8.644d) ,1H;L1 22 (br. s., 1H. c)

N6-[ (1S)-1-(5- FI uoropyrldln -yl)ethyli-N2-(2- rrethoxyPyrldln 3- Apyri di ne- 2,
3,6- triam ne

N6- [ (1S) PREPARATRNRY! I di n-2-yl) et hyl] - N2- (2- net hoxypyrl di n-3-14)-3-nitroP

yri di ne- 2‘3’0‘6—_—&Pr eparation 22b, 1 ded to a
suspensi onlSdflugee-2aae ﬁmnvré%mrﬁm'h’%%*l@%ﬁf’ww’&'n—&ﬁ!ﬂietmim'a%d t he
reactpon [qi2 AP?ﬁdMﬁ-@étheEd at anbi ent tenperature under a hydrogen

at nosphere. 7 hours, additional palladiumon carbon was added (18 np)
and the reaction mxture was stirred at anbient tenperature under a

hydr ogen gitameghfr £ phrr orfaHPé helid 1209 o SZEHEJr@ﬂSX(BWuer&Q-nVﬁﬁoM?ﬁUIﬁJBLt er ed
t hr ough Cellte(r% and ilter cake was v&q& et h sﬁjéﬁf‘x 10 nl).
The_c onbiRERIRal 2elermsRang B AR H) ¥ (30 TP oy BB iR

met hanol i(grepated | 'a@ébr&iﬁ? 16S Bk imbthdle desibedly i WROROOEISZEID2NI1Y IToNdwingi ithéer
purifi catl on. WD 2012/ 06920259PCT, EP2011/ 005

N-[ (18) - ﬁxesmpﬁﬂfarwwqhﬂﬁﬁsz’eﬁ@& inPreparati ?%3599%9? pyipHrication by flash; 4o, 0
4,5- b] mehhdhéto Fme%aﬁwéﬂhel aeetats ao( 180%methyll .asktaw@olo) 7veastiadlded to
asolutlon of - 1(5 5

fl uoropyr‘icﬁa\ﬁegr? 'ét hy1W ( 2- net hoxypyr| din-3-yl)Pyridine-2,3,6-triamne in
et hanol ( Preparras om/z3:2393 @md)‘t he resulting m xture was heated at 85 C for

5 hours. The reaction was ed down and diluted w tsetgyl 262}1 (50
m), washed wi HNMR 5?1@0@2""9!7- l%c'rﬁ_ﬂ %’n@'v’v?at:g?') ¢59 (Fr’I_éH 4% nesi um

sul phgt e and tdgg S@lesHh ﬁd Brﬁemrﬂ%uqe;b pmasauh' %H)Thmrevsedqm was
purified by flash chronato r % &1 10hexanes/ et% ate to 100% et hyl
acetate) to gV 1fé- tSrQQ@CTcB‘F}p dhd 8Siloun. ). Bads 8 s) as a green
oi | . PREPARATI ON 23 5- Chl or o- 2- net hoxypyri di n- 3- am ne 15

PREPARATION 13

(5-Chloro-2-methoxypyridin-3-yl)boronic acid

25
a) 3-Bromo-5-chloro-2-methoxypyridine
A solution of bromine (1.5 mL, 29.28 mmol) in glacial acetic acid (7 mL) was slowly
added to a mixture of 5-chloro-2-methoxypyridine (2.1 g, 14.63 mmol) and sodium
acetate (1.2 g, 14.63 mmol) in glacial acetic acid (7 mL) and the resulting mixture was
30 stirred at 80 °C for 6 hours. The reaction was allowed to cool down to ambient
temperature and then diethyl ether and water were added. The organic layer was
separated, washed with a 1N aqueous solution of sodium hydroxide and a 4% équeous
solution of sodium bisulphite, dried over magnesium sulphate and the solvent removed
under reduced pressure. The residue was purified by flash chromatography (100%
35 hexanes) to give the title compound (2.1 g, 64%) as a white solid.
"H-NMR & (300 MHz, CDCl;): 3.99 (s, 3H), 7.81 (d, 1H), 8.05 (d, 1H).



a) 5-Chl oro-2-nethoxy-3-nitropyridine A solution of sodi um net hoxi de (0. 84
g, 16.6 mmol) in nethanol (4 nlL) was added dropwi se to a solution of

2, 5- di chlwoaeR/mwbroeopyri dine (1.00 g, . 2 nmol) i n net hao®EPedi@/ond9p9 and t he
m xture was stirred and heated to reflux. After 7 hours, the m xture was
20cool ed and diluted with water and the precipitate was filtered and washed
with wat & (3-6higree2-methaxypyediaybbesonis asid g 9799 as a white solid. 11-1
NVR 8 ( 3‘252l>t aQQﬁ{n%) soné (fki%§ $rom’3bDbro:%o%?cKI@ro-zlm)etho&y@&d(re, (Preparation

5- Chl oro- -am ne 25 Zinc brom% g) @u A rmfhe? and

pl at i num18a) @@ﬂbﬁ\*ﬁOPB%Y'bO@E feflowing sthengyparmental BRGRYE % d.? i of
5-chl or o, fishyg.3-ni tropyridine (Preparation 23a, 950 ng, 5.04 nmol) in
et hyl acetatecd?lS mL) and the reaction mixture was stirred at anbient
tenpebature f s18§r{Mé'r1)a hydr ogen at nosphere. The mixture was then
filtered throug 0" n T 312k DAN@S 2MRBes! (dy 1H), BESh@nol .

The conbi ned 30wlﬁﬁt gte malﬁig gggn?nggé\t(/\gremgonc\gﬁtrg?ed t(() glﬂ/)e thg title
conpound (820 ¥i), 100% as a white solid. LRVS (mz): 159 (M4-1)+. 1H NMR 8
(300 MHz, CDCI3): 3.97 (s, 3H), 6.98 (s, 1H), 7.50 (s, 1H). 35 PREPARATI ON
24

3- (5- Chl GREPARATIONYHyri din-3-y1)-N-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-3
H m dgzo| ¥ AR 2 d@ziné 005929 a)

6- Chlqgro‘ﬁl-cﬁg’% 5'-<§HI %ﬁéﬂ?ﬁ%@ﬁ%ﬂ -%P(ﬁl t%{ifﬁu di n- 2- am ne

Triethyl am ne (2. 7 m_) and a catal ytic armunt of 4-di am nopyrimdine werre

added to Gt mbgtésoa ﬁfllo% Q:;li@' gtlﬁl’/ﬂrﬁor% grém&aéa m@tﬁaﬁy;sﬁ@ﬁx 3Y)brodit aaie ) and

5-chl oro- am ne aration 2 3.16
acet oni t r(Pr@a(’@t@nmJﬁb)an@dc t%bfpmﬁfh'ﬁ’émﬁ‘i“{;tz&[ﬂez mg""i‘izi“f‘er dfr n%{?é?tfﬂ"g hP at 90
C. Sol ve f MEQ&E rRHEEEbLY iRFFepRati 2] a solid
preci pi tgg)"dgﬁﬁq'L géﬁﬁligm% P errew \/vashedI W ﬁ] acetonitrile and dried.
The d6lid was RS (Wzéaﬁﬁ)(m"r)h di chl oromet hane, filtered, washed with nore
di chl or omet ham I BRASDIdL): 32deE (2R B s NidgtH)vera 169§ 8Bt r at ed
to dryness undgrﬁ%dégﬁgﬂggssureétg)t yi el 8 th()a tltl(e co)rrpoun%lp(ggo ng 30%
as an orange sdl i), 8837- @rNﬂRSSSS((QomHWz CDCI 3): 4.08 (s, 3H), 6.89 (d,
1H, 7.82 (d, 1H, 8.50 (d, 1H), 8.86 (d, 1H), 10.74 (bs, 1H). 15b)
N2- (5- Chl or 0- 2-r net hoxypyri di n-3-y1)-N6-[ (1S)-1-(5-fl uoropyridin-2-yl)ethyl
]-3- PREPARATION 15

20  3-5-Chloro-2-methoxypyridin-3-yl)-N-[(1S)-1 <(5-fluoropyridin-2-yl)ethyl]imidazo-

[1,2-b]pyridazin-6-amine

Obtained as a brown solid (30%) from 6-chloro-3-(5-chloro-2-methoxypyridin-3-yl)
imidazo[1,2-b]pyridazine (Preparation 14) and (S)-1-(5-fluoropyridin-2-yl)ethanamine
25 (prepared according to the method described in W02006/82392A1) following the
experimental procedure as described in Preparation 3a followed by purification by flash
chromatography (97:3 dichloromethane/methanol).
LRMS (m/z): 399 (M+1)".
'H-NMR & (300 MHz, CDCl;): 1.63 (d, 3H), 4.06 (s, 3H), 5.03 - 5.29 (m, 1H),
30 5.75 (d, 1H), 6.60 (d, 1H), 7.32 - 7.49 (m, 2H), 7.71 (d, 1H), 8.07 (br. s., 1H),
8.16 (s, 1H), 8.41 (br. s., 1H), 8.93 (br. s., 1H).

PREPARATION 16
3-Bromo-6-chloro-7-methylimidazo[1,2-b]pyridazine

35
a) 6-Chloro-5-methylpyridazin-3-amine (+ 6-chloro-4-methylpyridazin-3-amine)



nitropyridi ne-2,6-diamne Obtained as a yellow solid (61% from

6- chl or o- N- (5-chl or o- 2- net hoxypyri din-3-yl)-3- nitropyridin-2-am ne

( Pr epar atwono4md20and (S)-1-(5-fluorophri di n-2-yl) et hanaoirn®2¢1n/oevas ed
according to the nmethod described in W2006/ 82392A1) foll ow ng the 20

experinmental procedure as described in Preparaijon 22hb. Reacfion was heated
at 80 C Asmgninddr% sellign iR wWalshaRh ML) MRR ?fi’%?f@ A0 '00\(9522%19'?“{%%3'

resul ti ngn&hyiPfiddme8Io 4, 3% 70Mmol)as BtHaRbP@BtAgriapMYealel tabeting resulting
acet at e/ hexanes to 100% et hyl acetate). LRI%{Q m zr)" 419 6!\/&%) +. d
1H NMVR 8 Miseee wee sticesbat 00 4C for 7(°d',‘°“§%i)9°°lﬁ “("%? dihe selvegyy wagdemppgd g og
s(;deZSéH)‘TEgF 3%&5%- ?Reséﬂf?e. A, rebidti’ (s PumifiedSby2 Haél, chtbihatoGraphy((B:2 1H) ,
. y y . S

bs, 1H). c . .
N2- ( 53 ChihgXxenes/ethylaseials to E%QI%QJW)a%ﬁi?)(tﬁg)'%"i-t’(%!"ﬁ BAPBRYNE Bith 92571 et hyl |
pyri di ne-ad, B3mfktdreich e Bomiefs Wt Wa8Mused in the next step without further purification.
N2- ( 5- chl or o- 2- net hoxx_pﬁr I di n-3-y1)-N6-[(1S)-1-(5-fluoropyridin-2-ypethyl]-
3-nitropyridi a +(Wl‘r eparation 24b, 160 ng, 0.38 mml) in ethyl
acetate (11 nL) was hydrogenated using a H Cube(r) Conti nous-flow

hydr ogenati on reactor and a Raney(r)-N ckel catalyst cartridge under a 80
bar presQ)tsec("ﬂ’%\ﬁ'@eﬁ!ﬂ'mm"rﬁ&‘éag’vg?ﬁ'“ﬁ/as then concentrated to dryness

undenor edngiRed’ &5 aUb&igé Golid €4 ) i ithd enigiare @F IBHcHIGrodMettyipyfidaginds a
green oil which was used in the ngxt gynt.het Ié St gg. Wi t@(é#t urt her
purificati™Re  ERFS Seehlorp-S-metyipvpdazin-3-anne o {57eBREBI9N 6 1158 fepoHile, dBB 920
éléé- N(l\j/R ?ﬁ&%@n%mg%%}side%crﬁ%d(id Préddratich Wfdllsweaﬁg,puﬁﬂ&ﬁo(\ lbs,ﬂa&th-lzj ,
1j_|)1 g hfh(@atggﬁ%éhg_(wj“&éxl 2_?0 Tgé#e%(agg;/e&m écezétgf (bs, 1H), 7.61 (d,
3- (5- Cnhl or o- 2-urand eryd)y1eediMe-13-y1) - N-[ (1S) - 1- (5-f l uor opyri di n- 2-yCet hyl j - 3H
- im. dazo[ 4, 5-b ridin-5-am ne (bt ained as oi | 6% fro
N2- (35chl or o- ﬁ*}n@%ﬁohﬁw Miizn CRG) 2.48-(F¢ %@) %97?( & fﬁ%of‘%a (s, m)' 7.87 (s,
pyridin-2-yl)efylipyridine-2,3,6-triamne (Preparation 24c) and
formam di ne acetate
c¢) 3-Bromo-6-chloro-7-methylimidazo[1,2-b]pyridazine
Obtained as a beige solid (100%) from 6-chloro-7-methylimidazo[1,2-b]pyridazine
20  (Preparation 16b) following the experimental procedure as described in Preparation 1b.
LRMS (m/z): 246 (M+1)".
'H-NMR & (300 MHz, CDs0D): 2.55 (s, 3H), 7.91 (s, 1H), 8.06 (br. s., 1H).

PREPARATION 17 .
25  6-Chloro-3-(2-methoxypyridin-3-yl)-7-methylimidazo[1,2-b]pyridazine

Obtained as a green solid (76%) from (2-methoxypyridin-3-yl)boronic acid and 3-
bromo-6-chloro-7-methylimidazo[1,2-b]pyridazine (Preparation 16c) following the
experimental procedure as described in .Preparation 2.
30 LRMS (m/z): 275 (M+1)*.
'"H-NMR & (300 MHz CDCl): 2.50 (s, 3H), 4.08 (s, 3H), 7.09 (dd, 1H), 7.85 (s,
1H), 8.20 (d, 1H), 8.27 (s, 1H), 8.62 (d, 1H).

PREPARATION 18
35  N-[(1S)-1-(5-Fluoropyridin-2-yl)ethyl}-3-(2-methoxypyridin-3-yl)-7-methylimidazo-
[1,2-b)pyridazin-6-amine




foll ow ng the experinental procedure as described in Preparation 22d

foll owed by 10purification by flash chromatography (9:1 hexanes/ et hyl

acet at e twok0Wesetoby! acetate). LRVS (3 z): 399 (M+l) +. ptieidi1p0{0390 MHz,
ChCl 3): 1.54 (d, 3H), 3.98 (s, 3H), 4.98 - 5.14 (m 1H), 5.48 (d, 1H), 6.43

11, '8 3@ttaned g5 = beioespidfpfe) Stom 6-chioro’3-2-meltioxypyilin33h-7-Fretiy

3-(5-Cnl %M%[W?Z-B}bwwﬂéﬁ(Pre%aValibnNﬂ)( 28 - (50 55fflusapygini 2y iyetBandming hyl | - 6
-met hyl 3H1 m dazo[ 4,

5-b ridin-5- ne.20a .
6 Chl or o-(PIEpaISSh ALFOROE His oI AESED) s WRRRPEZRAN JBRTR P2 ari ne
t80di u h@b;éjﬂﬁenlﬁtﬁgﬂ/mdé&?é?%idﬁ@cﬂibbdihW{Eﬁéraﬁ&d 3a ﬁ;ua\agq by_@u&ﬂcza;ﬁnlbyﬂa?s added
o a stirred solution of 5-chloro-2-metho i n:3-am r ration
230, 3. 1SEpmACSBPND(y 1 HERBES Sy PR o 100 Fth e st iy
m Xt ure wastadd/ethafel).at anmbient tenperature for 30 minutes. A solution of
2,6-dichloro-3-nethyl-5-nitropyridine 25 (prepared according to the nethod
described in \WRREMEI4EEMAY - 1.0 g, 4.83 ol ) in tetrahydrofuran (10
n) was then agdQMRASY30OMHLATHER) 16X (d!I3H)\aBsh@aBeY, 21057 (6] BHY 50K ni ght
and then stirred at anbient ten‘g)er ature for_ 3 da}é%é( S%me_?é wasll_ﬁv&gﬁr at ed
under reduced D &&8uild). HAB (dadH). &8 {dda JH).F24ué 3R Pt -2a (G 'Hh: hanol ,
filtgped, vvasl*(gdﬂxﬂ' '8y @ di i, @l (deHhaMd (gangHylried to yield the title
30conpound (1.18 g, 74% as an orange solid. 1HNVR 5 (250 MHz, CDCl 3):
2.38 (s, 3H), 4.09 (s, 3H, 7.81 (d, 1H, 8.41 (s, 1H, 8.87 (d, 1H, 10.61
(Ngr'(g' ’ChEF;%%PARﬁg'@égﬁpyridi n-3-y1)-N2-[(1S 5-f1u ridin-2-yl)ethyl]
S Ssretphlaor{ ust amethorwidinrnnl-tsveubmidaroth 2auguits Y o) (ol
from 6-chl oro- N- (5-chl or o- 2- net hoxypyri di n- 3-y1) - 5-
met hyl- 3-nitropyridin-2-am ne (Preparation 25 nd - . .
(S) - 15( 5-@htaedpys iaibgige. salid <’§mm 2@2@&8%%6?1’)‘6#@9?@"& Adfani ne
(pr epar eqpassRatin 90} nd MEorBRicteehiBRST-idaRdiniida20pRD BfyBidafAd (Prepatdtioni ng
t he experinental procedure as descrd bed i,n Prepar gtl on 22
1H NMVR 8 16s3fplioning theexpgimentgpregeduses desgsiped in Pragaratipng, (o 31y 5 41
E&n i::i)l) g 8; %p?\gsj(l;l)/kg); Zgﬁfggéﬁz_bzm,s 7. ?0 (d, 1H), 8.11 (br.s., 1H), 8.45
: , 9. . r. S c
N2- ( 5- Chl or o- ZHRIMRR B0 Mz GRGl9) 21%. ({Sl(%'s!),-‘zl‘?l &.13H)of &9ytsi dFh-80Q &t hy ] -
5- mejghyl pyri djf 8.2413(561FI)' igg”g@'(ag figneye- Ni ckel (0.7 g) was added to a
sol ution of -AP-I-?}E- chl or 0- 2- met hoxypyri di n- 3-yl) -

PREPARATION 20
3-(5-Fluoro-2-methoxypyridin-3-yl)-N-[(1S)-1 «(5-fluoropyridin-2-yl)ethyl]-7-methyl-

imidazo[1,2-b]pyridazin-6-amine
25
Obtained as a beige solid (27%) from 6-chloro-3-(5-fluoro-2-methoxypyridin-3-yl)-7-
methylimidazo[1,2-b]pyridazine (Preparation 19) and (S)-1-(5-fluoropyridin-2-yl)
ethanamine (prepared according to the method described in WO2006/82392A1)
following the experimental procedure as described in Preparation 3a followed by
30 purification by flash chromatography (1:1 hexanes/ethyl acetate to 100% ethyl acetate
to 7:3 ethyl acetate/ethanol).
LRMS (m/z): 397 (M+1)".
'H-NMR & (300 MHz, CDCl3): 1.65 (d, 3H), 2.37 (s, 3H), 4.06 (s, 3H), 5.10-5.25
(m, 1H), 5.62 (d, 1H), 7.38 (d, 1H), 7.41 (d, 1H), 7.58 (s, 1H), 7.93 (d, 1H), 8.18
35 (s, 1H), 8.42 (s, 1H), 8.69 (dd, 1H).

PREPARATION 21




10

N2-[ (1S)-1-(5-fluoropyridin-2-ypethyl]-3-nethyl-5-nitropyridine-2, 6-di am ne
( Prepar atworzo24ts9200. 67 g, 1.56 nmol) i et hanol (15 nl) pamdpeéia/onmsul ti ng
m xture was stirred at anbient tenperature for 2 hours under a hydrogen

at nosphere. The mi xture was hen ugh Celite(r the filter
cake was r@HUBroRTEtheXyRYY "‘ ) 'A‘&ﬁg)l'ﬂéég Hff?‘?véﬁmldf'f'?'(yéieéﬁﬂﬁﬂ' 4% i ngs
cont ai ni 1121 pyfidaZdig-6caniimeund as a nethanolic solution 15 were concentrated
under re uced pressure to half of their volume and were used in the next

synthetic step without further purification. d)
3- (5-Chl or o- 2- et hoxypyri di n-3-y1) - N-[ (15) - 1- (5- quoropyrldln 2-yl)ethyl]-6

- t hyl- 34| m dazo| 4, 54 di n- 5- 2 | (33%
o 58 epd) SHBHNBE SIcin B U RV RBRy Bt ie B pepl g Tpyhdding. | (257

[ (1S) - 1- @Erihéuor opyri d| n-2-yl )ethyI I -5 rrethyl pyr| di ne-2,3,6-triam ne

P t 25 d f di, t

br ocedur & TS bf e ?éf%??g APEeEoR OBy BATARY SR 1By U brO By 11 ash
cgr ogﬁ; OGrAeMY (13A -G opsiSrieid )emiamlaé (bfeb%d8ao§c6§an/lfb thé:ﬁ&étagod % 57
"5 ALk, Sy 135 Wit s By P55 088 ("

3- quo 34(n$rRe)) j anaaﬁnétayuemmxﬂdeasdmwwpmedem& ¢ yori Idazo[rﬂ.a Bedlp@yubedazi n- 6

3/ (3R - Inplrebelbrineh 5agad s et hinBl St it i acstefe an o

plh }Oerl ?l rthelfurla}e &a@r\nﬁr@ﬂawgrgwaterl eltied ejver aiagmﬁorrﬁ&utghaﬁe lﬁdgtbie) solvent o a5
C oro(trinme 11 a . an .
mmol) in '3'@%"6%?%3 rtrrepp%e&fg(egswg) Taﬁ§e§'gm)y)88 pé‘f 'ﬁ Lﬂ%b cg' rﬁ?tégzag The

sol vent \ag-70%Tay&6ne! il Gexdraid) te diver testitteecampourite(0r £ gl 6d%)eas arteawed Wit h
wat er, Tgeﬁgreci pitate obtained was filtered, washed with nore water and
di etﬂ I ?#Br and dried in vacuo to WD 2012/ 06920263PCT/ EP2011/ 005929 gi ve

a solid that VasNgRré (2500Mpiz, CDEIY)SA. ayhmeH;thgatMT anhyH),18680(@atdy, to
1:1 water/(acetonltrlle/rrethaglg ‘Mﬂ he title conpound (20 ny,
35% as a sol &7 (GRiBE) (6 (s 1 87% (300 MHz, CD3COD): 1.45 -
1.72 (m 2H), 1.73 - 1.88 (m 1H), 2045(dd 1H), 263-278(m1H)

3.21 , 2H), 3.53 - 4, -4 -
6. 72 E?n b)%)-(s Filuggo-z-rqetilgx(m{rlé 3-yl-) @81_8)—;-(% il{l%p%ldl%—%ﬂf&%lgy& 8 57
(d, 2b), ifidezo[f2-bYpYriddziiNeFhdming

I e i AT <A S SRR 219
3-(2- et hl‘ﬁi@éﬁd[ﬁlZib]byﬁdadlr)-Gl&nﬁlﬁé@rebatdmﬁ)mb) aiyd IS-ﬂuoro-Z methoxypyndln -3-yl)
Ipinoggéag é)orom aC|d ?ﬁ para? ion 105“?olgowrlr($é3 ?heateg(gennr#gntal prog\el\éur}g gescrf%%(rilque ntal

Preparation 2 followed by purification by flash chromatography (40-60%

25 acetone/hexanes).
'H-NMR & (250 MHz, CDCl,): 1.66 (d, 3H), 4.02 (s, 3H), 5.18 - 5.32 (m, 1H),
5.50 (d, 1H), 6.62 (d, 1H), 7.73 (d, 1H), 7.93 (d, 1H), 8.20 (s, 1H), 8.54 (d, 1H),

8.57 (s, 2H).

30 PREPARATION 22
N-[(1S)-1-(5-Fluoropyridin-2-yl)ethyl]-3-(2-methoxypyridin-3-yl)-3H-imidazo[4,5-b]

pyridin-5-amine

a) 6-Chloro-N-(2-methoxypyridin-3-yl)-3-nitropyridin-2-amine
35  Triethylamine (6.5 mL, 46.6 mmol) was added to a solution of 2-methoxypyridin-3-
amine (1.0 g, 8.1 mmol) and 2,6-dichloro-3-nitropyridine (1.62 g, 8.4 mmol) in

acetonitrile (30 mL) and the resulting mixture was stirred at ambient temperature for 5



as described in Exanple 1 followed by purification by reverse phase
chromat ography 15(100% water to 2:3 water/(acetonitril e/ nmethanol 1:1)).
LRVS (i 2y0 28RA692021) +. 1H- NVR 8 (300 MHz, CD30D): 1.55PCa/EP3H)/008253 -
3.67 (m 1H), 3.73 (d, 1 H), 6.30 -6.45 (m 1H), 6.86 (d, 1H), 7.12 -7.26

(1|r_n|) _ 1;% 97@\29 ng tzgen at (éH (? |_?n" ZZ 5I'h<edbrecIEQItateafo:r)’r(r)1e Was ﬁltérec;:l_u/ash%dsﬁiﬂ‘ d,
3- (6- { [ ( Loptohitfile-andwiea my vadlion TRe ;bl)cemytﬂamms}d withll tetrahgdidfurdimyfilteckaz i n- 3-y

ég } EYE E?M‘é}ggég\%ﬂm dﬁ?‘ert%rlaﬁéqrﬂ rTag A eI the Lomb Pnleld fi I{rgt %anér\ggglhhés( 17vere

met hOXprohdémra?ed/ to dﬁhd@sz OhderZreHb@ad pdassune—tﬁ-mld ke (ifke epapatingd0.32 g,

follo t 1(jwhe ex(g_erl me& procedure as described in Exanple 1 followed by
ca

purifi NYFBIS & hase chr omat ogr aphy (100% water to 2:3
water/(acetomllRMdSQv’nVﬂ;t:tBaanBﬂMi))‘ LRVS (m'z): 351 (M+1)+. 301H NMR 8 (300

000 K o, 0B 4 M 50 6 ok o bard

8.34 - 8.43 (m.gisﬂ AH; ©81 (dr1H)S8.80 1) 1H)EXAB . $, 1H).
353-(6.-{[(1R) - 1-(5-Fluoropyridin-2-yl)ethyl]am no}i m dazo[ 1, 2- b] pyri dazi n-
3-y1) pyridin-2(1H)-one WD 2012/ 06920264PCT/ EP2011/ 005929 (bt ai ned as a

yel | qu sad)inb- [(1@%—*5 Fmasnrb\bﬁid?h i &thiy ] WL @pyethdxppPridin)Byipshiitd- ( 2-
met hoxypyr| di.n- i i)PI m dazo[ 1, 2- b] pyri dazi n- 6-am ne (Preparation 6)
fol | ow ngPyridines }?él‘ FRIRE al procedure as described in Exanple 1 followed by

purifi CatDl&Bpryléﬁ'Mﬁnﬁﬂe wdnas f?n@ har 8Nwinmg)) aabadiddtva \Hﬂtuﬂbn bf) 63:.'h1bro -N-(2-
vvater/(acetonltrlle/ne NVR 8

(300 MHz m@bg@tg)yn in- eb-y§ @d'utrq:%'ldm gmlr(eqh@fégeratzéw Zé ?& 0 6% ]1z 8nd1H)
7.36 (d, -(5flubrbpyfdin2-))etifandmitel hydrH);hloBde?Gbrégsaredla&cor&nglo theSmethod m

2H) . EXA ES5 . . .
15 described in W0O2006/82392A1, 0.13 g, 0.74 mmol) in butanol (5 mL) and the resulting
mixture was stirred at 80 °C overnight. Subsequently, the reaction was cooled down,
diluted with ethyl acetate and washed with brine (x3). The organic phase was
separated, dried over anhydrous magnesium sulphate and the solvent removed under
reduced pressure. The residue was purified by flash chromatography (hexanes 100%
20 to 1:1 hexanes/ethyl acetate) to give the title compound (253 mg, 94%) as a yellow
solid.
LRMS (m/z): 385 (M+1)".
"H-NMR § (300 MHz, CDCl3): 1.60 (s, 3H), 4. 08 (s, 3H), 5.26 (br. s., 1H), 6.03
(d, 1H), 6.38 (d, 1H), 6.91 (dd, 1H), 7.39 (t, 1H), 7.89 (d, 1H), 8.28 (d, 1H), 8.45
25 (d, 1H), 8.62 (br. s., 1H), 11.22 (br. s., 1H).

c) N°-[(1S)-1-(5-Fluoropyridin-2-yl)ethyl]-N*-(2-methoxypyridin-3-yl)pyridine-2,3,6-
triamine
N°-[(1S)-1 -(5-FIuoropyridin-2-y|)ethy|]—Nz-(2-methoxypyridin-3-yl)-3-nitropyridine-2,6—

30 diamine (Preparation 22b, 131 mg, 0.34 mmol) was added to a suspension of
palladium on carbon (10%, 18 mg) in ethanol (5 mL) and the reaction mixture was
stirred at ambient temperature under a hydrogen atmosphere. After 7 hours, additional
palladium on carbon was added (18 mg) and the reaction mixture was stirred at
ambient temperature under a hydrogen atmosphere for further 15 hours. The mixture

35  was then filtered through Celite® and the filter cake was washed with ethanol (5 X 10
mL). The combined filtrate and washings containing the title compound as a methanolic

solution was used in the next synthetic step without further purification.



103-(6-{[(1S)-1-(5-Fluoropyrimdin-2-yl)ethyliam no}i mdazo[1, 2-b] pyridazin
-3-yl) pyridin-2(1H)-one Qotained as a brown solid (56% from

N R1S) - 1-wB-2012u@ppyri m di n- 2-yl ) et hylf]9 3-(2- PCT/EP2011/005929

nmet hoxypyri di n-3-yl)im dazo[1, 2- b] pyri dazi n- 6-am ne (Preparation 7)

foll owi ng the 15experi nent al procedure as described in Exanple 1 foll owed
by purification by reverse phase chronmat ography (100% water to 3:2

wat er/ ( aQ% [(it 5)-1 { 5/Fimd ropyeitinl2-1))pthyl]RAR-rrat B o xy p3/pidlin-Blyl)-3H-imidazof/& 8 (300
M—IZCD30 (}_amw) 5.08- 5.23 (m 1H), 6.47 - 6.61 (m 1H), 6.93
(d, 1H), bipygding 71 (d, 1H), 8.38 (s, 1H), 8.65 - 8.77 (m 3H). 20
EXAMPLE Gormamidine acetate (141 mg, 1.35 mmol) was added to a solution of A°-[(1S)-1-(5-

T T B il -
2t ﬁ, 3I ]rret hgw&lﬂogaﬁza) mwdtﬁe PésLitihG) mikturbamad hasted at 85 °C for 5 hours. The

yl ]i midazo i dazi n
exper i medgagt ?Aﬂ%‘; Q%W'aée%gl'@gﬁr‘}‘f?ﬁ(eéﬁyjpar@r“i@o’?‘% Ja%h%@%ﬁﬁnbggat i on
\1,3\%/1 t :arey(e;??t ﬁ?ta)r??fd;mgﬁ%g?p hiyied meli/%hesintixmsybgéte and the solvent removed
1H NVR 8 U8 "Riuced praseye- gy %%‘?”"3‘#63,3 Uik b%%%?{‘?/tn'qﬁ%ﬁ%",gr%‘?%(%, 1H)

307. 23 ( thex&hﬁs/etﬁylsadetate :&bﬂoo% e4r53/| actal®) t¢ give 2hé title7catipgund (188 mg7 886k, (d,
1H, 8.20 (d, 51) 57 (; , 8.55 - 8.60 (m 1H). EXAMPLE 7

355- FI uortyO$IgRs: E‘F(”Pé‘? ne fs f1 uor opyri di n-2-yl ) et hyl i am no}i ni dazo[ 1, 2- 03yr
I dazin-3- yl)pyridin-2(1H)-one WO 2012/06920265PCT/ EP2011/ 005929 (bt ai ned

3 (5 rugEBRRaTIoNGS) | o
3-(5-flu yridin-3-yl)-N-[(1S)-1-(5-

f 1 uor opyr5-Ghiord-24retiyxypyridie3anhibe2- b] pyri dazi n- 6- am ne (Preparation 12)
foll ci\gn ng the experinental procedure as described in Exanple 1.

a) 5-Chloro-2-methoxy-3-nitropyridine

A solution of sodium methoxide (0.84 g, 16.6 mmol) in methanol (4 mL) was added

dropwise to a solution of 2,5-dichloro-3-nitropyridine (1.00 g, 5.2 mmol) in methanol (10

mL) and the mixture was stirred and heated to reflux. After 7 hours, the mixture was

20 cooled and diluted with water and the precipitate was filtered and washed with water to
give the title compound (0.95 g, 97%) as a white solid.
'H NMR § (300 MHz, CDCls): 4.11 (s, 3H), 8.23 (s, 1H), 8.32 (s, 1H).

b) 5-Chloro-2-methoxypyridin-3-amine
25  Zinc bromide (226 mg, 1 mmol) and platinum on carbon (5% , 491 mg, 2.52 mmol)
were added to a solution of 5-chloro-2-methoxy-3-nitropyridine (Preparation 23a, 950
mg, 5.04 mmol) in ethyl acetate (15 mL) and the reaction mixture was stirred at
ambient temperature for 5 hours under a hydrogen atmosphere. The mixture was then
filtered through Celite® and the filter cake was washed with methanol. The combined
30 filtrate and washings were concentrated to give the title compound (820 mg, 100%) as
a white solid.
LRMS (m/z): 159 (M+1)".
'H NMR & (300 MHz, CDCl3): 3.97 (s, 3H), 6.98 (s, 1H), 7.50 (s, 1H).

35 PREPARATION 24
3-(5-Chloro-2-methoxypyridin-3-yl)-N-[(1S)-1-{5-fluoropyridin-2-yl)ethyl]-3H-
imidazo[4,5-b]pyridin-5-amine




LRVS (mz): 369 (M+l)+. 51H NVMR 5 (300 MHz, DVsO-d6): 1.58 (d, 3H), 4.85 -
5.12 (m 1H), 6.96 (d, 1H), 7.52 (br. s., 2H), 7.60 - 7.74 (m 1H), 7.88
(d, 2H), W04012/0682021 (m 3H), 11.88 (b6Q s., 1H). EXAVPRETAP2011/005929
105-Chloro-3-(6-{[(1S)-1-(5-fluoropyridin-2-yCethyliam no}imdazol[ 1, 2-b] pyr
| dazi n-3- yl)pyridin-2(111)-one ot ai ned as a brown solid (57% from
3-(5-chl oro-2-net hoxypyridin-3-y1)-N-[(1S)-1-(5-

fluor Opyrd)@-(DhI%Tdiﬂ-ﬁ-bulb}émrdmwyﬂdh]-31yr)43dﬁtﬂdibyﬁdm¥2-ﬁm|69r eparation 15)

follow ng the 15 ta d bed

(2" SEreltupersine (414 ThFeTS! 3 SHBVRRAmasIER Hrpmineryamtine Hepe gl o8,

é m 1sz, sBluli@n(& 2éld)ch|<?ro$1m(rdpyndldé) (63@ g, 3.31. E\ﬂnd)rfancilﬂ}chlaro%n'(edwoxil-b
2'002 Nqu]gngm 3- amme fbrepgpatlon 2§ 5(81S 'mg F:Q 16 mmoﬁ) gn écejtcmltnle %203ng nd the’ 1H)..
3- (6-{[ ( ¥&3ultind miktukeo waiystiridnoveriight &y lopardi. rEdIve'h{ mmwenmeﬂmblurmdmpyr. d

ﬂf'RQ?S’,) A?yrrelggclfq%uég%ﬁ gjirr]\ﬁl 225%{[ ﬁ%ﬁ)lf%ec? ZP llg was fqtg%eo@ was?'ned with

met hoXy py4cetinitri@- ¥ad - dridet The isblid] avs [tHeerrbialBW MﬁZdlﬂaIBmaféthm(dDrﬁteaédat i on18

% n}c gl) | O\émelgag*tﬁaeyexpecgrlenglchloron?etggr?ed %rq?i descééc? ﬁj&ﬁaltg Ijgg Wégﬁngi v&re (d,
?';) , 113) 4Zongentrdthd tat dBmesS uhder rlasgtzldétl)? p;e’f@?'eze 1y(éld tHdYitle GorBoyret] (3BE)mg7. 33

, 7.74 (s, 1H), 8.38 - 8.49
(m 2H), 3@131%(@;?0@@9&89\@ 11.84 (br. s., mlH)H)EXANPLE( 10 K

5- Fl uor o- 3- (6-14- Nﬂ/@) s cﬂcSMqu@mm».r udsn(s23m), Jesdd, [ 1)) nep-(d; maj, /50 (d,dazof 1

, 2- 35fl ri dazi n- 111)-one WO 201
Py 1H), 886 d YH) 1074 (g 1|_])‘ 2/ 06920266PCT/ EP2011/ 005929

15  b) N’{5-Chloro-2-methoxypyridin-3-yl)-N°-[(1S)-1<5-fluoropyridin-2-yl)ethyl]-3-
nitropyridine-2,6-diamine
Obtained as a yellow solid (61%) from 6-chloro-N-(5-chloro-2-methoxypyridin-3-yl)-3-
nitropyridin-2-amine (Preparation 24a) and (S)-1-(5-fluoropyridin-2-yl)ethanamine
(prepared according to the method described in WO2006/82392A1) following the
20 experimental procedure as described in Preparation 22b. Reaction was heated at 80
°C for 3 hours under microwave irradiation. After work-up, the resulting crude was
purified by flash chromatography (1:9 ethyl acetate/hexanes to 100% ethyl acetate).
LRMS (m/z): 419 (M+1)".
'H-NMR § (300 MHz, CDCl3): 1.64 (d, 3H), 4.08 (s, 3H), 5.37 (bs, 1H), 6.08 (d,
25 1H), 7.33 - 7.47 (m, 2H), 7.83 (d, 1H), 8.28 (d, 1H), 8.44 (d, 1H), 9.02 (d, 1H),
11.30 (bs, 1H).

c) Nz-(5-ChIoro-2-methoxypyridin-3-y|)-N6-[(1 S)-1-(5-fluoropyridin-2-yl)ethyl]
pyridine-2,3,6-triamine
30 A solution of N?-(5-chloro-2-methoxypyridin-3-yl)-N°-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-
3-nitropyridine-2,6-diamine (Preparation 24b, 160 mg, 0.38 mmol) in ethyl acetate (11
mL) was hydrogenated using a H-Cube® Continous-flow hydrogenation reactor and a
Raney®-Nickel catalyst cartridge under a 80 bar pressure (flow = 0.3 mL/nﬁin). Solvent
was then concentrated to dryness under reduced pressure to yield the title compound
35 (100 mg, 64%) as a green oil which was used in the next synthetic step without further
purification.
LRMS (m/z): 389 (M+1)".



Obtained as a solid (99% from

3-(5-fluoro-2-net hoxypyridin-3-y1)-N-[(1S)-1-(5-

f | uor opyrwoior2symet hyl ] - 7- met hyl -i mi déko[ 1, 2- b] Pyr i dazipoT/Eprasii 065929
(Preparation 20) follow ng t he experinental procedure as described in

Example 1. L . 511-1-N\VR 8 _(,300 de) 61 (d,
3H), 2.39 (sRMgH)'MRal @PO MB’ ,1§D%>h? hRy (d. 63'@94(03((3- ), 47"84@“/E %) %590((}1 (
7.55 - 7.67 (mH)lls094é&, 114 (7926 Aria3 (&, 360), 7§sgﬂs (e, 269 (d, EXKAMBLE (@11H),
105- Fl uor o- 3- ( 6- 1S) - 1-(5-f1 uoropyri m di n- )ethyljam no}im dazo[ 1, 2-b]
pyridazin -3-y3-8pihil -n-2(111) one Obtained as a yellow solid (14% from
?l(S fluoro- (21 rretzhoxypyLi Fin dyl) N-[(1S)-1-(5-
uor opyri mdi n- 2-yl) et i m dazo t
210y B0l IOHRCHSF 2 BRRaY R SyNISHa Eatepdieg Yietil e 1 "
fol | owed iRydR26745.5) w,eﬁ, mnﬁﬁ@par ative thin layer chromatography (1:9
met hanol / di cl or onet ane_}l 1H NZ@ (250 MHz, DNMSO- 6 ]h€5[§‘95(d 3{0 4.97 -
5.13 (m qpq?meg agjan gil ( q_‘}j;) from (q-chlgrquZ mf:ﬂg}fy?ﬂldlri#yl) )(1d(5' Ygro g 47
(S 1H) %ﬂ@ﬁ! igﬁethﬂl]ﬂyndlﬁe& éﬁnarﬁi‘ﬁ}e Fﬂré Sratiowr24cy . aniHformamhidixé\\ddetatd 2
3-(5-{[( ? Fl uor opyri di n- 2- F

2V1) byt fallowing 1he jexaRamSrehprGeElrca s HasEAReL 1 kA o folowed By ¢! "

N R1§p- 1- f&f&émrwsh%fbrﬂaw bhy (d:1 ?neké’nemtthp&etate to 100% ethyl acetate).
pyridin-3-yl)-3Himda pyridi n-5-am ne (Preparation 22d) follow ng

t he experi mentltM r(’(%’éd%é%("ég )descrl bed in Exanple 1 followed by

purification hae tga 9
wat er / met hanolbzqd':ﬁ"R{le;/SB%gon?z) %ﬁfﬁgg/ﬁg-)xoam?lfﬁs (208}, 498 05 134Df\r/ré 1?6)
1

1.45 (d, 3H) 61,-1Jrl)9@4§r6§i Hy7 Q{m. 2H) 7.78. (994"(%811“—1)3137('282“) 7.47
(m 3H), 7.54 874@51&?1 g,E% 1;..%66 7.77 (m 2H), 8.44 (s, 1H), 8.50 (s,

1H), 12 25 (br.s
PREPARATION 25
3-(5-Chloro-2-methoxypyridin-3-yl)-N-[(1S)-1-(5-fluoropyridin-2-yl)ethyi]-6-methyl-
3H-imidazo[4,5-b]pyridin-5-amine

20  a) 6-Chloro-N-(5-chloro-2-methoxypyridin-3-yl)-5-methyl-3-nitropyridin-2-amine
Sodium hydride (60% dispersion in mineral oil, 0.23 g, 5.80 mmol) was added to a
stirred solution of 5-chloro-2-methoxypyridin-3-amine (Preparation 23b, 1.15 g, 7.25
mmol) in tetrahydrofuran (11 mL) and the resulting mixture was stirred at ambient
temperature for 30 minutes. A solution of 2,6-dichloro-3-methyl-5-nitropyridine

25 (prepared according to the method described in WO2010/094645(A1), 1.0 g, 4.83
mmol) in tetrahydrofuran (10 mL) was then added and the reaction mixture was heated
at reflux overnight and then stirred at ambient temperature for 3 days. Solvent was
evaporated under reduced pressure and the resulting residue was treated with
methanol, filtered, washed with additional methanol and dried to yield the title

30 compound (1.18 g, 74%) as an orange solid.

'H-NMR & (250 MHz, CDCl): 2.38 (s, 3H), 4.09 (s, 3H), 7.81 (d, 1H), 8.41 (s,
1H), 8.87 (d, 1H), 10.61 (br.s., 1H).

b) Af-(S-ChIoro-2-methoxypyridin-3-y|)-Nz-[(1 S)-1-«(5-fluoropyridin-2-yl)ethyl]-3-

35  methyl-5-nitropyridine-2,6-diamine
Obtained as an orange solid (88%) from 6-chloro-N-(5-chloro-2-methoxypyridin-3-yl)-5-
methyl-3-nitropyridin-2-amine  (Preparation 25a) and (S)-1-(5-fluoropyridin-2-yl)



355-Chl oro-3- (5-{((1S)-1-(5-fluoropyridin-2-yCethyl]am no}-3Him dazo[ 4, 5-/

Apyridin- 3-Apyridin-2(111)-one WD 2012/06920267PCT/ EP2011/ 005929 A

suspensi ogoeb12Axsé2chl or o- 2- met hoxypyra2di n-3-yl) - N-RL  pCT/EP2011/005929

(S?D 1-(5-f1 uor(z)%rl C61I n-2-yl)ethyl] -3Himdazo[4,5-b]pyridin-5-am ne
reparation 9 mg, 0.17 mmmol ) in aqueous hydrogen rom de tion

(48% O. etnan)amm (nrepatad @ecardnactd dhe mathad sdesgripgd in 02Q9§6§%3§§AF

anbi ent  §GARHARES HIRE Al SedfEBY BdsibRAN P@ébé?&iﬂ) s sur e and t he
5r esi due was tg?trg pe ae(:igtonltrl s The";ol id wa A ered, washed with

?ggt onl) t rll_lhe éHtNMR|89@5DdV|UZ\/@DGh)5 1tfi5ft (& ¥Dnpa3ars. %!é) éQYy(fr g tifmsal t
ny e 141 & | f u

saturated pot asg1 umy@gr%ghgfgzg gH?”C_’?&)E%1 egﬂzgidﬁ [ ﬂg) gui%@ngﬁgsr? %s
stirrgd for 2(dholl)s11.26Kb1 Sadébat e (15 m.) was added and t he
aqueous | ayer was separated and washed with ethyl acetate (2 x 15 nL). The
10conbi ned organic extracts were dried_over sodi um sul phate and the

sol vent s cpW5Chlero-2-methexypyrislin 3V -Hd S-1 b fuasapyidia-2-¥lethy-55609 as a
p| nk soll tgwﬁﬁmié‘ 2?,%5" w1)+ 1H NVR 8 (300 Mz, CDCI 3) 1 53 (d,

1 1 Q742- 48 (m 2H), L 7.71
(bs 1H) Rapeg®Nickel (0 g) Srasedded tqmsolqwr@lm\ép(@umé mefthwavr@"t Y1 (1
S)- 1765 fe 3[H‘#) gj@r ﬂlgir?};ygg %&@éth}%@%ﬁﬂ}s ﬁtrHBHBiﬂe §U=dlé?hﬁ'\%2(ﬁrép§'at|on

b]pyr|d|n alned as” a beige solid (629 from
3- (5- chl @5b; Qﬁ?eg hb&§ pymptliim-ethapp! (15mt) -and(the resulting mixture was stirréd at

f 1 uor opyrjdi; bk lrbr S oGS hdiePhiny Biodas AtrfospHele YHehixtire #/2sRe
(Preparation &}éggﬁk}%&l*} & Hﬁg exeelréﬁhlr){er?g rg%edure as des?:rl bed Tn
Exanpl e fitered through Cehte and the fi lter cake was washed with methanol (30 mL). The

combined filtrate and washings containing the title compound as a methanolic solution
15 were concentrated under reduced pressure to half of their volume and were used in the

next synthetic step without further purification.

d) 3-(5-Chloro-2-methoxypyridin-3-yl)-N-[(1S)-1 -(5-fluoropyridin-2-yl)ethyl]-6-
methyl-3H-imidazo[4,5-b]pyridin-5-amine

20 Obtained as a green oil (33%, two steps) from Nz-(5-chIoro-2-methoxypyridin-3-yl)-Ne—
[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-5-methylpyridine-2, 3,6-triamine (Preparation 25c)
and formamidine acetate following the experimental procedure as described in
_Preparation 22d followed by purification by flash chromatography (20-40%
acetone/hexanes).

25 'H-NMR & (250 MHz, CDCls): 1.57 (d, 3H), 2.30 (s, 3H), 3.99 (s, 3H), 5.26 (m,

1H), 5.39 (d, 1H), 7.33 (m, 2H), 7.69 (s, 1H), 8.16 (m, 3H), 8.39 (br.s., 1H).

EXAMPLE 1
3-Ox0-3+(3R)-34{[3-(2-0x0-1,2-dihydropyridin-3-yl)imidazo[1,2-b] pyridazin-6-yl]

30 amino}piperidin-1-yl)propanenitrile

A mixture of 3-((3R)-3-{[3-(2-methoxypyridin-3-yl)imidazo[1,2-b]pyridazin-6-ylJamino}
piperidin-1-yl)-3-oxopropanenitrile ~ (Preparation 3c, 58 mg, 0.15 mmol),
chloro(trimethyl)silane (0.06 mL, 0.44 mmol) and sodium iodide (67 mg, 0.45 mmol) in
35 acetonitrile (1.5 mL) was stirred at 80 °C for 50 minutes. The solvent was removed
under reduced pressure and the residue was treated with water. The precipitate

obtained was filtered, washed with more water and diethyl ether and dried in vacuo to



LRVE (nmfz): 399 (M+1)+. 1H- NVR 8 (400 MHz, DVMSO-d6): 1.55 (d,
3H), 2.26 (s, 3H), 5.20 (m 1H), 6.04 25(br.s., 1H), 7.40 (dd, 1H), 7.49
(m 2H), Woesi1A®e20tH), 8.15 (m 1H), &340 (d, 1H), 8.51pcsiEriéio0sb2e 11
(br.s., 1H). Following a simlar procedure to that descri bed above, the
foll OWI ng conpounds were obtained: 30 EXAMPLE 1

(S) 5- ( Dighieuarsolid that| wass pyrified1by Eaverseo PRASFY Ffefpwazosyaa'wt HPPZwatsr it bhzo[ 1, 2

- pyr i %
(9 3 Lo L e e ™S 3 ) B 3aol 5 y1) -5

- met hyl pyrldll-mml ?c7r$e(NE>1A|VPLE 17

o byt oo S B Ul OO 8L By 0 s ol . 2
(S 135( ?0( |1 ( Rdekl Uy @B3r4 ?v&(m, gH).e3. By (a2 ndp38-3 90 ('ﬁe@*ﬂyl“sﬁﬂ f 84 1(Mpi per az
in-1 - [ 3 d

(S)-3-(6- (1 (?'ﬁlaég%opyrl §§5 - 2-2@ %N%Sno{{az?(net hyl i m dazo[ ?ﬁziﬁ)] pyri da
zi n-3- yOpyri .28 (& 11),)8.9h @, 15), MMEWO

EXAMPLE 2
10  3+6-{[(1S)-1-PhenylethyllJamino}imidazo[1,2-b]pyridazin-3-yl)pyridin-2(1H)-one

Obtained as a brown solid (56%) from 3-(2-methoxypyridin-3-yl)-N-[(1S)-1-phenylethyl]
imidazo[1,2-b]pyridazin-6-amine (Preparation 4) following the experimental procedure
as described in Example 1 followed by purification by reverse phase chromatography
15 (100% water to 2:3 water/(acetonitrile/methanol 1:1)). |
LRMS (m/z): 332 (M+1)".
'"H-NMR & (300 MHz, CD3;OD): 1.55 (d, 3H), 3.53 - 3.67 (m, 1H), 3.73 (d, 1 H),
6.30 - 6.45 (m, 1H), 6.86 (d, 1H), 7.12 - 7.26 (m, 1H), 7.29 - 7.48 (m, 5H), 7.65
(d, 1H), 8.30 (br. s., 1H), 8.38 (d, 1H).
20
EXAMPLE 3
3-(6{[(1S)-1-(5-Fluoropyridin-2-yl)ethylJamino}imidazo[1,2-b] pyridazin-3-yl)
pyridin-2(1H)-one

25 Obtained as a yellow solid (64%) from N-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-3-(2-
methoxypyridin-3-yl)imidazo[1,2-b]pyridazin-6-amine (Preparation  5) following- the
experimental procedure as described in Example 1 followed by purification by reverse
phase chromatography (100% water to 2:3 water/(acetonitrile/methanol 1:1)).

LRMS (m/z): 351 (M+1)".

30 '"H-NMR § (300 MHz, DMSO-ds): 1.51 (d, 3H), 4.91 (t, 1H), 6.17 - 6.33 (m, 1H),
6.86 (d, 1H), 7.31 (d, 1H), 7.43 - 7.54 (m, 1H), 7.65 (t, 1H), 7.71 - 7.86 (m, 2H),
8.34 - 8.43 (m, 2H), 8.57 (br. s., 1H).

EXAMPLE 4
35  3-(6{[(1R)-1-(5-Fluoropyridin-2-yl)ethyljJamino}imidazo[1,2-b] pyridazin-3-yl)
pyridin-2(1H)-one



(S)-5-Fluoro-3-(6-(1-(5-fluoropyrimdin-2-yl)ethylam no)-7-nmethylimdazo]|
, 2- b] pyridazin-3-yl)pyridin-2(1H) -one 20 EXAMPLE 21

(S) - 5- ( 6-Wd20f/dshrear opyri di n- 2- yCet hyl 64ri no) i m dazo[ 1, 2pbirRynédaagions 3-

yl') pyri m di n-4(3H)-one 25 PHARVACOLOG CAL ACTIVITY | n vitro JAK ki nase

Assays Conmpounds were screened for their abili to inhibit JAKIL,
JAK2 and Quta®edsngat yrllod0aokichy(42%3 fraen Ml(EF)- B‘éﬁ'ﬂHP'W'%'gtYé)mef B-@omi ns

of hurman rﬁ%&){%@@?iﬁ@wé%ﬁ&o B%yﬁé‘&uﬁ-gﬁarﬂiﬂlézm %&J‘&'ﬁoﬁ ag) 7 fimowihgd)thand

Tyk2 (aa expr ssed’as N-term nal fusion proteins using a

bacul ovi rexpegimgnias prasaderpasedaseribedisy ExgupleHaodewed 8)?1%5?9%‘%“’65’ EY&Rtes.
The enzymg tan c@@»&%ﬁér&gﬁ‘@ﬁ@%m@g 1482 ghat8H(aLRRMIdhRtRarid) @ty | at ed

pepti de, C sBio). The peptide concentration in the
r eact Sons was N(rrf/Z)r3@NM+1 20 nMfor JAK2, 140 nMfor JAK3 and 50 nM for

Tyk2. The degreg ??%bgoowzglbg?%g ejf@ca@cfgymﬁfﬁﬁ f i), "ee8g eol ved

fl uorescence energy oun wer'e neasured for each

kinase in a rett) 7@6 (di Wtui7&2ddn2HY), mcg(d: i1:)8 &%@MHA‘BF"%WI@@ #dbtide in
8 MM MOPS (pH 7.0), 10 nM MyC12, 0.05%3- mercaptoethanol, 0.45 ng/m BSA.
The ATP concentration in the reactions was 3 pMfor JAKL, 0.2 pMfor JAK2,
0.6 pM f cEXA MRBEs€nd 1.8 pMfor Tyk2. The enzymatic 5reactions took place

for m ty s ed with
20 piCor SHHC iSRG R taR it aE Ly mPY BB PR Y1)
(W v) BSApyridin2(h)-coet ai ni ng 0. 115 pg/ mL of anti-phosphoTyr (PT66) -
Cryptate (CisBio) and a variable concentration of SA-XL665 (CisBio) to keep
the SA-B ratio constant. Incubate for 3 h and read on Victor 2V

spect r of | Qbtabvest es 4 feown reBlideGE%ofen NJ(1Dld(GHupserysiptdio=-yietlldrte
energy t r.ﬁ%&f yﬁ%—g@ﬁn@}%{ﬁ? rbﬁHéleHEZlH%%’mﬁgo‘(ﬁréﬁYé?lohheIR/u‘gélioWHQWgthe

meani ng.: noaC| hi one- S-transferase

3- ( N-Ifor pexglerimental ppenedursuas deﬁoasrbad, iin ERgmplepb {aliawed by purificafion by igyerse
adenosi nepl'Hse cﬂ?&‘ﬁ%@}a%hy (100% water to 3:2 water/(acetonitrile/methanol 1:1)).

LRMS (m/z): 352 (M+1)".
'H-NMR & (300 MHz, CD;0D): 1.64 (d, 3H), 5.08 - 5.23 (m, 1H), 6.47 - 6.61 (m,
1H), 6.93 (d, 1H), 7.40 (d, 1H), 7.71 (d, 1H), 8.38 (s, 1H), 8.65 - 8.77 (m, 3H).
20
EXAMPLE 6
4-(6{[(1S)-1-PhenylethylJamino}imidazo[1,2-b] pyridazin-3-yl)pyridazin-3(2H)-one

Obtained as a yellow solid (26%) from 3-(3-methoxypyridazin-4-y!)-N-[(1 S)-1-phenyl
25  ethyllimidazo[1,2-b]pyridazin-6-amine (Preparation 9b) following the experimental.
procedure as described in Example 1 followed by purification by reverse phase
chromatography (100% water to 2:3 water/(acetonitrile/methanol 1:1)).
LRMS (m/z): 333 (M+1)".
'H-NMR § (300 MHz, CD;0D): 1.58 (d, 3H), 3.27 - 3.33 (m, 1H), 6.96 (d, 1H),
30 7.22 (t, 1H), 7.37 (t, 2H), 7.42 - 7.50 (m, 2H), 7.72 (d, 1H), 7.80 (d, 1H), 8.20 (d,
1H), 8.57 (s, 1H), 8.55 - 8.60 (m, 1H).

EXAMPLE 7
35 5-Fluoro-3-(6-{[(1S)-1-(5-ﬂuoropyridin-2-yl)ethy|]amino}imidazo[1,2-b]pyridazin-3-
yl)pyridin-2(1H)-one



EDTA: et hyl enedi am netetraacetic aci d HEPES:

4- (2- hydr oxyet hyl ) - 1- pi per azi neet hanesul fonic acid 20 Table 1 depicts |1C50

val ues f owocerdmbm2exenpl ary conpoundsgddescri bed in thepcmerpdilonse2d n Tabl e
1, "A" represents an |1 C50 value of less than 0.1 pM (100 nM "B"

represents an 1 C50 value in the range of 0.1 pM ( (11000 nM ,
and C r ef@ltgiond asanyeltoR0solid (96%)i frpme B- (mﬁr@mtbqwm"mw yl)z‘é! l@ﬁh

Exanpl e mordpgﬁ&n%\lﬁéﬂ(m|d$£§9ﬂﬁ%y(’ﬁ§9ln$0aﬁ'ﬂnép(meﬁap Monl17) OldwifigAhé B
experimental procedure as described in Example 1.
LRMS (m/z): 369 (M+1)".
5 'H-NMR 5 (300 MHz, DMSO-ds): 1.58 (d, 3H), 4.85 - 5.12 (m, 1H), 6.96 (d, 1H),
7.52 (br. s., 2H), 7.60 - 7.74 (m, 1H), 7.88 (d, 2H), 8.40 - 8.71 (m, 3H), 11.88
(br. s., 1H).

EXAMPLE 8
10  5-Chloro-3(6-{[(1S)-1-{5-fluoropyridin-2-yl)ethylJamino}imidazo[1,2-b]pyridazin-3-
yl)pyridin-2(1H)-one

Obtained as a brown solid (57%) from 3—(5—chlof6—2-methoxypyridin-3;yl)-N-[(1S)-1-(5-
fluoropyridin-2-yl)ethyllimidazo-[1,2-b]pyridazin-6-amine (Preparation 15) following the
15 experimental procedure as described in Example 1.
LRMS (m/z): 385 (M+1)".
'H-NMR & (300 MHz, DMSO-ds): 1.57 (d, 3H), 4.93 - 5.12 (m, 1H), 7.10 (d, 1H),
7.51 (dd, 1H), 7.61 - 7.74 (m, 2H), 7.93 (d, 1H), 8.07 (d, 1H), 8.52 (d, 1H), 8.58
(s, 1H), 8.75 (d, 1H), 12.33 (br. s., 1H).
20
EXAMPLE 9
34(6{[(1S)-1 -(5-FIuoropyridin-2-yl)ethyl]amino}-7-methylimidazo[1 ,2-b]pyridazin-
3-yl)pyridin-2(1H)-one

25 Obtained as a beige solid (51%) from N-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-3-(2-
methoxypyridin-3-yl)-7-methylimidazo-[1,2-b]pyridazin-6-amine (Preparation 18)
following the experimental procedure as described in Example 1.

LRMS (m/z): 365 (M+1)".
"H-NMR & (300 MHz, DMSO-d;): 1.63 (d, 3H), 2.43 (s, 3H), 4.93 - 5.18 (m, 1H),

30 6.29 (t, 1H), 6.87 (d, 1H), 7.33 (d, 1H), 7.50 - 7.61 (m, 1H), 7.62 - 7.71 (m, 1H),

7.74 (s, 1H), 8.38 - 8.49 (m, 2H), 8.61 (br. s., 1H), 11.84 (br. s., TH).

EXAMPLE 10
5-Fluoro-34(6-{[(1S)-1-(5-fluoropyridin-2-yl)ethylJamino}-7-methylimidazo[1,2-
35  b]pyridazin-3-yl)pyridin-2(1H)-one
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Obtained as a solid (99%) from 3-(5-fluoro-2-methoxypyridin-3-yl)-N-[(1S)-1-(5-
fluoropyridin-2-yl)ethyl]-7-methyl-imidazo[1,2-b]pyridazin-6-amine (Preparation  20)
following the experimental procedure as described in Example 1.
LRMS (m/z): 382 (M+1)".
'H-NMR § (300 MHz, DMSO-ds): 1.61 (d, 3H), 2.39 (s, 3H), 4.97 - 5.15 (m, 1H),
6.89 (d, 1H), 7.41 - 7.55 (m, 2H), 7.55 - 7.67 (m, 1H), 7.74 (s, 1H), 8.36 - 8.61
(m, 2H).

EXAMPLE 11
5-Fluoro-3-(6{[(1S)-1-(5-fluoropyrimidin-2-yl)ethylJamino}imidazo[1 ,2-b]pyridazin
-3-yl)pyridin-2(1H)-one

Obtained as a yellow solid (14%) from 3-(5-fluoro-2-methoxypyridin-3-y1)-N-[(1 S)-1-(5-
fluoropyrimidin-2-yl)ethyllimidazo [1,2-b]pyridazin-6-amine (Preparation 21b) following
the experimental procedure as described in Example 1 followed by purification by
preparative thin layer chromatography (1:9 methanol/dicloromethane).
'H-NMR & (250 MHz, DMSO-ds): 1.57 (d, 3H), 4.97 - 5.13 (m, 1H), 6.91 (d, 1H),
7.49 (t, 1H), 7.81 (d, 1H), 7.89 (d, 1H), 8.47 (s, 1H), 8.60 (dd, 1H), 8.78 (s, 2H),
11.87 (br. s, 1H).

EXAMPLE 12
3-(5{[(1S)-1 -(5-FIuoropyridin-2-y|)ethy|]amino}-3H—imidazo[4,5-b] pyridin-3-yl)
pyridin-2(1H)-one

Obtained as a pink solid (48%) from N-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-3-(2-methoxy
pyridin-3-yl)-3H-imidazo[4,5-b]pyridin-5-amine (Preparation 22d) following the
experimental procedure as described in Example 1 followed by purification by reverse
phase chromatography (methanol to 95:5 water/methanol).
LRMS (m/z): 351 (M+1)".
H-NMR 5 (250 MHz, DMSO-ds): 1.45 (d, 3H), 4.86 - 4.99 (m, 1H), 6.31 (t, 1H),
6.59 (d, 1H), 7.28 - 7.47 (m, 3H), 7.54 - 7.65 (m, 1H), 7.66 - 7.77 (m, 2H), 8.44
(s, 1H), 8.50 (s, 1H), 12.25 (br.s., 1H).

EXAMPLE 13
5-Chloro-3+(5<{[(1S)-1 -(5-fluoropyridin-2-yl)ethylJamino}-3H-imidazo[4,5-b) pyridin-
3-yl)pyridin-2(1H)-one



It can be seen from Table 1 that the conpounds of forrmula (I) are potent
i nhibitors of JAK1, JAK2 and JAK3 ki nases. Qur results show that the
conpoundswofofxsmeba (1) are potent irg¥i bitors of JAKL, pdAPén@oshaK3

ki nases having an 1 C50 value for the inhibition of each JAK ki nase

(determ ned as defined above) of less than 1 pM_5SPreferr
i mi dazo[ A suspepsion d&&-l(ﬁehlademtmgyﬂﬂ'B3b\]|b9’r[(1(§)ﬁe(5d}éﬁ°fQPé{f‘i"0€§yQﬁth¥'he
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as descr | REBE Sl l@lor ortfe bW VERnae! redhfed paBaureiandtharal  body

by therap oun e invention i ntended for pharnmaceuti cal. use may
be adfi ni gesideelwas tnea;psitvutﬂ aqgtonitriles The Rk wap fikergd; washed wihacgitnlener eof .

They may be ofia t%ﬁl tthrtltlgéaﬂBl)ﬁnd as aﬁﬂhfdi)r&hldg%altmy She@olifl Wags by

nmet hods such as crystallrzation, fre ryi ng Sﬂ aﬁ%
dryi ng, Meremrtata stleedrsyiungn ofvaquesns satusated patassivpreareenae fiqm g y be

used 15fog the | Eﬁlﬁtlrﬁ%ﬁﬁéﬁﬂormgg LfALA fU?%fr?oQJT:gEEthiFaéét%i& (3152n|9]v%§ adgtdiamd and

i m dazo[ 4, erivatives defined herein ma g SofblnEd wth
ot her acti \the ewqmmmrmssneanat@h@nﬁamsfaﬁd withethhlAacs émaxa ki

di se? € suscg&%bﬁhg ofanftBltdalfsAldr8 Y dv@hk&ﬁlﬁm%ﬂlpﬂﬁtejﬁw&elébW@ﬁ@S The
conbi atlons 0 ventlon can o

ﬁtl onal nmpri se one of [‘ﬁ
addi ti onal zsmoratedyubmuarﬁ@wldml?ﬁél e&PE‘PPHBQ\M’BQbQﬁ'ﬁ)s%? PNk sotighe

treat nent of [(fi+1ye disorders (such as poI ycyt hem a ver a,
essenti al thr(r)ljﬁ\h ﬁ)%é% (or :fn el of i brosis  eukem

mal i gnanci es dhleNMBI 5 4300 Mbizs CORIne 1R (h\3HIng- Oé"r@aﬂHb r%é%d#aw) T’%ctl on;

i mmune- nedi at f FTB iagqa 848§ 1H). particul ar
wherein the p:}tj k eg_@a? 6§ggdéll_tirbl (Ign orggf@egseql :ﬁ-z)e ect(ed I-Prom r heumat oi d
arthrstis, 30nulti pI e sclerosis, inflanmatory bowel disease, dry eye,
uveitis, @!ﬁﬁ{,gécmconj uncti vi t| s aI lergic rhinitis, asthma, chronic
obstructi ary di sease at OPI c dermatitis and*rgsorl E14s such
as (a) Dysmhlarbeﬂ-(aﬁ-ﬁ(ﬁsédt(étfhwopmﬂm 2yhsthydlaginak6mpethyl-3 i PH. 1504:
(b) D hyd (DHODH) i nhi bitors such as | eflunom de,
terifluno Wﬁha{t‘g‘? 9pﬁgncon§gﬁﬂ-§§€descrl bed in the International Patent 35
Appl i cation Nos. W2008/ 077639 and W2009/021696; (c) | mmunonodul ators such

asGI tir C HaRB-yit-A)[(1HM-B-t or s
VePBED 568 5517 TR BRB) 1o St e R ol S’g;” as
M t oxant rftuecopyridio-2siétbylhe-metiayl- QHﬂwﬁ%&ﬂmér’éeﬂﬁjﬂ’r% amé’dﬁ;h(Pé qrﬁ{f?’b d)
(azat hi op, I £330 MP); (f) Anti-alpha 4
integrin %H@ﬁhgg{ gweguchmbrdﬁgggﬁl zumégﬁlgér?/@%ﬁrg&e(g) Al pha 4 integrin
ant agoni st s suo‘hl\/lﬁs(ﬂﬂil)lé%(M+Tl’iBC-4746 CDP- 323, ELND- 002, Firategrast or
TUZ00s: (). BERiAR § RAGPERS DASEORP LSS B SR SHB @ai 60| (RO11$)06 04

met hyl pr edni sol one, casone budesoni de, cicl esoni de or
bet a-2fet asone; (bf.s), 1RANTEAD (ddadiHy, B49 éms 2HY7c63 (s, TH), 8.15 (m, TH), 8.40 (d, TH),

8.51 (s, 1H), 12.11 (br.s., 1H).

Following a similar procedure to that described above, the following compounds were

obtained:
30
EXAMPLE 15
(S)-5-(Difluoromethyl)-3-(6-(1 «(5-fluoropyridin-2-yl)ethylamino)imidazo[1,2-
b]pyridazin-3-yl)pyridin-2(1H)-one
35

EXAMPLE 16



as BG12; (j) Anti-tunor necrosis factor-al pha (Anti-TNF-al pha), such as

| nfliximb, Adalinmmb, or Certolizumab pegol; (k) Sol uble Tunor necrosis

fact or - alwbao{doshmkpha) receptors suclggas Et anercept; (lprTAPRer1/GbXA

(I'ymphocyt e protein) nonoclonal 10 antibodi es such as Rituxi nmab,

Ccrel i zumab O at umumab or TRU-015; (m) Anti-CD52 (|l ynphocyte protein)

nonoc| on$)-3:6-{ biEFeorepywidin2-wiethylaminalimidaze[hAthlpyrigazin; focyte -

pr ot ei n) 15 41 b; (o) Anti-CD88 (|ynphocyte protein), such as

ecul i zungiquy"’@%ﬂf?@ﬂﬁ? (p) Anti-Interleukin 6 Receptor (IL-6R), such as

tocilizumab; (q) Anti-Interleukin 12 Receptor (IL-12R) / Interleukin 23

Recept or EQAIMFQL?@ 7 such as 15usteki numab; (r) Calcineurin inhibitors such

asi cyclo or tacrolinus; gseqol’_nosi ne- nonophosphat e_ dehydr ogenase
ylami

(1 MPDE) (88464 b{SFluonepyridin:i viigt aek8r3methpxyethpxylimidazolt?~or i bi ne
or nycop [WoINr=T~Y I N O i N laN0i d receptor agonists such as Sativex;
(u) Cherrg’ma%@? @’ﬁ?g'g%“n?@?’gg’?ﬁch as M.N- 3897 or PS-031291; (v) Chenokine
CCR2 ant agoni sts such as | NCB-8696; (w) Necrosis factor-kappaB 20( NF- kappaB

or NFKB))&S@%@JQ” I nhi bitors such as Sul fasal azine, Iguratinod or M\
0415; (x e AD> agoni sts, such as ATL-313, ATL-146e, CGS-21680,

Regadenogsp346-(LX6-ERidbropyridiay2-yipthytamisoh8{4-(rStiR)lsyfenylipiperaziwctpt or

agoni sts such, as . fingol i - aACL128800; (z) Sphingosine-1 (Si
P) 1i seVﬁHHH%PB{%‘%‘EYJH‘%@"E@ﬁ@?’ﬁ}%@)")ép een tyrosine kinase (Syk)

i nhibitors, such as R-112; (bb) 25Protein Kinase |Inhibitors (PKC

i nhi bitor s NVP- AEBO71; (cc) Anti-cholinergic agents such as
tiotropi mﬂgﬂgﬂgdi nium (dd) Beta adrenergic agonists such as fornoterol,
i ndacat er(8)-346-(&(E-#lucropyrinidie20ystiylaniine)-7-Ooetbylimidazoll2hipyidazin-8r onal
Muscari ni ¢ Ant ?}ﬁ?@i["z!"_“%a a2 Agonist activity (MABAs); (if) Histamne 1 (H1)
recept or y Ré’é'& ] , such as azel astine or ebastine; (gg) Chenpattractant
recepsor 30 honol ogous nol ecul e expressed on TH2 cells (CRTH2) inhibitors,
such as M“%’@D 1981, ACT-129968, (QAV-680; (hh) Vitami n D derivatives

| i ke cal (Dai vonex); (ii) Anti-inflammtory agents, such as

non- st er (SjH&+Flaotd-34(6H1-(Gflaorapyritidigs2-yRethytaming)-7smethwinyidazo[1,2-

cycl ooxygenase- =21 phd i s such as acecl of enac, di cl of enac,

i bupr of e%ﬁ%’i%?%?%% p?qlégﬁ’@,&%'rel ecoxi b, cimcoxib, deracoxib,

etoricoxi b, 35lumracoxib, parecoxib sodium rofecoxib, selenocoxib-1 or
val d ﬁOXiEk&AI\wDLI):' 2,q\nti -allergic agents; (kk) Anti-viral agents; (I1)

Phosg odi®stearase (PDE) 11l inhibitors; (mm Phosphosdi esterase (PDE) |V

i nhi bi t or(8)-6(6H145-fluofopyridinyliathylaminoldmidazel.2ilpyridazirdphodi est ear ase
(PDE) 111 j nhi Di Sinal 00) Xant hi ne derivatives, such as theophylline or
theobromﬂt)yripggstp%@@a%eogen-Acti vated Protein Kinase (p38 MAPK)

I nhi bitors such as ARRY-797; (qq) Mtogen-activated extracellul ar signal
regul at ed ki nase ki nase (MEK) inhibitor, such as ARRY-142886 or
ARRY-438162; (rr) 5 Phosphoinositide 3-Kinases (PlI3Ks) inhibitors; (ss)

| nt e2ber RISABRMMGIOIDGICALWMGTIMFYN beta | a such as Avonex from Bi ogen |dec,
Ci nnoVex from C nnaGen and Rebif from EMD Serono, and Interferon beta |Ib
such as Betaferon from Schering and Betaseron fromBerlex; and (tt)

| nt er f er dn vifrpRJAKskipaseidssays f er on MP. 10Speci fi ¢ exanpl es of suitable
corticoids and glucocorticoids that can be conbined with the JAK inhibitors

of the present invention are prednisolone, methylprednisolone,
dexanet ha@empoundisxware ishresoaad far ithricability &0 inhiit) » JAKQ @nd dAK3 tsing the

hal OW(F“&%aﬁ&% ?ﬁf‘caté?i%jeq ni de, becl onet hasone di propi onate,

hydr 6Cortisone, trianctli nolone acetonide, fluocinolone acetonide

f | uoci norTheecatalyticdornains oEhweamUAKE (aa 850-1154), JAK2 (aa 826-1132), JAK3 (aa
795-1124) and Tyk2 (aa 871-1187) were expressed as N-terminal GST-fusion proteins
using a baculovirus expression system and were purchased from Carna Biosciences.
The enzymatic activity was assayed using as substrate a biotinylated peptide, poly

35  (GT)-Biotin (CisBio). The peptide concentration in the reactions was 60 nM for JAK1,

20 nM for JAK2, 140 nM for JAK3 and 50 nM for Tyk2. The degree of phosphorylation

was detected by TR-FRET (time-resolved fluorescence energy transfer).



15net hyl pr edni sol one aceponat e, dexanet hasone pal mtoate, tipredane,

hydr ocorti sone aceponate, prednicarbate, alclonetasone dipropionate,

hal orret aswoep12nmsbieg| pr edni sol one sul ef9anat e, nonet asonecTwPo@Et ®05929

ri mexol one, prednisolone farnesylate, ciclesonide, butixocort propionate,
RPR- 106541, deprodone propionate, fluticasone propionate, fluticasone -
fur oat e, |@Gsa$ obearapainds wee oreasared for @3FhdiRASE In AEEARIGA IXUrGEUAPI Fasone

but yr at e ypr grgiyﬂ{éa%% drld4Rk @gbﬁdﬂe‘v‘m PMRANOPE@H 7o) ACEAMEDIS, C:05H0pM

phosphat e, anmti nol one, anet hasone_ 17-val erate, betapet haso

bet anet hawserptaethanyi 8rfdtrg/mi\BHA dbet IToprncapisatigndn "PR/W&E%‘?’%%S@NE odi um

succi nat edp! aedigEmmies K snding N firagRe { THeOsZy pratibut at e.
25Speci f?%r‘%@hglzzﬁsmgéﬁsw t'gb e Syk ki nase i ndp:)iybi tor%?t hat .can be conbi ned

wi th § he réations trokiplasedon30 mirutes alyeaM teMPErAYTENThED heEagiRRS WS (from
Rigel), @fq%@ﬂ (,{I{ECQP nhfﬂ Bﬁﬂencﬁa_et%%ﬁor( bafesn(5) 6l HEPRS] 12 MiKRBD Ayel2p,
- - noe

pi ceat annol’, |'am no) -443-_ (trifl uoronet am noj
pyri ni di M-G61%AmhoBSA, o8 7.R centaiping Sl W é@m,of@%pﬁgs,%%ﬁ) {bel%l)

Fl uoro- Z'drg%té S '£éi%&@%¥%@&&@eﬂﬁ&%ﬁéf@ﬂkﬂ6@5 ytisBionel kezphelismeB hy 1- 3, 4
- di hydr o- ﬁ- yridof[ 3, 2-141, 41oxazi n- 3- one, benzenesul fona{Pe I1gj.l%l406 from
R gel ), ratin cqratantynpyhste o dHeApd seas VY AY SpEFEA PTaFiEr (PErRE meD
NA446H( i s i etdvarianstek pheny 1FN- et hyl acet am de
(QABEiBOSqé% ReRH n6Rest Tcgz&ﬁ%%n?ﬁ?a oy

D nmet hoxyphenyl )i m dazo[ 1, 2-c] pyri m di n-5-yl am no] Pyri di ne- 3- car boxam de
35Speci fi i Ahvd GRifefowayimehnigagcorti coi ds that can be
conbi ned %ﬁgﬁ%%\?@fyrﬁm%ﬁ?g?g&of the present i nvgnti on are prednisol one,
met hyl pr ediiasnearids dexamet hasone, dexanet hasone ci pecilate, naflocort,

def | azacqggr. JiGhiideRanstéfast012/ 06920273PCT/ EP2011/ 005929 acet at e,
budesoni de, becl onet hasone di propi onate, hydrocortisone, triantinolone

acet dAi deMOPBuddNrmemhelinpRaaneeufoniq {9 noni de, cl ocortol one pival ate,

met hy | pr gski SRS AGRRMUAMIR. dexanet hasone pal mitoate, tipredane,
hydrocortisone aceponate, prednicarbate, alclonmetasone dipropionate,
hal onet asb?%,adsﬁﬁﬁ'h?ﬂbp'é@ﬁﬂhﬁﬂ one sul eptanate, nonetasone furoate,

ri mexol O@Tﬁzr&q,ﬂg%i%ﬁe{@@gyﬁ@é@u ci cl esoni de, butixocort propionate,
RPR- 106541, deprodone propionate, fluticasope $é§ ionate, fluticasone

furoate, WaPEBet-Asbydrpxyaihvhiriperaznesihanssyiiont nate, betanethasone
butyr%t e propionate, flunisolide, prednisone, dexanethasone sodi um

hosphat e, triantinol one, betanethasone 17-val erat.e, . .
P P Table 1 depicts ICs, values for certar}n exempljéry compounds described in the

invention. In Table 1, “A” represents an ICs, value of less than 0.1 uM (100 nM), “B”
represents an ICs, value in the range of 0.1 uM (100 nM) to 1 pM (1000 nM), and C
represents an ICs, value higher than 1 pM (1000 nM).

25
Table 1
Example No. ICso JAK3 | ICsp JAK2 | [ICs50 JAKT
(HM) (#M) (uM)
1 A A A
4 A A B
5 A A A
6 A A B
8 A A A
9 A A A
13 A A A




10bet anmet hasone, bet anet hasone di propi onate, hydrocorti sone acet at e,

hydr ocorti sone sodi um succi nate, prednisol one sodi um phosphate and

hydr ocor tweene/@ombut at e. Speci fic exdOpl es of suitabl e pBylerPrIAs®29

i nhibitors that can be conbined with the JAK inhibitors of the present
invention are fosfamatinib (from Rigel), fromRigel), R 15343 (from
R gel ), Rcatdeseeofor Fable 1 tmtdbapamngmndszof(fwnﬁa dbeernA 'fmbla'm!lﬂe

(L1111 uor R Jik2 BRPIAKS RnaSds. DU rduits o RRROXGbIMdsB Rithuld arareR gel)
FI uor o- 2p¢t@ntinbibitpisms Ay PMEX G HAKS KippseshaNifg a0 IGapiNgferthe . gi net hy1- 3, 4

- i 04 e dAeh InFlach AUPEH =3 GRTReDENARNBPISLS BBt 406 {1 om

Ri gel), I'hydr oxyphenyl (4 pheny I et han- %

N-[ 4-§ 6- ch.fetrmbumylamﬁ ﬁdg]pmdazmemmﬂulm1d329ﬂ4aﬁrP}%Wjﬁ%H9 IyatiNe$ e tﬁ?l acet ami de
( QAB- 205|rfv é Sh nggizru(e%r“the |nh|b|t|on of each JAK kinase of less than 0.8

D et hoxyp eny azof cl pyrimdin-5-yl am no] pyri di ne- 3- car boxam de

di hydr ochMy preierapmoﬂwttam@ Stihb e rrpferatty ohloes 895094 FMom
Sanofi - Aventis). Specific exanples of suitable M3 antagonists

(anticholinergics) that can be conmbined 25 wth the JAK i nh bitors of the
present Thedmention isralsq disdteshiomeaapeund fihe Wﬁ“tlﬂ?lassaqet%" ¢4 RRPBIPUm sal t s,

I praggopi MR N R RRAN B SRaPbod t%ﬁtﬂb sebinpourddvbftienaci n,
reva??opé’?még%g'a%ta}rg%at e, darotropiumb ron)1r @923 NP? 34695 BEA- 2108,
342- invention intended for pharmaceuﬂcal use may be administered as crysfalline or

Hydr oxy- %rr?qr@\oﬂzs?prwu&@&mﬁﬁﬁe%&b{éméf (Rep ARy sUtaRYEd, )forle)@zma atsi eyl of 2. 2.

2] octane 's articular aclidiniumsalts, nore P rf';\ 2/§IC|Idlnlum
br oni de) plugs( powders, or films by methods such as precipitation, crystalli zat|on eeze drying,

30Pheny| ggp%» c)r{lﬁ%(%v‘é SabEaQing. RAcbRava Qxbébro]ﬁétﬁ!éﬁbﬁbfvﬁ@hﬁi Be 2s8J oct ane

salts, etrahy r ogui nazol i ne- 3-car boxylic acid

endol8- méerhis-mupesgbi cycl o[ 3. 2. 1] oct-3- ylester salts (DAU 5884),

3- (4-Benzyl pi perazin-1-yl1)-1-cycl obutyl-1-hydroxy-1- phenyl propan-2-one
(NPC- 14695), N-E1-(6-Am nopyridi n-2-yl met hyl) pi peridin-4-11] -

2(R) 43, 3-di fluoro-1(R)-cycl opentyl]-2-hydroxy-2-phenyl acet am de (J-104135),
2(R) -

35Cycl op@gmgn\gum‘gr oxy- N[ 144(S) - net hyl hexyl i pi peri di n-4-y1] - 2- phenyl acet am
ide (J- 10636

2(R) - Cycl opentyl 2- hydr oxy- Nd1- (4- net hyl - 3- pent enyl) - 4- pi peri dyl1- 2-
gh?‘lnzbac eﬁr%phfﬂﬁzsaﬁlﬂ(—% a%zmeléﬂd mdé’zﬁwe&ﬂmﬂd)r{@hmivhﬁies dbﬁg&c] heeR 4332;

i fl1 uorocycl open y1] -2- et ha -
N- [ N- [ 24Npay. gleg b sRERN eﬁ’é'{”ﬂwt?%f ?58'1"%&9?1‘% Vlt%{}ﬁ%} ﬁ%xig?é%%@ ] car ba
nOyl met hycbhdidios o3d|sb§$é)ﬂ%l&¥bﬁﬁl@w é)’ﬁélmrdﬁbr( Bamwmtﬁﬁ‘ﬁi’)lanus Kmases
2(R) - Cycl opent y1- 2- hydr oxy- 2- phenyl aceti c acid

4- (3-azabicycl o[ 3. 1. 0] hex-3-y1)-2-butynyl ester (Ranbaxy 364057),
3(R) - [ 4, 4rrdl &nbinations of the invention can optlonally comprise one or more addmonal

51; lr g%g??&ﬂ# )pwtgf)éc%snv}hqﬁzgrlelkﬂlo\rl]vn o}ée usefulin?l tﬂX %re%télmzen oF myel(:%ro‘ilwrgtf%pet hyllp

NA1- ( 3- Hyfisrd¥RgBdchlas éolmﬂéfrhlﬁlv@ﬁ legienitiamhadnidocytHenid bririelofibrosis),

by crdiohSAd e IRy Sl iR bBAThiLFrol drld AR RERLAL:

7- endo- ( %e]%%ﬁér@Xer‘&ng rﬂéd?ﬁt@ﬂ)ﬂis%ﬁ@é@dr)d infadnditorg diveas&s, mare & particular
S omor ailarourh et Rkel MR S s O bR BRI L)
t ran%o442mult|ple sclerosis, inflammatory bowel disease, dry eye, uveitis, allergic conjunctivitis,

allergic rhinitis, asthma, chronic obstructive pulmonary disease (COPD), atopic

dermatitis and psoriasis, such as (a) Dyhydrofolate reductase inhibitors, such as

Methotrexate or CH-1504; (b) Dihydroorotate dehydrogenase (DHODH) inhibitors such

as leflunomide, teriflunomide, or the compounds described in the International Patent

35  Application Nos. W02008/077639 and WO2009/021696; (c) Immunomodulators such
as Glatiramer acetate (Copaxone), Laquinimod or Imiquimod; (d) Inhibitors of DNA



[ Hydr oxy- 2, 2- (di t hi en-2-yl )acet oxy] - 1- met hy1- 1- ( 2- phenoxyet hyl ) pi peri di ni um
brom de from Novartis (412682),

7- (2, 2- diwbenygvmpi onyl oxy)-7,9, 9-triqmet hyl- 3- oxa-9-  PCT/EP2011/005929

azoni atricycl o[ 3.3.1.0*2, 4*] nonane salts,

7- hydroxy-7, 9, 9- trlnethyl 3- oxa- 9- azonlatrlcyclo[S 3.1.0*2, 41nonane

9- net hy| spmhésis andmepalr, sucthas Mitoxantrsing os SHladribing; (&) ImmosupAresARts,

optional liy d Bg rngrakq‘[a?étﬂlfo f’uh%'orr Pu ﬁ@tﬂﬁf(%smeltcgﬁﬂo uﬁﬁ@@%ﬂﬂﬁ §)Aﬁth§|'pﬁa

di ast ereoners™ an 3

ereo and optionally int formof their
phar macoldgfiegein laptinastigmsiith as Netatizurdiab (T X§ﬁb§)aK9)s°\|PM mjesrﬂba@aw‘ésfs
chl ori de 338t p TVBL RSO3
20Speci fliccﬂe)égﬁ ?%95% oTé)(g-dqtggb(?[g‘dbet aﬁgﬂrg?ryezr bﬁlpc Pa(%hlér;t s (02- a(rgnl sts) that
can b c@dbtlaoat‘a and gluconerticaidsi sugh I@SW@'Wet%é“?ihgB@Hﬂ'SPWEnﬂqt'ﬁﬂs% are
terbutal '%%L?@%ﬁde@grﬁﬁﬂ thldElH?'gE?at-rﬁetafseﬁé"m)‘Fruﬁ{anf:;%ﬁfé’sIt@rs such

banbut er ol erol I soprenal I ne rochl ori de, "dopexam ne
met apr ot @s&@i12; ammbuwmcroprsde@tpémha m&mrwﬁra&hajew@aéénﬂmmab

ggggﬁgggggaﬁ& B! EEAbIANHADHEBLO ) ikt FUBF Rcryls A CalpiaTNFL Ao

Xi nat oat e, car noter ol hydrochlorlde
(R) - al butaiphal) reneptars isleh asiBtanetaeat: K Askigt DR, dyraphacyie rretein)anenosianat anol

hydr qghl Qarnkg?dies('%' %hﬁwﬁ%'o&)é L{?ﬂﬂéfaltdfﬁumfaero?ﬁWM5 (WARiloﬁamoterol
tartrate; rol tartrate nt er ol Bedor adri ne sul phat e,
| ndacat erlymphoegatreteis) slonaglanalantibedige sual 2s,aleatuaumaps (R Antidy PER.

d odat er my Ipfhgeﬁg@' t?lal ?¥gélf9{)8£h9@ma5' (PR @Dd%y(ﬂ,"n@ﬁ?fo@??eq:ﬁotefri) Pdeh e¥sol

30hydr oc ero roxat erol,  pirbuteroal drochlorld

bi t ol t er cculimmanerpexiizumebt @ Antitaredsin 6 Regeptondiy (%K%W

GSK- 5979 SN 5@& 1 23 Recept IL-23R h
4-[ 2-[ 3- ((z%mgﬁnmztf&% daz1% RS &r?(ﬁ_ 1?-R)I Irr'g%eﬁglugpopyl?%pr?(; (- 1- hgd?%cxyatast hyl ]-2-(
4- nﬂﬁhowtﬁﬁm@n(ﬁ@%wn |nh|b|tors such as'cyclosporine A or tacrollm s; (s)
142H 5- hﬁﬂéﬁ?ﬁ n‘ﬁ:nQE fBﬁgaie éetﬂ(@%%ﬁ (IM&DH‘)]mtﬂ&ﬁ:ﬁ Asuch as mycophenolate
en

N, N- di me am nop 1) - 2- met hyl - R | am nol et hanol
1-[ 2H 5- hp@phgtxj @)ayjml, mizoribine or mycop enollc acid; (t) Cannabmond receptor agonists

ﬁgﬁy 1, 4-DeRzadivek-Juy dherddlné EoronEitagoninb enst is R resdnrlorP0epdani no] et
[2H 5. hydVWBe@Q@nﬂ@ClRZLaiﬁéatzraitafpﬁh 85 JNGB-BHI6( (o) NaGTAS(S BRIPFEABAER 2- et hyl -

2- pr y SBRNEKB %vé&@ﬁ]\anhl%’s}‘sﬁéh a§@ui¥é§h4é1z4ne rafi628r MLNS 100977
and 012 920275P /EP2011/ 005929 corgoundg %SS@:; PCT pat ent
appl i cat IG5 (¥ Adengsing Az agonists sugas Adér 313> Ad sAlfi6e 46598, WO

2008095738, g A d98HP600R L83, o@l?d y?’\@BEﬂ%Qéuﬂé 384P) Er&@ﬁafe receptanpydistef

suitable P osphosdl est er ase

b| tors hg% aln be nbl ned
wi th t he SR asifimopimed.BAST- 3%%@%%18&{3 (?r{\’r)e ?’?'699%1 Hg)f B3¢ I"}
di mai eat &,cRlRANBBS; (la‘é?BB!éEM Wrbglﬁe kinabé mﬁmnrﬁmwsubrh BER-17R(sHveri ne,

arofylline, filamnas el ukas tofimla F‘olafentrlne
mesopiSam Pratein 5%?%@“?!%? deFﬁ;UPF'HéorSI $YShAS 'ig? AFE'QC;* I Zkﬁcfggt' -ChalINergic | ast
igl Sm |3a55 ln?so&f‘dﬁ‘ éﬁﬁtmpﬁ@ﬁ enadiigmium f(UHﬁBétB%ﬁ?er;eG@ ‘aQCh)ISt%‘SCljJCh as 0
N- E 3, (5_ c%rcrn(())tg?orllt|ndaca¥e lcgrrE atbegl)t(ergl (ﬂ%&)OQTB (eee¥ C%%'np%uLgé/ Fnlavmgnglfu(n%naﬁ )

D chl oro- lﬂu&iérn'nﬂ:' Améaoraéklaétéz AbbRSI0RE0EY ABAL)Y () ¢Histamite N (te1)-r8eeptdr- 2- oxoac
et am de (GSK-84

9- (2- FI uoar&wmg;g)&nbmzwﬁﬁ@ e ehasting (@@t hgmpatiasiant reqeptors 1 3) |

3. 2Dt Kb éu?)ﬂdl p.%sg&i BRYEeno(CRTHD) RAbROKaSIdiead OEAbLE) , 343-
(Cycl opent 9 enz - 6- (et hyl am no) - 8- |soPropy1 3H Puri ne
hydr ochl oAZé 981, ACT—129968 QAV-680 (hh) Vitamin D derivatives like calcipotriol

(Daivonex); (i) Anti-inflammatory agents, such as non-steroidal anti-inflammatory drugs

(NSAIDs) or selective cyclooxygenase-2 (COX-2) inhibitors such as aceclofenac,

diclofenac, ibuprofen, naproxen, apricoxib, celecoxib, cimicoxib, deracoxib, etoricoxib,
35  lumiracoxib, parecoxib sodium, rofecoxib, selenocoxib-1 or valdecoxib; (jj) Anti-allergic

agents; (kk) Anti-viral agents; (ll) Phosphodiestearase (PDE) Ill inhibitors; (mm)

Phosphosdiesterase (PDE) IV inhibitors such as roflumilast or GRC-4039; (nn) Dual



15(V- 11 294A),

643- (N, N- Di met hyl car banoyl ) phenyl sul f ony1] - 4- (3- met hoxyphenyl am no) -

8- et hy! owonolJgse203d- car boxam de hydr odBl ori de ( GSK- 2560@6)X/EP2011/005929
446, 7- Di et hoxy- 2, 3- '
bi s( hydr oxymnet hyI ) napht hal en- 1]1-1-(2- et hoxyet hyl ridin-2
(T-440), Pbo;phodlestearapse (PDE) ilinv %/nhllbltors( (oo) Xanthlr¥e der}lva%l\pl) s, IsucI:h as( 1H) -one

trans-24 di -
v 3. 1 Feeptl ﬁ?’%ﬁ“@g‘:jjﬁ’?pmrOpa%%sgﬁtﬁ'zi*ef*f?"%!f‘ma* B he g0t
o]

UK- 50000 1nhntzt9&suomas ABR () Mdiegen-activated axt(a&eE%'i %gvﬂﬁw%tﬁoxy 4-
di fluror Qﬁﬁ?%%??ﬁw{ gﬂ&'k} ﬁMfB'itQuh Quan &s ﬁmv-mzsss or ARRY-438162; ()

[ 4- cyano- | uor onmet hoxyphen I?cycl ohexan- 1- ol ,

5(S) 43- (eylgsmqsyldg)ayﬁmas%(m%éyﬂn@h% (ss) Interferons comprising’interferon

‘;’(()gé (‘;’2 upp% %élli\mngft‘rfr’oﬂ'l Bi‘oaem&cgbmﬂbVéﬁﬁsmmn% aad RebEfiionRespi r J

d | d
appl i cat iEQH SE@“@U?{B&W%@BP@%@”‘\%% ?Q%%ngﬂécaé%‘e@eﬁgpegggg \F;\gt o

2005/ 123%%33@@%9 rﬁ?ﬁt@%&onaﬂﬂnm&%%&ﬁﬁgwixaml es of suitable
Phosphoi nosi t ases (PI3Ks) inhibitors that can be conbined with the

JAK inhibitors of the present invention are 2-Methyl-2-[4-[3-nethyl -

302- gy 0- %’ E é'l'ﬂEéle)b* suitabis rhiysliPand biubddarelds, tﬁat(ﬂa(ﬂulbd@mmnéd yith phenyl ]
pr opanenl from Novartis), CAL-101 (fro

Phar maceltlh& é@g ibiters of the ﬁgﬁrsenﬁ ipgention are prednisoione, methylp dmscﬁgne

(3, 4,5ty %%X&@%ké’rﬁuﬁaémtnS@&uate?:nEﬂm:\ohaaeﬂazﬁcdrk]Hdmpawm ( AEZS- 126
from Aeterna Zentaris 35The conpounds of gl‘%ﬁ nd t he, conbi nati ons

of the i apetats. bydesapi bG@'@G‘eFWSPH%dtW%?’P?é%t GRMELPINEy ¢

di Sorder%ce‘oﬁl&éeﬁﬂébmdldﬁm&m&@|ﬂu6&ﬁ&ﬁid@5d<ﬂ56€loﬁ>ﬁbIpd/aﬁawDrS bone marrow
and organ transplant rejection; inmune-nedi ted sea fl ammat ory

di sed8es methdprednisplone gsepasiate, deXgMelasaNg Ba ’W'tgat@xweaéﬁe thggwg\gglsgne

benef i ci goeBbifE (predfibarBaRMBlcRMdIgEF drEpidRAtE] hilbmetasuhéi pl e scl erosis,
i nfl ammat ory bowel di sease (such as ul cerative CO|I} S or n's dlsease)

dry eye, ylpregnisglope syleptanats. P stasenesiuragts. dmaxelang; ﬂrefjf‘§op’§§t hma,
chroni c qhgkEste! ¥ §Ie§’éﬂlﬂ@rﬁﬁ|¥oéﬁr§&6§i®nétﬁcﬁpkr1mmpdéprdmnabrbploaaﬁnd
psoriasis. The active compounds in a]t on m

adni ni st M@F%%Qé’f%‘?”qt‘h%ﬁ@a%”@ﬁ?n ﬁ‘ﬁ'@gb sl fArong 85 fqu’n %’

di ffQDGntetélSHﬁB&Sbbté?ﬁb‘ihédﬁn@rbdﬂdatfeq{roﬁeméaﬂ@;soﬂdﬂéﬂdréc&ﬂm concom tant or
sequential adm nistration sane or g)f er nt 10

cont enpl fexamethasong F°ddE'P|RVQSB’éaéﬁtt§aW6WPl?nB ia§?'é‘? i@rva'?’%tﬁe sane tine,
or very eRsfethBsdrielBetaMetifisdne ld@bpf on&t8 chydifodortisoae tacetate, chydtad:othsone

adm nistered in th
anot her <OSHE} Qlépmr%tpempgg Ir{n‘ c?rgggfc; pkggprha{ S?ancl ﬁyoerocorp sén%eprgglytate

25  Specific examples of suitable Syk kinase inhibitors that can be combined with the JAK
inhibitors of the present invention are fosfamatinib (from Rigel), R-348 (from Rigel), R-
343 (from Rigel), R-112 (from Rigel), piceatannol, 2-(2-Aminoethylamino)-4-[3-
(triflucromethyl)phenylamino] pyrimidine-5-carboxamide, R-091 (from Rigel), 6-[5-
Fluoro-2-(3,4,5-trimethoxyphenylamino)pyrimidin-4-ylamino]-2,2-dimethy|-3,4-dihydro-

30  2H-pyrido[3,2-b][1,4]oxazin-3-one benzenesulfonate (R-406 from Rigel), 1-(2,4,6-
Trihydroxyphenyl)-2-(4-methoxyphenyl)ethan-1-one, N-[4-[6-(Cyclobutylamino)-9H-
purin-2-ylamino]phenyl]-N-methylacetamide (QAB-205 from Novartis), 2-[7-(3,4-
Dimethoxyphenyl)imidazo[1,2-c]pyrimidin-5-ylamino]pyridine-3-carboxamide

35 Specific examples of suitable corticoids and glucocorticoids that can be combined with
the JAK inhibitors of the present invention are prednisolone, methylprednisolone,

dexamethasone, dexamethasone cipecilate, naflocort, deflazacort, halopredone



15 could be adm nistered twice daily and the other (s) once daily, either
at the sane tine as one of the tw ce-a-day dosing occurred, or separately.
Pr ef er ablwoahidgest two, and nore prefBably all, of thecagphyigsoswesl d be
adm ni stered together at the same tine. Preferably, at |east two, and nore

preferably all actives would be adm nistered as an adm xture. 20 The
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sol ution, giflydtosmeridd GAY-81-3506 from B@)ﬁdry&diﬂ‘ﬂﬁ@%d%fmrﬁ Sanefi@wehiis)at i on, . e.
the im dazof 2-b] pyridazine and imdazo[4, 5-b] pyridine derivatives of t he

i nventi on, and the ot her optional active 20 conpounds nmay be admi ni stered

t oget her sBeéuhee PbriuTasie W3 satagonisBganticholnedgics)rthati dahereccdmbined
corrp05|t|ons I nt ended for separate, Si con ant or equentlal
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present | ﬁMﬂiﬁdrﬁ@al@spr‘rﬁéﬁépﬁurﬁfsaﬂs,@Iico@?rr@tﬁﬂh&aﬁ@ﬁﬂﬁpﬁjmgalts, zamifenacin,
revatropate, espatropate, darotropium bromide, CI-923, NPC-14695, BEA-2108, 3-[2-
Hydroxy-2,2-bis(2-thienyl)acetoxy]-1-(3-phenoxypropyl)-1-azoniabicyclo[2.2.2]octane
salts (in particular aclidinium salts, more preferably aclidinium bromide), 1-(2-

30  Phenylethyl)-3-(9H-xanthen-9-ylcarbonyloxy)-1-azoniabicyclo[2.2.2]octane salts, 2-oxo-
1,2,3,4-tetrahydroquinazoline-3-carboxylic acid endo-8-methyl-8-azabicyclo[3.2.1]oct-3-
yl ester salts (DAU-5884), 3-(4-Benzylpiperazin-1-yl)-1-cyclobutyl-1-hydroxy-1-
phenylpropan-2-one (NPC-14695), N-[1-(6-Aminopyridin-2-ylmethyl)piperidin-4-yl]-
2(R)-[3,3-difluoro-1(R)-cyclopentyl]-2-hydroxy-2-phenylacetamide (J-104135), 2(R)-

35  Cyclopentyl-2-hydroxy-N-[1-[4(S)-methylhexyl]piperidin-4-yl]-2-phenylacetamide (J-
106366), 2(R)-Cyclopentyl-2-hydroxy-N-[1-(4-methyl-3-pentenyl)-4-piperidyl]-2-
phenylacetamide (J-104129), 1-[4-(2-Aminoethyl)piperidin-1-yl]-2(R)-[3,3-
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treat ment of rheumatoid art erosis, inflammatory bowel
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ast hiyg,  GHbMNA 5@8#&54 qtd\é(tﬁylpﬂkﬂﬁlﬁ@'{ﬂetﬁl}lﬁﬁﬁéﬁﬁuﬁlgq:l’a)hde&F&@L&[Zder matitis

and psori asis. u | ca 03| t | ons 10Phar maceut i cal, cg&g& tions
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| N associgly) RB#M.E 2(41926%2?rﬂ@%&?hé@lérﬁp@ﬁ%i@})@b g-tdmbu@na oRB-gcarrier. As

used here| n, armaceuti cal conposition refers to m Xture of one
or 15nor @ZoﬂlatﬂWC|@b3rw§)élﬂ1&§*lﬂ@§%f}ei§?@§ froydioxy-7 §9-tnimethyl-3-oxa- 6

physi ol Ogdzsﬁ#a{rbeg @ﬁ(‘o@yh REhANE RATERR-BPLRIcPENE-S-cafdhylRt fd edlensdides,

st er eoi soners rated' erlvatlves t hereof or r%rodru s t hereof, with

ot herl5¢ heaihQf&?efﬁéﬁﬂ@?ﬁlz'm%thes‘aﬁ‘wh@eﬁﬁ%"?ﬂt%|”(‘,%Hf" Wemern i i cal |y

accept ab'a?aﬁé’r%h%?éaﬁ&'mﬂeﬁ%b Rh&B5S and Bstudmnmﬁtﬂe%maofahauf maceut i cal
conposition Is to facilitate adm nistration of a ou rgani sm
As used rehasnacolegipalyssasmralible:adid additiomsalisufmens Itr)‘)e g@@eﬁ?ﬂﬁ'ﬂ?% ﬁ%ﬁt or
carrier riehigksah®nibtileslphodtesibfelifBleridat does not cause signi f i cant
irritation to an organi smand does not abrogate the biological activity and

properties of the adm nistered conpound. 25 The invention further provides

phar mpceud i c%Qm?)@%arf'sﬂﬁaqblé%@Qé&éﬁ@gk‘@oﬁ%@@gf@n@k)ﬁm chAvention in

association wt maceut i cal g/ acceptabl e diluent or carrier toget her
Wi th one @mbimgcwibh H@JAmmhM@[mfé %\amegt ingntiga@re Are tgebutalbgsHiphateni a

eformoterol fumarate, formoterol fumarate, bambuterol, ibuterol, isoprenaline
hydrochloride, dopexamine, metaprotenerol, tulobuterol, procaterol hydrochloride,
sibenadet hydrochloride, mabuterol hydrochloride, albuterol sulphate, salbutamol

25  sulphate, salmefamol, salmeterol xinafoate, carmoterol hydrochloride, (R)-albuterol
hydrochloride, Levalbuterol hydrochloride; Levosalbutamol hydrochloride; (-)-
Salbutamol hydrochloride, formoterol, (R,R)-Formoterol tartrate; Arformoterol tartrate,
sulfonterol, Bedoradrine sulphate, Indacaterol, Trantinterol hydrochloride, Milveterol
hydrochloride, Olodaterol, fenoterol hydrobromide, rimoterol hydrobromide, riproterol

30  hydrochloride, Vilanterol broxaterol, pirbuterol hydrochloride, bitolterol mesylate,
clenbuterol hydrochloride, AZD-3199, GSK-159802; GSK-597901, GSK-678007, GSK-
961081; 4-[2-[3-(1H-Benzimidazol-1-yl)-1,1-dimethylpropylamino}-1-hydroxyethyl]-2-(4-
methoxybenzylamino)phenol, 1-[2H-5-hydroxy-3-oxo-4H-1,4-benzoxazin-8-yl}-2-[3-(4-
N,N-dimethylaminophenyl)-2-methyl-2-propylamino]ethanol, 1-[2H-5-hydroxy-3-oxo-

35  4H-1,4-benzoxazin-8-yl]-2-[3-(4-domethoxyphenyl)-2-methyl-2-propylamino]ethanol, 1-
[2H-5-hydroxy-3-oxo-4H-1 .4-benzoxazin-8-yl]-2-[3-(4-n-butyloxyhenyl)-2-methyl-2-
propylaminolethanol, KUL-1248, HOKU-81, SM-110444, RP-58802B, LAS 100977 and
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25 number WO 03/097613, WO 2004/058729, WO 2005/049581, WO 2005/123693, WO
2005/123692, and WO 2010/069504.

Examples of suitable Phosphoinositide 3-Kinases (PI3Ks) inhibitors that can be
combined with the JAK inhibitors of the present invention are 2-Methyl-2-[4-[3-methyl-
30  2-oxo-8-(3-quinolinyl)-2,3-dihydro-1H-imidazo[4,5-c]quinolin-1-yl]phenyl]propanenitrile
(BEZ-235 from Novartis), CAL-101 (from Calistoga Pharmaceuticals) and N-Ethyl-N'-[3-
(3,4,5-trimethoxyphenylamino)pyrido[2, 3-b]pyrazin-6-yl]thiourea (AEZS-126 from

Aeterna Zentaris).

35  The compounds of formula (l) and the combinations of the invention may be used in
the treatment of myeloproliferative disorders, leukemia, lymphoid malignancies and

solid tumors; bone marrow and organ transplant rejection; immune-mediated diseases



W ki ns, Phil adel phia, Pa., 2001. The pharmaceutically acceptable
exci pients which are adm xed with the active conpound or salts of such

conmpound,wbaofxmemobhe conpositions of 1éis invention arec3mpedihrksseen per
se and the actual excipients used depend inter alia on the intended nethod
of adm ni stering the conpositions. Exanples, without limtation, of
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Sci ence 2 &
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t he i Averatopie demwatitie and Psaiiatisred oral |y (peroral administration; 10per os
(latin)). Oal admnistration involve swallow ng, so that the corrpound IS
absorbed fromthe gut and delivered to the liver via the portal circulation
(hepat i ¢ Theraativg sampaendsiio thesegmbinatian preduct raayt e §dmm§t§§§ togstharda thena)

(@) tragl, C&ggm,; | tdr@eparata, of

tabl ets, rg%ar tal%%lg%gpcg sousgoﬁlnogragpﬁt@gﬁgta@bggwgnghg? nhal gtlon

aer 0sol s,sinalaregus grensemitantoinsequentiahadmisistiation by thessameer 2 diffgrent
prepgpatigpg, such as nmixtures, solutions, elixirs, syrups or suspensions,
all containing the conmpound of the invention; such preparations nmay be made
by nethods well-known in the art. The active ingredient may al so be

present eqy %oﬂte?ﬁlé‘t%d tﬁ‘ét%ﬁfauﬁxfé’aél{nt@%bﬂ be2finfifiRtc?ed BEthe @ERRZINE, @ IS N

t he formo har maceuti cal carrier routinely used for
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by conpr e5si ot the ?wn?ﬁ 'atﬂlcﬁ)sm@%cﬂﬁeé h&t saphravdly. 'F’TGfe%BI i leagt tRo, and
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The t abl eadmixye.opti onal |y be coated or scored and may be formulated so as
to prgvide slow or controlled release of the active ingredient therein.

The invention is also directed to a combination product of the compounds of the
invention together with one or more other therapeutic agents for use in the treatment of
a pathological condition or disease susceptible to amelioration by inhibiton of Janus
Kinases (JAK), in particular wherein the pathological condition or disease is selected

25  from myeloproliferative disorders, leukemia, lymphoid malignancies and solid tumors;
bone marrow and organ transplant rejection; immune-mediated diseases and
inflammatory diseases, more in particular wherein the pathological condition or disease
is selected from rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease,
dry eye, uveitis, allergic conjunctivitis, allergic rhinitis, asthma, chronic obstructive

30 pulmonary disease (COPD), atopic dermatitis and psoriasis.

The invention also encompasses the use of a combination of the compounds of the
invention together with one or more other therapeutic agents for the manufacture of a
formulation or medicament for treating these diseases.

35
The invention also provides a method of treatment of a pathological condition or

disease susceptible to amelioration by inhibiton of Janus Kinases (JAK), in particular



35 addition to the drug, tablets generally contain a disintegrant.
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di oxi de mmertthdir@PeWPeaquﬁésent surface active agents are typically in
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| ubr i cantEhesagtive agmmgmlmfﬁﬁ gqrabipatians of he.nveRtiondnay pe adgynistered by, 4t e

sodi um Stﬁr%'italglls' é}t é’epe?a@ﬁ\gfﬂmh%%ﬁ:r@taf (BT HHTD DeRIatSE e, biallg g um
| auryl hat e ricants eneraqré_oare present in am)kmts f-rom0.-25 wt %

to 10 wt %ynms(efaénleim GAPsYIeEn lozenag osaryoliedifeizase RreRaratigss{ast-gisplying
conventi Sﬂé{)arjaﬁ&'fﬁgic‘? rlbﬁlcélﬂF('aE@%a%H 'mr@ﬁﬁbﬁl@nfoﬁon@hbgé@i&@s Jr|a§mblsng

agents, eservatives and taste- 25 maski ng agents. % % bl ets

cont diSn (RICK by MP"E(@JQMU%"GPH% intradeRmicy Bt CV@P%W‘E?VSB?HE € b bi nder ,

f rom aboyhy Qatin’eak @ wdB5 aWoiitidhl 48RbersignoBicibout 2 Wt % to about 10 wt %
di sint egﬁgnta %’ r%rrpn(agbout 0.25 w9 A)tg about 10 wt % | ubricant. Tabl et

bl ends 30may be conpressed directly or by roller to formtablets. Tabl et

bl ends OrTrf?E)éétive f&%n%uhdj@mﬁe BBYbMLtisH, 18! ingenidaR6[ Ve blpyridizine arey
mel t - granul at ed It cog%gal ed, or extruded be %}gr? tablettin The fi nal

f or mul at i isvdazelf, 51‘?&93/06@6 vaiivepgf the igyestion ang oPYRAFNE uncoat ed:;

or  engAPSUrPRihds Aval e Adhimisterbd %eﬂferﬁr&bdeega&me phainﬁmmdcompmwdr in
"Pharnaceuti cal Dosage Forms: Tahblets, Vol Li eher,man and L.

1!
Lachman, lmffggqantg@msmonp qztendfgégr separate, S|multaneo¥xs concomitant or
sequential administration by the same or a different route.

One execution of the present invention consists of a kit of parts comprising a

25  imidazo[1,2-b]pyridazine or imidazo[4,5-b]pyridine derivative of the invention together
with instructions for simultaneous, concurrent, separate or sequential use in
combination with another active compound useful in the treatment of myeloproliferative
disorders, leukemia, lymphoid malignancies and solid tumors; bone marrow and organ
transplant rejection; immune-mediated diseases and inflammatory diseases, more in

30 particular useful in the treatment of rheumatoid arthritis, multiple sclerossis,
inflammatory bowel disease, dry eye, uveitis, allergic conjunctivitis, allergic rhinitis,
asthma, chronic obstructive pulmonary disease (COPD), atopic dermatitis and

psoriasis.

35  Another execution of the present invention consists of a package comprising a
imidazo[1,2-b]pyridazine or imidazo[4,5-b]pyridine derivative of the invention and

another active compound useful in the treatment of myeloproliferative disorders,



Where the conposition is in the formof a capsule, any routine

encapsul ation is suitable, for exanple using the aforenentioned carriers in
a hard geyatviesapsul e. Wiere the corosition is in thechapi@iod2soft

gel atine capsul e any pharnaceutical carrier routinely used for pr epar| ng

di spersions or suspensions nmay be considered, for 5exanEIe aqueou
cel | ul osteskemia, iyrepheid malignansiesand sofid tymers; briesmam@ow and o&gAT rapsP "i

Caps”' e. %{?aiﬁﬂ'f %m&b%ﬁé&a %ééfs %ﬂhﬂﬂﬁhﬁf&:&é&de@nmwwmrﬁmml at ed to

mTedl e an ease. Modif

rel ease i ons |nclude
deI ayed psefulslﬂélnm!datmqmPéé@umal%‘ééﬁhrr't!ﬂ madiirle scigrgeis Al %m@"ﬁ%é
rel easeNgé@%&éi?éfgg%%v%égdal"e?én@@éﬁiuﬁ&fvmé' e 8$h|ﬁi[|§ 448564, dheshit n U S

Pat ent s of her suitable release technologles such
as high ehstrugjivelipyisananneiseasel(GRRR): AtoriserRRtiieandBsq1a88ISes can be found in
Verma et al, Pharnmaceutical Technol ogy 150n-1ine, 25(2), 1-14 (2001). The
use of chemﬁng gumto achieve controlled release is described in WO

00/ 35298. The disclosures of these references are incorporated herein by
ref erenc Liquid formul ati ons include suspensi ons,

sol uti on?”ag'yrsgggﬁ%ag?drﬁﬁ(él'?énsSuch 20f ornul ations may be used as fillers
in soft or hard capsules and typically include a carrier, for exanple,

wat e"l?aetﬁ?ﬁﬂ'ﬂ%ceumeély ShiposhiBhs QE&’&Qih? t@fr%%fb&!}ﬂ irdleMion cod‘fﬁﬁiébythéel | ul ose or

a suitable ol one or nore enu ents _and/or su edl

agents. rnenpgumdn ofdhe 'Wﬁ?t'%'naﬁfﬁ@@é@"s\d 'h?lPBH‘g“‘%ﬂeuﬁcé}'éﬂa&B‘F@a@E ot her
derivatiy g,fn et he active conmpound in association wth, for exanpl e sucrose
to forma 5 syrup. The suspensi ons nay conprise an i nsol ubl e active
compound of the invention or a pharmaceutically acceptable salt thereof in

associ at 'A@.ruéghtﬂéra\ﬁttﬁé ,teﬁrpﬁﬁérh%ew&hc&nﬁéﬁmﬂdfdﬁﬂtoa@ﬁﬂitun@offdna\wur| ng

agent. Liqui formul ati ons may al so be pre t he recon®t|tut|on of a

sol i d5 f anorehihs @quttﬁ‘#ﬁé?e%{&%’the@ﬂi ‘P’)p '8°9fﬁﬁﬁ%gté?m}?§ﬁ’f' {ration The

conpounds;pEhBiR dalty Sidivatess, PRokiddsS Sthboissiien géreratedderivhtivesthateofrucosal .
Wthin the ora mucosal cavit deli ver of drygs is classified into three

cat egor i gxsodrugs thanegfi W@J&?heﬁéz?mk??%° nents; su enic delivery of drugs
t hr ough tﬂrﬁﬁ %%W/pﬁﬁMH&nﬁé%lly 'aBd:éiﬂaMé@aifrieMnd)éxdidi@tﬂUEHd'purbbée sfucal

delivery, drug 35adm ni st ratl on t nucosal msrrbr anes

li ni ng tr@aﬂﬁé%qéglcﬁ'lﬁms't'ﬁﬂd%?af?c' itatRadmin 'SI"BE‘% °f}39eF?r9% 'k Mch is drug
del i v@ry drgdfisthhe oral cavity. WO 2012/ 06920283PCT/ EP2011/ 005929

Phar maceutTcal products to be adm nistered via the oral nucosal can be
desi gned usi ng nucoadhesi ve, quick dissolve tablets and solid | ozenge

formul atiQNgsedWHréin, é‘bﬁyi@bﬁ?éblﬁﬂ;ﬁ%rmbéhtmaw Sdceptabie cmulenad’rmil&rerefers
(bi oadhesi ve) pol yners ésuc cel lul ose

pyrrol i ddA@ CasiRy] Qﬁr‘ﬁ"!é%ﬂt Wﬂ?@g E‘QPZ%%%?%'E@@R%W@?%RV aﬁ‘r%ﬁ ?%}dn&lcles

cel | ul osenot Ayfigaie/thtdidibgieal dculigsend mrobyrties vl theladafmtterqmbrto;mmmudt yl ene or
pol yi soprene); "and oral mucosal perneation enhancers (such as butanoi,

but yr25c acid, propranolol, sodiumlauryl sul phate and others)
The invention further provides pharmaceutical compositions comprising the compounds

of the invention in association with a pharmaceutically acceptable diluent or carrier
together with one or more other therapeutic agents for use in the treatment of a
pathological condition or disease susceptible to amelioration by inhibiton of Janus

30 Kinases (JAK), such as the ones previously described.

The invention is also directed to pharmaceutical compositions of the invention for use
in the treatment of a pathological condition or disease susceptible to amelioration by
inhibiton of Janus Kinases (JAK), in particular wherein the pathological condition or

35 disease is selected from myeloproliferative disorders, leukemia, lymphoid malignancies
and solid tumors; bone marrow and organ transplant rejection; immune-mediated

diseases and inflammatory diseases, more in particular wherein the pathological



ii1) Inhaled adm nistration 10The conpounds of the invention can also be

adm ni stered by inhalation, typically in the formof a dry powder (either

al one, asw@ wixdetoe, for exanple, in aory blend with | aetr@$e0110065936 a

m xed conponent particle, for exanple, mixed wth phospholipids, such as

phosphati dyl choline) froma dry powder inhaler or as an aerosol spray from

a  pr essuphdition ondisedseds selpated frosprhgumateid #thels, MuitiiesE®P§iSan at oni zer

usi ng 15e wihiier, wWith or
9 ?@%rﬂgtgépé% ﬁﬁ%ﬁ? otrgegé Qﬂféﬁﬁ é\lécréleﬁoﬁ]hﬁét&ntls OéllePgﬁ@

wi t hout use a sul such as

 2-tetr afaistrmna)@hrcmrceoluﬁ’trumlvelpulmonarysi@a&e (ROFDAf 4‘9@?85%ﬂ5ﬁ@“dFor

i nt ranasa I the R0 3f18 pRAMFacRUSEH comPbsiBARED! €,

chi t osan pc?PH%%%I-'&'%g {é‘?\}ﬁgﬁa%%ﬁcbﬁr@ er cg 0Si trgons for topical delivery to
t he | fing the irvantidrefor the maryufaq&tgre @mmﬁdeamﬁet for Eeatingdbesedi 8 es and
cartridges of for exanple gelatine or blisters of for exanple I|am nated

alumniumfoil, for use in an inhaler or insuffiator. Fornul ations
gener al | yTrmantlnnalqommwdesraxneﬂmd phreatmentnf agrathelegiea) caadition 8F t he

| nvent i on &%@F%Péé%pttrggltg PJtr ?‘?nJ(lﬁlﬁ'fnr dfe‘lranﬁévllb‘rhfa@é&@h@ us rpar’:tﬁi:ula@lC'[ ose or

starch. ose Is pre capsul e or cartrrg
gener al | ywheayeindhe paiolegisal @m@nm dlﬁ?asﬁﬂﬁiﬂ?ﬁ‘%cf Eormpnyeleprefifergti gﬁ) of act ive

i ngr g@l ent. q-&ertshlguﬁgrﬁfav@mbact I ne&es%nBQdeW itonk Invarfsve 8id aljad sal t

t her er native I ngr edi ent present ed w thout

exci pi enttmnsalmampngnmuﬁ%@eﬁlétﬁﬁﬂ'%&asﬁﬁ aﬁay\(ﬂae"ﬁ}%é’ﬁeésraarmafﬁ ' dose or
mul ti - dosg, &{Iér‘(tﬁ{ ernltﬁ'eP E:%I %ndwntdr'dléé%@lsds%lléd&f fyomtrhgurhatoiul at i on

can be pre-netere ere |n use. E i nhal ers, are t.hus

cl assrfleahhmsmulhpbéc@fmsnﬂma@m@%e' se (453; YR WElPRlGreie dose and
(c) ”U't'%oq\gtﬁﬁt.ﬂﬁ'aﬁi%@ .ga R, abihRf, %ﬁr%n@goﬂsmdfkrﬁﬂmbﬂé??dlsébﬁﬂkmames have
nu

been wei cturer into small_ containers ch_are nostly
har d igel aatpnle d@apemsemd moaaﬁgm@mgﬁﬁw@ete&%ﬁtF?@H‘F‘&'Cé@b fedtienox or

cont al ner IEohRebAGS thedh@tigh. the inhaler. WO
2012/ 0692%@3&38?%39%@?1‘;%%28%xt the capsule has to be opened or

perforated with pins or cutting bl ades in order to allow part of the

i nspi rat Of ﬁ%ﬁ@é}ﬁ},\)ﬁ%%&wa& eh@h\acheudéae&ﬂb&utfdhé whsHlesmeriser, as nment

or to di sc fromthe capsul e througphthese quforatrons by

nmeans of eeacwefanf&ﬂleﬂb@él?aém P?@PP%W&‘PVB‘HE‘ (Pt 2 PhamIBcEUbGaIN ¢ he enpt i ed

Caps”if hééce%ié%l&?arf tﬁ%\b?ﬁr ésfsemaﬁ&ewitnIaadrﬁhna@meauymsédatyblechxe@mml ing of
t he i'nhal e i nserting and renovi which is

s necessa
an oper at smh ampar@ahorb%luenr fine @CE'V%WS’%E‘HQ}?Q’&‘?E“‘?B? B:bgﬁrgpéuéq% BYs. o her
dr a""oaCkngE;‘nt”‘ :ireréa%ryt@m%ﬁs 90bs BRwdighe!dhttie CnsstRiich eiepémting npar tiei on

wders 1 tect t t mbi ent
BT () oIt ofibe RS0 AP AAMGS SR AU 814 B THE PESLEARRICRITG. boon

exposed pb?éfér%ﬂﬁ/ He EQmS?S%rﬁ&@’aré%aﬁié ¥@inhaifdndlisultablevor dhalciabisleior, tegjeaint at i on
or indenture c} possi bl e inhal ation of capsule fragnments. Moreover,

for a251um@aldﬁc@hﬁmu@ﬂWHaloéF’éed?m%BHWI"B?‘?'BquI si on has been reported
(e. g. Nielsen et al, 1997).

Pharmaceutical compositions suitable for the delivery of compounds of the invention
and methods for their preparation will be readily apparent to those skilled in the art.
Such compositions and methods for their preparation can be found, for example, in

30 Remington: The Science and Practice of Pharmacy, 21st Edition, Lippincott Williams &
Wilkins, Philadelphia, Pa., 2001.

The pharmaceutically acceptable excipients which are admixed with the active
compound or salts of such compound, to form the compositions of this invention are
35  well-known per se and the actual excipients used depend inter alia on the intended

method of administering the compositions. Examples, without limitation, of excipients



15 Sone capsul e inhal ers have a magazi ne from which individual capsul es can
be transferred to a receiving chanber, in which perforation and enptying

t akes pl age.208%060@3Cri bed in WO 92/ 031806. O her capsul e pcijiph@nsodvay e

revol vi ng magazi nes with capsul e chanbers that can be brought in line with
the air conduit for dose discharge (e. 20 g. W91/02558 and GB 2242134).
They compndlute editiumygasbaatergalcium phesphated ¥agoysHvgREs and types Pfestarie h bl i st er
i nhal ers, {gggéa vépisupply on a di sk or
on a strlcpmggg%\réﬁvgshgb@@e%rggv &ge){nto;ém%é%?ﬁgeypr otection of the

medi cament than capsul e 25i nhal ers. Access to the powder is obtained by

per f or at dyoyyfohe) GRYBE 3RS Idr 16 fionRlor e lonfiunds of preseat inventd t he

cover foi ister strip I's used I nstead of sk, the nunber of
doses5carcabdeifaunciadfRemingion: The §§'eﬂﬁ%6ﬁ@€fﬁ“é'ﬁ? of BParf‘l?é?yp%ﬁt Eftiopo repl ace
an ermty@sead«og; Wh%rné‘éka.r@ﬁhn&ﬂmﬁﬁ:@r@o@ften di sposabl e with the

i hcor por a ose system including t he techni que used to transport the
strip and open the blister 30pockets. Milti-dose inhalers do not contain
pre- rreasqféglg‘ﬁﬁml itop of the powder formulation. They consist of a

relativel 'y rarge ¢ ntarner and a dose measur | ng pri ncg%be that has to be

oper at ed 'IEWE qampayads efthe inveatien mayi hecadrpipistared grally gresoighadminisirgtion; o
| sol ghed ﬂg*‘mﬁ Ui ¥dri\fn%??ai.{9ﬁ.r%|vh sw‘auéwmﬁ%o {4t el doRRioue igli spl acenent .

Vari ous ring princi es exi st udi ng rotatabl e nenfyr anes (Ex.
EP006971$bSQl’bedlf@I@'$“’(eE9éJt agg deli eﬂw theptiversga theoporigkciromasion shepaiic st

0674533), i8S %l ARSI Sert &% the YRAMHRLARIAOLBRACT/ EP2011/ 005929 EP
0166294, pégﬁéégﬁ_)gnﬁnh WO &09322)&%@ r ot at aggz frustuns (Ex. WO
92/00771), all having cavities which have to be filled with powder fromthe

cont ai ner &%ﬁéon@éﬁéraﬂ&ﬁﬁ nQ?r‘éh&?&aK)QM& tRBASH bfitablets] ﬁtﬂérd(tEBletsUS 5201308
and WO 97 9% measuring plungers with a | ocal or c&_}(;ﬁp‘é(grentl al

reced$ t cublingyahtablets.capsulps Ishajatianreresols doiplation soiHtions Her to a

del i very jRRANRGI, opnq@@peépara@ngwdch@%xmxﬁe@@eﬁa&as e\ﬁ@s93)1rﬂﬂé)68 and VO

92/ 04928), or measuring slides such as the Genuair é gﬂgage ovvn as
Novol i zersuspgmsigns, Mpentaln@gdég@Pm@Hn@ REthednyesiiPh FUSRP %ns Nos:
w97/ 0007ﬂ§%e B ARAEARIFE- 1A 2006k OfRDZ A ive Irfredemdnay Bike bd@s&emmsur ing
is one of Jor concerns for multi dose inhaler devices. The powder

f or mul at |Qﬁ1ah9'§5,t%e‘é5!mmftpa§’60d and stable flow properties, because filling
of thg dose nmeasuring cups or cavities is nostly under the influence of the

force of 15gravity.
Where the composition is in the form of a tablet, any pharmaceutical carrier routinely

V

used for preparing solid formulations may be used. Examples of such carriers include

magnesium stearate, talc, gelatine, acacia, stearic acid, starch, lactose and sucrose.

25 A tablet may be made by compression or moulding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing ina
suitable machine the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert diluent, lubricating, surface

active or dispersing agent.

30
Moulded tablets may be made by moulding in a suitable machine a mixture of the
powdered compound moistened with an inert liquid diluent. The tablets may optionally
be coated or scored and may be formulated so as to provide slow or controlled release
of the active ingredient therein.

35

For tablet dosage forms, depending on dose, the drug may make up from 1 wt% to 80
wt% of the dosage form, more typically from 5 wt% to 60 wt% of the dosage form. In



For rel oaded single dose and nultiple unit dose inhalers, the dose
nmeasuri ng accuracy and reproducibility can be guaranteed by the

manuf act uyerao12débior dose i nhal ers on t8le ot her hand, campceamPe@iipod29ruCh
hi gher nunber of doses, whereas the nunber of 20handlings to prime a dose

Is generally |lower. Because the inspiratory air streamin méltl - dose
devi ces iadditibn énthetdrug.dabletscganseally centaina disiniearant Examples pf disiitegsiantsuse t he

massi ve m‘{éh&idﬂﬂ%‘?cm@ étbneocﬁurﬁté%x?ﬁefml tdiufREECAIEGR ers can not be

agi tated by s 1nsplra alr stre

er mass rﬁ@
ent r ai nedafhoxymetiy! eelidlasg, @rﬁacame!l%e %‘Q"-ﬂ'ggqreﬁiﬁé’t"@i‘ﬁnp‘?'ﬁv' Oif@g"p"clurl ng
di schar Inet Fﬁ'&%ﬁ&lﬂé‘@%&oc%&%r@t&udk§é NOREN Aky1 SUDRBRES WcRoXypEAypal Y.

However actice are not always part of the |g_@ @ 9\&
Becau$e @rellwlh%e istajeh. re@siatinizedRiaieh and sedium alginates Geng g di apt
adhesi on vﬁf‘%&mhﬁ&e fréarwiohtd 85 fos! &%f@ét&lY HOROSioh 1@ 20 wii¥ieordRe da%leorrer ation

nmeans nus nimzed and/or regul ar cleaning of these parts nust be
possi bl e,fomt.t hout affecting the residual doses in the device. Sone nulti
dose inhal ers have di sposable drug containers that can be replaced after

t he prescribed nunber of doses has been taken (Ex. V\D%/ 00 702% @E r such
seni - per rBinders arsigeneralbaesed tp impark FahesiverAUFitigsoioAtablel W t he

requiyne TRt forl ﬁ'ncﬂfd@‘fﬁ@?oc?%@lm%cééﬂméké‘tgéPéhnaétﬁbé?y olyetiyderd gl?@dl natuﬁﬁart from

appllcatlons t hrou powd i nhal ers the conposjtions o Ee i nvention

can be acandrﬁygtr@ﬂesum B@Y‘GBEHPWQAHP% %ﬁ@'ﬁt’\?eﬂls&a’ﬁl?db@?xé{ﬁf°pd ses or by
nmeans of c%ﬂu|8§+ Fﬁ@h?&r@i&ﬁr@ﬁ methfcéHaldsl. PaBiets infdisal®d contain diluents, such
a

phar macol ogi c active su stances can be sprayed under ressyre so
e, Ppeats!

that a miaslagpse ﬂnam%twneatgaﬁnrasewé%d meaghydsate Taplivgequs And 4l REY

atom ser S)ﬂ/ht%l td%%roéé’%u&%@e @orﬂf&ﬁﬁkh’éﬂisté]lﬁ%&fell@l%@e Qﬂar@:ﬁ AR ekitRisic dilspansed
with. Such at'om ser 'is eResmate |ch|slb@;ascr| for example, in

PCT Ha&t errhoaphate cifiydie. Wtsmvﬁmw@a%ﬂc ngfa%gc-;lveiagfeg e here is

bei ng madg édaudrh%&;ﬂ@hﬁé‘ttesanh%ly@,efbatelQ@mmgnaeme&&ch o BBicowiokidpiandl
delivery to l ung by i nhalation may exanpl e be ogrrrulq'#vgéds gueous

sol ut i onstalsr V@?@Mﬁ%ﬁ"@)rﬁéﬁ@fﬁ astiveagents %’ed\é‘?'?"lﬂé‘r' ameHBtH 9 fregy acks,

such as aypbehedalles 8nd Biddrits typallfrbfen. 2 6% ab 1avtssibfttabiabléti quef i ed
propel I ant. Aerosol conpositions suitable for inhalation can be either a

suspension or a solution and generally contain the active ingredient (s)

and ayui ke a@o%e?@lgtcoﬁléﬁ}hluﬂ»ﬁ@éhtﬁsudﬂwrﬂ@@rﬁéuum @feawdrmmcont ai ni ng
chl or of | uor ocar bon or m xtures thereof [ﬁart [ culéﬁéeeloﬂxdrot | uor anes, e.

g. dichl ostearnatg, gmc(ﬁt,%qrﬁtgﬂ@dlgm,s&?ﬁrgr H'f“? (ﬁggtrﬂl agnesium s eara e
di chl or gt WitH %dlUMQélﬂﬁltéme esBACArAS b&néraﬂy aré présdneim ahburets freth@28, 1, 1,

1,2, 3, - taf | uoro-n-propane o e Carb OXIde or
ot her sui w%ﬁcy wt%n gl 5¢feoﬂagl5 fom Qo é‘tsoalb hgr{?tq &f. eo%er conven |ona|
ingredients include anti-oxidants, colorants, ﬂavorlng agents, preservatives and taste-

25 masking agents.

Exemplary tablets contain up to about 80 wt% drug, from about 10 wt% to about 90
wt% binder, from about 0 wt% to about 85 wt% diluent, from about 2 wt% to about 10
wt% disintegrant, and from about 0.25 wt% to about 10 wt% lubricant. Tablet blends
30 may be compressed directly or by roller to form tablets. Tablet blends or portions of
blends may alternatively be wet-, dry-, or melt-granulated, melt congealed, or extruded
before tabletting. The final formulation may include one or more layers and may be

coated or uncoated; or encapsulated.

35 The formulation of tablets is discussed in detail in "Pharmaceutical Dosage Forms:

Tablets, Vol. 1", by H. Lieberman and L. Lachman, Marcel Dekker, N.Y., 1980.



20 The aerosol conposition may be excipient free or may optionally contain
additional fornulation excipients well known in the art such as surfactants
(eg ol ei owauth/m@v2okeci thin) and cosol \gns (eg et hanol ). pBrapasnjosnd
formulations will generally be retained in a canister (eg an al um nium
canister) closed with a valve (eg a netering valve) and 25fitted into an
act uat or Vghereitlecompasiticn isrinuthe foratef a merHule REN feHting engRRAURALOR iRt i on by
|nhalat|on | diggn particle
70 or ISP BieHIE Yo duR kMo APnBa chinelin 1 ptatn o thpamy

pref er ablvyhérel’phepcmmpmqrﬂ is irethetiorm ata soft pelatingeapsulerany. ﬂhaﬂf‘écﬁé'ﬁﬁ'r ally too

I whe I
o 0e g7 ARRLS sh it Rl fbr YR el RBF L oniipaes earticl e

sizes theTpartic act
reducéd l@xammmpoaaumﬁmﬂgloégs @ylcﬁi%r%@i'%ét“ﬂcﬂﬁe inpaePosRted e seftact i on may
be separ ?aql ?lé% QYeair classification or sieving. Preferably, the

particl e 'F “B8 crystal |l i ne. 35Achi eving high dose reproducibility with
m croni sed powders is difficult because of their poor flowability and

extreme aﬁﬁg?&ﬁ]ﬁdoﬂg fcgrg{? %ﬁﬁms T%ldnrm?QlS@ f&rhﬁléféé {oBeERvediate dind/dpowder

conposi tion art ar ge e in the inhal er but small
when di smd:diﬁegiame!aﬁed\ﬂpﬂlﬁeci al,@sedpmwanqmﬂclu%@@aye&n Lietdinacdeny ¥’fh as

| act gge 5a Dg%nﬁ; RoPlayged The particle size of the
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25  syrup. The suspensions may comprise an insoluble active compound of the invention

or a pharmaceutically acceptable salt thereof in association with water, together with a
suspending agent or flavouring agent. Liquid formulations may also be prepared by the

reconstitution of a solid, for example, from a sachet.

30 ii) Oral mucosal administration

The compounds of the invention can also be administered via the oral mucosal. Within
the oral mucosal cavity, delivery of drugs is classified into three categories: (a)
sublingual delivery, which is systemic delivery of drugs through the mucosal
membranes lining the floor of the mouth, (b) buccal delivery, which is drug

35  administration through the mucosal membranes lining the cheeks (buccal mucosa),

and (c) local delivery, which is drug delivery into the oral cavity.
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Rect ajq | an@Pdé?%bnﬁ@Qfli@hssfoF fpicANdelivery to the lung by inhalation may, for example,

be presented in capsules and cartridges of for example gelatine or blisters of for
example laminated aluminium foil, for use in an inhaler or insuffiator. Formulations
generally contain a powder mix for inhalation of the compound of the invention and a
suitable powder base (carrier substance) such as lactose or starch. Use of lactose is

25  preferred. Each capsule or cartridge may generally contain between 0.001-50 mg,
more preferably 0.01-5 mg of active ingredient or the equivalent amount of a

pharmaceutically acceptable salt thereof. Alternatively, the active ingredient (s) may be

presented without excipients.

30 Packaging of the formulation may be suitable for unit dose or multi-dose delivery. In the
case of multi- dose delivery, the formulation can be pre-metered or metered in use. Dry
powder inhalers are thus classified into three groups: (a) single dose, (b) multiple unit

dose and (c) multi dose devices.

35  Forinhalers of the first type, single doses have been weighed by the manufacturer into
small containers, which are mostly hard gelatine capsules. A capsule has to be taken

from a separate box or container and inserted into a receptacle area of the inhaler.



25Compounds of the invention nay be adm nistered rectally or vaginally, for
exanple, in the formof a suppository, pessary, or enema. Cocoa butter is a

traditi orwb 2610 t ory base, but variggs alternatives my/mmq,@@gz@s
appropriate. Fornulations for rectal/vagi nal adm nistration nay be

fornmul ated to be i medi ate and/or nodified release. Mdified rel ease
f or mul at iNexs, the chpsilste bias mymbpensqaraemated with piegl or c@tied hlades inejrder toar get ed

and progra nmed rel.ea | | Mﬂ}ﬂq} of the
i nventi off %yagloeféhebﬁggaa\r{nbﬂx s'rtsg}rneéh?{g rectl ﬁ%“ %h%aggj/lgqor ear, typically in
the for metntrauhntqmt oofo dischiacgethiepowdenfrpertbe @apsule theoughithese perfaratiansity. pH-

35ad) USt et ceh R lohGe o AR nd A WRE} GRSl 1RO ARl cglcasand

aur al I'on ¥ egra {e.g. absorbabl e gel
spongss moure.gevgd o the inhiated againdiiosty, (ﬂ@agser@blqn-cqsmmhﬂlﬁr IB1eSesSABY er s,

o ee 216 BRLAhS h dindling & AL wiith 2P bBGIRITRAT o 6 aRicL AR5

syst ens, NI 0SOITES osohres. mer such as crossed-|inked
pol yacr yltutdersioche foosgme paliedteohol , hyal uron| c acid, a cellulosic polyner,
for exanpl e, hydroxypropylnethylcellulose hydroxyethylcellulose or net hyl
cellul ose, or a heteropol ysaccharide polyner, for exanple, gelan gum nmay
be i ncor pdthet drhwbaglet tetated td thi use pf bawskgelatingcapsules fos inhadatioR PRV Fm

I(;glr ﬁ{} gf" |%ﬁzg)f%gr°? o {e ,’\Q%,%ar{;?%gﬁ i JPf'akg‘?}o'n'Y ﬁfe%ﬂ%t'é?rnkl%ﬂ?@él@ﬁlh Svl;th

mnils ratlonma f ornul at ed
i mredi at eopenilgoor pedfdiation @fteethecapsulpd biave bepny @W@aefé preyioyslyde ieaﬁﬁ%mﬁ ncl ude

del ayed-, %“§%fk£\f&i¥é\gﬁ% %Sgses fﬂa%f)gﬁtét%ln Ghdenti#t IHEES) ?&fsﬂ!é fharEERd

rel ease. nol og oun of the invention may be conbi ned
with sol anfloapawlerfr@gmeetsul\f@recynt ifer egumbemf Cé@%?@]’@&%&t'ﬁ‘?q{"%ﬁ'& sui tabl e

derivativ Llibeﬁe&f?é%{) @Pb%g&%?/éen Iseh)t 3l 16gAf ai ning 15 pol ynmers, in order

to inprové'thelr so ution rate,” taste-masking,
bi oavi@i | abil ity and/ or stabi lity for use in any of the aforenentioned nodes

A $4h8'chBie HASIEATRANY a RlaghBific §oh Wfich RERAMIcaghiley edrised i |1, be

dependent ect being t eate the severity of the di sorder or
condi t i ontransfierreditoe memmqﬂambeatm Wﬁ'ChtH%me'&l‘%éﬁ"thﬂPQ takep I'?@céoﬁound

and t he d&{s%hﬁé& H\N@rgilb . @'iﬁér'c}é Q@eMrE haﬂe réﬂ@%\gﬂﬁagéﬂ'he%fvfnﬂﬁt ive

dosage is typlica n t e rang 0. 01- 3000 nor e ref er.a 0, 5-1000
my of act¢ap@u|eng\amheemthab¢anhe @S]'Qhﬁ/'al"éﬁtw'tﬁr?%ﬁt" cgrduit fg %9%‘?! ey

acce § 9*1/62%85 % cﬁéz?ﬂ&) %'ebléoﬁ'@ﬁé’egﬁmerwe Bﬁn@l@lﬁl\eﬂjnﬁtt@eed in one or
nor e nments, ra to treat ments, rrP X
inhalers together with bhster mhalers Wthh have a limited number of unit doses in

supply on a disk or on a strip.

Blister inhalers provide better moisture protection of the medicament than capsule

25  inhalers. Access to the powder is obtained by perforating the cover as well as the
blister foil, or by peeling off the cover foil. When a blister strip is used instead of a disk,
the number of doses can be increased, but it is inconvenient for the patient to replace
an empty strip. Therefore, such devices are often disposable with the incorporated
dose system, including the technique used to transport the strip and open the blister

30 pockets.

Multi-dose inhalers do not contain pre-measured quantities of the powder formulation.
They consist of a relatively large container and a dose measuring principle that has to
be operated by the patient. The container bears multiple doses that are isolated

35  individually from the bulk of powder by volumetric displacement. Various dose
measuring principles exist, including rotatable membranes (Ex. EP0069715) or disks
(Ex. GB 2041763; EP 0424790; DE 4239402 and EP 0674533), rotatable cylinders (Ex.
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The powder formulation has to exhibit good and stable flow properties, because filling
of the dose measuring cups or cavities is mostly under the influence of the force of

15  gravity.

For reloaded single dose and multiple unit dose inhalers, the dose measuring accuracy
and reproducibility can be guaranteed by the manufacturer. Muilti dose inhalers on the
other hand, can contain a much higher number of doses, whereas the number of

20 handlings to prime a dose is generally lower.

Because the inspiratory air stream in multi-dose devices is often straight across the

dose measuring cavity, and because the massive and rigid dose measuring systems of

multi dose inhalers can not be agitated by this inspiratory air stream, the powder mass
25 s simply entrained from the cavity and little de-agglomeration is obtained during

discharge.

Consequently, separate disintegration means are necessary. However in practice, they

are not always part of the inhaler design. Because of the high number of doses in multi-
30 dose devices, powder adhesion onto the inner walls of the air conduits and the de-

agglomeration means must be minimized and/or regular cleaning of these parts must

be possible, without affecting the residual doses in the device. Some multi dose

inhalers have disposable drug containers that can be replaced after the prescribed

number of doses has been taken (Ex. WO 97/000703). For such semi-permanent multi
35 dose inhalers with disposable drug containers, the requirements to prevent drug

accumulation are even more strict.
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5 advantage of these atomisers is that the use of propellant gases can be completely
dispensed with. Such atomiser is the Respimai® which is described, for exampie, in
PCT Patent Applications Nos. WO 91/14468 and WO 97/12687, reference here is being

made to the contents thereof.

10  Spray compositions for topical delivery to the lung by inhalation may for example be
formulated as aqueous solutions or suspensions or as aerosols delivered from
pressurised packs, such as a metered dose inhaler, with the use of a suitable liquefied
propellanf. Aerosol compositions suitable for inhalation can be either a suspension or a
solution and generally contain the active ingredient (s) and a suitable propellant such

15 as a fluorocarbon or hydrogen-containing chlorofluorocarbon or mixtures thereof,
particularly hydrofluoroalkanes, e. g. dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetra-fluoroethane, especially 1,1, 1, 2-tetrafluoroethane, 1,1, 1,2, 3,3, 3-
heptafluoro-n-propane or a mixture thereof. Carbon dioxide or other suitable gas may
also be used as propellant.

20
The aerosol composition may be excipient free or may optionally contain additional
formulation excipients well known in the art such as surfactants (eg oleic acid or
lecithin) and cosolvens (eg ethanol). Pressurised formulations will generally be retained
in a canister (eg an aluminium canister) closed with a valve (eg a metering valve) and

25 fitted into an actuator provided with a mouthpiece.

Medicaments for administration by inhalation desirably have a controlled particle size.
The optimum particle size for inhalation into the bronchial system is usually 1-10 um,
preferably 2-5 um. Particles having a size above 20 um are generally too large when
30 inhaled to reach the small airways. To achieve these particle sizes the particles of the
active ingredient as produced may be size reduced by conventional means eg by
micronisation. The desired fraction may be separated out by air classification or

sieving. Preferably, the particles will be crystalline.

35  Achieving high dose reproducibility with micronised powders is difficult because of their
poor flowability and extreme agglomeration tendency. To improve the efficiency of dry

powder compositions, the particles should be large while in the inhaler, but smail when



Active Conmpound 3 ng Citric acid 0,5 g Sodiumchloride 2,0

U, , 0 g Methyl paraben
0,1 g Ganul ated sugar 25 g Sorbitol (70%solution) 11 g Veegum Kyl,g g
Fl avori now0,202/@9ddge 0,5 ng Distilledgpater q.s. to 100 pei/EP2011/005929

discharged into the respiratory tract. Thus, an excipient such as lactose or glucose is
generally employed. The particle size of the excipient will usually be much greater than
the inhaled medicament within the present invention. When the excipient is lactose it
will typically be present as milled lactose, preferably crystalline alpha lactose
5 monohydrate.

Pressurized aerosol compositions will generally be filled into canisters fitted with a
valve, especially a metering valve. Canisters may optionally be coated with a plastics
material e. g. a fluorocarbon polymer as described in W096/32150. Canisters will be
fitted into an actuator adapted for buccal delivery.

10

iv) Nasal mucosal administration

The compounds of the invention may also be administered via the nasal mucosal.

Typical compositions for nasal mucosa administration are typically applied by a

metering, atomizing spray pump and are in the form of a solution or suspension in an
15 inert vehicle such as water optionally in combination with conventional excipients such

as buffers, anti-microbials, tonicity modifying agents and viscosity modifying agents.

v) Parenteral Administration

The compounds of the invention may also be administered directly into the blood

20 stream, into muscle, or into an internal organ. Suitable means for parenteral
administration include intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal, intracranial, intramuscular and
subcutaneous. Suitable devices for parenteral administration include needle (including
microneedle) injectors, needle-free injectors and infusion techniques.

25
Parenteral formulations are typically aqueous solutions which may contain excipients
such as salts, carbohydrates and buffering agents (preferably to a pH of from 3 to 9),
but, for some applications, they may be more suitably formulated as a sterile non-
aqueous solution or as a dried form to be used in conjunction with a suitable vehicle

30 such as sterile, pyrogen-free water.

The preparation of parenteral formulations under sterile conditions, for example, by

lyophilization, may readily be accomplished using standard pharmaceutical techniques

well known to those skilled in the art. The solubility of compounds of the invention used
35 in the preparation of parenteral solutions may be increased by the use of appropriate

formulation techniques, such as the incorporation of solubility-enhancing agents.



Fornmul ation Exanple 4 (Hard gel atine capsule for oral adm nistration)
I ngredi ent Ampbunt Active Conmpound 1 ng Lactose 150 ng Magnesium stearate 3
ng 10 Fowoubpbicof2Exanple 5 (Gelatinggartridge for i nhacatEpes/0o3ded
2012/ 06920292PCT/ EP2011/ 005929 | ngr edi ent Amount Active Conpound
(mcronized) 0,2 ng Lactose 25 ny

Formulations for parenteral administration may be formulated to be immediate and/or

modified release. Modified release formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release. Thus compounds of the invention may
be formulated as a solid, semi-solid, or thixotropic liquid for administration as an

5  implanted depot providing modified release of the active compound. Examples of such
formulations include drug-coated stents and PGLA microspheres.

vi) Topical Administration

The compounds of the invention may also be administered topically to the skin or

10  mucosa, that is, dermally or transdermally. Typical formulations for this purpose include
gels, hydrogels, lotions, solutions, creams, ointments, dusting powders, dressings,
foams, films, skin patches, wafers, implants, sponges, fibers, bandages and
microemulsions. Liposomes may also be used. Typical carriers include alcohol, water,
mineral oil, liquid petrolatum, white petrolatum, glycerin, polyethylene glycol and

15 propylene glycol. Penetration enhancers may be incorporated; see, for example, J
Pharm Sci, 88 (10), 955-958 by Finnin and Morgan (October 1999). Other means of
topical administration include delivery by electroporation, iontophoresis,

phonophoresis, sonophoresis and microneedle or needle-free injection.
20 Formulations for topical administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,

controlled-, targeted and programmed release.

vii) Rectal/intravaginal Administration

25  Compounds of the invention may be administered rectally or vaginally, for example, in
the form of a suppository, pessary, or enema. Cocoa butter is a traditional suppository
base, but various alternatives may be used as appropriate. Formulations for
rectal/vaginal administration may be formulated to be immediate and/or modified
release. Modified release formulations include delayed-, sustained-, pulsed-,

30 controlled-, targeted and programmed release.

viii) Ocular Administration

Compounds of the invention may also be administered directly to the eye or ear,

typically in the form of drops of a micronized suspension or solution in isotonic, pH-
35  adjusted, sterile saline. Other formulations suitable for ocular and aural administration

include ointments, biodegradable {e.g. absorbable gel sponges, collagen) and

nonbiodegradable (e.g. silicone) implants, wafers, lenses and particulate or vesicular
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Kyteins( SudF ammlgwnesjpmh@somes A polymer such as crossed-linked polyacrylic

with a preservative, such as benzalkonium chloride. Such formulations may also be

delivered by iontophoresis.
Formulations for ocular/aural administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,

controlled-, targeted, or programmed release.

ix) Other Technologies

Compounds of the invention may be combined with soluble macromolecular entities,
such as cyclodextrin and suitable derivatives thereof or polyethylene glycol-containing
polymers, in order to improve their solubility, dissolution rate, taste-masking,
bioavailability and/or stability for use in any of the aforementioned modes of
administration.

The amount of the active compound administered will be dependent on the subject
being treated, the severity of the disorder or condition, the rate of administration, the
disposition of the compound and the discretion of the prescribing physician. However,
an effective dosage is typically in the range of 0.01-3000 mg, more preferably 0.5-1000
mg of active ingredient or the equivalent amount of a pharmaceutically acceptable salt
thereof per day. Daily dosage may be administered in one or more treatments,

preferably from 1 to 4 treatments, per day.

Preferably, the the pharmaceutical compositions of the invention are made up in a form
suitable for oral, inhalation or topical administration, being particularly preferred oral or

inhalation administration.

The pharmaceutical formulations may conveniently be presented in unit dosage form
and may be prepared by any of the methods well known in the art of pharmacy.
Preferably the composition is in unit dosage form, for example a tablet, capsule or

metered aerosol dose, so that the patient may administer a single dose.

The amount of each active which is required to achieve a therapeutic effect will, of
course, vary with the particular active, the route of administration, the subject under

treatment, and the particular disorder or disease being treated.

In



1. A conpound of fornula (1), or a pharmaceutically acceptable salt, or

sol vate, or N-oxide, or stereoisoner or deuterated derivative or tautoner

t her eof : W0%012/069202. .- ...l.... NH--9)Y Fornmula (1) 10waerseevi/00892¢ 0 or
an integer froml to 3; X and Y each independently represent a
nitrogen atomor a -CR7 group, wherein at 15l east one of X and Y represents
a -CR7 group; one of GL and & represents a nitrogen atom and the ot her
represents C ; gachormifigRans@niples: represent a hydrogen
atom a%%?%&%ﬂ{ngﬁg?ﬁérgﬂ%fﬁﬁ C%‘reo%p,oa cyano grmgiup, a linear or
branched C1-C6 al kyl group, a Cl-C4 hal oal kyl group, a Cl-C4 hydroxyal kyl
group, l%nﬁ%gtréﬁbﬁ oal kenyl group, a nonocyclic
or pol ygﬁ%ﬁ‘%‘ c%%ﬁ'ﬁﬁ%/ Xg?%gu é’fbroga to 14- me%rbered het er oaryl group
conta ning at |east one heteroatomselected fromO, S and N, a 5- to 14-
menber ed p | {6b 8n |Qﬁ5t3 i8 ﬁQS-lFﬁIdﬁcﬁpﬁnﬁlnez-t ed
fromO, gpgh@ %gg%%éne%é% tc@gfg hal gal (Qqﬁdrg al kyl , cloal kyl ,
cycl oal kyjethyllamins).7-metheioidazb[1,2:h Yﬁé@@?'@d&%’ywml‘# @re uns gtf V& ut ed
or substitut EH'? thi §8liowi ﬁﬁg@ﬁb,{r om a hal ogen atom a
cyano grf)‘gb aeenqb¥ve?é1§re% m{)g)%c%g @ Co al II< group, a Cl-C4 hal oal kyl
group, a Cl-C4 hydroxyal kyl WD 2012/ 06920294PCT/ EP2011/ 005929

Active ingredient 5 Kg
Lactose monohydrate 10 Kg
Colloidal silicon dioxide o 0.1 Kg
Corn starch 1 Kg
Magnesium stearate 0.2 Kg
10
Procedure
The above ingredients were sieved through a 60 mesh sieve, and were loaded into a
suitable mixer and filled into 50,000 gelatine capsules.
15

Formulation Example 2 (tablet for oral administration)

50,000 tablets, each containing 50 mg of 3-(6-{[(1 S)-1-(5-Fluoropyridin-2-
yl)ethyllamino}-7-methylimidazo{1 ,2-b]pyridazin-3-yl)pyridin-2(1H)-one (active

20 ingredient), are prepared from the following formulation:

Active ingredient 2.5 Kg
Microcrystalline cellulose 1.95 Kg
Spray dried lactose 9.95 Kg
Carboxymethyl starch 0.4 Kg
Sodium stearyl fumarate 0.1 Kg
Colloidal silicon dioxide 0.1 Kg

Procedure



group, a Cl-C4 al kyl sul fonyl group, a C3-C7 cycl oal kyl group, a phenyl
group, a pyridyl group, a pyrimdinyl group or a piperidyl group; or RlL
and R2eackoiotapendent |y represent a -q)CH2) 8_20R9 gr oup pca/Epo10/063b0d- 20R9 5
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group,
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Formulation Example 4 (Hard gelatine capsule for oral administration)

10

Ingredient Amount
Active Compound 1mg
Lactose 150 mg
Magnesium stearate 3mg

Formulation Example 5 (Gelatin cartridge for inhalation)



5nore substituents selected froma hal ogen atom a cyano group, a linear or
branched Cl1-C6 al kyl group, a Cl-C4 hal oal kyl group, a Cl-C4 hydroxyai kyi
group, a wWe2ei/mymkoal kyl, a phenyl grggup, a pyridyl gregpEraoiRxNoion di nyl
group or a piperidyl group; 10 RO represents a hydrogen atom a cyano
group, a Cl1-C4 hal oal kyl group, a Cl1-C4 hydroxyal kyl group or | i near or
branched C1- Cpirmyrédienyr oup, V\/m ch al kyI Amounti s unsubstituted or
substituted by sti-tgentstsetected—froma—Tyanmo group, a

C3- C7 cycl oal <9Ft"’§rg?f'ﬂp°‘é{1dp(ﬁ8ﬂ39p'zﬁ oup, g pygi dyl group, a pyrimidinyl
group or a piperidyl group; 15 R9 represents a hydrogenatoma{Cl-C4

hal oal kyl grolipactaseCl- C4 hydr oxyal kyI gt 88P%r a |inear or brandghed C, -C6
al kyl group, Wwhich al kyl group is unsubftituted or substituted by one or
nore substituents selected froma cyano group, a C3-C7 cycl oal kyl group, a

phenyl group, a pyridyl u i .qr o or a piperidyl group. 20
2. A confcﬂﬁﬁﬁ‘&'aﬁe%é?‘ﬂf‘ﬁﬁqg E"ﬁ'al'laﬂ?'gy \)\’/5?@? |gPlﬂ}sents a nitrogen atom
and Y represents a -CIR, group. 3 A corrpound accordi ng to claiml,

2Er anrnacn

wherein Y represents a nitrogen atom andX—25 epresents—a—ER—pgroup. 4. A
conpound accorldn@Eedientc aim 1, wherein )@'&'ﬁ’&"ﬁ( i ndependent |y represent a
-CIR, group. 30 5. A conpound according to any one of the precefling clains,
wherein G replr&@tl&ﬁt@"@%dr(mﬁmé@)m ntp @9 represents a carbop atom 6. A
conmpound accor{ding to any one of the pr ecedl ng clajns, wherein
represents a nfitactgpen at om and Gl repres@iidsma carbon atom 35 |group, a
Cl- 4 hal oal ky| group, a Cl-C4 hydroxyal kyl group, a C3-C7 cycl pal kyl

group, a phenylgroup, a 5- to 7 nenbered het er oaryl group contai ni ng one,
two or three heteroatons_heter cted fromO, Sand N, a 5- to 7-
menbeded, FEiAtgn Exanpleh-army I'ear@ clyl ring, which heterocyclyl ring
i's unsubstltuted or substituted by 5 one, two or three substituents

sel ected from hal ogen at om—acyano—grou u .:".ear brarfehred Cl- 4

al kyl group, al ‘egresient .y sulfonyl group or| 7 cycl oal kyl ¢roup; or Rl
represents a -(C1-100-20R9 group,—a -0-(C1 1')\1 ZVP\Q group—er—a - NRSR9
group; wher ei n| Retivarfeprpounddmigrongedned in [c1%¥m 1: and

1,1,1,2,3,3,3-heptafluoro-n-propane g.s. to 200 mL

In the formulation examples 3-7, active compound is 3-(6-{[(1S)-1-(5-Fluoropyridin-2-
yl)ethylJamino}-7-methylimidazo[1 ,2-b]pyridazin-3-yl)pyridin-2(1H)-one.
10

Modifications, which do not affect, alter, change or modify the essential aspects of the
compounds, combinations or phahnaceutical compositions described, are included
within the scope of the present invention.

15 '



10 wherein Rl preferably represents a hydrogen atom a hal ogen atom a

| i near or branched Cl1-C8 al kyl group, a C3-C7 cycloal kyl group, a 5- to 7-
menber ed,weabi@bsd N contai ni ng hetergaxcyclyl ring, whi pbrhigb&ne638éy! ring
is substituted by one, two or three substituents selected from a hal ogen
atom a cyano group, a linear or branched Cl1-C4 al kyl group, a C1-C4

al kyl sul fonyl group or a C3-C7 cycl oflldaps group; or Rl 15represents a
-(CH2)0_20R9 group, a -0-(CH2)1 20R9 group or a -NRBR9 group, wherein R8
and Rg i ndependently represent a hydrogen atomor a linear or branched

Cl- C3 al kylA apnipopind ah tbrmotr @), or Kphamnacepticsily agegpjable sabsausolyate, RYYr ogen

atom a linear qr branch - . Ky 5 7- menbered,

sat ur at e(?xﬁ-ec8rn§37eﬁi'sr?51%§? g%@%ﬁ?@?%ﬁge Q%H&mﬁetﬁeerre E))gycl yl ring is
substptuted by a Cl-C4 al kyl sul fonyl group; or Rl represents a
-0-(CH2)1_20R9 group or a -NR8§9 group, wherein R8 and Rg independently
represent a hydrogen atom ﬁ/é ear or branched Cl-C3 al kyl group; and 25
wherein RL nost preferably hepresgnts a hydrogen atomor a nethyl group. 8.
A conpound according to anyjone the preceding clains, wherein R2
represents a hydrogen ator® ogen atom a he{dr oxy group, a linear or
branched Cl1-C8 al kyl group, a €1-C4 hal oal kyl glé)up, a Cl-C4 hydroxyal kyl
group, a C3-C7 cycl oal kyl grou a 30phenyl H.QBNR 5- to 7- nmenbered

het eroaryl group containing ofe\t wo_gQr three Het ef'8at oms sel ected from O,
Sand N, a 5- to 7- nenberedj satprat N-conyai ni ng heterocyclyl ring,

whi ch heterocyclyl ring is stpstituted by one, two or
three substituents sel ected gen ato a cyano group, a linear or
yl sul fonyt group or a C3-C7

branched Cl1-C4 al kyl group, a Cl-

cycl oal kyl group; or R2 35represe V\ﬁ a rf§CH2)9_20R9 group, a -0-(CH2)1_20R9
group, or a -NRBRO group; wherein rein RB and Rg are as defined in claim
1; wherein R2 preferably represents a hydrogen atom a hal ogen atom a
l'inear or branched Cl-C8 al kyl grouperiuisdy C7 cycl oal kyl group, a

-(CH2) 0_20R9 group, a -0-(CH2)1-20R9 group or a -NRBR9 group wherein Rg and
RO i ndependently represent a hydrogen atomor a |inear or branched Cl-C3

al kyllogro\Hﬁ’éreﬁ\nd 5 wherein R2 nore preferably represents a hydrogen atom a
hal ogen atom a |inear or branched Cl-C3 al kyl group or a -NR8R9 group

wherein R8 and Rg independently represent a hydrogen atomor a |linear or

branched (s G%rghifﬁ‘tbg&rffﬁﬁm tghd

e

X and Y each independently represent a nitrogen atom or a -CR; group, wherein at

15 least one of X and Y represents a -CR; group;

one of G, and G, represents a nitrogen atom and the other represents a carbon atom;

R, and R, each independently represent a hydrogen atom, a halogen atom, a hydroxy
20  group, a cyano group, a linear or branched C4-Ce alkyl group, a C+-C4 haloalky! group,
a C,-C, hydroxyalkyl group, a C3-C1o cycloalkyl group, a C5-C1o cycloalkeny! group, a
monocyclic or polycyclic Cs-C14 aryl group, a 5- to 14- membered heteroaryl group
containing at least one heteroatom selected from O, S and N, a 5- to 14- membered
heterocyclyl group containing at least one heteroatom selected from O, Sand N,
25 wherein the alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are unsubstituted or substituted by one or
more substituents selected from a halogen atom, a cyano group, a linear or

branched C,-Cs alkyl group, a C4-C,4 haloalkyl group, a C;-C4 hydroxyalkyl



wherein R2 nost preferably represents a hydrogen atomor a nethyl group. 10
9. A conpound according to any one of the preceding clains, wherein R3

representywwoaoldigaeap or branched Cl1-C8 ¢4 kyl group, a Clp@f/mlq,@bggﬂ group,
a Cl-C4 hydroxyal kyl group, a C3-C7 cycloal kyl group, a nmonocyclic or

polycyclic C8-Cl4 aryl group, a 5- to 7- nenbered heteroaryl grou
cont ai ni ng ongroupya GrCE Hk}deulfmvlegroupmrﬁa-%lc&@@&vlﬂf%6 phead PR, a 5-

to 7- merrbere I SHvWRRuUpt WO or three heteroatons
sel ected from 6%@3&&@,\/% re| ﬁr% ﬁeagé EibP )ﬁgl onl kyl , hydroxyal kyl,
cycl oal kyl, cycl oal kenyl, aryl, heteroaryl and heterocyclyl groups are

bsti | f
unsubstl e e RS ARG 0 S RYFIOR| i Dachpciom {1 om ¢

Cl- CA5halgraipk pr agNBeiRy g@ull- C4 hydr oxyal kyl group, a C3-C7 cycl oal kyl

group, a phenyl group, a pyridyl group, a pyrimdi nyI group, a pi peri dyl
group, a -(CH2)"0OR9 group, a -NR8BR9 group (CH2) - group, a
- C( 0) - ( Cire i8Nt grhydpagen at@n03 helogeh ‘atemn, g?r@@pO@rOLa) aéf(‘e?rz‘{fafe')'@h%

group; | her Cau0s, as defined
in cloal \r,:ti Co %Bﬁ%i&c‘g %ﬁﬁh%g@%}plg;ro@‘go@@@aﬂg%%“@yglaﬁ@m reprZsentls a
| i near orcybloatkgihgrdugia CG@@@Y&WWQM‘LQJOU%\ GG!JO@PYF?@H RWAYCl bubeayicl- ¢4

hydr g)éyglg%yup garg l{B 14- m%bge&?fé‘tlafﬁ%lrﬁ?élr%xﬂi &it‘nPamlﬁg lahféah’tl o KatEroaforPy T | dyI

grou roup 0 wherein_ the Ehen

pyridyl, qmjeuted iﬂom;ﬂ) Soanquperﬁ-tg/M-ng@mbgfeé t%ﬁ%%éﬂf%@at%?'"%a 85t ut ed

by one, t aggl,@ct ed from a hal ogen atom a cyano
group, ‘Q?%nrgé;t‘?rtog{; ?ggaﬁ&ﬁﬁﬁaé al kyl ‘g()roup a Cl-Cc4 hal? group, a

Cl-C4 hydr oxy avhkereinghe @kyl, @a@@mwwqr@m y{ﬁyc@ambcy%\oajh%wwa roup, a

ri dyl grou batitufedHz) sHERS FOU ,
DY \iearo 5a by hfterBHE B iberobct °‘S’FE"*J§%§“*.“C“(‘M°“’S” e o

- S(0)1%( mz)nRgngraﬁ;.psbﬁueatsss{@)@(f P PNRIRERNAtMpa CYANG PH%%@?? °rs 0, 1 or

2; and wher ei :32['%3 ik @susief €ned hhbakyRirbug,-a C Y, hydroxyalkyl
2012/ 06920298 E%‘T%g 82“3 u;Sj . A gorrpouk? ac%or i ne to a%ﬂgneI of the
precedi ng cl ai gmupvmﬁls—éinwﬂﬂa'l(ﬁ[ﬂf@%ﬁt@eaylﬁfﬂ'i%g?eW”g &{80% RRYAYRE oal kyl
group, a Cl-CA, hydr H no|f gp(g.q ORJ é)JNFQRggfdupd Cl- C6 al kyI
group; 5 and V\%erglél’)lﬁlég Iwg{ po ( rzgpr erggg?és a %@%EHH&
hal oal kyl gr oud:C@)ECHR- Mpmm%w-(ﬁﬁdub'%ﬁs aquPn% ? ﬁ&ﬁ@d“’m C3
al kyl,group; agd, ‘éé]g’z?bplz)ﬂQRE@J&oQﬁ%I%r&h'éécﬁﬂﬂé@seﬂi2 a hydrogen atomor a
Ilnear or branche l group; 10 and

R, represents a hydrogen atom, a C4-C, haloalkyl group, a C,-C4 hydroxyalkyl group or

a linear or branched C,-Cs alkyl group, which alkyl group is unsubstituted or substituted

by one or more substituents selected from a cyano group, a Cs-C; cycloalky! group, a

25  phenyl group, a pyridyl group, a pyrimidinyl group or a piperidyl group;

Rs and Rg each independently represent a hydrogen atom, a C4-C4 haloalkyl group, a
Cq+-Cs hydroxyaikyl group or a linear or branched C,-Cs alky! group, which alkyl group is
unsubstituted or substituted by one or more substituents selected from a cyano group,

30 a Cs-C; cycloalkyl group, a phenyl group, a pyridyl group, a pyrimidinyl group or a
piperidyl group;

R; represents a hydrogen atom, a halogen atom, a cyano group, a linear or branched
C,-Cs alkyl group, a C,-C, haloalkyl group, a C4+-C, hydroxyalkyl group, a C3-C1o

35  cycloalkyl group, a C;-Cso cycloalkenyl group, a monocyclic or polycyclic Cs-Cq4 aryl
group, a 5- to 14- membered heteroaryl group containing at least one heteroatom



wherein R4 nost preferably represents a hydrogen atomor a nethyl group.

12. A conpound according to any one of the preceding clains, wherein RS and
R6 each iwdeppndentl y represent a hydmlsdgen atom or a | i pearepeérondnshed
Cl-C6 al kyl group; 15 and wherein R5 and R6 prefer any each independently
represent a hydrogen atomor a linear or branched Cl1-C3 al k ? - and
wher ei n Bleated fRé" RoBandMbfai-4pI1¢- Bembered Bleraeyely| dfovR pordal H‘Qaé q‘f{}brogen

atomor a. gﬁ%}&gmgre%df@ﬁogmound according to any one of the

precedi ng ¢l al ns, wherein represents a represent a atom a

hal ogen at om Whetsinthe @jk)ddpﬁ'odkm hydsexyalkyb £¥riedd. qvel eﬁY'ngpgr oup, a

Cl- 4 hal oal k
25group. a phé%tf% Ipan@h%ﬁggclpb’ BQﬁé/él‘eKM'lsugétﬂ&th oﬁs@&tﬂe@]ﬁ?bﬁebkyl

gr Oup5 or a pi megybst@ﬂmselm@e grpm a E%‘ég%ﬁgﬂn?' r"’rfa%ﬁ?%{ﬁ“ﬂ )}.ﬁ?%’ rr' m di nyl
pyrini di nyl ok, BicdReaiciy, AP U4 €. Ae\3isHikyl Hices, ST, TUlrytitdxyaiRg by one,

two or three substituents se froma hal ogen atom a H ngl'grou

| i near or bra@mtma@}@ecy@lqawl Qrmﬁyl grown.-aRyrighaIPURy ARNMMYHE

hydr oxyal kyl dvPafeapC? cycl oal kyl, a phenyl group, a pyridyl

[ OXY: : group, a
pyri m di nyl oag&‘ WP% Pperl dyl group. 14. A conpound according to claim
1, of forrrula(l-a) Formula (1-a) S5wherein m X, Y and RL to RO are as

?ffNIﬁSd i) r&rBbdRtd a HyBroghn GRUTRO4EYArR GHEHS i 1D,-Cohabakigtoumfa Eeciul a (1 -b):
hydroxyalkyl group or a linear or branched C;-Cs alkyl group, which alkyl group is
unsubstituted or substituted by one or more substituents selected from a cyano group,
a C;-C; cycloalkyl group, a phenyl group, a pyridyl group, a pyrimidinyl group or a
piperidyl group;

15
R, represents a hydrogen atom, a C,-C,4 haloalkyl group, a C+-C4 hydroxyalkyl group or
a linear or branched C,-Cs alkyl group, which alkyl group is unsubstituted or substituted
by one or more substituents selected from a cyano group, a C;-C; cycloalkyl group, a
phenyl group, a pyridyl group, a pyrimidinyl group or a piperidyl group.

20
2. A compound according to claim 1, wherein X represents a nitrogen atom and Y

represents a -CRy group.

3. A compound according to claim 1, wherein Y represents a nitrogen atom and X

25 represents a -CR; group.

4. A compound according to claim 1, wherein X and Y independently represent a -CR;

group.

30 5. A compound according to any one of the preceding claims, wherein G, represents a

nitrogen atom and G, represents a carbon atom.

6. A compound according to any one of the preceding claims, wherein G, represents a
nitrogen atom and G, represents a carbon atom.

35
7. A compound according to any one of the preceding claims, wherein R, represents a

hydrogen atom, a halogen atom, a hydroxy group, a linear or branched C4-Cs alkyl



10 Formula (I1-b) wherein m X Y and R to RO are as defined in claim 1.
1516. A conpound according to claiml, wherein: mis 0 or 1, Xis a

ni trogen wbogikeheY i s a -CR, group: ®&g Y is a nitrogen < g
-CR, 20 group; or both X and Y are a -CR, group; WO PRIAP2AFB0¥29

2012/ 069202100PCT/ EP2011/ 005929 one of GL and & represents a nitrogen atom
and the gty arGpCesaioalkyl graup, bdh-G4 hydroxXyalkybgroupenfs Ca chglarlky @rour am  a

halogenao alln r | oal kyl
group, a ”3('(9'9”‘) r?errb%?egl12 f%t% @80 JP?FH%‘SH ﬁggeﬁc&?f@%cr?ﬁg,y
V\,hl (rzgpt\:getemgtohml hetérngtoms sal&md frem &) SHgndiNCa Setp & mymbaweﬂoﬁ@twag%ﬂp or
en %@9 %ﬁgl RO
group, V\/f‘lzgpél %&%% dg%g:ﬁgﬁ Bg("r sent a t%??éﬁﬁ%ﬁ%ﬁq&'@? a
i Refus oronke( mucdnetdre@mntaerktylse@c@dmonaﬁdham at@présmraumﬁmgéﬁf at om
ar oup, _a PRt e ardlo, 4G FsR ol br 69 € cylofiRyrrdutth o2l 11
g?g;gihndﬂg rep(daségzlallmbf)mmq;lyup@)@ﬁ@ﬂih HORy@rodped @t om or a |inear or
ed C1- y &653 r 41 pear or branched Cl-C8
al kyl groﬁéﬁggg%fpdﬂh%ﬁﬁﬁi garr%ﬁa%,&ﬁﬁ%q-ﬁ‘(“ﬂalh{ygr oxyal kyl group, a C3-C7
cycl oal I(;)dnd?roup a nonocyclic or polycyclic C8-Cl4aryl group, a 5- to 7-
e er
e qped yigkeheR il RofelhAl ShiitoflPatod Rliodeh AEmnSiREAROE sel ect ed

e et erocyc \51 w%roup cont ai ni ng one, two
gr | t hlr Eel HTemmedame@@aIIS)lﬂlge@.tpe@ G GneyGloatkyhearpur, a megmbengd, %atwg

al oal ky 0, I ) !r@{ee |, and
het erocyc 'TIfPthrnoﬁt%ﬁétg%gyﬂﬂﬁﬁ’gs@hﬂtéﬁthngwévcgﬁtﬁF%%JP ggmbéd bone mb%r t hree
subst i t ughtee sibbtitoestd sfetegtadafrmad@meatamm 2CY3N R oup. o‘m'weaaO! braaghedy

br anched Cla il diul ¥ €8 aRylicth J8LA3H k- 6/ @bald Grbuprridr oxyal ky!

g; 83&5 : rpreispetsiaifCHgs6MRs graup(THRGY mf%ggrg%y&r am&%ug@aapp ‘%:{Iem an
-X(0)-( C'@Jhdrﬁ, l%%dently represent a hydrogen atom or a linear or branched C4-Cs alkyl
group,
and

wherein R, more preferably represents a hydrogen atom, a linear or branched C4-C;
20 alkyl group, a 5- to 7- membered, saturated N-containing heterocyclyl ring, which
heterocyclyl ring is substituted by a C,-C, alkylsulfonyl group; or R, represents a
-O-(CH,)12.0R, group or a -NRgRe group, wherein Rgand Rq independently represent a
hydrogen atom or a linear or branched C4-Cj3 alkyl group;
and
25  wherein R, most preferably represents a hydrogen atom or a methy! group.

8. A compound according to any one of the preceding claims, wherein R; represents a
hydrogen atom, a halogen atom, a hydroxy group, a linear or branched C;-Cg alkyl
group, a C4-C, haloalkyl group, a C-C4 hydroxyalkyl group, a Cs-C; cycloalkyl group, a

30 phenyl group, a 5- to 7- membered heteroaryl group containing one, two or three
heteroatoms selected from O, S and N, a 5- to 7- membered, saturated N-containing
heterocycly! ring, which heterocyclyl ring is unsubstituted or substituted by one, two or
three substituents selected from a halogen atom, a cyano group, a linear or branched
C,-C, alkyl group, a C4-C, alkylsulfonyl group or a C5-C; cycloalkyl group; or R,

35  represents a -(CH,),.2ORs group, a -O-(CH>)1,0Rq group, or a -NRgRs group; wherein
wherein Rgand Ry are as defined in claim 1;

and



a -C(0)-(CH2)"-NRBR9 group, a -S(0)2(CH2)nR9 group or a -S(0)2(CH2) NR8R9
group; wherein each nis 0 or 1 and wherein R8 is a hydrogen atom a cyano

group, orwe 2bigaszor branched Cl-C3 ahkyl group, a Cl- @éthigh®alolidsh group
or a C3-C7 cycloalkyl group Rg is a hydrogen atomor a linear or branched

Cl-C3 al kyl 30group; R4 represents a hydrogen atom a Cl-C4 hal oal kyl
group, awbérdiRhprbferablyl reyrlesgnts achydrogenl atoreaa halogen ateemedlingar @8 al ky|

group; 7 represent hydr oge | ogen~ato no group, a

i near oP/aRPaRL ﬁé-?éeiw&rvépk@%s&?ic&%@'sﬁé@é%SF%@v%ﬁ‘gagg@éﬁp, 2 CL 4
hydr oxy alakp-(QH,PUPR. ardd &7 NRJRaréud whereinRs andfhdndapegaentfy rearasgpht hy |
group, a ridyl group, .a Lo dinvl 0, .Bhperidyl group, 5Swherein
t he phen?ﬁ?"dﬁ)?éﬂtagw,OP:BJ'PF%%K%@é%%%@#%y%ﬁ)bg??dyl roups are

unsubst i twiessin By monb pteferablydrepresents a hysoogen atemea haleBen piQida ineagpPect ed

froma hal ogen, at a 0, .Qr ¢ ' ale al kyl group,
2 CL o Rearoar i SRR d s At R anaeitesttacity?, 001\ 01 78
phenyl greprpsera athydrabein ajorawp a lmepryer branghed Cioeoalieyl @Foup: pi peri dyl group. 10
17. A congﬁund according to claim 16, wherein: mis 0 or 1; 15 Xis a
nitrogena omand Yis a -CR7 group: or Yis anitrogen atomand X is a

- CR7 gr owherein Raidst Krederdbly rapresents GRWdipgsn@tormes agnettyl gig¥P-&2 represents a
nitrg en atom and the other representsa carbon atom 20Rl represents a

hydr gen atom a hal ogen atom a linear or branched Cl-C3 al kyl group, a 5-
to 7- negbareethpasat acetrdingto @aopoae of thg precasingcglaims, whereiy Rofgpegsents a

heterocyclyl ring i Qst.i Kl ubfeory) nvaireaaIkgr R1
repr esent('ﬁgg%{ °rd"g't°8§9ﬁ‘g‘§bﬂ%“§?%‘$¥ (%h(glheﬁalgéb)rﬂe%r esent s )g’ %?4 Iég al kyl
group; 2gRaup, eptLCeoicoalkyhgrhupga manooyslic @r pelyexstit CatConryt Iraupi :hazle or
branched C1-C3 al ky| , tEEterdbtdhPEIEaEd frdm@@, al Kyl
group, a "eEmeEre 5‘%&?%?&8?%1%*5@9{@?@%&&’Fyqroiya| kyl %Fﬁgup, a Q3-C7
cycl a4l ky8 ang Nup 5- to preemberpdhgteroayqhyf graypl cogtainipg oae.30p\ P8I nyl group or
a piperidinyl _ar [\t enyl, pyridyl, pyrimdinyl or
pi peri di %?%S?%W%ﬁéﬁcﬁﬁ%%téﬂ?ﬂ@d or substituted by one or nore
substituents sehereindbe hikyirhalonbybhrdrontadid. caclegirocyfiealenyh aflnear or
branched CL- ‘ | bs LR sibSHued teheryal ky!
group, a C3-C ecjé?/‘laé%&@ﬂ@‘%?“g"] gfbé%g(a%%%@dl?g ar our;, 35wher ,etji}n nis O0or 1
and wher ei n armdor@gubstitaents setectpddam adalagss torpra sYanegiewP. @linesr af ky|
grouy a CL- G4, BAIAR Y, SkRod, ac (E; fellofkil RSP ¥lC 0 Ayiroxyalky!

group, a C;-C; cycloalkyl group, a phenyl group, a pyridyl group, a pyrimidinyl

group, a piperidyl group, a -(CH2),ORg group, a -NR;sRq group,

a -C(0)-(CH,)n-Rs group, a -C(0)-(CHz)»-NRsRg group, a -S(0)2(CHz)nRs group

or a -S(0)2(CH,),NRgR, group; wherein each n is 0, 1 or 2; and wherein Rgand

25 Ry are as defined in claim 1.

10. A compound according to claim 9, wherein R represents a linear or branched C,-
Cs alkyl group, a C4-C,4 haloalkyl group, a C4-C,4 hydroxyalkyl group, a C3-C; cycloalkyl
group, a phenyl group, a pyridyl group, a pyrimidinyl group or a piperidyl group,
30 wherein the phenyl, pyridyl, pyrimidinyl or piperidyl groups are unsubstituted or
substituted by one, two or three substituents selected from a halogen atom, a
cyano group, a linear or branched C4-Cg alkyl group, a C+-C4 haloalkyl group, a
C4-C,4 hydroxyalkyl group, a C;-C; cycloalkyl group, a phenyl group, a pyridyl
group, a pyrimidinyl group, a piperidyl group, a -(CH2),ORs group, a -NRgRo
35 group, a -C(0)-(CH,)n-Rs group, a -C(0)-(CHa)s-NRsRs group, a -S(0)2(CH2)nRe
group or a -S(0),(CH.).NRsRs group; wherein eachnis 0, 1 or 2; and wherein

Rg and R, are as defined in claim 1.



WO 2012/ 069202102PCT/ EP2011/ 005929 R4 represents a hydrogen atom or a
nmet hyl group; R5 and R6 each i ndependently represent a hydrogen atomor a

met hyl  grQeRy1RBIHepr esent s a hydrogenggt om a hal ogen ai@/pp26416y359 group,
a linear or branched Cl1-C3 al kyl group, a Cl-C4 haioai kyi group, a Cl-C4

hydr ox-yai kyi group or a C3-C7 cycloal kyl group. 18. A conpound according
to claim17, wherein: mis O or 1; Xis a nitrogen atomand Y is a -CR

group: or, Y, s niLr . ' = MaTllok : kY are a
TR " ar ou: AhubspniyzBEiging8 BhaBHe B e escdihg AR ntlert R {bplesth 2
r epr esenttydeogeardtam, aCe:@, halbatkypgresipna €14 hydioxyaikyl araup ora inegeqr or

branched C1- I .a 5- to 7- nenbered, saturated N containing
heterocy(,'“'1'@rlm%r%ldflé Qﬁ%%@@ferocycl yl ring is 20substituted by a Ci1-C4

al kyl sul famay!l group or Rl represents a -0-(CH2)1 20RO group, wherein RO
represents a .Cls . ] ein |
p na%@%@%ﬁ(} be?;"réé‘éﬂts gﬁ%&rﬁgéﬁéﬁm,% & @;’ﬁéleﬂlﬁﬁ Féa ®Lca | i near

or branch oup; 2 presents a phen group, a pyridyl
group, a hydroxyalitylrgrougyona finear oa bpansbed dirlalkybgreupP\a@iér ei n t he phenyl ,
pyridyl, r i ' i ' tituted
by one. or iRl it féreharisgrdate SpRASEeTARM A RER) bribRcRsd i3

C( 0) - ( CHZIkyRgrayupoup, wherein n is 0 or 1 and wherein and RE; is a cyano
groug; 30&@4 represents a hydrogen atom R5 and R6 each i ndependently

repr Qent hydrogen atom or a methyl group; 35R7 represents a hydrogen
atom a hehergiarRanoshprefefabherepresents 2 hydregercatomsora fegthyl group.

12. A compound according to any one of the preceding claims, wherein Rs and Rgeach
independently represent a hydrogen atom or a linear or branched C;-Cs alkyl group;

15 and
wherein Rs and Rg preferably each independently represent a hydrogen atom or a
linear or branched C4-C; alkyl group; '
and
wherein Rs and Rg more preferably each independently represent a hydrogen atom or a

20  methyl group.

13. A compound according to any one of the preceding claims, wherein R; represents a
represent a hydrogen atom, a halogen atom, a cyano group, a linear or branched C4-C4
alkyl group, a C4-C, haloalkyl group, a C4-C,4 hydroxyalkyl group, a C;-C; cycloalkyl
25  group, a phenyl group, a naphthyl group, a pyridyl group, a pyrimidinyl group or a
piperidyl group,
wherein the phenyl, naphthyl, pyridyl, pyrimidinyl or piperidyl groups are
unsubstituted or substituted by one, two or three substituents selected from a
halogen atom, a cyano group, a linear or branched C4-Cs alkyl group, a Ci-Cq
30 haloalkyl group, a C4-C4 hydroxyalkyl group, a C3-C; cycloalkyl, a phenyl group,
a pyridyl group, a pyrimidinyl group or a piperidyl group.

14. A compound according to claim 1, of formula (I-a):



group, or a Cl-C4 hal oal kyl group. 19. A compound according to claim1
which is one of:

3- 0x0- 34(WB)o2dshbd2 ( 2- oxo- 1, 2- di hydr opyy i di n- 3-yl )i m dapefrkpZeilopisne dazi n- 6
- yliam no}piperidin-1-yl)propanenitrile; 3464[0

SY1- Phenyl et hyl ] am no}i m dazo[ 1, 2- b] pyri dazi n- 3-y1) pyri di n- 2(1H) - one;
53-(6-{[(1S)-1-(5-Fl UOI’OpyI’I)N\ yl )et hyl i am no}i m dazo[ 1, 2- b] pyri dazi n- 3-
1/ 1) pyridin- 2(1H)-one;

3-(6-{[(1R)-1-(5-F uoropyrl | ) et hyl ] am no}i m dazo[ 1, 2- b] pyri dazi n-3-y

1) pyridin2(11-)-one; =

3(6{[(18) 1-(5- Fluoropyrlm ifh- 2-yl ) et hyl ] am Rg}i m dazo[ 1, 2- b] pyri dazi n-3
yl )pyridin- 102(1H)-one; |

4-(6-{[(18) - 1- Phenyl et hyl ] am i m dazo[ 1, 2- Kf]sp?r“ﬁdam n- 3-yOpyri dazi n- 3( 2H)

- one; —N

5- Fl uoro- 3-( 1S)-1-(5-fNuoro ) thyI ] anni no}i m dazo[ 1, 2- Npyr i

6-{[
dazin-3- yl)pyri
5- Chl or o- 3- ( 6- 1S) - (5f|uorop ri-et
I i din-2(1H) - one;
1- Fl uor opyri di n- 2- yR) et h§?]am no} - 7-nmet hyl i m dazo[ 1, 2- b] Pyri
di n-2(1H) - one
(1S)-1-(5-fluoropyridin-2-yl)ethyl]arnino}-7-methylimdazo|
3-y1) pyri di n- 2( 1HfoBRu!a (I-a)

(6-(21-(5- quoropyrlmdln 2-yl)ethylam no)i m dazo[ 1, 2- 13] py

(

di n- 2(1H) o]

( -2-yl)etRyl ] am no}i m dazo[ 1, 2- b] pyri
dazi n- 3- 15yl) pyr
3-(6-{[(19)-
dazi n-3- yl)py
5- Fl uor o- 3- ( 6-
1,2- t]pyridazi
20(8) 5-fl uoro-
ri dazin-3- yl)pyridin- 2&%
( S) - 35( 5-wHer¢®-r| X.of apy mﬁearmaé@fmﬂdaﬂmmwm m dazo[ 4, 5- 1D] pyri di n-3-1
(1) pyridi n2(1H) - one;
(S)-5-chloro-3-(5-(1-(5- quoroPyrldln 2-yl)ethyl am no) - 3H i m dazo[ 4, 5- b] pyr
i di n- 3 28y A eampaling- ag:(:c_mq)ngdﬁé:alm1 of formula (I-b):
(S)-5-chloro-3-(5-(1-(5-fluoropyridin-2-yl)ethyl am no)-6-nmet hyl - 3Hi m dazo]
4,5- b] pyridin-3-yl)pyridin-2(1H)-one;
(S)-5-(dif|uoronethyl)-3-(6-(1J%§§fluoropyridin-2-y|)ethy|anino)inidazo[1,2

{
‘
{
p
(
r
{
i

y
5-
i

[
n-
3-
Py

- 1Apyri dazi n3-y1) pyri di n- 2NtH) - one
30(S)-3-(6-(1-(5-fluoropyridi n-2/-y et hyl am no)i m dazo[ 1, 2- b] pyri dazi n-3-y1)
-5- nmethyl pyridin-2(1H)-o

'Ts
(Rs-C -Rg)
C Nl
N
—/ \
—— R4
R1 RZ
10
Formula (I-b)

wherein m, X, Y and R, to R, are as defined in claim 1.
15  16. A compound according to claim 1, wherein:

misOor1;

X is a nitrogen atom and Y is a -CR; group: or Y is a nitrogen atom and X is a -CRy

20  group; or both X and Y are a -CR; group;



(S)-3-(6-(2-(5-fluoropyridin-2-yl)ethyl am no) - 8- (2-net hoxyet hoxy)i m dazo| 1,
2- b] pyridazin-3-yQopyridi n-2(1H) - one;

(S) - 3- (6-Wo20/dsbaser opyri di n- 2- ypet hylggi no) - 8- (4- ( net hypksuipb@nywbops per azi n
-1- 35yl)imdazo[1, 2-13] pyridazin-3-yl)pyridin-2(1H)-one;
(S)-3-(6-(1-(5-fluoropyrimdin-2-yl)ethylam no)-7-nmethylimdazo[1, 2-b] pyrid
azi n- 3- \dneppy G, @nd-GX idpresamts a nOgL0 8RND 802 UEIGHETTEPESEOE CRIBapatom;
(S)-5-fluoro-3-(6-(1-(5-fluoropyrimdin-2-ypethyl am no)-7-nethylimdazo[1, 2
- bl pyridazin-3-yl)pyridin-2(1H)-one;

(S) - 5- ( 6-R,Trepieséhts @ ydyogeni atord; § patoggh atdmma lineiad azRncech¢ pis AlAzi n- 3- y1) Py
rimdi nd4(3H) -ane; ~5_0or utd £ e & i sol vate, or
N oxi o, BpoR ALreGr eiinaoR BREE 81 £ ThefoBiedrRidaleh Rohtaitio 10

erate rivative or tautoner thereof.
20. Ascormeterocychs ridgfwihiehi hétereoyglybing isfsubstituted by at@-GoalkylsylfanykarerPt he

t reat nent th n,Qr \a F{r‘ea[ ) e . (ymﬂynd
accor di ngor?% r%gs%gggd&cﬁ)%pnﬁ m{i’%%i’—g) éq%zb‘,.zl@e%)qr%u% %rtzaa_ltlﬁpgg\? ment of a
pat hol ogiwtsdreiadcintiRyindepedientysepresentephydsegen dommr|d lneaf PoPrapghechhi bi ti on

of Janus A15Ki €S.. . . A conpound according to claim?21, wherein the
pat hol ogi(:tl‘ét{:<3 @gﬂ&?‘?ﬁ“’o%ﬁ%r di sease is selected fromnyel oproliferative
di sorders, |eukem a, |ynphoid malignancies and solid tunors; bone marrow

and aqrgan,trans t,.[ej l.on: ihETUg.'; - I af; | al Nt | anmat ory
di segé)esrhz rfgresg\,"%o%n%oﬁWaéctg@'r‘ai ng t@ g clal ﬁ%{@%?@ﬁ&mﬁé%%@?he

pat hol ogi gralip, 0@ Ct cysioalkyl grapas e(Gh)e@IRa@rewp, fr-SiGHrdeePls GreHR®Pt hriti s,

mul tiple sqglerpsi i Gl gl : ' it &i5a lirddrer gi ¢
conj unct i?/ﬁ'?@sggﬁpe\fvglyg rhi nﬁ'ixgs'},m stnﬁrgrg&%ﬁfegﬁﬁ{:yg Orgg?r?‘ﬁ%ﬁ 3’23 pul nonary
di sease (@@PB)chedt@pCcaldigneun;ti s and psoriasis. 24. A pharnaceuti cal
conposition conprising a conpound as defined in any one, of clains 1 to 19
I n association with a pharmaceutically acceptable diluent or carrier. 30
25. USe OR, epraseptsumtiness orbranaber CrCaiglkybgreunsa €i-&i haloalkybareup. & G1-Ce ne

o Soh gy B ERE, e Ryt el b
ef f ect i vegranpum5- tof7-anerabgred heteseandcdrpyr gontainig\PnsnVQer threg haterpatoms g o
a phar mc?&éét&@*roﬁ%?p?%hﬁ 0D B%o fi'%hﬁ%@é&h&é@kym%mup corfdining oh€/Wonat i on
product conprrsing (i) a conpound as defined in any one of clains 1 5to 19;
and (ii) artbtdedreterontommzelentedfomdOf$ and N,
20 wherein the alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are unsubstituted or substituted by one, two
or three substituents selected from a halogen atom, a cyano group, a linear or
branched C,-Cs alkyl group, a C4-C4 haloalkyl group, a C+-C4 hydroxyalkyl
group, a C3-C; cycloalkyl, a phenyl group, a pyridyl group, a pyrimidinyl group, a
25 piperidyl group, a -(CH2),ORs group, a -NRgRs group, a -C(O)-(CHz)»-Rs group,
a -C(0)-(CHy),-NRgRq group, a -S(0)2(CH>)aRe group or a -S(0),(CH2)nNRgRg
group; wherein each n is 0 or 1 and wherein Rg is a hydrogen atom, a cyano
group, or a linear or branched C;-Cs alkyl group, a C;-C4 haloalkyl group or a

Ca-C; cycloalkyl group Rgis a hydrogen atom or a linear or branched C1-C; alkyl

30 group;

R, represents a hydrogen atom, a C4-C, haloalkyl group, a C4-C,4 hydroxyalkyl group or

a linear or branched C,-C; alkyl group;

35 Rsand Rgeach independently represent a hydrogen atom or a linear or branched C+-Cs

alkyl group;



a) Dyhydrofol ate reductase inhibitors, such as Methotrexate or CH 1504; D)
Di hydroorot at e dehydrogenase (DHODH) inhibitors such as |eflunom de,

teri fl unowoder2/@v2obhe conpounds descrilpeéd i n the [0l nt epoatgpes@loodsas ent
Application Nos. WZ2008/ 077639 and W2009/021696; c) | mmunonodul ators such
as G atiraner acetate (Copaxone), Laquininmod or |Imquinod; d) Inhibitors of
DNA synt gepreaents adydragen atem. abalngen Atom. racm/énesr%caaa?wmfr%am@?

| mmunosugpr r§s§|?¥]§§ourps é(d’l _Sgsha{,ggmﬁ@rgﬁ Al LOPHYdRSyalky! d7 Hﬁb nethol,

(6- rrercaptopur ti-al pha 4 |nte rin antibodies, such as

Nat al i zurﬂ!ﬁ'oéfkylgblm ) phegylgroHp, M"?Pht@d IQFQPPaﬁthQ@ﬂ i95QUp, §LR¥H"%"¥'29.'L°2§’5

TBC- 4746, QEBDP ELND 002, Firategrast or TMC-2003; h)Corti coids and
glucocort|00|d uch as prednlsone or met hyl predni sol one, fluticasone,
nonet 4sone, buMesseinitae phenyd napbiyl @yadyl UM”@"F\‘@Y':%(B!P@” YrlipkRS @€aci d esters,

such as BG 12’ur%§ﬂa%tiﬁ%& of k'urE’s"tltd?é‘& bPhé, M‘Hr%reé%@lﬁhin&e?ﬁé eiddibd aoA@) . such

as Inflixinmb I mumab Certol | Zumab pego Sol ubl e Tunpr necrosis

factor - al pha (heigues|aiem)a me%,rmre\de, alipgar g5 'Ena'hfi-dr Geép alkyh graup. &P s
(1 ynphocyte prr%augalgmaaosbq héDléHinRﬁ'g?éuﬁléC@g -85 cy{JRIKyNd Pyl Q@usl | zZumab

O at umumab or TRU- hocyt e protein) nonocl onal
ant i bodi es suchPYislybgreHp., L?zBYfﬁWd'nw QTOUP Ol’ a pipetidyl group.

10
17. A compound according to claim 16, wherein:

misOori;

15 Xis a nitrogen atom and Y is a -CR; group: or Y is a nitrogen atom and X is a -CR;

group; or both X and Y are a -CR; group;
One of G, and G, represents a nitrogen atom and the other representsa carbon atom;

20 R, represents a hydrogen atom, a halogen atom, a linear or branched C,-C; alkyl
group, a 5- to 7- membered, saturated N-containing heterocyclyl ring, which
heterocyclyl ring is substituted by a C4-C, alkylsulfonyl group or R, represents a -O-
(CH,)1.20Rq group, wherein Rq represents a C4-C; alkyl group;

25 R, represents a hydrogen atom, a halogen atom or a linear or branched C4-C; alkyi

group;

Rs represents a linear or branched C;-Cs alkyl group, a C4-C4 haloalkyl group, a C+-Cy
hydroxyalkyl group, a C3-C; cycloalkyl group, a phenyl! group, a pyridyl group, a
30  pyrimidinyl group or a piperidinyl group,
wherein the phenyl, pyridyl, pyrimidiny! or piperidinyl groups are unsubstituted
or substituted by one or more substituents selected from a halogen atom, a
cyano group, a linear or branched C;-C3 alkyl group, a C,-C,4 haloalkyl group, a
C,-C, hydroxyalkyl group, a C3-C; cycloalkyl, or a -C(O)-(CH.),-Rs group,
35 wherein n is 0 or 1 and wherein and Rg is a cyano group, a linear or branched

C,-C; alkyl group, a C,-C, haloalkyl group or a C;-C; cycloalkyl group;



n) Anti-CD25 (|ynphocyte protein) such as daclizumab; 0) Anti-CD38

(I'ynphocyte protein), such as eculizumab or 35pexilizumab;

P) Anti - | nyenbheukbin26 Receptor (IL-6R) J08uch as tocilizupalier2601/005929

Ant |h-l nterleukin 12 Receptor (IL-12R) / Interleukin 23 Receptor (IL-23R),

such as usteki numab; r) Calcineurin | nhi bitors such as cyclosporine A or

tacrol i m&reﬁ')esFWé@WQ'%?ﬁ@&HBé’bﬁé?%t )féﬂ?‘dﬁ ‘ogenase (| MPDH) inhibitors, such

ggs n%cophgnol ate nophetyl, ribavirin, mzoribine or nycophenol i c aci d t)
nnabi noi d recept or, agoni sts such as Sativex CCRl

ant agoni ftsans RePach inge egggylydpprpge%ﬁ@gipg%é 9&ﬁ<mﬁ P:ant agoni st s

such as | NCB-8696; 10w) Necrosis factor-kappaB (NF-kappaB or NFKB)

Activation Inhibitors such as Sufasala ne uratinmd or N-O 15;

x) AdeRosi frdepregentg &hvdregendtom. 3 halggen 3%" dA%%ﬁ?%%uP' =¥ ‘%ggadenoson

or UK-437%/ O@Ja|K)1|IJg)r§ﬁBﬂartg,0§1 Rdtodikyli Group), antioS pifvairexyatkyEgroop oag@a+G7ts such as

15fi ngol i nod / or ACT128800; z) Sphingosine-1 (SIP) liase inhibitors

such as LoYs\98tky %f&)’@pl een tyrosine kinase (Syk) inhibitors, such as R-112;

18. A compound according to claim 17, wherein:

10
misOor1;
X is a nitrogen atom and Y is a -CR; group: or Y is a nitrogen atom and X is a -CR;
group; or both X and Y are a -CR; group;

15

One of G, and G, represents a nitrogen atom and the other represents a carbon atom;

R, represents a hydrogen atom, a linear or branched C;-C; alkyl group, a 5-to 7-
membered, saturated N-containing heterocycly! ring, which heterocyclyl ring is
20  substituted by a C,4-C, alkylsulfonyl group or R, represents a -O-(CH,)1.,OR, group,

wherein Rgrepresents a C4-C; alkyl group;
R, represents a hydrogen atom, or a linear or branched C;-C3 alkyl group;

25 Rsrepresents a phenyl group, a pyridyl group, a pyrimidinyl group or a piperidiny!
group, o :
-wherein the phenyl, pyridyl, pyrimidinyl or piperidinyl groups are unsubstituted
or substituted by one or more substituents selected from a halogen atom, or a -
C(O)-(CHa)r-Rg group, wherein n is 0 or 1 and wherein and Rg is a cyano group;
30
R4 represents a hydrogen atom;

Rs and Rg each independently represent a hydrogen atom or a methyl group;

35 R;represents a hydrogen atom, a halogen atom, a linear or branched C4-C; alkyl

group, or a C;-C, haloalkyl group.



bb) Protein Kinase Inhibitors (PKC) inhibitors, such as NVP- AEBO71;
cc)Anti-cholinergic agents such as tiotropiumor aclidinium 20dd)Beta

adr ener giwoagmniesios such as fornoterollp3i ndacaterol or abedirb@nobsoesAS
100977); ee)Conpounds having bi functi onal Miscarinic Antagoni st-Bet a2

Agoni st activity (MABAs); if)H stamne 1 (Hl) receptor antagonists, such as
azel ast i 8. BrcopBenad acerrding 49 claisnd Whishistoa8tofr ecept or honol ogous ol ecul e

expresse _ , $ Fidhzindg’D- 1981,
ACT- 129968, ;ao’észsfg)eéi[[g (ﬁ\%ﬁ?-ﬁmgﬂbgﬁﬁ?ly&)@ﬁ%ﬁe 2§§FCI po![ riol (Daivonex)
. 30ii )Arvﬂam!f}?ﬂwlaﬁﬁ'ﬁi'ﬂ'dr)SP)PHQj@ﬁ?@'t"'%uch as non-steroidal anti-inflammatory

drugs ( N¥Yglph sPH- lﬁr?én?féfmmsmmlhﬁaa%gﬁ%ﬁgmaai.ﬁl@&)%)/nuunm(w&ies such as

acecl of enac, di cl of enac, “i'bupr of en, | coxi b, celeco
ci ni cdxi B (Gd[é(r"§&67&5H:|U<E’PBYH%%1YBEthNUﬁﬂ"1“8]1'659350[1&PE&BW SYHPYI Hf r of ecoxi b,

sel enocoxi by ,qg val decoxi b; 35ii)Anti-allergic agent s kk) Anti-viral
agents; I I hodi estearase (PDE) Il| inhibitors

2012/ 06920 1 f(éﬁaeq@mmagl)ﬁwmmg‘ﬁhmze@t%Pk’é!@d%@bé)y')w'q"%| bi t o s

such as rﬂihpg,l,é ast or GRC-4039; nn)Dual Phosphodi estearase (POE) 111/1

i nhi bi tor
-(6-{[(1S) -1-(5-Fluoropyrimidin-2-yl)ethyllJamino}imidazo[1,2-b]pyridazin-3-yl)pyridin-

10  2(1H)-one;
4-(6-{[(1S)-1-Phenylethyllamino}imidazo[1,2-b]pyridazin-3-yl)pyridazin-3(2H)-one;
5-Fluoro-3-(6{[(1S)-1-(5-fluoropyridin-2-yl)ethylJamino}imidazo[1,2-b]pyridazin-3-
yh)pyridin-2(1H)-one;
5-Chloro-3-(6-{[(1S)-1-(5-fluoropyridin-2-yl)ethyl]Jamino}imidazo[1,2-b]pyridazin-3-

15  yl)pyridin-2(1H)-one,
3-(6{[(1S)-1-(5-Fluoropyridin-2-yl)ethylJamino}-7-methylimidazo[1,2-b]pyridazin-3-
yl)pyridin-2(1H)-one
5-Fluoro-3-(6-{[(1S)-1-(5-fluoropyridin-2-yl)ethylJamino}-7-methylimidazo[1,2-
b]pyridazin-3-yl)pyridin-2(1H)-one;

20  (S)-5-fluoro-3-(6-(1-(5-fluoropyrimidin-2-yl)ethylamino)imidazo[1,2-b]pyridazin-3-
yl)pyridin-2(1H)-one;
(8)-3-(5-(1-(5-fluoropyridin-2-yl)ethylamino)-3H-imidazo[4,5-b]pyridin-3-yl)pyridin-
2(1H)-one; ‘
(S)-5-chloro-3-(5-(1-(5-fluoropyridin-2-yl)ethylamino)-3H-imidazo[4,5-b]pyridin-3-

25  ybpyridin-2(1H)-one;
(S)-5-chloro-3-(5-(1-(5-fluoropyridin-2-yl)ethylamino)-6-methyl-3H-imidazo[4,5-
b]pyridin-3-yl)pyridin-2(1H)-one;,
(S)-5-(difluoromethyl)-3-(6-(1-(5-fluoropyridin-2-yl)ethylamino)imidazo[1,2-b]pyridazin-
3-yl)pyridin-2(1H)-one;

30  (S)-3-(6-(1-(5-fluoropyridin-2-yl)ethylamino)imidazo[1,2-b]pyridazin-3-yl)-5-
methylpyridin-2(1H)-one;
(S)-3-(6-(1-(5-fluoropyridin-2-yl)ethylamino)-8-(2-methoxyethoxy)imidazo[1,2-
b]pyridazin-3-yl)pyridin-2(1H)-one;
(S)-3-(6-(1-(5-fluoropyridin-2-yl)ethylamino)-8-(4-(methylsulfonyl)piperazin-1-

35  yl)imidazo[1,2-b]pyridazin-3-yl)pyridin-2(1H)-one;
(S)-3-(6-(1-(5-fluoropyrimidin-2-yl)ethylamino)-7-methylimidazo[1,2-b]pyridazin-3-
yl)pyridin-2(1H)-one;



00) Xant hi ne derivatives, such as theophylline or theobrom ne; 5PP)p38
M t ogen- Activated Protein Kinase (p38 MAPK) I nhibitors such as ARRY-797;

ci cl) M t ogenofdshroat ed extracel | ul ar $04nal regul at ed Kippga®akioaseo
(MEK) inhibitor, such as ARRY-142886 or ARRY-438162; rr)Phosphoi nositide

3- Ki nases (PI3Ks) i nhi bitors; s)Interferons conpri si n terferon beta
|l a such &3)-%0eeres3-{6-OmSHiusgeny FH@E 2-yhetiwiAmipoy q%"ﬁ'ﬂﬁér‘ hd Rebif from

EMD Ser ogpy naggjnbrm)@yﬁ@h 1|b)e¢§ﬁ>el b such as Bet aferon from Schering and
Bet aser on fy

rom Ber | nterferon. a n MP; 15 for
si nul t an&do( &ébﬁaﬂlé&repmd"é-éarﬁswmam'"@g@d?’rﬁ?2@%’\93%'9@%‘%( MU human or
ani mal baBH)-one;
5
or a pharmaceuticaily acceptabie sait, or soivate, or N-oxide, or stereoisomer or

deuterated derivative or tautomer thereof.

10 20. A compound as defined in any one of claims 1 to 19, for use in the treatment of the
human or animal body by therapy.

21. A compound according to any one of claims 1 to 19, for use in the treatment of a
pathological condition or disease susceptible to amelioration by inhibition of Janus

15 Kinases.

22. A compound according to claim 21, wherein the pathological condition or disease is
selected from myeloproliferative disorders, leukemia, lymphoid malignancies and solid
tumors; bone marrow and organ transplant rejection; immune-mediated diseases and

20 inflammatory diseases.

23. A compound according to claims 21 or 22, wherein the pathological condition or
disease is selected from rheumatoid arthritis, multiple sclerosis, inflammatory bowel
disease, dry eye, uveitis, allergic conjunctivitis, allergic rhinitis, asthma, chronic

25  obstructive pulmonary disease (COPD), atopic dermatitis and psoriasis.

24. A pharmaceutical composition comprising a compound as defined in any one of

claims 1 to 19 in association with a pharmaceutically acceptable diluent or carrier.

30 25. Use of a compound as defined in any one of claims 1 to 19, for the manufacture of
a medicament for the treatment of a pathological condition or disease as defined in any

one of claims 21 to 23.

26. A method for treating a subject afflicted with a pathological condition or disease as

35 defined in any one of claims 21 to 23, which comprises administering to said subject a



15

20

25

30

35

WO 2012/069202

105 PCT/EP2011/005929

therapeutically effective amount of a compound as defined in any one of claims 1 to 19,

or a pharmaceutical composition as defined in claim 24.

27. A combination product comprising (i) a compound as defined in any one of claims 1

to 19; and (ii) another compound selected from:

a)

b)

g)_

h)

)

k)

Dyhydrofolate reductase inhibitors, such as iethotrexate or CH-
1504;

Dihydroorotate dehydrogenase (DHODH) inhibitors such as
leflunomide, teriflunomide, or the compounds described in the
International Patent Application Nos. WO2008/077639 and
W02009/021696;

Immunomodulators such as Glatiramer acetate (Copaxone),
Laquinimod or Imiquimod,;

Inhibitors of DNA synthesis and repair, such as Mitoxantrone or
Cladribine;

Immunosuppressants, such as Imuran (azathioprine) or Purinethol
(6-mercaptopurine or 6-MP);

Anti-alpha 4 integrin antibodies, such as Natalizumab (Tysabri) ;
Alpha 4 integrin antagonists such as R-1295 , TBC-4746, CDP-323,
ELND-002, Firategrast or TMC-2003;

Corticoids and glucocorticoids such as prednisone or
methylprednisolone, fluticasone, mometasone, budesonide,
ciclesonide or beta-metasone;

Fumaric acid esters, such as BG-12;

Anti-tumor necrosis factor-alpha (Anti-TNF-alpha), such as
Infliximab, Adalimumab, or Certolizumab pegol,

Soluble Tumor necrosis factor-alpha (TNF-alpha) receptors such as
Etanercept, '
Anti-CD20 (lymphocyte protein) monoclonal antibodies such as
Rituximab, Ocrelizumab Ofatumumab or TRU-015,

Anti-CD52 (lymphocyte protein) monoclonal antibodies such as
alemtuzumab;

Anti-CD25 (lymphocyte protein) such as daclizumab;

Anti-CD88 (lymphocyte protein), such as eculizumab or
pexilizumab;

Anti-Interleukin 6 Receptor (IL-6R), such as tocilizumab;
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Q)

bb)
cc)
dd)

ee)

ag)

hh)

1)
kk)
I
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Anti-Interleukin 12 Receptor (IL-12R) / Interleukin 23 Receptor (IL-
23R), such as ustekinumab;

Calcineurin inhibitors such as cyclosporine A or tacrolimus;
Inosine-monophosphate dehydrogenase (IMPDH) inhibitors, such
as mycophenolate mophetyl, ribavirin, mizoribine or mycophenolic
acid;

Cannabinoid receptor agonists such as Sativex;

Chemokine CCR1 antagonists such as MLN-3897 or PS-031291;
Chemokine CCR2 antagonists such as INCB-8696;

Necrosis factor-kappaB (NF-kappaB or NFKB) Activation Inhibitors
such as Sulfasalazine, Iguratimod or MLN-0415;

Adenosine A, agonists, such as ATL-313, ATL-146e, CGS-21680,
Regadenoson or UK-432,097;

Sphingosine-1 (S1P) phosphate receptor agonists such as
fingolimod, BAF-312, or ACT128800;

Sphingosine-1 (S1P) liase inhibitors such as LX2931;

Spleen tyrosine kinase (Syk) inhibitors, such as R-112;

Protein Kinase Inhibitors (PKC) inhibitors, such as NVP-AEBO71;
Anti-cholinergic agents such as tiotropium or aclidinium;

Beta adrenergic agonists such as formoterol, indacaterol or
abediterol (LAS100977);

Compounds having bifunctional Muscarinic Antagonist-Beta2
Agonist activity (MABAs);

Histamine 1 (H1) receptor antagonists, such as azelastine or
ebastine;

Chemoattractant receptor homologous molecule expressed on
TH; cells (CRTH2) inhibitors, such as OC-459, AZD-1981, ACT-
129968, QAV-680;

Vitamin D derivatives like calcipotriol (Daivonex) ;
Anti-inflammatory agents, such as non-steroidal anti-inflammatory
drugs (NSAIDs) or selective cyclooxygenase-2 (COX-2) inhibitors
such as aceclofenac, diclofenac, ibuprofen, naproxen, apricoxib,
celecoxib, cimicoxib, deracoxib, etoricoxib, lumiracoxib, parecoxib
sodium, rofecoxib, selenocoxib-1 or valdecoxib;

Anti-allergic agents;

Anti-viral agents;

Phosphodiestearase (PDE) lll inhibitors;
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nn)
00)
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qq)

10 ss)

t)
15
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Phosphosdiesterase (PDE) IV inhibitors such as roflumilast or
GRC-4039,

Dual Phosphodiestearase (PDE) III/IV inhibitors;

Xanthine derivatives, such as theophylline or theobromine;

p38 Mitogen-Activated Protein Kinase (p38 MAPK) Inhibitors such
as ARRY-797;

Mitogen-activated extracellular signal regulated kinase kinase
(MEK) inhibitor, such as ARRY-142886 or ARRY-438162;
Phosphoinositide 3-Kinases (PI3Ks) inhibitors;

Interferons comprising Interferon beta 1a such as Avonex from
Biogen Idec, CinnoVex from CinnaGen and Rebif from EMD
Serono, and Interferon beta 1b such as Betaferon from Schering
and Betaseron from Berlex; and

Interferon alpha such as Sumiferon MP;

for simultaneous, separate or sequential use in the treatment of the human or animal

body.

20



