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WO 2009/ 013335 PCT/ EP2008/ 059705 -1_
2,3, 7-SUBSTI TUTED | M DAZO- [1, 2B] -PYRI DAZI NES FOR
WO RENOMEBE OF ALK4 OR ALKS MEDI ATED DI SEASES A¢I/EP2008/059705

i nvention relates to organi c conpounds and their use

as pharmaceuticals, in parti-dul ar for the treatnent

of inflammatory or obstructive airways di seases such

as . | o asi .

7 bPoe] SORSA VS I ERE P T B BRRIALINES ek AREATHRENT

at rophi es and RdWKS QRALMTHMEDIATED DISEASES ¢

skel etal disorders such as osteoporosis. |n one

aspect, the present invention provides a conpound of _
Thlsmyienmrarqlatea a\rganic omgounds gnd)thein use as pharmagetieals, in particular
for et S MartiFiol) 8 by S Bh R ArepmtRary
hypeRBnsindepimdeary (fiprases), bmrédrﬁmmncqnydumﬁlse@%ﬁmlas muscle
atroa y?rglrarn}uﬁgc?é( é&stﬁ%];%él %*?*%lggﬁ %ﬁg?ﬁgﬁeﬁgﬁm asCJstonrOSIs

car bonyl am no, C1-C7 aI kyl car bonyl am no, hal o,

car box Cl-C7
I or AP RE A By I el e R PR T ula | cyano,

sufonyl, sulfanyl, sulfoxide, aryl, heterocyclyl,

car bonyl oxy, amno Cl1-£7 al kyl, Cl-C7 al kyl am no- Cl1-C7

20 al kyl, and further "ar C hp?al kyl,
het er ocycl yl - C1- C7-al kyl , ||C4- Q15- cycloalkenyl and
C2- C8- cycl oal kynyl ; and e | udes two groups,

such R3 groups may be joi ne \to hér to forma ring

which is fused to Rl; wherei is optionally

substituted by one or nore groups selected from

hydroxyl, C1-C7 25 alkyl, ar yl ,R3nino, c1-c7

al kyl am no, heterocyclyl, @; hal o, sul fonyl,

sul fanyl, sul foxide, di (Cl ) al kyl am no, hydroxyl -
in freelorGaltalr kylvatedbiomwherein- C1- C7 al kyl ami no- C1- C7 al kyl ;

R2 is aryl, heteroaryl, heteroaryl-aryl,

het eroaryl - heterocyclyl, aryl-heterocyclyl, biaryl,
R1 ihetyeordwtedogycliet er ocycl yl ; WO 2009/ 013335

PCT/ EP2008/ 059705 -2
R1 being optionally substituted by one or more groups R3 independently selected from:
hydroxyl, carbonyl, aminocarbonyl, C,-C; alkylaminocarbonyl, amino, C4-C; alkylamino, C;-
C; alkylthio, sulfonylamino, carbonylamino, C4-C; alkylcarbonylamino, halo, carboxy, C;-C;
alkoxy, benzyloxy, C;-C; alkyloxycarbonyl, aminosulfonyl, C-C; alkyl, cyano, sufonyl,
sulfanyl, sulfoxide, aryl, heterocyclyl, carbonyloxy, amino C4-C; alkyl, C;-C; alkylamino-C;-C;
alkyl, and further aryl-C,-Cralkyl, heterocyclyl-C,-Cz-alkyl, C4-C4s-cycloalkenyl and C,-Ce-
cycloalkynyl; and when R3 includes two groups, such R3 groups may be joined together to

form a ring which is fused to R1;

wherein R3 is optionally substituted by one or more groups selected from hydroxyl, C;-C,
alkyl, aryl, amino, C4-C; alkylamino, heterocyclyl, cyano, halo, sulfonyl, sulfany!, sulfoxide,
di(C4-C;) alkylamino, hydroxyl- C4-C- alkyl, alkoxy, di-C4-C; alkylamino-C;-C; alkyl;

R2 is aryl, heteroaryl, heteroaryl-aryl, heteroaryl-heterocyclyl, aryl-heterocyclyl, biaryl,

heterocyclyl-heterocyclyl;
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R2 being optionally substituted by one or nore groups
R4 i ndependently selected fromaryl, heteroaryl,
whedenosyx| oal kyl , CL-C7 al kyl, C3-Cl10-cycl oal kg1/EP2008/059705

am nocar bonyl, Cl-C7 al kyl am nocarbonyl, hal o, Cl-C7

al koxy, Cl1-C7 al kyl thio, hydrloxyl, Cl1-C7

al kyl car bonyl, 5 carboxy, carbonyl, cyano,

sul fonam de, and (further) from C4-Cl5-cycl oal kenyl ;

and when R4 includes two groups, such R4 groups may

be joined together to forma ring which is fused to
R2 being Mleneliyrsuﬁ&tltutedd:rytqr@rmlmgr eguigrns R4indapeydent selected from aryl,

e I

hetep&{rﬁ Igétg%Bchg%ﬁg; é élf(ﬁa gy %eqaig g%gg}%ﬁa%r@l l@’ Cs
alkyllaaillmcammwnyalp €ulCh atkyky, Gl faliilttis, hyd?QXﬂsCi-Coﬂ'kNFBrbony'

crLIBHRTF ol PRREI SPEARRE DG 18, SAMRD, o wron

includeahgo Glvepgrsuch R4eg§reupsauhay begainedmoathen tnstarmui (00| Wbllch is fused to
Rz,substitut ed at one or two or three positions by any

'one or any conbination of the radi cals listed
thereafter. 20 "Hal 0" or haI ogen as used herein

dengt es ar ou
eSS oo R g oAb B g, -
alkyﬁag/l Q#mné @ ,-Cxa@rpaminof heterdcpely!, cydnor hale, suftmybrdutfanydr sulfoxide;

in "Cl-C7 al kyl" as used herein denotes straight

chaln, "branched or cyclic alkyl that contains 25 one
R5i6 0 @M carbon atonms and which may be substituted by

one or nore radicals. "Aryl", as used herein,

represents carbocyclic aryl or biaryl. Preferably, it

Terfe D ER tROspifRABSH Ba\@ 1Ak Polld@iig@edning® 15-ring carbon
atons. It can be nonocyclic, bicyclic or tricyclic,

and may be substituted by one or nore radicals.

"Opﬁ%?%ﬂfk@&tlﬁfte@%s%éd HeMdin ﬁ{e%Hé??ne' gelip eFelved to3artbe uidibstituted, or
i

¥ ene, benzenetriyl, indanyl,
subsiitified aycpne detqﬁwréﬁ@OSI Wéﬁpw A RV cogmgnatlon of the radicals

hsteﬂ-ﬁ grﬁ) "Heterocyclyl", refers to a 4- to
ered het erocyclic ring containing at |east one

ring heteroatom selected fromthe group consisting of

il B 85 Ry R g S0 Ay o

VIl sfaﬂharR.ﬂruedncd’rabMa&IQmamteth@xmﬂylb@sf%ﬁxampboﬂmrme chlorine,

het er ocyclic groups include but are not
brorﬁ??ﬂ%fgg o fur anyl, azetidinyl, pyrrolyl,
pyrrol idinyl, pyrazolyl, imdazolyl, triazolyl,

o~ | r iazo Y,
Crg YI a?%fj%/%d her % Je%%f)es Jtra p({hli] Eﬁﬂl’&,atﬁ'grlwwed dr%g&'?:' %HZ}’? I'YAt contains
one wgaveln)darborsamms anhsl Iwhmymay beybbstm{ed bapnaw more radicals.

pyrim di nyl,
“Aryl", as used herein, represents carbocyclic aryl or biaryl. Preferably, it denotes an
aromatic group having 6- to 15-ring carbon atoms. It can be monocyclic, bicyclic or tricyclic,
and may be substituted by one or more radicals. Examples of C¢-C1s-aryl groups include but
are not limited to phenyl, phenylene, benzenetriyl, indanyl, naphthyl, naphthylene,
naphthalenetriyl and anthrylene.

"Heterocyclyl", refers to a 4- to 14-membered heterocyclic ring containing at least one ring

heteroatom selected from the group consisting of nitrogen, oxygen and sulphur, which may
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5 pi perazinyl, pyrrolidinone-yl, pyridinone-yl (e.g. 1
H pyridin-2-only), norpholinyl, triazinyl, oxazinyl,
wo edopaispes of ur anyl , tetrahydrothi ophenyl, PCT/EP2008/059705
t et rahydr ot hi opyranyl, tetrahydropyranyl, ;
1, 4-di oxanyl, 1, 4-oxat hi anyl-34 ndazol yl, quinolinyl,
i ndol yl, thiazolyl, thienyl, isoquinolinyl,
benzot hi ophenyl, benzoxazol yl, benzi soxazol yl,
' y
vo PSS HEgh Kot B BASALATEL WoqmgDaEL B 0 opered
hetetr@wr:wgum@phldmut ar;emo(ﬂilmgted tOTfHEﬂndlL agetidimyl, ryrrolidinyl,

t .
oy EE AR R NSRRI, WSHIR bigd ey Pisoipsn gzl
pyridiey| amwwwmyquﬂnyg map@yl Is@:a@ptybpyrazirwl aridazinyat pyimidinyl,

plpe@@g)ﬁ& rbﬁdlﬁélnoeb%‘t gﬁdlﬁo re or(ggna)t{ ﬁ%gpglﬂrtt &LW r]ﬂoufpﬁ&my'is triazinyl,

oxazimyl, eemm)@rrm‘uwblbtett@bydmmnmenw @traﬁydr@thmwram'l yettdheydeopyranyl,

1,4- $ 8’6?’3 e‘% §§atbmﬁyle§§§ﬁ9@t&£@%pg}e %ggﬁﬁ\gg%%q?qumélnyl isoquinolinyl,
benmﬂhmplmlyl g hzoxauoliplp bempidoxazslyigoenzothiarply), dearizothiezelyy| |,
nzof uranyl . benzopyranyl .. nz ot hi r.anyl

vengRiiany; IRy PRI St SEBP Y sy REXIE Bt tesarypronapn-
thyridinya Z7aé vl to 146riearterad hetereydicqrylp cambelazsalbgtituted or substituted.

thienyl. Heterocyclic aryl also includes such

substituted radicals. 20 Heterocycl oal kyl represents a
“Het@RItgclyl” tctudes hetersatgll drel Heysto ebgdigngisiopsh may be

saturated or unsaturated and which contains one or

nore, preferably one to three heteroatons sel ected

Hetérbé’r‘&ﬂ 1@ anMréhatic mBh@é_Iy%F@Bﬂ bicydlic BPdroaamsen BShMﬁﬁrg ﬂrd&'t’h@eto 18 ring

ring atons erm heteroc clo

k
atoms]@@]g(e@or@ %f(yvr'thp @rﬁaeﬁgatsmsds&&g:tqgieff ﬂply éi y¢ferably there are

one @F Wﬁeté%tbrﬁsg ﬁet%ﬁ:d%l%’éﬁ?h/regre%éﬂsbﬂoﬁ}é%@blg Byridyl, indolyl,
Joct-8-yl and fused ring Systens occloalkl

quingziiy e guigolnyl. |isoasEClinvt wze@twwsm%w@m b%&ﬂpngﬁ”\él 't o

benﬂ&hlbbﬂgnﬂ aﬁJpéWI 9Fr9IW5 thidRiy| Qﬁ&%ﬂ@}/lelsa)dﬂéﬂﬂ) Qbf&idlyq tefraxdiyl,
as a cyclopropyl, cyclobutyl, cl opent

pyraaykvl ohidazalyl, @iﬁﬂNbH’é?i?&ﬂCYC'@)?éY'@dﬁ?t'Wlu wcaﬁ@)éyﬂ'tuw radicals.

cycl odecyl, or a bicyclic group such as

bi cycl oheptyl or bicycl ooctyl C, - C7- hal oaI k
Heterseyxtidadybieprehentst amoap-, @voamoyphcdwdmeébcrlrb\@lm@g@ay be saturated or
uns%?éa#&e cf\km@ﬁ CBM%@% okoﬁrg or me% re{épébgynggét gﬁ@%%&%’atoms selected
froerOOI/o(DB?,a”:TéferfY ER20EBS(EOVEH thre45 ang, 18mabtepisanihegerm

358 S LIS A SR GRSt o
hydrb&y-BlraiaSmmlo{ﬁ 2didct-8ryband fused 167 spdtkmsy” as used

herei n denotes strai ght chain or branched al koxy t hat
contains 1 to 7 5 carbon atons. If R3 includes two

"Cs-ClasiePalksl adendids grfollypsaturatednaripamy dedririgdgmiriyed td 0 finy oarbon
ari neq( which is .

atoms, for example a monocyclic group such as a cyclopropyl, cyclobutyl, cyclopentyl or

cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or cyclodecyl, or a bicyclic group such as

bicycloheptyl or bicyclooctyl.

“C4-Cs-haloalky!l” as used herein denotes C,-Cs-alkyl as hereinbefore defined substituted by

one or more halogen atoms, preferably one, two or three halogen atoms.
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fused to Rl, then this ring preferably has 3 to 10
ring atons selected fromcarbon and up to three
whedoenossdns sel ected fromN, S and 0. 10 PCT/EP2008/059705
"C4- C8-cycl oal kenyl " as used herein refers to a
partially unsaturated carbocyeciic, nono-, bi- or
tri-cyclic ring with at | east one double bond, such as
cyclobutenyl cycl opentenyl, e.g. cyclopenten-2- or
"Cs- C ah@lanﬁﬁbola@nf%é@ R¥tein 8er%te§¥rﬁ|n%@‘€rl§§tﬁut%d Wron'e:-’cr){\lrvo C4-Cr-alkyl
hept enyl , g. cyclohepten-2-, -3-"or -4-yl,
growy@rsémq'@bgfore cte)fra%rvdwéway @p the sarpeietdifprentor a
bi cyclic group 15 such as bicycl oheptenyl or
bi cycl ooctenyl, and can be unsubstituted or
“C-Eutblbiy’ wseded he@rrosermtkgfﬁyalgrwha@em brenched atkoxp that cantains 1to 7
t or branched hydrocarbon chain that includes
cmb%h a#%pe|ght carbon atons and one or nore
carbon carbon triple bonds. 20 V%ere devratlng nunbers

rb 9
1 e BREAR GHERE BEF ESATE FALBE T oBHPR AR g anien
fuseditd R1} ﬂenphlewreglprgembfyl hest3 o0 rrn‘@ntomgrselactetdfr@n carbon and up to
ecificati on q nth ims that follow unless
thfe?ﬁ@‘*&%ﬁ%‘?’@iﬁ"*?&%ﬁ P8y taﬁ‘ér se, the word "conprise",
or variations such as corrprl ses" or corrpri si ng"
. houl d be 25 understood.to S
. By v garogT hEtea St Boata Pl Holygh mono- bi-
or trPelfclic ﬂﬂg withet Rast difel douonf b(ﬂﬁ% sedHhay cycribageyl, @ycrep@nemn eg.
gers, or steps tern

t
eyl AR Bt S0, o HENPIRTR 1 Y ONSHED o Phi Y AR AEL ] &0
cyclamshté&rt-20S3-Ld? -1 ypegcisaaeny| c?aioh&nermi‘@rt dyelegidceryiest a bicyclic group

di ng f
suf o BRYGOIEPIGI F BEISRASIENYD anh AR (OpYEsties PopEuiey

significances are preferred i ndependent |y,
collectively or in any conbination or sub-conbinatio

Co-Qerglkyry! assusgddereinpenelgs arsjaight ohreasiss Wdregashen Q\Wﬁlre Hwat includes

two toselglﬁ’t LA At¥mS Waalonk Wr %r@%arb@ﬁfda% tABRRNIYO
2009/ 013335 PCT/ EP2008/ 059705 -5 (ii) i s phenyl or

pyridinyl which is optionally substituted as defined
Whé??%%ﬁﬁdngf hurh%erg%f E?Crbeﬁta{d?ﬁbaérleysp%bﬁﬁé& h&r‘éﬁrﬁ @ué}h (SQ%C'G% C., the

s optionally substituted pyridinyl
definitidsrabhobldredcansiiuedin arsorianee yith @T%MQCQGHPQ: Hefirdtion.
substituted at the 3-position 5 by a heteroaryl or
aryl group which is optionally substituted as defined
Thralgovet; thl$\sp§30|ﬁ®tlos apptin theatlaimsdogideliony talesp tiregantet requires

e
othq%é oird ﬁ%’\‘f"r# % R%{ \k;éna‘ig%ig%séé’ C%H@%e Yy 9omprrsrng should be
undenstmdltd) unpﬂyi thmmelusxan wf a ptatediinteger or step or group of integers or steps but
not the exclusion of any other integer or step or group of integers or steps. Alternatively, in
another embodiment of the invention it may limit the integers and steps to those specifically

mentioned, then standing for “consisting of”.

According to the invention, with respect to formula (I), the following significances are

preferred independently, collectively or in any combination or sub-combination:

(0 R1 is a 6-membered aryl or heteroaryl group which is optionally substituted as

defined above;
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(ix) R2 is optionally substituted phenyl-pyridinyl; 10
(x) R5 is H "6-nenbered" neans having six atons

wo eoomiorgg3a ring. Conmpounds of formula | that cPCL/APIWOR059705
basic centre are capable of formng acid addition 15
salts, particularly pharmacedical |y acceptable acid
addi ti on salts. Pharmaceutically acceptable acid
addition salts of the corrpound of forrmula I include

(‘lﬁoseRPfs ﬂHéQ{/IQﬂ'?iyﬁdlﬁYI'vﬂﬁeh isfopfiomargRRbs&tituted Gk Afeahéd above;
aci ds_such uoric acid, hydrochloric acid,

HYydr IRt @m%loa@llyoﬁubsfﬁy@ﬂdahsavc acid, nitric acid,

(.g})ll fusd (ﬂﬁlbga"y@'}uggﬁ}h%lﬁ,n%wd and or gani ¢ aci ds for
exanpl e al | phatic nmonocar boxylic acids such as f or

(i d,Raisea enemebared apil pf iIewaRe greuPaieh 'Smuaﬁt'tetﬂd@tﬂ@e 3-position
aC| d

e ONRRUAI G4 B A iy OB ACaNI, svove
(VBct | R2 mnﬂlon@llytauubetltatﬂdcpheﬂﬂrqr ®iidndci d or malic acid,

le)ufmoﬁi‘é fs d’@b‘%bﬂaduy@%gﬁhie% I‘%‘?érgaryldgrln&-g[ boxyl i ¢ acids such

I'cacl d’or succini ic acid, aspartic

(®id) d,R2 wmmpoalIyascubdtltuwdd‘temfp@ryhnyrt@“nyhal oni ¢ acid,

sebachg . ac: ' cids such as

Bz xR BRSSPI, ET OF, S0 e aci d

@) pheRyisadeti c acid or trlphenylacetlc acid, 25

aromati ¢ hydroxy acids such as o-hydroxybenzoic aci d,

p- hydr oxybenzoi ¢ acid, 1-
“6-mizyrihieted) magenis Halvieg esix2atosns forxyihg a riagi d or

3- hydr oxynapht hal ene- 2- car boxylic acid, and sulfonic

aci ds such as net hanesul fonic acid or benzenesul fonic
Con@utds et fbangs UitHad potaincd basic edrit@rere chpablelios forangi acid addition

eth nesul f n|c

sals, GRS RUPEN BUaT -5 R A Pt A R LR St FrpgRpgeutoaly
accettalile afidpltitiah eaes df.the dompblﬁmwommlail include those of i morganlc acids,

for egért@%iegenesk#ﬁago ng acld; lé\l’yh ro %gﬁganﬁ%dém?r e#) q.fj%%rcsoromlc acid,
hydrﬁro@(‘ceéﬁh’ @ftric afib %mﬁedéld CeHdspheac&ind; alpldergaiy atias, far é&xample

allpr%gg%gﬂqlc%rggaﬁggcgssgsuclag?gqgmsaggr%ggggclngrtgﬂtéq)rgaceﬂc acid, propionic
acud%@%kﬁlc@md E@;Br?]'icﬂ&@ Qiléh‘s‘or%ééﬁc%@eﬁlpﬁu{b Bad! bﬁpﬂaﬁhf: hydroxy acids
har neceuti cally acceptabl e bases such as those wel

such/a ROUDAGY,F06 AHETIORRDD BEH 05 TS 20 6TIRFRUR AP 1 mﬁed%uctamd
dlcaﬁ#&lfbbic"}’ds%&t? a%"ﬁhélélc 2Bl e cERE kidS %lb% acRlakpait %Eid}’fumarlc

metal or alkaline earth nefal salts such
acidsgltamic apidt melonigrAcidagPRoiG adid, cﬁfor@av%pafhpwptagld%#ch as benzoic

a<:|d5§l UchRrdMbd ik oi PAE® Wl%hﬁl‘b a@ﬁaﬁfﬂiﬂéﬁgéée%@lalcw ReGsHErpRcetic acid,

gani ¢ am nes or teroc ases such as
aroreatisanydraxpriagisls sud@ﬁapfmmmhemlwd drivsiroxybgnzfigacid, 1-

oSS AR S A PRI ot s o
sulfomb acids dametshpéethagesuifanic reid qribesrenssniionic acid, ethanesulfonic acid,
eth%\F e%plgg #m@g&lgeﬁ RY drB%é%%F%ﬂlfgﬁlc aIﬁeE+ cﬁaﬁkgr—q@-\éup&lc acid,

rom co
naplaahltené-arsmlfmgc pridceahhtiesendc, ﬁvfmsum:alccdcld‘ mrrmta:lluaeriesulmc acid. These
salts may be prepared from compounds of formula | by known salt-forming procedures.

Pharmaceutically acceptable solvates are generally hydrates.

Compounds of formula | which contain acidic, e.g. carboxyl, groups, are also capable of

forming salts with bases, in particular pharmaceutically acceptable bases such as those well
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contain acidic, e.g. carboxyl, groups may al so exi st

as zwitterions wth the quaternary anmonium centre.
wdafoeonsseiunds of formula | in free form nmay bePCT/EP2008/059705

converted into salt form and vice versa, in a

conventional manner. The con‘pﬁ;aunds in free or salt

formcan be obtained in the formof hydrates or

sol vat es containing a solvent used for

knoWh Ysthalart: saitdbsuchane itlRleThethiogans) @aduculmlm metal or alkaline
recovered from reaction m. xtures and purified in

carth GiRFaseltS AUEN FFARAT. ROUBTRAIE, MagnesLife AT SACIARIP opfesalts with

amrii®Hia Bﬁpt%?ﬁéb@@cﬂ:allf‘a@ce@%@&bbﬁla%hnﬁ@eﬂéf&feter@c@:hc IBses such as
fractional crystallisation or asymretric synthesis

ethanolsRes: PEIBIATEINAY PYPU S itBtd e heyegfﬁﬂgmff fgngathing, g
dmtl‘?éﬁo'lé?ﬁhé Y4- @ﬁy”df&y—@tﬁ?\ ﬂhbr‘bﬁolﬁ‘ﬁét £[2- W&oxﬁﬂ%pQ@W%methyl

he Tnvention contain at |east one asymmetric
glut@amsompqwaweawéthaﬁgbam@e of frepnethanype i Thesa galjs mayibe prepared from
com?BEﬁd%at%flfé(rnﬁﬁé | ¥PkhSHEIH-forh R FroQduRss. @oﬁwtplé[;ﬁés of formula | that
. as racemc mxXtures. In cases where
contaifchdidiareag. @gmmbgrqwsmalé%eéiﬁ agtzwittriqseriivihe quaternary
al so enbraces both individual opticall

amrhYGRAe. y

active 1somers as well as mxtures, e.g.

di astereoneric mxtures, thereof. 25 The invention

. _ )
CorteRihle BFrofhbiad Wrled Rifffinay B BANEHEH 120 sl forkhafd vicg versa. ina
congzfianaltreahner. Treswinyeundsia frecoon satdorm by b pbtained in the form of

convent i I L | r
oG Rl B <ol A B soluBhu G 18 o ERalipRBE, CEbofifcs of formuta |
can bt ee@ysmpecirdm ceantion syxtoeisrand myifiedmsesonvBntioel mamner Isomers,

sucl 38 BRAttietere. e e e aha S fvanibial idhpe F i frddtonal
crystaniiation ooabyinimétrit Bethesie fromador@dpendirigly abimymeptrioallydaubstituted, e.g.

statlall ure form for exanple at |east 60%
optlﬁ}y@c étﬁF s at |least 75%pure and preferably

at | east 85% espeC| ally at least 98%pure (%are on a

%i ght forﬁg@i 8’%"% gﬁlcg P'nrﬂ?‘g%gf?’%egar at onc%rt%f@ aéom and thus

theyf éXistn MSﬁ@ubmﬁthéllmwm&kﬁwmwmixtur@@ﬁherédieég as racemic
| ess pure preparations WO 2009/ 013335

mixtpres [rsases MhstEreditionsl gsYMMmEre GRIETRINSt AR BieFeRJAYENtien also

emtfhcds QR méhv%uaﬂ&ft%aﬁ%uéétﬁb lisondrs be all a8 %hirtee ) eqf. eirfdrgomeric
from 10 to 59% of a conmpound of the invention. The

mtxmmemeremﬁ | ncI udes all pharmaceutically acceptable

i sotopi cal ly-1abell ed conpounds of 5 formula I

wherein one or nore atons are replaced by atons havin
Thetimengeminckidesml sughferas. in patticdlar Bedwe 'Sﬁﬁ?é'cé‘l’mﬁaﬂbe ditferent
isonfUHERSImdL EES <H arfafeQi"Br rB@ol@&éﬁéfréTﬁ? &the §on\)&HﬂWI methods

usua? 1?1 g E nat ure es ofﬁel sotgg%s suitab
or af\y)gwenm@lomar orayi e ehained by conventlonal synthetic methods or; by
stereospecific or asymmetric syntheses. Since the compounds of the invention are intended
for use in pharmaceutical compositions it will readily be understood that they are each
preferably provided in substantially pure form, for example at least 60% pure, more suitably
at least 75% pure and preferably at least 85%, especially at least 98% pure (% are on a
weight for weight basis). Impure preparations of the compounds may be used for preparing

the more pure forms used in the pharmaceutical compositions; these less pure preparations
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conpounds of the invention include isotopes of

hydrogen e.g. 2H and 3H, carbon e.g. "C, 13C and 14C,
wa@bkdoonizes e. g. 36CI, fluorine e.g. 18F, i odi nePET/gP2008/059705

1231 and 1251, nitrogen e.g. 13N and 10 15N, oxygen

e.g. 150, 170 and 180, and suifur e.g. 35S. Certain

i sot opi cally-1abell ed conpounds of formula I, for

exanpl e those incorporating a radioactive isotope,

of thalc@mippahed shduldiédHain Relcast 5 b idratsaitdbBatueast 5% and preferably from

distribution studies. The radioactive isotopes
10 tg pP%0i Qf @ qEBMCURA T e BYEIH®A: (14C) are particul arly

useful for this purpose in 15 view of their ease of

i ncorporation and ready neans of detectjop.
The &ygstion Eudes aif Pharmaseitically P%Pt?&é%'seﬁs’ewaﬁk'a&s'dﬁde?%m“"ds of
formiufd) wiBRin&Ink Yr a8 %fcﬁhé‘aﬁeh%f;lf’é@@diby StoAfiRVirRO®Be shhrtatomic

result from greater netabolic_ stabi |It%q,) for exanple
numbag buhar atomie (1ase OnaYass numeepdifferegt ey tog dtoguc mass or mass

num%?%@u.fa‘ﬁ Undin ARG &G/ pTERYof *Pé%tﬂ:fe%fs%ftélﬁg f&rIn@GIBN in the

rcunstances. Substitution wt positron emtting

compgendspdhe inuenticasnduas isewpes obm/dregrn agNHtand b caskang-9- ' C.
1oc bkl FESEAILAR %g' BE| Alorfd J?.p'@ﬁ,riacﬁmé{ e%?EZTD ardd ¥Yi RRodé e.g. °N and
exant hing _subStrate receptor ocguparcy.

"N, logygenys.ga’Oy - Danel T@oansbsuifunadgs 6 formula | can

general ly be prepared by conventional techniques

known to those skilled in the art or by processes _
Certamasatgpiogllytiabelled semposnds dfdfdrmuia | tforeexaotierthosgiinggroorating a

.ex | S| i ' j doye | I
iR kPR pRBr i GRRARE 3ol SR ETioniohERRHAES. The
radigaativé sosdpes triterh (*Ahandrasrbonildd| ‘) ascparhicuidileussfiior ks purpose in

- d ith.the i ' i t W ' .
v RGBTt IAEY e Bt SOPRIIAS S neaver
isot@pé@%_b%:lﬁ 1 e'ilduteri_gml(I ayl ?ﬁfardeigdaie tberad?ticﬂ%@t@;taees that result from

C. e | referre onpou .
areTETErEPoli S Y118 S UG Pt dl ETRLPL AP qricdygeg dosage
PPN T e Cor e e
salts. VO 1 he—H - e . L
o o T R0OBL OB 105 o B poston Emisin
TopBgrapRy RE TRt RfiesclonBimiAmg@ubstedtaédeptor dcbupareg. or sal t
or solvate form According to a further aspect of the

invention there is provided a process of preparing a

IsotShiCANNPEBENEd ebmp&linas! ¥ fdrnf®ATPEd 'é?ﬁrdllzebesﬂréﬁar@ﬁ by ([dohventional
reacting a conpound of fornmula X with a Suzuki X .
tecr@aglgp kﬁ@wm ghf@gﬁq skilleckig thg,ad okpy proggssas anglagougto those described in

the accompanying examples using a corresponding isotopically-labelled reagent in place of

the non-labelled reagent previously used.

Pharmaceutically acceptable solvates in accordance with the invention include those wherein
the solvent of crystallisation may be isotopically substituted e.g. D.O, de-acetone or dg-
DMSO.

Specific especially preferred compounds of the invention are those described hereinafter in

the Examples, and/or their pharmaceutically acceptable salts.
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NR2 | iNOHI Ni RL N R~B,OHRL X XI 10 under
Suzuki coupling and work-up conditions. Suitable
weondiiisems i nclude, for exanple, a catalyst BET/EP2008/059705
PdC12(PPh3)2 and Na2CO3 in a suitable solvent; or (ii)
condensati on of a conpound off formula X I W|th a
conpound of formula XIIl: 15 0 RR RS NHZ RS NNH C
X'l NR2 1 I I RLiNRL _,N X11 under convenient
The bRAEhi iAlertPRdidd RBdidesa @roo@@é*fé@ﬁhé Prepartivh @btempounds of formula |
solvent; 20 wherein Rl, R2 and R5 are as defined
in freghensalt orgoateforase, protecting groups may be
enpl oyed and | ater renoved followi ng the reactions; WO
2009/ 013335 PCT/ EP2008/ 059705 -9 and, if desire
Accordingde aifwdheiespet &f theoneentips dhers iRgided @ RPeess & prfraring a
| salt of a conpound of
Comkﬂ%ﬁ#grfﬁruﬁgé?c?rﬁ?%slt {g%fs’?@é&ébf?orm or into a different
salt, and/or converting a conmpound of the forrmula I
0) réé@tﬂ 3 (Q)'nﬁpro%ﬁg 13 forAUROK Aith &f SUARi d‘lequ @abentf fétnhula XI:
eac ions preferably take place as "l ows: For
reaction a, preferably the conditions of a
Suzuki - M yaura or gpal ogue coupling reaction are
enpl oyed. 10 T eaction given under pr oces,’gzéri ant
[

a) is preferabfy \sarried out under the con t\ons

a Suzuki-rea . Preferably in a_m xtur Rl ar
aprotic solvgnt,i such as di ngjhyl - | |
" : r17 AN
R2” TOH

X Xl

under Suzuki coupling and work-up conditions. Suitable conditions include, for example, a

catalyst of PdCl,(PPh3), and Na,COsin a suitable solvent; or

(i) condensation of a compound of formula XII with a compound of formula XI:

0

NH RZ\(U\Rs o
N
2 Cl XIHl I’\S\RZ
B -
N
R17 N rR17 SN
Xl

under convenient reaction conditions, e.g. NaHCO; in a suitable solvent;

wherein R1, R2 and R5 are as defined above. In each case, protecting groups may be

employed and later removed following the reactions;
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formam de (DMF), an al cohol, such as ethanol, and/or

acetonitrile, and optionally water, in the presence
w@booa/ocasal yst for the cross-coupling, especi aPCEPR2008/059705

nobl e nmetal catal yst, preferably a palladium

catal yst, such as pall adi un(IQ]') conpl ex, for exanple

(preferably if 15 Hal is chloro)

bi s(tri phenyl phosphi ne)palladium (11) dichloride, in
andih€egredsemvertiog aa obteisable fee bompoyrat afthée formude biotoed ealt, an

ot B0 o TSR o Bl B R 68

andRE 66HV@itihg 4 SorAp@matdigtie fophalkeinted difeérbmobdrmpoamdmthecformula L.
et her solvent, e.g. tetrahydrofuran,and or one or nore

of the solvents just nentioned above, in the presence
The ®éactioffprtferably ftale place 8¢ RISweoupl i ng, 20 especially a

nobl e netal catal yst, preferably a palladium (0)

conpl ex, for exanple

For Fefa'cﬁérﬁjé bﬁ@@éﬂl@ﬁ]@%ﬁ@ﬁl@ﬁ‘@ﬁé@@ﬂmlwm 8) a®dlogue coupling reaction

eci a is iodo) tetrakis(tri-
are ﬁlﬁéﬁ?wcbhosphl ne) pal | adi um(0), or of palladium

di benzyl i deneacet one as precursor, in the presence an
appropriate |igand, such as
The 2eatition given emyprmr@gm v@hiant a)dgs pfﬁfef@plmézﬁwedm% H@ﬁ@q the conditions

ferabl mixture of a polar aprotic solvent, such as dimethyl-
ofa%ﬁ P@?/% "girﬁgx‘;’fe %a Hnano-lxu- p N- di mgt hyl am no) - bi phe y

forn1an(u§q§DM5h@n2$:qhnl sheh a9 et@gn@leam/oraaqggyétnlee agd oggonally %l/vater
in thﬁﬁJ?%ée%S f t&gfé sP{or% ad8d- Hﬁﬁe&ﬂngs&g@?%y Qﬁgb@tméal caéalyst

erre ures int rom 80 t
preferfabiyaqpalhaddmcm’(dlustt Bungh ash@allaélam(ll)tctqmplem fer @@mr&l(preferably if

HaI iﬂso?‘é) tglg‘t hefd: I}ﬁgépkﬂ @B&wd}urh &Ie)ﬂgnr%%‘? uﬁ'%eo;‘lﬂ"egém%f of a

ur'e i excee ecCl a
basé asich sasa)oftzls&sflﬂm cemboeaﬂeoelodmmtr)ydtdmm@aﬁqmgﬂ |cgrb§3fnfam:taéa

e PRI GG i 5 60 g BE % anctver
preféfrdChizthihin)a E;e:hé:lelﬂ@lr aplveiithe.g. eelmhydmfuna«jeemdbn)r one or more of

the r ef %%abs} Mkes %/%Z{ri]tgﬁ%rgsuqsnfggﬁ Céagag%sﬁ?grt th]e cy(%]s c‘})supllng,
esp&digBen ﬁ%g;moaéaglsﬁmystsmmrgbly&qﬂlladmgﬂozQGB'IpOatG%Eexamp(lje
rogen r t.e
trlﬂ@l@ﬁ%r npresoRd R PaoRYS arBsPaq g S g8t teleRsR
pheﬁﬁﬁ?@pﬂtn@ﬁ&ll@ﬁluhﬂe)t rhoeaﬁgalma;um eﬁbiérﬁzﬁyhdé?fe@t@t?he g pgé@wwr in
one or nore other functiona ro or e

the prepdRpeyan FRRIPRIAJE IgaRdn8UChR%2- swﬂg'g%yfp@mw?) 2ot eﬁsﬁ"oxy-

blpHeHyIQSﬁh@é')tdrdilévﬂdhékﬂbhos%h%o p (N Mdln@ﬂﬁylé]'hlnﬁpbi@henyl (P1), and
starting materials, 1 nternediates and educ because

in therpsgsese of A PASE & &IaS PERHONER abAve PIRRIASSIN @ Oaﬁf?ﬁ%@&d ata

pref&'?@d {eARseratOfbs ik l'ﬂ'ﬁﬁr%ngé'fr@nﬁ&@i?o HOOP § ra§uiridecardueingthe reac-
used in the s nt esi s of gtlde compounds, and al so
i

tion #F a sedph 4EFEHE: r?ssee?htﬁ%@fﬁ fher hoHing P&mt\ﬂéthe reactigndnifue is
excé’e‘&eg 8 re'sB@ct,lél F(a@nsda %Héfé‘rrréd efbodifeht) I8 ll@atg{gqy @ﬁe&é& by

such groups at are no longer present in the final
mictovap® axdiationhensagauires, other or additional catalyst can be added, e.g.

(PACIy(PPhy)' Fe'CH,Cly).

The reaction under b) preferably takes place in a customary solvent, such as

dimethylformamide or ethanol, in the absence of presence of a base, such as sodium
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renoved, while groups that remain as substitutents are
not protecting groups in the sense used here which is
w@emaps3dshat are added at a certain internmedi aPEI/BPRGE059705

and renmoved to obtain a final compound. For exanple,
tert-butoxy if remaining in'H3tonpound of the formul a
| is a substituent, while if it is renoved to obtain
the final compound of the forrmula I it is a 15

hydrB§et &fboritde, Git @levatelitemperitierss by irgthe uarsgenfegm H0r°Eatdythd esflux
present in precursors and should protect the func-

temper Heg of Jp& (RFSIXOMEEY Red agai nst unwant ed secondary
reactions, such as acylations, etheri- fications,
esterlflcatlons oxi dati ons, solvolysis, and sinilar

Prot A . It is a characteristic of 20 protecting

If on9r09 Hiope bivdk funbfonhd 8Rflips eNBRinves cadagy, |rWdrdxyeamWOt Breudr need to
undesi red secondary reac- tions, to renoya v
be pisjecieding starting r@ateﬂain%gy@.a@v agg[oy 1S ﬁ!‘sam"rgefaaﬁef"@%nmte ediates

and 95&3&9'%55 AhefkfsUld H&ft 8K AR irAb iréddti¥n of Blste &leRiction, these
er condi tions anal ogous to physi ol ogj cal

are sshdireupsras, arayigualyiised imibe sypihepigtof B@@t@@rﬁomqpupﬁg. and also of
ceph r&%gg r%d%ﬁbt E%Jﬁ?ﬁs SREFIR]s riclRUE deatiGéagPSiidals. Protecting

ch 'protecting groups are suitable with
grouph ere suohtgrouss theharecedengasereseahia the figal.compoypgs once they are

rem vegt \%@é @t%ugé tI’%VPé?n% ﬁrégtsbeé’cﬁ‘uteﬂlrs%‘r'é’ﬁot%’ro@éﬁﬁ’g groups in the sense

rotecting groups themselves,
usechingte gt is .geoupsahatraeaaﬂdexhst acastarentarmsdiste siageaathsermoved to

obtaanp'i; ﬁrtmag gg%g g fF%F g%:rﬁplav‘féhkﬁ:to%hﬂ%n%?m mF a FW‘n Mrfdd&he formula

oups’in ani c emsry,
|is Psubsstuent andeif Itasmbmmad\tonobtairgfhs fmahcdmpqmnd@f é@nf@rmula litis a
Pr ot ectlve G oups in Oganic Synt heS| s", 30 Third
ProteingiaP Wi ey, New York 1999, in "The Pepti des":
Vol une 3 (editors: E. Goss and J. Meienhofer),

The @éqte%ﬁgg%géo%ﬁﬁﬁy la‘lﬁr%g.&lrbg pﬂ%w’ﬁf‘ Yh% %(rg&lé']s%r%sa]nd é%uld\@rbté%g% func-

tion#t yRUpstcoMgernsld dfainst\dwlantedt seceakdry osractlw lsneh a8 Aatylations, etheri-
flcat@qarq_qter}lglgﬁq{@r gﬁégt%%sngé\g%)?sgsg A g,éﬁ’(gldéa ééactlgp o?e's ‘rlﬁ\gclﬂép&?enstlc of
protéeﬁiﬁ‘g @Po@“sl tﬁét,th@yeléhd d@nsewestreadilsv) i.e. ethbapurdesited secondary reac-

SRR NN RO ————

by ehﬁﬁﬂ@a&mty Goeskdinsle undeidoaaiiysy aiaogdvsno pagsibiagicalecomaitions, and
Derivate" (Chem stry of carbr?g%/dra e nonosacchar i

that iy ATePURERERE) thecsrIoRE N SPEFRL K ngwat?rg%nteasqy Sstablish,

whmﬂﬂ?rétecﬁ‘nd: uSé‘§|’épslﬁablér\‘mﬁurfh@@ed%@ﬁ£ﬁlbh%ed above and below.
ert- butoxycarbony group can be renoved by

aC|donS|s e.g. with trifluoroacetic acid in the

The@ﬂ&%ﬁ%eof%[l @fbn@WéPBqu?E %y%%l’\’ﬁfbttectlﬁ gPos, the protecting groups

Or oSt hane erred tenperatures in the
themsaings, ancineir rempeal 5@achongg[e| mflb%fgepxgﬁgleé%atandard reference

worlg?gua{ §§ P W. McOmie, "Protective Groups in Organic Chemistry", Plenum Press,
London and New York 1973, in T. W. Greene, "Protective Groups in Organic Synthesis",
Third edition, Wiley, New York 1999, in "The Peptides"; Volume 3 (editors: E. Gross and J.
Meienhofer), Academic Press, London and New York 1981, in "Methoden der organischen
Chemie" (Methods of organic chemistry), Houben Weyl, 4th edition, Volume 15/1, Georg
Thieme Verlag, Stuttgart 1974, in H.-D. Jakubke and H. Jescheit, "Aminosauren, Peptide,
Proteine" (Amino acids, peptides, proteins), Verlag Chemie, Weinheim, Deerfield Beach, and
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10 A conpound of the fornmula | may be converted into a

di fferent conpounds of the fornmula | according to
WG @ sa3es react i on procedur es For exanpl e, i NP@I/EP2008/059705
conpound of the formnula I {eln R2 is aryl or

heteroaryl, a substituent R4 = halo,, e.g. chloro or

brom nmay be converted into an (unsubstituted or 15

substituted) aryl or heteroaryl R4 by reaction with a
Basaqesemnd Uagwarl.)dhrrwnnhmmamaldw Kommwmﬂecuongéamgharide und

Derl\éql%é" 3{71/%} cg/‘J %?gtydr\giﬁgﬁ%rKaogwRal ﬁgr/c%l drarﬁyc(ﬁgé/g{/\fee% Georg Thieme
Verldd @eitheit fopum a (unsubstitued or up to fourfold

C -Cr-alkyl (e.g. nethyl)-substituted) C -C4-al kenyl

bri dge) under reaction conditions anal ogous to those

For %ﬁl@%ﬂaﬁ%vﬁofe@tmg @ﬁbut@ﬂydarbony%)robﬂ oandimmmﬂdofy acidolysis,

formul a | ch is substgtuted W t

e.g. orﬂlflt@t“ﬂaw;@aﬁ%ﬁ@ar%%yﬁ ”ﬁn REegEdCRy © r%hpaFtpé?Pfl?ée solvent, such as
dichoRSW&hAR at Fﬁe%r%d fefpatdtiied ™ heaandofiym -8 to 50 °C.

unsubstltu ed or substituted as described for a
conpound of the formula I), e.g. in the presence of a

Optis| KeAtticHhrdSorRBidéhsf Orming (after replacement of a
T Ggen bound 25 hydrogen) the unsubstituted or

A compissd phihedomuITy may eI RRVHTiRsHFISGG FeTRat CoFBsUndsiaS the formula |
acco?@lhy%‘étgﬁ@é{rd% tioRPré¥d@fesohol , such as net hanol ,

prefera e presence of a base, such as a
carbonate salt, e.g. sodiumcarbonate, and preferably

For @ian%lgvﬁt e&r?ﬁcﬁﬁgecff%éj c{?ﬁmlael \ghergfnqii@ %Oarypora%té}oa%@ an

ound T ornu i s substituted
subsmuehnt R§ =hg@o:, €79. ahkess pr becum, b*ﬁﬁ)ybe cph\regte@bﬂ@rargﬂmpb%tahted or
n
subg? t&g) %r?fér%térggglhﬁyldcfg% Efg&rr{ngw ltr? %%?Lr@s rgp&‘ ﬁét@roaryl
comaptpnd)q:Hrrwugaa eBiPRpsUbgtiuedieywhersincdR mbydroxyl (or alternatlvely C+-Cr-

oo RS AL B A B BB e

(6.9 REEHE2008Ht0EET C5-C.-aligeriyhbrdgs) mpdemactior benditimnsudnaldgous to
in ich i S ed with R3 = C, -C7-al koxy-
thos&é’?%ﬁ??? %ﬂY%foéﬁ%c&'owgup can be converted into free

carboxyl R3 by hydrolysis wth an appropri ate base,
e.g. an a kal.i ne tal h axi d it
ina et (e oRTE A Bl o cOBei IRy = Cr-E
alkokﬁiai?@drwﬂ 6 et gro @t T b@a@iﬂv&ﬁedmﬁtla:(laahﬁélkyhlaum’rocasbonyl R3
ratures eci a
PR Ts soBb e S R Rl S, e o i e
pres‘éﬁbé? Bf B%ollvténtaéi@ﬁtpbfalﬁlﬁﬁfm% @fteb prdcenidhit 9f gmitigyerasound
converted in am n

RN R e GBS FHRER0 b CRISNR T ogarpony! Ka, WheTe the

solvent may e.g. be an alcohol, such as methanol, preferably in the presence of a
base, such as a carbonate salt, e.g. sodium carbonate, and preferably at elevated

temperatures, e.g. from 30 to 80 °C.

In a compound of the formula | in which R1 is substituted with R3 = C4-C7-alkoxy-
carbonyl, this ester group can be converted into hydroxymethyl R3 in an appropriate
solvent, e.g. dichloromethane, in the presence of an appropriate complex hydride,
such as diisobutylaluminium hydride, at low temperatures, e.g. in the range fom 0 to -
80 °C.
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10 as described for conmpounds of the fornula I) (that
is, to the corresponding amde) by reaction in an
wappoop3Bat e solvent, e.g. acetonitrile or PCT/EP2008/059705
di chl oronmet hane, in the presence of a tertiary
nitrogen base, e.g. triethyFdgi-ne, at preferred
tenperatures between 30 C and the reflux tenperature
of the reaction mxture, e.g. at about 130 to 150 C
As coupling agent for am de synthesis, any reagent or
reagent mxture that activates the car b_ox¥ group in
In agiorpopsd o6thedegnyré in whichdihigpuestituted with R3 = C4-C7-alkoxy-
Yt
corpR0E B OEPlyckpAan SRl TR BLLAT g0 B By o
app(apnistebzaset atge @n@kaiing smatallhydexiag, sagh aalitojuramygexide, in an

&4:\?@% PQW&%O 0d el

app%@?e &gx% gh%xaz- rgﬁ Wé i ny phos%%?ﬁbé'%ﬁl ori tehanOI’

at tenidéefPaliuyes especially in the range from 0 to 50 °C.
O (1, 2-di hydro-2-oxo0-1-pyridyl)-N, N, N, N tetranethyl -
uroniumtetrafl uoroborate (TPTU);

In a@obgonod of tmadbrrﬂulyll)n WNhNhNR 1 N substitutedewitty Carboxy! utims2@roup can be

conYegte:qa B{ u¢1a§ am rg é{%r}yl B(} Iwﬂlﬁh tge Fyhls urhsubstltuted or substituted

as deserisdfor ummpeumgﬁphafcﬁrn’(ul%yl,’b(uh)at isCq( the correspondlng amide) by
reaqjillqg lrﬁgQ %ES@EE’E’Z}%&%_‘%’ ﬁglfagg %E:gtlo)\ﬁr:lllé %r gibg’leo%étﬁQFé, rill;({hléry:%«géence of a
tertiéry((jriﬁfdbherﬂﬂiabw &gl tﬁétgiyhmlrhé a'Bp&ifé\‘yéd:iahmcﬁtUréschetween 30 °C and the
rochl ori roxypenzotriazol e, .ar . .
ref'urtﬁvaﬁweﬁgﬁfays@ﬁ Tihg %0 (BB 18,1556 ABspyPlie agent for

amlé@)‘nthéﬂ@ Ay ré&geWt éreagent mixture that actlvates the carboxyl group in situ is

hi h
posgpleé@%&%pp,lggéh rléga ipyi-lo}é/y %r@ JGI'WB fgnwg ghogtg‘r@ revi ew
hexdfluRsitls phdte Al s CO&éQﬁmgspr(rﬂ&ﬁOmsu%ﬁﬁufb@?or sﬁb§t¢tuleﬂ) C/-Cr-

t| onal gﬁocess ste carried out "i

lkyfanﬁe@ ﬁ@h%l@h%]‘b’ EPéDdEﬂ“dﬁFﬂe @fwbﬁﬂﬁotﬂi%ﬂﬁp@%’s“&ﬁpcws(z 0x0-3-oxaz-

ohdﬁﬂﬂ&“o@pﬁ]ﬁk chidkiBe ?@@PCD”OI(WQ dlﬁﬁﬁBJZ%konﬁMyﬁlﬁ/l)m WSHTW —tbfffamethyl-
rotected formor %@1 ﬁro ected for exanp
Z0

uromsus teaiiveraborste (HRT: &+ tgzer by, Ndh N &{@ﬂn%wem'um
tetrafRofiBBYAe gfﬁjﬁ)) t\F/gr]wa)ﬁ%Eblnlg ISfﬁl’t'rP;i/rr‘olla_ HSerfs%Sﬁhm%xaﬂuoro-

groups ar renoved accord Ing to

phomt@waB&D)n@t(ﬁ Uc&-cme@@enmaazqifeﬂryl) -1shBi3stetspmgthyluronium
he odtef 9 gl&nﬁethylahﬁr%??o |-3t-e1fh9l'i:g?b§9 rg@ewdmmee/hy-

Xprep reg in a I se
droxyhknzotrigzoteorrpblytitexyst-ag avangbtiazolendiyDE Mif3Blner EIPE /Al QY or HOAL

alon\%y?w/gﬁ 1acXI¥P d%%)g{eﬂfyggr?b%eﬁﬂ IE'F AOSHRROEST ﬁwe\;v?bf%me other pos-

e -ani on exc
sible eaupting agS#b t seevd. ¢ HKlbasszsBodanske Syoﬂt@atsr(éw% #h3-46Base
- or with a suitable cation exchange reagent. Salts can
usually be converted to free conpounds, e.g. by
Alsd ihelé bpiiprial priocsss stefd, eabviagliouit tibaesired funotisnalfgooups of the starting

o B b L, R0 S e brtctes

ma)I bePprotdcted fopbrarfpld iy ORe o natre obthespncheuﬁmg\grdupm metetiomed herein-

aboﬁ%//atreg‘tagon \émgtggowgu' 33%3 Cnlg%rgg%?a ,\ﬁ P8® %fpartly removed

acc6@mgttb tork iopthal méteaetssopibe®@theps.oduct s and by- product s
can be separat ed
Salts of a compound of formula | with a salt-forming group may be prepared in a manner

known per se. Acid addition salts of compounds of formula | may thus be obtained by treat-



10

15

20

25

30

10 according to standard procedures, e.g. by
di stribution, chromatography, selective
wa@eysHed3B3 zati on or the |like. Stereoi someric nPRL/EPBESS/059705
e.g. mxtures of diastereonmers, can be separated into
their corres- ponding isonmerd3i-rn a manner known per se
by neans of suitable separation nethods. Dia- 15
stereoneric mxtures for exanple may be separated into
men? WRth'an!dd & aﬂhl\aé smf %t&?gﬁh%m Y ré@@ﬂfs S%ft W|th bases may be
ractionate st a | zati on, ograp sol vent
obtagtiesttwithoa bagenor \alt’rda swtﬁulewatpn@xc!@@mﬂréegenrh| s
separation may take place either at the level of a
starting conmpound or in a conpound of formula I
Salts carelisuallEbarconvertaddo iy domroupds, & @ dyttreating withiseitable basic com-
powfm f@t 'xgﬁg fw&“ é\k?lﬁﬁg{ﬁﬂ}gﬁ%{]{ﬁg%lﬁﬁum%tggwmcgrt%}ﬁates or alkali
metﬁwyﬁmxmamploéllycﬂutmmnm gadohgte drﬁpdleﬂ‘dmyir@ng/on-w%@atmg with

sutdbie ST PRH B8 e hR A e el %%HCEE%ﬂéof e

formula | |E|sorrer|cally pureform or salt and/ or
te. t
wixrgsrar P ditRal s B o iR B Y O I

accdreinyit® sedan groceriucdtap-g. bedistrhutiah sehréraategEphg eseléctivee
Laivel of %gﬁ%oprl ate internedi ates (and are thus

crystpllization pif preparation of corresponding starting
rraterl als). 30 Especially preferred (also in the case

preparation of starting materials described, bel .
SterpiabBHE MBS on g DIGHE® AT BRI o8 Do ReRa BN neir corres-
pondiRg isKRNP e maﬁhera{mb\/ag&u Mgk dinis QR S LitNel séRRafidromathods. Dia-

WO 2009/ 013335 PCT/ EP2008/ 059705 -14 The sta

n
sterpRmeig MIXUrRS ER @XXNPledhRY b aprapipdntgdheir '@a%ﬂd@afd'ag{ereomers by

mea‘ﬂ@‘b@ﬁgbtfb&aié& &f%alflﬁtlbﬁ%mgma@%mgh?gq?\&émHtl_sglc?ug'gl)w Nind Hszlrgllar pro-

cedwﬁs Mnarﬂmn rpp;et@kg@acg@ynpqatm@]eva of gy stagtipg gogypound or in a

compound of formula | itself. Enantiomers may be separated through the formation of dia-
stereomeric salts, for example by salt formation with an enantiomer-pure chiral acid, or by
means of chromatography, for example by HPLC, using chromatographic substrates with

chiral ligands.

The invention thus also includes a compound of the formula | in isomerically pure form, or a

salt and/or a solvate thereof, and its uses etc.

[t should be emphasized that reactions analogous to the conversions mentioned in this chap-
ter may also take place at the level of appropriate intermediates (and are thus useful in the

preparation of corresponding starting materials).

Especially preferred (also in the case of preparation of starting materials described below)
are reaction conditions and reactants as described in the examples, or analogous conditions

and reactions.
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POCI3 R5 R5 N NBS NaHCO3 NHz CI  /~\ '"Br DMF EtOH 7N
NH3 NH NNI NHEI i I I I ORLiNRLiNRL iNEtCH
wWORooRD133X5 1 1 Cl~ RS XI1 5 The agents of the i nveCt/EPI008/059705

act as activin-like kinase ("ALK")-5 inhibitors. At
| east many of these conpound4-al so act as ALK-4
inhibitors too. TG (31 is the prototypic nenber of a
famly of cytokines including the TG-(3s, activins,
e e B X I el S AP acBing (o e follwing
synthesis rquteif si ngl e transnenbrane serine/threoni ne kinase
receptors. Thesg receptors can be divided into two

cl asses, the t or activin |i ke k| nase (ALK)

receptof s and [t e Il re@ept rs HARE 2ALK ept @4Sendk €
Jistip Red @om t A8 r ec8pt or s vhatkzcohe

ALR rece torsm(@:) | ack serl ne¢aHhr eon| P i ch on OH /N

intracellular tail, (by possess 15 seri He/thr eon|

ki nase donai ns that are very homol ogous between™}
receptors, and (c) share a commobn sequence nDtIf

called the GS donmin, consisting of a region rich in

gl ycine and serine residues. The GS domain is at the pocs
amno termnal end of the intracellular kinase domain
and is critical for actlvatlon by the type |

rece or. Several st i es have shown \phat TGF-R Cl
sN‘b I | | n%Bt? equire ot h t BECRPK and tlype 11 ;s
s 2MEpeci f Y, -t—he—%@—type“l’\"teept—ep—— | M
hp$phory| ates thie GS domai n of the B | rec®Plor g2V
R”for TGF-13, ALKS, Tn the gnce of TGF-(3. The

AkK5, in turn, phosphoryl a |es the cyt®plasm c proteins

smad2 and srrads at two carboxy term nal serines. The

phosphoryl ated smad proteins translocate into the

nucl eus and activate genes that contribute to the

production of extracellular matrix., WO 2009/ 013335
ThergentsmRs tesinosdiposct ag sctivifulikerkinase (Aldf &P iHbitts Y ieras many of
thest%;]cgmtyyogga{yeafab% RLR4SRLERSrs Yo, i n that they inhibit

receptor. Activins transduce signals in a
manner simlar to TG--R Activins bind to

TGRS 1916 LRREGBRIFEmber of a family of cytokines including the TGF-Bs, activins,
inhibins, bone morphogenetic proteins and Mullerian-inhibiting substance, that signal
through a family of single transmembrane serine/threonine kinase receptors. These
receptors can be divided into two classes, the type | or activin like kinase (ALK) receptors
and type Il receptors. The ALK receptors are distinguished from the type Il receptors in that
the ALK receptors (a) lack the serine/threonine rich intracellular tail, (b) possess
serine/threonine kinase domains that are very homologous between type | receptors, and
(c) share a common sequence motif called the GS domain, consisting of a region rich in
glycine and serine residues. The GS domain is at the amino terminal end of the intracellular
kinase domain and is critical for activation by the type Il receptor. Several studies have
shown that TGF-B signalling requires both the ALK and type Il receptors. Specifically, the
type Il receptor phosphorylates the GS domain of the type | receptor for TGF-(, ALKS, in
the presence of TGF-B. The ALKS5, in turn, phosphorylates the cytoplasmic proteins smad2
and smad3 at two carboxy terminal serines. The phosphorylated smad proteins translocate

into the nucleus and activate genes that contribute to the production of extracellular matrix.
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5 kinase, the activin type Il receptor (ActRIB), and
the activated type Il receptor hyper- phosphoryl ates
W@ eowne3shr eoni ne residues in the GS regi on of PCTEP2008/059705
ALK4. The activated ALK4 in turn phosphoryl ates Snad2
and Smad3. The consequent fefbfation of a hetero-Snmad
conplex with Smad4 results in the activin-induced
regul ati on of gene transcription. 10 Activation of the
The&%:rf( Frefetrta o uRIL B RIsORv Mo St ?é?@étllvﬁ |r@fha?ﬁ¢eg |ﬁ‘h|@if fhe type |
ear 'y~ and persi'stent = contributors devel opnent
receptad. progressi on of chronic renal disease and vascul ar
di sease. Border WA., et al, N Engl. J. Med., 1994;
331(19), 1286-92. Further, TG~ (31 plays a role in the
Actifios transdoiae signalstin ammrtrienSlaﬁlar ol ESHvifn Agtivinsabing Yeseine/thereonine

kinaits% h% aht rhé’pgglt o {A?h%lg% %ﬁ& glreﬁ%#ly tgﬁﬂgﬁ' IL%ceRtor hyper-

phodpHery|&as semmjﬂhcafomrﬁﬁreélkib(és inZha @ negjonedf thae ALKIatUTeeactlvated ALK4

in tq%%ﬁ??%% a(?e ggengdg %gfi %%nafggghe ggQSf%E.lerﬂl fg éﬁﬁv %ng 'a hetero-Smad

comlareagmssham fasbitomi the mntivirrindkcaethegulation obgeh eolvarssciptiom.
systemis a nmajor cause of suffering and death and an
i nportant contributor to the cost of health care.

ActnTe(ﬁEn (03 ﬂhe”TB(SFl]BGeIXISZ&d éRplahsiah eﬂextracﬁmiar matnialaré ebnly)amd: perSIstent
Bor

contg P 10 BVl ATy PIqTe KON OLAEETY Forak P Eose e vascular
dise8 6. CBUr@erQNCP(TBétLdI o eyl J. iMedY,0rRion 083 (1K9), 1288-92 Furtkalp,. TGF-B1

playlﬁfg\ritg%p gwe f?rmaté{n cg%gbr%%ggr? gn@%ﬁ%gg{ylggaggﬁ %Jlllghllt;Xor-1 components
of sé’lér'oﬂ@ ti@bdsits ShRstigh@Re atllov d’f%ﬁ%@@ﬁb@;}ho@ﬂdﬂon by the TGF-B1 receptor

AR, '[Eo{tgenm 3, R’Sﬂlﬂ’gg%%gf@h‘&é%% @Bor ggg gvzet il ?n(Vﬁé'JSQphthalmol

Vis. %Q, d1gggag§(q1; heghevel s of TG-- Rl expression coincide
the production of extracellular matrix. Three

Ilnes of evidence suggest a causal relationship

Pro%g é’?@elefbrg r{l%]: KMy tah8 cHFo(Péi}é%EuIansy@fem rsed Fn'a]‘or cghéesbf suffermg

[ onmeruli, nesangla I s and non-rehal

and glgathandi ammp@dantoconmtw@mé@tf@&qsaemqa}h&arwﬁ 1 has been
|mplﬁlzr&gatoqé'{ﬂ1ﬁ'ﬂqehéml'bmtk g?sro%egé%rasﬁ WAL ¥t éwNeEﬁ@eﬂl QYsd., 1994:

tro econ neutralizin anti™-bodi es
331 a@ana&a 92’@6}( 1 @alnvateév*emut@ a@d srenindlemeripnephides Yoshioka K.,

et afiﬁ%%%& §s53 'é%ézp 1’64'6% BeBLY cpﬁa‘t@/ Ya_r?bﬁ@ho Tt GB Y093,

eni'c VI VO
PNA@O,l‘@Mgl@né iahegrafh mjmtlonr bltV tkemmeéhy eyLangiotensintinguced

nepér{%Béﬁ%y %‘io\g%érwgregé ta?fN 1%{92@.17;#(% Cg%rfo§%‘g§9i<$?§6 ‘é2 By these
diseapds thietlevars aff TGH-GF-ekBression icuintige ivgthithel ptrmiuenbrasf extracellular matrix.
o AT i s BESTR  Bl AA0l BB TR 3 Bocucton
matfixe Gt @bﬁnargibmmh eragﬁﬂwtglan cel}sga:ndeubnb‘eoalcbe’uesale bs m:du:ded to

proc&.&p I%Eﬁc‘%’HGf mtrg%;?r)g fart]qi j)l’[ pr&?a%ﬁ aCtIQﬂ(T)Y hy e@ggenous TGF-81in
vitroPlSESFRE QleutraIEmgé‘armlbodmk%ﬁmsﬂ‘BGB)Bﬂéh’Br;ﬂ@@ent ltime actdintulation of
extracellul(ar matrlx in n%% r?tﬂ:tra S. I'I'H]Jd alté)lg B? trangge%tlc m?cyesocrlug3 vivo transfection of
the TGF-B1 gene into normal rat kidneys resulted in the rapid development of
glomerulosclerosis. Kopp J.B., et al, Lab. Invest., 1996; 74(6),991 1003. Thus, inhibition of

TGF-B1 activity is indicated as a therapeutic intervention in chronic renal disease.
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cell ("SMC'") mgration in vitro and mgration of SMC
inthe arterial wall is a contributing factor 5 in the
w@adobogsaesi s of at heroscl erosi s and rest enosi BCT/EP2008/059705
Moreover, in nultivariate analysis of the endothelial
cel |l products against total -dRol esterol, TG 13
receptor ALKS5 correlated with total cholesterol (P <
0.001) Blann A.D., et al, Atherosclerosis, 1996;
TGFlﬁ@ Gha A ec%%?or@are lﬁ&%g@f |ﬂ‘?ﬁj§ﬁed%o‘i%sbt¥|§@nﬁra‘?£ﬂﬂam in
erosc erotic |l esions have an increased ALK5/
neofninafermafion fellowingclegioen angipplasty madtisuk ectREFC/iRY Exg. Pharmacol.
Phy %P r1- PLH3P %’3 b fih QHQIBBQh'GfFeﬁffs'aV&té{rﬂ%@lmlﬁJtorl& smooth muscle
i ons, receptor- var i ant I's woul [1owed to
cell QSM/G"D mlg{agq;row vntmjandjmmatgqrmﬂ%ﬂra@ma¢1¢nal Wall isa contrlbutlng factor

in t%@qgﬁ%ggatﬁ@o@@féf&sﬁ%ﬂ regﬁ?@é MS%Q@PEH ﬁ]ultwiréag% analysis of

the @lﬁ){cﬁr)ellalzmlbré’dhcts'r aFains 1otaka<thlastnmloﬂ'66d$ rez:egtqr ALK5 correlated with
h
tota[ S0 eg?eg@%’(ﬂr;%&r(ga?)hélgﬁﬁA , PINEBRELRR A 995@31'259315 2. 2216,

trix occurs,
Furthermdrea®MC dmned)trbmgasnamgthp@sclemhpd&s&)nsmavediml in¢reaged ALKS/

TG#Tgh%pﬁ)élll ecggt e | Q4 ITEBelgéﬂgsecg{rc‘e? r?g@%tsé&d IJnEﬂbroprohferatlve vascular

nt anism
lesiorfse rezkptoe, | \Aanlantmeils wguldhle aithedmo gfowTiGFa §18d, budrunabiBolled fashion,
al so

th I ' d i,S. :
RN LRt e e
lnvd&ﬁ a 9959 96 @3 XBBI 7 5. FCFRE DWaS iMhmuerslocatized $o nd- foggﬂ/danroahages in

er .of agen cha t|t|s B and he
AR OISO ATBHe SHiE ETo o P IRr SR L AFRE S Liat BgT-foamy
madebpHages eldy. particisite frl MbORAtIngoastridl ger@@xpression in atherosclerotic

A B ALt RSBk g ot o751
onA@Q&xs 2X0Gndidded In athdRs88iosisdatstenégs | ul ar signal i ng

pat hways are known to be altered upon chronic liver
injury. 25 TGFI 3 signaling, its receptors and

L|ve?§§r%§isa§ e reSRfofUrBaRhtEIwWBIRY Bédlifg 2ESHONEE ko StRBHIERINEEH]ury
present in cell types involved in fibrogenesis.

trlggﬁdéoyca perabertafsgentevaich asthepefiisd Rad 8epads C ¥ipim @lopholy drugs,
and?uf‘o\ﬁﬁﬁﬁqe 'd'l’be%sé%J '@Ptﬁﬁat@g Wé‘r ﬁBﬂosMﬁ'dﬁeé’cﬁ td Iif@-&lﬂ%él‘énmg cirrhosis

I'seases i ncludi ng brosis. Transgenic
andivertcanger (SR revssyy aﬁw@fbw@ssuer@é@b 206X - Krads Mel. Mfed 2006, 10(1):
76S%§It|ple organs including liver, kidney, |ungs and
art i s apparent that an el evated TGFI 3 si gnal i ng
is 30 involved in all types of fibrotic diseases

Sevle%'? l:%jféj JR% qna}{ﬁeéth\%ﬁ%é&nga/h Yo BQ%it%@?@%P %ﬁﬁﬁ\l id ek Hdiry.

era I €S usl ng tors |n
TGHA $igreding, |tm1&ee;ﬁors'|aaa(a$snganeatse°sad sigsalipgairoteing ase meillsigcumented

to b%%e:sggg‘?ﬁ beéag m\)rgl)gl% in ﬁtgr% %r?és?’s {E{E& {atlrgjglgvé%g ISlfsTGFB have been
four’al_emefel ecte\wtederhfamlrsber_mfanmwi muooldis| of fibrotic diseases including liver
fibro%ﬁshﬁ@é@en}g{rﬁ%g teqv'_epe%g)ge&glog f\f'%rggtl c%)o;%léb gleO% n%ulﬁgle organs
inclUXRhaIe, &l@teyalunyﬁﬁd)ﬁéérﬂlﬁgabpﬁ@'rﬁt’ ﬂEEQé}ﬁ)SléﬂétﬁaO'BFB dignaling is
invo&%ﬁﬁr@é@ﬁ%ﬁg fgg*lﬁgt\{caﬁgg?ﬁzeg%cﬁ%n% v&r hgr ths no lon has been further
validated in several studies using TGF inhibitors in fibrosis models. TGFB mediates it signal
by binding to two ser/thr kinase receptors, TGFBRII and ALKS5. Expressing a dominant
negative TGFBRII showed beneficial effects in a rat model of dimethylnitrosamine induced
liver fibrosis (see Qi et al (1999) Proc. Natl. Acad. Sci. 96: 2345-9 and Nakamura et al



10

15

20

25

30

al so reduced liver fibrosis induced by bile duct

ligation (see Arias et al (2003) BMC Gastroenterol.
W®320020)333Recent |y, a small nol ecul e i nhi bitor pET/RARHBS/059705

G604, when given therapeutically to rat, had

significant effect in the tréddtnment of

di met hyl nitrosam ne induced 5 liver fibrosis. It is

quite remarkabl e that GA6604 prevented 40% of the

(ZOGS)Z?;%E?{O?%?% 3@“?%7 58 Ihﬁﬁ)ﬁﬂ Frﬁaé‘e@'réééloﬂr s‘i‘FtE;téri &ntisense approach

' 0% a g asurerrent for brosi s.
alsolragaeddinet fbeOSIﬁdeleqi by bilesduis ligatioadsee HeEpeehy(@e03) BMC

Gas%gé);tgﬁl t %9?’ #&?é@ogﬁgllﬁgﬁéc%y}nﬁgﬁp 14%@\11@20% vs/hen given

thera'mmmauydgeaﬂn bad sigeificandteffetidn thaigepiment efrdimethyhiitssamige induced

T PR B B S ed MR L8ty

mthiedmtracblIuEmmatrlx dmusnahubma@@ﬁa aﬁaybo@asalsemwﬁmk(rgs_ls Importantly,

have been used
(e BRRRTEE RSyt PR PG S APl Sl e LRSI (e Do
Gouvills ol (2Q0F)Brc v Piraradatelr 148] 16617'byThkem tbgemgeebmesstudes suggest

ot B P s b BRIyl Rt dsses

TGF- (32 reduced scar formation and 15 i nproved the

Tor G Bl g HBund P RE PSR EIRE ] PGETH have been used
in a Aambensf rﬁ@déietdrﬂustfaté)ﬂﬁmEmtbmbnaﬂid'GFGB’l aigaallink passnieficial in

in rats.Sh , 8, ,985-
ot e 0y R e Sh S o 50 i process.
For E%rﬁﬁ@ né’Mﬁ‘éﬂﬂﬁg 'aﬁtutfo@hi%l tbSr G‘V’bb’l ahd Peteps luted s@trﬂsrmatlon and
Res., 1998, 73 and acce] erate

lmpmgqi mqegcyéqar%@;qr% omhg@egdqzrﬁnq Ry rqdéxpmg ghe, gyﬁl\wﬁer ofcg]pnocytes and

Pe;%as whl &3 Jd%érea&ﬂgﬁeﬂﬁﬁ ﬂE?dn%cﬁrﬁ [aﬁ)dﬂ lbuégéu @Qpééltléthmtrats Shah
[1'm he activit eneficia

G- d al
M., #re(ﬁ%// o1 <08 08B AR Moremwiet. Ty BATUBadRS Aispiimprove hdaling o

corr{%Bngurﬁasqh %tE%II@F PdGdrséh WOl 5 BB ddst, 119328 17, 736 747, and
I nhi |t|nqum$ma 2 and snmad3 sig nallln% pat hways

accelerate woundrpealinaobaastric plesistip ealat FIReidi o Fet S996. 29, Wg 175.
The%«% 8?ﬂa’sér§ﬁb‘lg%85ﬁ%'tﬁat %ﬁm@efﬁgﬁlﬁgﬁ/ 'oP‘ﬁGF@%@uIHCBé tgﬁfef C|al in many

ere ore ors of ALK5 woul
tiss umsraidi siggestithatmny diaease with shraninelavation of SGh- félé/iomﬁi beneﬂt by

rgi cal procedures.
mh"ﬁl@d%é& g’@%ﬁ*"?ﬂ% %L’#d;%gtﬂ\gaﬁot oagi ng of the skin
(see Fisher GJ. Kang SW Varani J. Bata- 30 Csorgo Z

TGly\ﬁ(Jﬁ %Ig%m% cgteg in ﬁgrcﬁro ﬁsadﬂe#ons Wé% S@Falof/Vo Hd Re alr

rono ogl Ca ager ng,
Reg@eemﬁbwl 1999, Nmawane)lamsmmrefm@omhmmrs @fnPcLK5 would be

cerpiaTa1 PaneTnerER e AL e HRE RN g dbld PidiinG surgica

procdudsl nes and integrins in hairless nouse Skl n-

nodul ati on by 25 topical tretinoin", Archives of

Der mat ol ogi cal Research, 290(3):137-144, 1998 Mar.) WO
TGRAMAI64 #adzalRdTin PRACAGING DO TeSskin (see Fisher GJ. Kang SW. Varani J. Bata-

Csorgo Z. Wan YS. Data S. Voorhees J J., Mechanisms of photoaging and chronological
skin ageing, Archives of Dermatology, 138(11):1462- 1470, 2002 Nov. and Schwartz E.
Sapadin AN. Kligman LH. "Ultraviolet B radiation increases steady state mRNA levels for
cytokines and integrins in hairless mouse skin- modulation by 25 topical tretinoin", Archives
of Dermatological Research, 290(3):137-144, 1998 Mar.)
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-18 TG~ (3 signalling is also inplicated in the
devel opnent of pul nonary disorders, in particul ar
w@eioaomssy hypertensi on and pul nonary fi brosi SPCBEER2008/059705
Morrell NW Yang X, Upton PD, Jourdan KB, Morgan N,
Sheares KK, Trenbath RC., AFfl8red growth responses of
pul nronary 5 artery snooth nuscle cells frompatients
with primary pul nonary hypertension to transform ng
growt h factor-beta(l) and bone norphogenetic proteins.
Crculation. 2001 Au 14;104(7):790-5. Bhatt N, Baran
TGFe&sigAplli@misplquiga |rp\/megq¢vgjgpmepﬁvqfnplglmgary disorders, in particular
t
pu ln?g}%rw'ﬁfdys Srt%%Jlsn aﬂ@%ﬁ%cﬁ%ﬂ?fﬁrgflg (&R NAG%PNW'W%@W Upton PD,

ar nac
Jourpiar KB3 MqrmNsSbeasess K&r Eeptatepth RCarAlmd gesppnses of pulmonary

ol A UG S A gy el

tran§iaing tgadwtb Xactersisétatl ) iand bbaerbwratiagenéticpretednsd Circulation. 2001 Aug

1 RUTERRTS, BhR0K, Sl P yBH BRI S b sy
pha@Bigolgid iA0&«akidhs inGrdading sthlmmbrmsy ﬁbxvsss@@’gwreﬂhamraicoARO% Apr
28).pul nonary endot helial cell-derived TG (31 can

stinmulate the growth of pul nonary vascular snooth
muscl e cells which may underlie the enhanced

oS R SR PSS ot B TR MG Brcod
E, Mey¥iais BY S®@irtioen RSt EweranlJR, Bleott 3. AleohtionB,in NGFeth1 ¥kpression in

ambi e PEisangy blonaRc e d RSk RS PRMAery Y ReLergR . Physiol
Lun?@ellMol Rbnysion! 2008 Uay 2688(1):L20d- 21)Pmymr@tudué§)h£mg§ssted that

Ther ef or e, i nhi the actio
puimgaey PRI PLSHIPTAES TCF L Fa S IRUIESI e OrVBRof Blaary vascular
smddtH MD8aE )éelmlmeﬁ |Lmaerhé(ﬂl§’é bnimakd Phude&néaﬂi@Wo@b@lded in the
TG-- (3 signalli as also been inplicated jn t

PUINRRABY VP urgpf in M%Q%‘f&p‘ﬁmp%ﬂé}yﬁe’ﬁ?ﬁ%ﬁ%’kao% Taraseviciene-

Ste\ﬁﬁ L alob@ K, @boAboNbBeHIVIFS Npapﬁgﬁ%?paﬁdn\éa} Wo@%@ul&?’endothellal
downst ream nodul ati on of the expression o

cells sfinanlgtes vascuaisniaolt ausele selbgwysh. A n/. zﬂ?ys'e? éé’ﬁﬁ? 4 dfpol. Physiol.
2006‘ &)? W&‘)t Fhelefite t’ihﬁlﬁftln%thé)é&oﬁ%lf h’@@?@ﬂe%\l\LKﬁ@mdlcated as a

nective tissue gr factor | evel s of

theramﬂ@:mea/ﬁdtwrt@ PHGOPRATY BEPARMSNSION br ot i ¢ medi at ors have

been denonstrated to be up-regulated in

bronchoal veol ar | avage taken from patients wth
Additiohallyatiys-tegplatecbRGF R sigmaling kas qlsq begrdmplisatedin thgrdgvgiopment of

f

iop e Yooty 85 Aetblih HALKH feR I Sl afiiren®
dowgstoedrh nicaiatation béthe dxpressonefl gnemiohdegdiedha fibiokio agesess such as

plasfrfrhﬁ'(g%% agti \9%)( lﬂh%@t{] f&g%&%ﬂ%fé % ?E&ﬁ{fgg%s%@%ﬁowth factor. The

levetenofMGF-fodet $ts (dbwnstremmpl'u fibrptid mediatoys have begrsdemonstrated to be
up-, %gvﬁsgsdghron%? V& iﬁrg \%ge'vg}_lfe%nf?rﬁﬁ]%%eégyvr@ﬁ% ath ‘pulmonary fibrosis
(Hiveatat RsShimura s, Yamauchi K, Nara M, Hida W, Shirato K. Significance of elevated
procollagen-lll-peptide and transforming growth factor-beta levels of bronchoalveolar lavage
fluids from idiopathic pulmonary fibrosis patients. Tohoku J. Exp. Med. 1997 Feb; 181(2):
285-95) and in animal models of idiopathic pulmonary fibrosis (Westergren-Thorsson G,

Hernnas J, Sarnstrand B, Oldberg A, Heinegard D, Malmstrom A. Altered expression of
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WD 2009/ 013335 PCT/ EP2008/ 059705 -19 snal |
pr ot eogl ycans, collagen, and transform ng growth

wo 2ovo133beta 1 i n devel opi ng bl eonyci n-i nducerCT/EP2008/059705
pul monary fibrosis in rats. J. din. Invest. 1993 Aug;
92(2):632-7). Transient over9expression of active
TGF-31 in murine |ungs, using adenoviral vector 5
medi ated gene transfer, resulted in progressive

sma?tb{s&@ggg dank! éUIIQ &5 2nB t?ﬂngﬁr%bﬁ Efacto?’"ﬂ@t'éqaﬁ d&Qeloping

was se n'in the rrad3 knockout m ce
bleomy cineing@edeanmerary Giosts in Tats- ~( ﬂlncfﬂawte‘r%?e? Aygi82(2):68E-7).
Parekh TV, O Connor RN, Gold LI. Differential
expression of transform ng growh factor-beta type |
Traresteiht bverexpegssonsof agtiveul Gbridriy musinedurigs, bsiea agenayiral vector-

o555 PSR, A0 EB58H4 BAn) GB88 b e rice

wheB2(s3jo. fﬂﬁ@s@@as Seersin thalhings tof Smagf ki@kol micectp toad§ days following

f
rorthy ShfBabd Al SRR el o DN RR Y i grergesin o
trantfoemiag endveth dhctohieeta mymritarmlnl reegptoes byusdfohanyrcellfian bleomycin-
cancer . ..incl udi

a5 Bsp S ettt bl hpRele Fah BBk adb '

Mayt 2818y 233-50. 'hu Nnhibitioh bEAGAERT actinaticor of prledban aisorinditated for
tunor = progression. Activin signalling and
PUrgRN LI PESsi on of activin is |inked to pathol ogi cal
di sorders that invol ve extracel lular matrix

TGFZEé:tggurlww%télg%S Ib%?ﬁgpIc wﬁymg@i %]d h Nal i#esggpr}igg%f%\ie’ntion may be

useﬂuﬂmblﬁe tr8atfint 8f cancBf, MdRiMg [Bb@ﬂ@ié’ﬁancgeibreﬁbﬁﬁncer gastric cancer,
05:441- 448 (19942 Mat suse,

J.
angpg@tpﬁgls meiastasis. ttmg % ggg) the g@agp%;g@,ng/é)[r pgﬁventlon of tumor
pmdfgsgg@grpl ogy 26:905-912 (1997); Pawl owski, J. E., et

, J. din. Invest. 100:639-648 (1997); Sugiyans,
M et al., Gastroenterol ogy 114:550-558 (1998); Minz,

Actifin sfinafthg angwgg?eipregsaoﬁgpéaﬁ%]@Ilnl(elﬂgg%)aiholdg’kfdl agﬁﬂie% Mhat involve

responses (e.g., Rosendah spi
extrg@,qllplawmatnx@@pmu@oggngob@gls«gmll\jlatsg%H’eg’;gl ol}m J. Resp/r Cell

Mo/‘(%gi '189 7%@;5%%3%8&994?% %%rg?@éé’r?ogl%% l‘?espééﬁim ﬁa :441- 448
(1988rddaisRIT. 018l Fa1n b R3NGLIFE) 07l 31 396; De Blossr stal, Hopatology
26: 9?3'5 %12‘7:( %arg\ﬁ!oglgm 34 @?’éghlzéﬁ lrg\?eQPbe’63g'654%3(§§§7)°§ug|yama

r espohses’ t’ central nervous Sy St
M. e(tel gGasttaeysavro/o@y 1 ©4:590-558 E1898); Munde Br eisdi, EM&®2136852055215

19@)9%%3{%%@(@%83 f\igl, ﬁérld@hl %x@t : N%kleﬁ Respir. Cell Mol. Biol

25:60n88 (28013 @ad83iad@vdstiog (YatzDe7 & dbtet alC.Prac. Matl. &cadl Sgi. USA

91: %17%%5@??%@{4“"&%%9'6]9}3\'9&8% yfg%@%nﬁﬁ 2§§19an ) (1938)! Gipriano, S.

C. elny!peﬁ_l-’ttdbﬁsm@d?gy( 134192319%1!7}/(20@0)) diseasés ait pathdlogicdl. responses in the
centr9 oS SEEE (68 Hae™ SOk EHaP. BekoSE Lid Qi 1090
Log8@M. &¢ tal. SEpe NGl 1531 304-310 (1008)c Mashkdh, &C et élull‘&furmsﬂemb.%nt.
39:393-400 (2001); De Groot, C. J. A. et al., J. Neuropathol. Exp. Neural. 58:174-187
(1999); John, G. R. et al., Nat. Med. 8:1115-1121 (2002)) and hypertension (e.g., Dahly, A.
J. etal., Am. J. Physiol. Regul. Integr Comp. Physiol. 283: R757-767 (2002)). Studies have
shown that TGF- B and activin can act synergistically to induce extracellular matrix
production (e.g., Sugiyama, M. et al., Gastroerterology 114; 550-558 (1998)).
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production (e.g., Sugiyama, M et al.,

Gastroerterol ogy 114; 550-558 (1998)). WO 2009/ 013335
weEFonbaP3e08/ 059705 -20 It foll ows, therefore, PCTBP2008/059705

i nhibition of ALK5 and/or ALK4 phosphoryl ati on of

Smad2 and Snmad3 by the ager8-of the invention can be

useful to treat and prevent disorders that involve

these signalling pathways. 5 Activin signalling is

also inplicated in the devel opment of pul monary

di sorders, in particular pulnonary hypertension and
It fommﬂmefyref |trmtmmllstlorF@frALé§6aanﬂ/@r AliHfeplospheiiation oppmad2 and

Sméaa%tﬂv afeh oflt NAvERBRES bk RBIPR &R bid Wré nt disorders that
0P ey 5 i

nonary rosis denonstra trong
mvoboephmxgmallafg ;zatmwawsn A on netaplastic epit heI I um
hyperpl astic snooth nuscle cells, 10 desquamated
cells, and al veol ar nmacrophages. Pul nobnary arteries
Actifin aionpbihg &ndlso imdlibategiin ﬂmr@evelopmobofdmiryorpnry ginosdeyrs, in particular

pu!rwg%Pag%)Zc?eﬁtleﬁglgﬁ %ﬁ%ﬂﬁog%n dﬁbéggsﬂ%(?( Fet Ithe e@%és\’dnnofpéctlvm Ain
IungOe{dhﬂs”lés ﬂd)mrp@hentﬁ Mthtlditestlgalcpmmorfayc flb!bSlS&:teanISﬁfateA striong
a enesi {i d
expisd SR gk eh et P gt RRETC A pobL gsdln et
des%nﬁﬁlé@bwldﬁﬁﬁ@f é[vﬁﬁlgr ﬂ?g(dpfhhgeis @uIFnoHdeegaamesﬁfrorﬂpgaelﬁs with
soi a i da
prmery GRS ELCIRTETY BYPSEE 8 G PR Ry Pag Ve Betivn A
on sAEdatlY musle REM. ihBsé ﬂndlﬁm@gl%t@pd)teﬁﬂlab?@le &Srstblelgatbwtdl factor, activin
with interstitial pulmpary fi
A, inhedafhaoenasis o pu}r@?na@)tlss r n;ﬂg{eﬂlgg@swp?tpd%tm %g{sg ial pulmonary

flbr&%darﬁﬁ&%bﬁérg% yBEEIRMIN (WRitsUseSTS Wexgammi A, OPgh &, ‘Ho@BlT OkaT Kida
rosi s and pul nonar éql hypert ensi on.

ul nona
AKWQ)MZ; Hougehmhireasal edUEr Ymby - Baprassiey ﬁblmmunoreactlve
aCtI\;Ih '\ Z;S?Q‘eﬁfﬁh rérHEHélDingaI%&bHé Eé’soc&@éd WEN IndersittialblimonapPistbsis. Am. J.

feration and its differentiation into

Patfmi ora%rl\m HS(3): A0 uiks3) o WT@@SA%@%’OE@?@ @Pﬂ@ssgq'?tsetcgnwﬂve
tlss%.r ?lféef%gt'gtﬂ% gﬁhlrﬂg?érymgﬂsisbérﬁb&ﬁrﬁbné’r? ‘I*ybér@ensmn Activin A has been

on | ast and may contri bute
demopstrated te medulate @rm@relung rﬁQrO@l?éé(N@dl ) iaptivity| Bytiewlgrly with respect to

proltféljg{uﬂ?%r?d @&QQ%’Hﬁéﬂo‘?ﬂﬁfOQﬂé&fW’ th@% ﬁ/}‘neAFas potent@l effects on
prolfgratart of lofg ﬁlmablastmnd |t§rrj|f5¢rghmaft|@nmtp myoﬂbmblast and may contribute to
sroEh P R0I A R RERS G 9RY BB ORDR € varsuse .

Terdthetoi 3) datdyiaora I9f Nagaseoh &ukudhi iy Osiclsi Yrétieatseaf dotivin A on proliferation

andgzlﬁe?%c@:tlg? ggﬁ\érjngp%ﬁ leI’Obl%‘SS ,&%‘éH ﬁlédﬁyg hlses %o%nélgn. 1996 Nov

2Pt 69i"6P°6 macr o
12; 2'2!8(2' |39 e8) eThe lmdud:tmnlaﬂlpglmormmdfltwass drestogat e ty bigomycin challenge in

s A B BSE R el BT B BiRRes vt i tre g,
andafdsl dstected @Wﬂird)lfblﬁ@s tecunhdatey in ﬂnetftbﬁatcedea adBninistration of follistatin,
signi ficant] e _nunber hages .and
an SRR A P G RHE BP DR Fale it SRB T Padeg e number
of nfb"c%@lageéi@rﬁd A&tropBils ﬁairbmcsioatvealamwa@eihyd féﬂﬂlUé@Chd retein content.
unber of |nf|Itrﬁ]t|nLﬁn artelloyt F

FO”@@I{]{%{(? Py resruced the n ber of mﬂltratmg cells amehora ed the destruction of
lung architecture, and attenuated lung fibrosis (Acki F, Kurabayashi M, Hasegawa Y, Kojima
. Attenuation of bleomycin-induced pulmonary fibrosis by follistatin. Am. J. Respir. Crit. Care

Med. 2005 Sep 15;172(6):713-20).
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| ung architecture, and attenuated lung fibrosis (Aoki
F, Kurabayashi M Hasegawa Y, Kojima 1. Attenuation
w@boobloessy/ci n-i nduced pul nonary fibrosis by  PCT/EP2008/059705
follistatin. Am J. Respir. Crit. Care Med. 2005 Sep
15; 172(6):713-20). WD 2009/ 623335 PCT/ EP2008/ 059705
-21 Therefore, inhibiting activin signalling via ALK4
inhibition nay al so be beneficial for the treatnent
The for@ulhﬂ‘aﬁr@g%cflwp Egﬁblﬁn@ﬂg Aml’dﬂPmBﬁMn &fidFIS b&kficldl for the
as been nonstrated Tecently that reduction in TGP
treatphentaf pulmgnaryicsesihand sulé’fonempresems enhances t he
nmechani cal properties and mneral concentration of the

bone matrix, as well as the bone mass, enabling the
It hascheentdentoastrated recsindy that sedugtien INTHASS a«garmngsthswj@t& effector

SmJ(ﬁagn@%gmeoﬂe&iw?gzgﬁo%eﬁfeg B3k lrﬁlﬁ@rap&iﬁcgn{?ﬁbon of the bone matrix,

euti c trea
as wdillssrtbebene Bas,coeahlirg thetboae to Eettﬁr remﬁtftactmeaﬁwessdesultg suggest

that%duﬁﬁr@ ggﬁgﬁ git één%l%(c%%id %E%%ia?ea Q:ﬂf%? &{Pllcgérplapt% treatbone

disorders.€Balonch @, aEaIaPrad:eNst/WcaﬂOSszt I'Jéhgt POGInDec 3Nt 0AE52(f18813- 8)

RBP4 R 55b P 8 g o hiner densty

strength @ap ebaientof Banacindmeay e dtilized éo treéltsowidervariety oficboditions,

inclifREL g BXomEl; TCIREG 6 ESPERBI T AHBArT G5 RLders n which fow
bon@Riiheral dilnkityt afees RAlintdrk of fgatidemsef the invention are

15 useful in the treatnent of conditions nedi ated by
the ALK-5 and/or ALK-4 receptors. Treatnment in

Havﬁh@‘-‘r@%é’r@m@ thel ibkibitibe of RLlle-fStérﬁiVbrika Jveecé)btﬁ% (Hmhiscofahe mvention are

use b T reniooh ofrnviieas mesiae oY b AR sedly Ak M8t

Treétﬂm\éﬁn.hIa@eoﬂdanééwltmfr%nﬁ\vaﬁ.bﬁnqa@fbeaswmmar@artprﬁplﬁylactuc
treating or preventing a disease or condition 20

medi ated by ALK-5 inhibition or ALK-4 inhibition.

The%f@r@%%@&dmg t6 %Wghﬁér‘ﬁ%pg@tdtrfétlﬁ%rmﬁn Ptidesith@ube bf &gerfté of the
K-4 inhibition include gl onerul o- nephritis,

mve@’qu@tth% Prepgratiop &f Rynedieamant ,fgrjma,tlpg er preventing a disease or condition
meop'éfgéf gﬂﬂﬁ'?lﬂhfbﬂﬂH%‘?%LR‘f@mH%ﬁ@hhy’ renal interstitial

I bro renal brosis resulting fromconplications

of drug exposure, H 'V 25 associ at ed nephropat hy,

Dlséa{ségﬁp&ﬁ{&'tltloﬂerﬁéd?&’t@& Y ALK Shhititl AT R LK - @Hﬁ”nt{) n"’ﬂn!:lude glomerulo-

hepatic “dysfunction attri but
nephmtfsednabetnsnerdnlrwﬂm lupun chepleritish dyyaeitension- Idﬁ@@ﬂdnerpbrmathy, renal

mtertsn{?allﬁk) os@r Yerlaf ?ISI’OSISH%LLIHR ﬁjé’rnidympggél}% s%'f‘h%r@{p)ﬁsure HIV-

nsfon, acute lung res
asscmbmed efmhromﬁd/r trarmsplardunegapaﬁhg liver ﬂlnmals;duﬁut@abstlcslpgles hepatic

dysf‘épéﬂoﬁ a tr@ﬁ%&) e%tnjlf &o%l %r_yl (%c%ﬁal’? at: y'd@?@ér\é of the biliary tree,

o in ectlbus or foxte &
pulnposry fimrbsis iulmonargihgperterfsidor, asuts Iungommﬂrgtadw respiratorg@istress

R N T T e

dlseaﬁatme tinfeetiduresr toxic agents gpospintdrcliaT edrdiae flbr03|s congestive heart
fallure tdr Igt% %tallfcp grﬁ%p@YHy, %@%géc’rsditl\éeva%rculaygteehct)ss resten03|s atherosclerosis,
ocular scarring, corneal scarring, proliferative vitreoretinopathy, excessive or hypertrophic
scar or keloid formation in the dermis occurring during wound healing resulting from trauma
or surgical wounds, peritoneal and sub dermal adhesion, scleroderma, fibrosclerosis,

progressive systemic sclerosis, dermatomyositis, polymyositis, arthritis, ulcers, impaired
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scar or keloid formation in the derm s occurring
duri ng wound healing resulting fromtraunma or
Ww@E 0giocaBs wounds, peritoneal and sub dernal adPeBEPI008/059705
scleroderma, fibrosclerosis, progressive systenc
scl erosis, dermatonyositis, -@8l-ynyositis, arthritis,
ul cers, inpaired WO 2009/ 013335 PCT/ EP2008/ 059705 -22
neurol ogi cal function, male erectile dysfunction,
neufdIGdi&) R ictidn, $hae @%tnle'%ﬁ/\éﬂ%%ﬁ'o@ A@H@#ﬁ&'@dsed‘s’ebRQWé}Jd s syndrome,
cancers, tumor netastasis growh, radiation-induced
fibratictsaoedrs, turier oretastass gremeh. Hadiatiortigrusad flresis thpnaesis, and bone
con@BLRCORR éﬁ %ﬁfaeé?ﬂck{ Btpdrosid) Whithdlré a8Ssetb@ i |N¥Sré$‘sed
I NCrease Crum depl et 1ron of resorption or in which
caloitn prespletiaroer rcsorbmreorflo i Simuationcdibene farmiaian ABeH calsium fixation
desirable. D seases or conditions
in tHr?trebcﬂtngﬁsegg%%bfiK- 5 inhibition in particular include
chronic renal disease, acute renal disease, wound
Dis&a%%g P On(ﬁt Igrrh%dl ZtA%RQ@(nﬂﬁ) itton ||J§BQI%§MIapfn%E@§%hronlc renal
conges Ve hear or obstru
diseabe varyte hakedisesse, wudmrblnmlyg 1@1Hn§4§;elsttmp9r@1ﬁ kidneg disease,

con b Sl L S R b B Bbibar
hypertansiml, ulmetsr(dmjufdmgadhabetm ulmnhronpmdwlcensngmtmcedlcers, and duodenal
uncti o

e R B <</ ien MEbat FRAE Benabo R ibaired paro-ogica

fundioy, Aldhsie@se disbases iatherosuianssis, p@tmea‘e@mﬁs@d&rma@adhesmn any

i ncl d|n but not Limted to kidne i br
discprg PGIT BSR4 8 agr e Eene LBk, R b 1q KBy fioross,
Iung\/ﬂlﬂrblﬁs léhlB}v%er flbaﬁsﬁi fdriexafaple) Eépat(tlH‘B\'OlrusJ(ElBV) hepatitis C virus (HCV),
cohol - i nduce epatitis aenochro
alcofp|- |pgygﬁdd7qp|aH% Ihger%pggrpgﬁ&sil% primagg bi @grcpfr@ﬁ@aresﬁo%ls
retrép ek Helabibro®s, inéﬁrit@ncfﬂbbwgs leﬁdorﬂ@ﬁ@@?@t Kel§1Gs, a:ank@ﬂ @bfAermal bone
cancer, abnormal bone functi on, inflanmato

funfdlpﬁdﬂﬁﬁé?@atoélbﬁ'ﬁ”dﬁgs éﬁ%ﬂ'ﬁ%éf‘%@hﬁ‘@g'ﬁg of fie %!19? n.
I nfl ammat ory or obstructive airways di seases to which

the present invention is applicable 20 include asthma
Inflagpmaleat @velistrugtiye awaye disepses tRerhich the roetamt InYeptigsis @pplicable

mcl&d?eo%'t%!a of tht)EVé"StybéTBr é’él%aselﬁélﬁdlﬁé bSthGﬁt’nh@iE%&’) aIIerglc) asthma and

Tr eat nent ~ of hma I1s al Sso be under st ood
extrinsicdaiaraic) aghmer 'ér@ﬁh’é?ftt Oéﬁsteuwj izalss, to ée gndeystqodsas emuprgcing

oo L UGREE O s 40 SIGUSRS, PEIEPARBBan gt

and@hagmlgsqacthte@lag;msabmasc whegzir Wfa@fs”n@] establisgad @g’(lerg@ﬁmpry of major
I

e AR o SRR G S, G B pRBE i ror

coneertiéntetthis padicdiar asthmatic cefiditioreid referrad to as deneezyqifant syndrome”.)

o058 e pPQURLRS oA bR L nBlency o

seveiity of synyptofnatiy etbdakratg. of aautaekth matigor brfonalmmoestrlctor attack,

oYU ERGRTOT T v s0 aiars fsyRensay R YIRS be
ewdehcéﬂibiy faa:lutédaredueemem fdeathed spmptoemhlmehierapy;uler theeayty for or
mtenged to restrlbt or%ngh%%tp’to?ngtﬂeattgw when it occ:ursr RP %xgr%;r)le anti-
inflammatory (e.g. corticosteroid) or bronchodilatory. Prophylactic benefit in asthma may in
particular be apparent in subjects prone to “morning dipping”. “Morning dipping” is a

recognised asthmatic syndrome, common to a substantial percentage of asthmatics and
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30 intended to restrict or abort synptomatic attack

when it occurs, for exanple anti- inflammtory (e.qg.
wa@eoowiocsst er oi d) or bronchodi |l atory. Prophyl acP€T/EP2008/059705

benefit in asthma may in particular be apparent in

subj ects prone to "norning diZ8pi ng". "Mrning dipping"

is a recognised asthmatic syndrone, conmon to a

substanti al percentage of asthmatics and WD
cha%g%afsgéﬁfé E‘E@té@@@él &SP the HoarC OB Ret £1d 6%@1 k?lé at a time

. bétween the hours of about

norraatly subetanaallyailqtpwéronm anquvgougwmmﬁﬁeéﬁd gynmtgmam asthma therapy.

fromany previously adm ni stered synptonati c ast hma

therapy. Qher inflammtory or obstructive airways
Otheli ipflarsmstoan dr elatictiveoaisvays diisiages amdcqnditinasito which the present

t

mvenﬂgrge E dg@ﬁcdb?e dfﬂg{ﬁb% gg& S/Scdé@ ?%%ﬂ?f&%@)gfré?sﬁé%@rome (ARDS), chronic
obstntxslve uwtrmomnpurr W)ﬁs&%au(@@ﬁ@mnﬁ%@)s énquairRDchypnic bronchitis, or
dys%rée D%ssg %ld ﬁ%r%glwﬁt%lﬁﬂgg E]r OQ&@VEH ESQ‘ ex&ﬁrbﬁ%ﬂ%%ﬂways
hypexeantivibatdnsaqaent & owmydrughbregrepy erapantmulayomenmeql@dmrug therapy.

o A5 B 0 P R g DA 54 onesi

incllidi rﬁﬁtel‘gamcwé drachididi datasrhal, c«dstmusvc&'rromly pepknthlr@ehlemhshitm Further

i ncl.udi cut e, arac oupus,
et s Eie S HsRESe P s 8 pEseenT e b gpgioavle
incl@de ;Q@Mdd:@hlbme an inflayisatorg easeaoltip osdlipationdl dipsaseasfithe lungs,

i nvention is g | i cabl e | ud neupoconi osi Saﬁ'
freR IR BRgIod BY TSRS ShttHot TR CH G Adsfe. B occasioned
by r\l,zﬂétﬂéd inhbiag6! eﬂadsys)aﬁmamer ’@ﬁe by gémés\iﬁiyhitlum‘@ Ifcbroet)daﬁme

her chronic or acut .and og¢casi oned Ptb
Al GAYBACTS. G50 F D TIROBy BHIOT AL P HSeRS, (abacosis and
bysé,ﬁgg,ydl ng, for exanple, 15 alum nosis, anthracosis,

asbestosis, chalicosis, ptilosis, siderosis,
silicosis, tabacosis and byssi nosis. Preferably the

Prefti;\fa‘iﬁ;aﬁ% o‘?iea@@%g b&ﬁd?tfbn%é’d@fe@% W%%lﬁdﬂ’dﬁbﬂl& AinKkbition is

K-4 inhibition is pul nonary pertensi on, pul nonary
pulm<prtﬂrbbmerte|n|sr@ér ptflm@n@ryuf@rosmwwf}éfoseﬁ suipeular disgpgesy cafcer or
Oste%ﬁof:bgkeoporom s. Pul nonary hypertension to be treated

I nh accordance with the invention includes primary

pul nonary hypertension (PPH); secondary pul monary

Pulrmfrpeﬁgkﬁ tMRich F 'BQe’trefa ihlagborBhte wﬁ*Pme’éqméﬁtlgﬁ Wcludes primary

prec ary pul nonary ypert ensi on; pu nona %?
pulragriasy hmeﬂwplent(alﬁti) @RCQFMQH) pulg®nATy| hwﬁae@sl@n( ty); familial PPH;

spo{%&?ﬁ%@?&rég{j{m’dﬁgh@l%ﬂmgéﬂw@gl‘tgﬁﬁﬁiﬁ [ﬁfs@‘%& Sﬂﬁgﬁg\&gﬁr{tecnsmn (PAH);
pulrpenanp adery hyperensigraidigpatiic puimanasl hypledsssien;ithtombolic pulmonary
ul mon ) Lon; '
oreBSeABY Bty DRSS RO D3R RE ppBYBRARRE) R pimonar
hypeearsiang ahapulciwibqnw;iedan5|orh tssuiciated with a'elatbdsteasresecondary to, left
r ar diti aortic n
ver 03 BirSeDSRE T et BRSO Bl gorc sencss
carcmMmme mw‘ususaldlbmsimgeomplobﬁpDMQnary venous drainage, pulmonary
venoocclusive disease, collagen vascular disease, congenital heart disease, HIV virus
infection, drugs and toxins such as fenfluramines, congenital heart disease, pulmonary
venous hypertension, chronic obstructive pulmonary disease, interstitial lung disease, sleep-
disordered breathing, alveolar hypoventilation disorder, chronic exposure to high altitude,

neonatal lung disease, alveolar-capillary dysplasia, sickle cell disease, other coagulation
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30 venooccl usi ve di sease, collagen vascul ar di sease,

congenital heart disease, HV virus infection, drugs
waeahmsshs such as fenfl uram nes, congenital PEBREP2008/059705

di sease, pul nonary venous hyperten5|on chronic

obstructive pul monary di seas@4-interstitial |ung

di sease, sl eep- disordered breathing, alveolar

hypoventil ati on di sorder, chronic exposure to high

discdidrl Enteic throRdBaMBbI, |c6ﬂﬂedi|k/§ B8R disdaseOlpls, GRRIstdsBhiasis,
dysplasia, sickle cell disease, other coagulation WD

sarcasipsiso PRlorROT FanHETy Bemangiomatosiss di sor der, chronic
t hronboenbol i, connective tissue di sease, Iupus
schi stosom asis, sarcoidosis or pul nonary capillary
Pulmhemain @vmﬁ.ﬁn@mnsto bpdireatsskin pcegy Qéfﬂqeé/ﬁ'ﬁ] He inengen is r@aﬁtemartlcularly

pulrg a'i‘f %ﬁ%&gﬁg\@sg& i2B& with \WRisrddre of ﬁle@%raﬁ)&p Tsygtléhﬁéﬂcb/or

per ensi on assocl at di Sofders of
hypomlaesgudlag chipnipyahistructivediunonary diseese. anterstiiallgnghgdisease, sleep-

dlsq?ﬁénrg@gpea%ﬁ% éf\éﬁ[o'lea\é%ygwe'm@ 5t¥ d%bbr 5 él%nro'n'ilI @){g%ghrte' t@lhlgh altitude,

I seas disordere
nechgtpbluegtisease and alvedareardiary dysplasia, éup@m@p@lly ghﬂ@hg:rpbstructlve

neonatal | ung di sease and
mmﬁ%%giﬁggacaplllary dyspl asia, but especially chronic
obstruct|ve pul nonary di sease. 10 Lung fibrosis

Lt B AR BRAR hrcele P BB Buleh 01 r o

nmuscl e di seases |nclud|ng nuscular atrophies (e.g.

TR BhiPE et ey TS ede Bolin g YR AEe g ntddBegnuscuter
atrobies (& g Dyisiisen, D’ﬂyscullq%ﬂl@_y@mm'm&d_r ?@ Ilntmba?nrﬁsltﬂuls@hjb)ystrophy Becker's
sarcopeni a an ia. Jreatnent .
oS SRR RSP R S SORE ol BB e ooy
sardéopedialand caoR@tia.medi cal need. There are only few
conmpounds approved for the use in assorted 20 nuscle

di sorders, mainly in the area of cancer-induced and

Treﬂh‘énﬂyﬁﬁhﬁzmsﬁéeage@éumm&é@e atrépstlead ey stiopRiee li4!g fargely
are used off-1abel for these indications lﬂ‘ addi ti on,

unnigs stecisel peres d herer argONlyEY copmwedads arRIoYR fohing YRedn asgorted

musdﬂé &Q&dél%eﬁiafdlfﬁ\'théf ardd & chnfaSealcRE a8t MYW/Mim@gie wasting or cachexia,
function. There is therefore a need for effective

andtanf@wa'pp@sdrvgﬁ arecipedofiiabel derdheserpdicatipns: i addiigne mastef these
drudd &dly THGEL S \ﬁéal%%:éssr ﬁ@d@ﬁot%ﬁe&ﬁé‘é‘l?)é'fféct(rﬁugeuldr@rowth and

ancer, HV and di suse 25 atrophy, sarcopenia
functied. ryese n%tbngsfomwsaedtfpheﬁ%@tm%t?@éapleﬁ tottrRat fynstienal impaigments

ass?&elg\éffj Miﬁﬁﬁ#'r %{a@@ﬂéla{e@ lMehdxia @. d‘ﬂycmﬁtﬂlveand COPD), disuse

at or etal nuscle mass. I'n doubl e-nuscl e
atrophy tdaecopediai anddystiophy. body with skel etal nuscle
hypertrophy, different nutations in the nyostatin gene
were detected (MPherron et
Myostatin, a member of the transforming growth factor B (TGF) family, is a key negative

regulator of skeletal muscle mass. In double-muscle cattle and in a human body with skeletal
muscle hypertrophy, different mutations in the myostatin gene were detected (McPherron et
al (1997) Nature 387:83-90; Schuelke et al (2004) N. Engl. J. Med. 350:2682-2688). The
important role of myostatin for skeletal muscle growth and disorders was confirmed in a wide
variety of in vivo and in vitro studies. For example, muscle-specific overexpression of
myostatin in mice causes loss of muscle mass (Reisz-Porszasz et al (2003) AJP- Endo.

285:876-888), whereas myostatin null mice have increased skeletal muscle mass and
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30 al (1997) Nature 387:83-90; Schuel ke et al (2004)
N. Engl. J. Med. 350:2682-2688). The inportant role
wobkoyossatin for skel etal nuscle growth and dPGDERBI®059705
was confirnmed in a wwde variety of in vivo and in
vitro studies. For exanple, -@scl e-specific
overexpression of nyostatin in mce causes |oss of
nmuscl e mass (Rei sz-Porszasz et al (2003) AJP- Endo.
df8a B 46 1338 h ot WODHEASBBYRSH AibphyRUREs. B &RmN2Y e 701-706). In
e |ncreagedqske \g?g g?})Suslc | e rrass’syg)r%d WO 2009/ 013335 )
accerdIMErREEBNiI0 IgMikstratiog of ayygstatin kekiges eachexindZismeys et al (2002)
Scidre93k;: 18569488}, wRERRBYSHibifRSPof tirAS for ExampREthe
CIaccoréa:nce sy éé:)}em c ad mlnll stcr)artﬁ;i%ogr?g?&jl oorsétg(at |z)n & mjostatin
neutraltzmge@t@a@hé&i%lne@am risele n@aSS(aZ\gmnthdn Mfildiype and dystrophic
md%ﬂ@egégﬁ‘pﬁ]n%§§h ot SP?ZCRJ%ZNaHJ?é Bb8: AR msv\ﬁgger &al (2002) Ann.

tin neutralizin
Neumlcﬁkzﬁéés%ﬁu%\tﬂlfmanw@l 20835 Progniyath Agadh CldﬂW86hﬁ5842 15846). In

a5 SRR ST A RSBy iy A e

mudsR atBRPieB3Bich Wb lif patienét with HO@@0 3mrRinodefidiktcl Virig4d1V), cancer or

Ilvern%}r(slg?stjjlogélw?@a% thgai“go Eaecg)noldo%%e?scggri\c?ejﬁ%@gpﬁ&ﬁxaﬁﬁ%atment (Ma et

al (Z00pRAIMENPaysicd nEnhdocring/cllletabn28% |ES68t 370 pBioszales-Cladagidieh al (1998)

Prop ER i " YRR IR SSRGS IS 3 Mo - v

285@76-g83eananiz sperder e’gélt(ﬂ@(dﬁ:)r&aaodlﬂ-lwafcb&nﬂpbﬂé Mb: 4-81). These

Al 00 \m J. Physiol.
finigs Sy e h pafenliai Ao TR I o e AR i, O Ryspuler atrophies
andAfy8flophfsy. . 95: 14938-14943; see al so Rei sz-Porszasz et

at (2003) AJP- Endo. 285:876-888 and Jespersen et at

(2006) Scand. J. Med. Sci. Sports. 16: 74-82). These

Thefrh&!ié SRtish 8fmly bt atin @fsuwoh@értm\nisngﬁndmy Red ﬁilatively well established

inhibitors as treatnents,_for atr
thatgyyastasipraigngls theousRSMRARS dree ettt 329025“ oRbbfay. gl 20: 61-0)
Morebverl mHﬂﬂ@hbeﬁéﬁﬁhbgeéé@QhoWﬁ tol et mlﬁhvme&pe nehhd actlvm receptor
establ i shed that myostatin signals throu

ke kiegs L9 regertir)n AlRCCYRS (RaBbaTErgasi ot D206 3] Ny Cel. Biol. 23
723W2ﬁ9}’ ﬂowevat %@eeﬁwﬁrﬁﬁdg@, im Sk EBARAUSA BB\ s! fte Mot d¥ddtibed.

activin type and activin receptor |ike kinase
Myqsativys belisvag & ishioi diffaransisfion and raiRs-Ateply AifAK Signaling. Moreover,
|nh|§|a9|9§9Al'_\@E| Pg}ﬁ'l profabfls: sk&'ﬁ: dlffgrQnF AR Jn%"c%)qseé‘%@fﬁypertrophy
resp ectlve ings 1n skeletal nmuscle cells are no
descrlbed Myostatin is believed to inhibit

Ost%&gglﬁyé %Is't c@QQeFa‘?H%SuR% ERRB%e ié%i bAyLIGWS‘ch\@%é%nd micro-

btlo S|gna|ng pronotes skMC
arcrdiebﬁmleinterata’u@n oA hone tisasies Wit mg0h§qsweﬂt ippiggse in bone fragility and

suscButbR %‘?rsa'cﬁ.lré St H% c?‘s¥ cg)%%tfc rﬁh&r‘o ng.llt?fycg?d, encompassing primary

ara terlzed by one m cro
disaderhistert asi pasttméebmuscar ettawﬂredﬂtedaostepmrpssmd wqond@ry conditions
consequent. i ncr t
o CHUSERHR P 555 L PRt 29 L aR repeyes st gomoostr
of bofe mdtrix, afoagetitchonemeasspasisaroigjtepturersary crmcal determlnants of a bone's

ability to resist fracture.

Thus in a further aspect the invention includes an agent of the invention for use as a

pharmaceutical.
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di sorders such as postnenopausal or age-rel ated
osteporosis, and secondary conditions that acconpany
waelc@eass3st at es or nedi cati ons. The mechani cal PCT/EP2008/059705
properties and conposition of bone matrix, along with
bone mass and architecture, -3be critical deterninants
of a bone's 30 ability to resist fracture. Thus in a
further aspect the invention includes an agent of the
Mth &t eAforfinclDBéd RIS f6p revmlr?go&gd'é%ﬁ $one
lna?’%ﬁ@ﬁ’ §}38t 9705e -26nICn a yet furthgr aspect the g
condlmr@nmm@narerasrsgqet@dawthencvf@asqdcﬁalw@@eﬁkemrg opfesprriign;oR i which
stimBl%Pgn oM ffn‘n?ﬁ%n%‘d%'&lcﬂfrﬁ figtRRAGH Hebisbnwd |§ BeélFéFU Emsslch an
Cium depletion or resorption or in which
effective mmicaint oharoagdnd néthednveationror arthagmpesulialy-aeaeptable and -
cleag%g%ggt@f or%cgea%drtlﬁelgﬁ t 'tﬁér%'@gdrﬂf?nst@rga €8 hiphBe TR HBEJ 8f such
treamlremtrmeuailwaldn)amuépffactﬂve Iraaaid treatmeidvabl e ester, or
acid addition salt thereof is admnistered to a
patient in need of such treatnent, especially in an
In aganfurthereésfpecﬁtha mvientusraihdludeseaphemrrhaceuﬁpada comaposition fespreventing or

spect t nvent | on |nclu I ' . -
reafE 355 PG ORS PSP AUR LT " PRAERY CHB AT depletion orresorpton
or lrgmmldh ttiramatiovhofddonarfernasis o aindtealdium fixation dr tedwoheds Hesitable
etion or .resorption in which stinmylatio
compaIas P AHER: WS RHE T PLAPER A PU N Rpist i 3hj edlabie ester,
or afle SidBBbh eale iERSdf Sh agmdiur@gath a phartiaeeitivay bcaaptatde egcipient,
phar maceuti cal | y-acceptabl e and -cl eavabl e ester, or
‘m“%EPHCQHSthon salt thereof, in adm xture with a
pharnaceutlcally acceptable exci pient, diluent or
carrier. et furtger aspect the

In ayALLUBRL2SPRE! e vEniohNGlaSS e JSerit o aEht o JRe ITyeptian in the

manieRufra &f Hrn%dﬂfan%mltﬁ@ﬂsﬁhefn%r briageritionaf AEsYhe@ondition, and a
prevention of a bone condition, and a conmpound of t he

compgyna,pifhe foFBW'EUlsf@r W$e B RWAN {EBEISRENt . The conpounds of
t he Exanpl es herein bel ow generally have | C50 val ues
below 1 pM For 20 instance, the conpounds of
TheBemppHeds df the Examples henedn balgw geperafiy have I Gepalyes helgw 1 HM. For

8
w251 e B s

The
of 01BBR G 43 924, 00281 0 RURH0.P47, 5208 9183h0). 1At 4836 H fespectively.
radi ol abel | ed phosphate [33P] incorporation in to the
generic substrate, casein. The kinase domai n of human
TheAdrése (aammymf A?.KSéa:askesié)i)b)sm;smrﬁlgfrnéie@bﬂﬁcbph%phate [33P]
incqbéc}r?tiﬂrﬂ d@ Setﬁ'gﬂl: slttr%ge \ﬁzggn k'm]ataia %c dnYé.h%{ ﬂuméﬁ'ﬂiKE (amino
acidaczod-%@ﬁls(fnmcemranm-termnaat pestldlae ¢ag. Mbdikinasatactivity ofRIA{EB(S is

rendt sinsthive S0 RERFAUR AT e B2 PR oreogtfione
modifitaeen, Aled FR04Dangtie Kinask canetroctiis esginégree tpbe expréssed from a
baculovirus expression construct in insect cells. The purified, recombinantly-expressed
histidine-tagged ALK5 T204D protein is dissolved at 5.4 mg/ml in 50 mM Tris-HCI pH 8.0,
150 mM NaCl, 5 mM DTT. ALK5 T204D is dissolved to 2.5 ug/ml in assay buffer (Assay
buffer: 20 mM Tris-HCI pH 7.4, 10 mM MgCl,, 2 mM MnCl) on the day of use.

Test compounds and reference compounds are dissolved in assay buffer without DTT
containing 5% (v/v) DMSO. Stock solutions of test and reference compounds are diluted in
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hi sti di ne-tagged ALKS T204D protein is dissolved at

5.4 ng/m in 50 mM Tris-HCl pH 8.0, 30 150 MM Nad, 5
WOork00R0T333ALKS T204D is dissolved to 2.5 pg/ M PCI/BBREY059705

buffer (Assay buffer: 20 MM Tris-HCl pH 7.4, 10 nM

MyCl 2, 2 nM MaCl 2) on the dag7of use. Test conpounds

and reference conpounds are dissolved in assay buffer

wi thout DTT containing 5% (v/v) DMSO. Stock sol utions

f A t
s SRR (LA AN RS 7l 1y 3 oy e

comppung arexsidem)to dengasiaspanping woly Q/f/%)w@t\}s@ottwegmlase Total enzyme
actili fg% threrH:\@feﬁ b§ suﬁrgg?ﬁlg%‘ E*Z?&@ a@@ﬁﬁy% i Jtﬂ‘énce of ALKS kinase

rrespondi ng” we onmed pl ate.
inhilitoz yeferenae compeyndss Naatseeeifia binding (NEB3 @rdehgm%bwmawmg the

t
actlxrﬂféfdé\rﬁ\é_}](gaél‘z@gbnﬁ t%&ﬁ'@@{rgceocgf é@b{gﬁﬁlr{gsg%ﬁgoltdr ’r’t%}kggcg compounds. 10 pl
of delphczsphonytatbdagammh the(d‘ephcsph@rWA}te@fcasa_tKE dieephed in ddH,0

at 2@ @ﬁ ﬁé’éc?ase%g:?e? Wi éfb&@%@ggﬁ i dsgg&f jc%étsréﬁ]nﬁsﬁ@eof ALK5 T204D

(2. 53@/mtscmmoﬁﬁfs|cﬂudsplper wbm(mgwelemal assaji poenteationp The plates are
Il (200 fag/ well
'Eﬁg"H%H(BaéesEta{W'&ﬂ%@Bﬁ ﬁ“:‘{? f‘gdﬁ)e'%@?r e A(LK5 nggDWe( 2.5

pg/ M solution) is added per well (50 ng/well final

1o 07 RTS8 PSR

unlabeled ATla/duéﬂcﬂmhlcastsbys covelehtrbfior) MTHd ATR niik & rrrepa:redms follows,

WCC RIS  NEE

conédNtlaBYs of [“lmAawa@ 1(93;10#}]' F’nﬁe?ccm\éspbﬁmdg s6laheast [?3n]ﬁd|tl-*rl3@dded to
concentrati an

dj
“”'%MH?F%SP@%S% il e i 2sapy 8%'}98HHP§'@ GRS 671 uCi. Following
add[t|3|3 Bl hERA TR mad @edpibies bee Ielibded bﬁ@oﬁﬂ%nﬁﬁréthteof@r 50 edinutes. The

that the final assay concentration P
km%@reaomen ISORMgateddryithe gAdien 0 ATHaR Eiuffqrre%o m'\éhif s-HCI pH 7.4,

10 mEDTOUbat ed at room tenperature for 50 mnutes. The
ki nase reaction is termnated by the addition of 50 pL
Stop Buffer (20 mM Tris-HCI pH 7.4, 10 nM EDTA). 20

75 %ﬁ/eﬂ ldoweink rééé?l'ahtpﬁb?e rset?a%vé?redﬁb %tl\ﬁulhs?créérﬁﬂsﬁlﬁfé @LifiScrden-1P

tiscreen-1 (Mul'tiScreen-IP plates are

plates erpanre@arbq ba@dé@d 6@ Hplof 69%7(@% etheny! rer me @ind rgubgiad for 5
mm@t@% Hp%%rgtglre Be RHUABES rétholePR) é%ﬁér@@lﬁrael\/luﬂ_gﬁreen HTS

IS removed by aspiration via Screen
Vacwod\annlfn‘mrﬁtdwhwewqtmq MSUMET5A0 1t Theoplates\agmaglgd twice by
addglgf_?@%)ﬁ(lv%ﬁ gebﬁ‘??)v\@ggﬁ@étn %&1 P/?lat%qghlf&%%%t%gtag OW? émperature for 30
minttespealiowingbihding 30 caseimtarthe @iate o hel MkﬂMSwgemIIH@Iah@s @Ife Washed

ein.t [ ti een-d t :
thre&&ir}%eg)y at(%ir#ng?({a ;ﬁ)in%ﬂk;;éBZn Réé@%lggaﬁyj méélﬁ*oﬁﬁgﬁ rﬁ Sasket is
cargiilyspmored frami tte batkudfi the I\/la;ltiﬁdrdr&a-lﬁ’aﬂkietaﬁd&the plate dried in the oven
for 30 minutes. The MultiScreen-IP plate is backsealed, 50 L of Microscint™20 is added,
then the plates are topsealed and radiolabelled casein detected and quantified on a

TopCount™ plate-reader using the **P scintillation protocol.

The agents of the invention are also useful as co-therapeutic agents for use in combination
with other drug substances such as anti-inflammatory, bronchodilatory, antihistamine,

decongestant or anti-tussive drug substances, particularly in the treatment of obstructive or
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carefully renoved fromthe back of the Multi Screen-1P

plate and the plate dried in the oven for 30 m nutes.
wabeomdsss Screen-1 P plate is backseal ed, 50 pLP@I/EP2008/059705

M croscint TnR20 is added, then the plates are

t opseal ed and radi ol abel | ed-@8sei n detected and

guantified on a 30 TopCount TM pl ate-reader using the

33P scintillation protocol. The agents of the

inﬂainﬂ'?'fﬁﬂw é?ﬂva% Qlisahsés $RPldd thése MBnfidHRHMRPIAbSFoRD Rl eXafPle as

use i mbination wth other drug substances such as
potestigiorg @ffth@mﬁawtmptlvw ofrRUeD GTYeRt 135, 2 MABNHPITPEHTIRG required

dosgﬁjlﬁé’ S?EQF{I/ sk efBLds of Y5SH H’r%ggr He a%HPtséf@ﬁE f¥ention \ may be mixed

in the treatnen structive or
Wlthmgirmmm@ﬁﬂelp@rumm%mwedFi@rmﬁﬁﬁ%léﬁﬁbﬁ%‘mps'tlon or it may be

adnﬁﬁlét rrg)ia[:a?gz eo%fét‘écan‘@lﬁ fg/fvﬂﬁ'ﬂ% r P thd Rh& &}Qﬁfs%@cance(s)

potentla ors rapeutic actiVvit
of such drugs or as a neans of reducing required

SucH %éﬁ%f@%rﬁ%g@%%rgg@n ftnéllgﬁé 'sﬂa‘;r‘mgé flﬁfb&ﬁl&&l‘; \/\?IHE&O% éb%ferorég such as
bude$dmn‘e beclgmstmsbmdleeoplonaie flluticasopé arapire@ts, icédgsonide or

e
WOSJMH]B&BQN()\Qms] é‘amblaay]thoselmf EzamplesBy 1tridg4d7| 1&:I26dé4 37, 39, 51,

o0, B dzaon o 0 B N, pEARI Y OB

03/644@p) WD 37 2592¢ WG 0ni39682Dand Wﬂrﬁﬁ@ﬁeﬁ@ rfdmr-siatosdal @fucocorticoid

steroi ds. descri bed V\DO/8 6 0
oo F90BRS, Sath 657 BBETYeR (005, 02e] b gl BoRftss Yt ivg gerotas,
woai3/$2280phWes 0882787, W3 03718_62949N02@3/1MQSSWO 89/10%932, WO

04139 OO s 3 94 0B WhSHaates A By 5i0ad: Ligy

ant B8R EhaRBIND M PO PIHBA3NDRCA $8 7, 0TBalethanolamide, LY 293111, LY

2see ST B 1 OBE b N b BiasRH i bR ntnose descrivr

in U4 4337 @@Q@Wd@ﬂ@éwéﬁbﬁé@t% %h é@n@ﬁﬂemééﬁﬁranlukast
WO 03/101932, WD 15 05229

ooy 08B DA M 4B 405 B OSSR MCS b 71683, Ro 24-5913 and

L- 6{@%‘1‘9@ aZ'fl]@e zén’c]@'rb’gﬁ‘%lg_;@hlgig s%r%rirvas Eé;béfgglﬁfe‘l%r rﬁ?&vgﬂﬁg C}oplnlrole and 4-

hydomy-7d841P[3- @\pﬁem@?hoxs)spmwmonﬁ@ﬂwﬁzr@@%ayIlr%@klé
bengﬁﬁf‘;\&blgﬁg and Ehé@a@é@ﬂ%@? F&%t%@ Qé\(sltggrégp(théﬁﬁfrochIorlde being

agonli sts as non pr anl
Viozeaf i Asuaé@tecaﬁcﬂﬂﬂdamblbltmgm as worwtasiz@zrlfb@cﬁﬁlam%r@ttwme

Rof%ngﬂsékéuﬂd&f%128@A%ﬁa@31§A W88@4EB ?OgéH -351591 (Schering-

recept'or agoni st suc as ca
Plodtgh)nttrofwlllpm(hmlrail@podﬂsfam'@) d?ial1&9659/PD168787 (Parke-Davis), AWD-12-

o R 2P e ST e oo

(Vemaas)nmem Tardtey, Kileti90d Ky ews blakiso KogyodoBRCt3886 (Oglemilast,

Glef AN WO A ARSI 02 {bOEAY {3)9(3 sﬁ%bb@%fé‘?ﬁé}m W5%a16766, WO

owﬁ%xo\sm 03/K04:204) WO BODARA3, ¥50 AR08 Gl \HEr)4/00BE2HHA WO
04/0033BR Iel2) WO HAB Ta 4PV o7 5lb £ WO b8 13385 WeHoas018465, wo
04/018431, WO 04/018449, WO 04/018450, WO 04/018451, WO 04/018457, WO
04/018465, WO 04/019944, WO 04/019945, WO 04/045607, WO 04/037805, WO
04/063197, WO 04/103998, WO 04/111044, WO 05012252, WO 05012253, WO
05/013995, WO 05/030212, WO 05/030725, WO 05/087744, WO 05/087745, WO
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25 Pl ough), Arofylline (Almrall Prodesfarma),

PD189659 / PD168787 (Parke-Davis), AW-12- 281 (Asta
wokapo83E3s CDC- 801 (Cel gene), Sel CID(TM CC 100BdT/EP2008/059705

(Cel gene), VMb54/ UVMB65 (Vernalis), T-440 (Tanabe),

KW 4490 (Kyowa Hakko Kogyo),(28RC 3886 (Qgl em | ast,

d enmar k), WO 92/19594, WD 93/19749, WO 93/19750, WO

93/ 19751, WD 99/16766, WO 01/13953, WD 03/104204, WO
05/633374@539%0 YOI RD9S A a%d%é/o‘é%%%% .@Wo\é@m%@ge and WO

005258 (Merck), WO 040 WO 04/ 018451,

03/395A6.1/82magonigts §4h0assihese dmﬂb@dmﬁ%ﬁ%gw @E/‘UEZ@@ EP

R T e RN
99/24B50 ANCBIHL445 WO 98/3861L.INO IS (26T 19i5D§9/67988, WO 99/67264, WO

A BB A, NS ORS00

01/2RO30NONVZOVH2 D3 Y¥0 PAHOBER.ONEY WEHESS, WODAF)ETE7 VD 08128630, WO
oGP0, W e e oo A0 OB BR TR

04/04608P, a9 baRagdrstd @M&tm@deﬂmd TeWONI2/42298 g WO
03/%22 / 02543, WO 96/ 02553, WO 98/28319, WO 99/ 24449, WO

1450, WO 99/ 24451, WD 99/ 38877, WD 99/41267, WO
99/ 67263, WD 99/67264, WO 5 99/ 67265, WD 99/67266, WO

NHE TR PRGN
adréhdc8ptor Bgonits (heludzGEiflterdl)saBRtadtelo metm&ﬁérﬁﬁ,ﬁé@ualm&

04/ 0 04/ 03976 WO. 04/ 45 d
salrph domierol REP RO AV SR CITRHOLL AL eSB! P and
phairhaddRti€Rly 42 e8Ralsle daNhefsdf CidcbinpalifdSya free or salt or solvate form) of

bronchodi | at or de bet a- drenqce
formghPane O S ic b Bocamset SRipCR bt ot igence, preferably
coMp@Ghd’éj@f thd E&hre.mls therabi u&.@mﬁny a doRipRRAe befoemala,
terbutaline, sal neterg fenoterol, procaterol, and
especially, fornoterol carnDteroI GSKI 59797 and
phar maceutical ly acceptiabl e salts ther-.
compounds (in free
formula I of Vlh@OZ/; 4, ‘whi ch do
I ncor por ated herei
conpounds of the s
compound of formula U

. and

and pharmaceutically acceptable salts thereof, as well as compounds (in free or salt or
solvate form) of formula | of WO 04/16601 or of formula | of WO 04/087142. Further suitable
B -2-adrenoreceptor agonists include compounds, such as those described in and also
compounds of EP 147719, EP 1440966, EP 1460064, EP 1477167, EP 1574501, JP
05025045, JP 2005187357, US 2002/0055651, US 2004/0242622, US 2004/0229904, US
2005/0133417, US 2005/5159448, US 2005/5159448, US 2005/171147, US 2005/182091,
US 2005/182092, US 2005/209227, US 2005/256115, US 2005/277632, US 2005/272769,
US 2005/239778, US 2005/215542, US 2005/215590, US 2006/19991, US 2006/58530,
WO 93/18007, WO 99/64035, WO 01/42193, WO 01/83462, WO 02/66422, WO 02/ 70490,
WO 02/76933, WO 03/24439, WO 03/42160, WO 03/42164, WO 03/72539, WO 03/91204,
WO 03/99764, WO 04/16578, WO 04/22547, WO 04/32921, WO 04/3341 2, WO 04/37768,
WO 04/37773, WO 04/37807, WO 04/39762, WO 04/39766, WO 04/45618 WO 04/46083 ,
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N H OH and pharnaceutically acceptable salts
thereof, as well as conmpounds (in free or salt or
waelwats3forn) of formula | of WO 04/ 16601 or BET/EP2008/059705
formula | of WD 04/087142. Further suitable 20 (3
- 2-adr enor ecept or agoni sts i-88l-ude conpounds, such as
t hose described in and al so conpounds of EP 147719, EP
1440966, EP 1460064, EP 1477167, EP 1574501, JP
WO XRG4 S0 4/88PRIPO VRS B4/89892 NS/ RRiEe?E, WdD04/108676, WO
2004/0242622, US 2004/ 0229904 US 2005/0133417, US
05/3308 %, \WOSeR{A®1 03N/ 05HAE 5 INPH5/28867 0DK) 95/69350. VN@ 05/66140, WO
U 0
O O b0 T8 00 271 Ead0 QAL 8723880, kg oorozee7, wo
05/9806 B, WO 953285 V¥ 06/19285% AVO06/5630 4/ \WAE60/F48Us0r WO 06/8173.
2006/ 19991, US 2006/58530, WD 93/18007, WD 99/ 64035,
WO 01/42193, WD 01/83462, WD 02/ 66422, WO 02/ 70490,
Such\Or@zhadieesy dnQscasindisde other eatictrligdgic\uDaptimasasginic agonts, in

o SRR S o AT Bl RS e o

42264CRisY 8nd BOTEHT736 301 alsd@h@sty GEEaRed WER424WP71668S 34357, US

s B O A ST W OBt

WO®m2/513588,/\8/0 V008401 V80 03/33405, D& G312966, WID 03/87098 3\WONDB/ 18422,

wogBoko8Ban B BRI oslige62 #1000 48288, 5208 vio

05/92860, WD 05/92887, VD 05/90287, WO 0595328, WO
SuitgEe e} SHERTRT ALY FuPiRyEnai o'y ReR e ftyal D42 orenoceptor

agodiet / rﬁbﬁalrlﬁl%raiitégoﬁrstﬁélldhrﬁwa%d msaomanm 2004/0167167, US

2ookPlehL o 408 I8 35001 o SEiRBIABa8T ) 700, wo

04/742d2 SWD 84033802 st wa o67284vsse described in EP 424021,
US 3714357, US 5171744, US 2005/171147, US

2005/ 182091, WD 01/04118, WO 02/ 00652, VO 02/ 51841, 10
Swt‘é@e%ﬁi@éﬁﬂne g Q3bHARALY inMGU& étiidthe \XDVéQhQﬁIH53@6&etMQne
87094, WD 04718422, WO 04/ 05285, 04/ 96800, WO
ace@mm@m damasinefamagto Prongtheaipeclottidine, desloratidine,
d|ph§ﬂh drgl‘?\fr{eaé‘ﬂm’é%%né’d?ﬁe W&B&ﬂé’rﬂie‘ ﬁ&tﬂfa)étlr‘ig weferifGé UsiRastine,
ual beta-2 adrenoceptor oni st muscarinic
dimelindgg oehastise Apinestine, tlmgb@ﬁ i8e) r@g@@stlrhe argl tefenadine as well as those
182092, US
sk oA 17 CoR, SR PR B PRI N0 o 7asn,
WO 04/89892 and WO 06/ 23475.

According to a further embodiment of the invention, the agents of the Invention may be

employed as adjunct or adjuvant to other therapy, e.g. a therapy using a bone resorption
inhibitor, for example as in osteoporosis therapy, in particular a therapy employing calcium, a
calcitonin or an analogue or derivative thereof, e.g. salmon, eel or human calcitonin, a
steroid hormone, e.g. an estrogen, a partial estrogen agonist or estrogen-gestagen
combination, a SERM (Selective Estrogen Receptor Modulator) e.g. raloxifene, lasofoxifene,
TSE-424, FC1271, Tibolone (Livial A), vitamin D or an analog thereof or PTH, a PTH
fragment or a PTH derivative e.g. PTH (1-84), PTH (1-34), PTH (1-36), PTH (1-38), PTH (1-
31)NH2 or PTS 893.
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Sui t abl e anti hi stam ne drug substances include
cetirizine hydrochl oride, |evocetirizine,
waewvamspdphen, clemastine funmarate, pronet hazPC@EEP2008/059705
| oratidi ne, desloratidine, 20 di phenhydram ne and
f exof enadi ne hydrochl ori de; 34eti vastine, asteni zol e,
azel astine, dinetinden, ebastine, epinastine,
| evocabastine, m zol astine and tefenadine as well as

The aééﬁ@%f tHdl i B8R thd u%r@&ﬁ&g d |n\é@r'r%a@3§8\ﬂtﬂ\ h@ﬂﬂanJﬁ’sulm like

7299 According to a further enbodi nent of
growth fagtaif oo HGF 1 hewgyenfosmulptedins stabiligad.i sigh @ﬁyPla%XT%s developed by

msmeg%ey&@d@s%nega mgg BbsdbsnsaNt to other therapy, e.g.

erapy using a bone resorption inhibitor, for
exanpl e as in osteoporosis therapy, in partlcular a

In accéﬂ%l ‘gg%ltﬁ'mé élg af %& bl{‘%éntafn\fe%%rq 'anggﬂré\nc%s 9ﬂ1e hod for the

ue or ive
treatrrietnnahartalbsitucbva or, mﬁammamrxo ammme venigh cqmprlses admlmstering

str.o ial
o2 s34 5P ALLED OB Rl Lyt premion. or
pharnfagé iz aBspegidlo salModsdhadte therenfgas herkimbefoendescribed. In another
ene,

aspech g VAN STOOUHS R PG L I BT TP P ars\f%eweéﬁx'gﬁ%%mab'e

salt o@ol@é@ﬂd}gﬁraylﬂémmabr@ de?‘ﬁbled for@4e in PiEhprédaradon offaliedicament
NH2 PTS 893. WO

fortthW%TE é’ﬁf’ ?fgyﬁh)%@”? a'@'iay%:%sefésnts of the

invention may further be en‘pl oyed in conbl nat| on with

human insulin-1ike grow orI or ]i
The agatpaf fed0vestion Mt e SUNBLEIEH PRENY PRRIRHIAE LOREvEBopal. for
examﬂ%‘ in {HRSBRA of A tatflt RTapf8iE fahserally, €5 é&@ﬁﬂ&ﬁmﬁﬁﬁé’rﬁ:us@ topically

I n accordance with the foregoing, the present
to the jskipefer iegamaledn the eataest of RF@f‘ﬂ%!%{ "Ftaenetsr%v ferrexampiship ths

treatrit 8Psdy féGéH YE phéfetdbly, BYTHHaRibN Abdriaursydh HRAEEatMRNESK
onprises adm'nistering” to a subject, particularl

obstrl.mwmﬁr isflapeetory |aﬁWﬁE“e@|lS@We@fpaét|}puéﬁjetﬁﬁ agenisipf the |n¥erﬁ|on may
be del'h)%?’&f‘éé 8 inrela foﬂh%ﬁ@r?r%ﬁﬂé:@éétbheﬁf?&f%ﬁbla%d%%kﬁmé)r

vat e t ereo as herel nbefore described. I n another
aspect, the |nvent|on provides an agent of the

Ina fdrt'ﬂ}é?g% AR thQfn nl@éfélﬁ@pel I %l rhéérrﬁﬁ&éiﬂif:ﬁlgg‘ﬁ'\pBQltl%ﬁchmSFlsmg an

t'her eo escri > use I n
agent ohthepnegraioatin free fdrmaonie thecfarmaef a phaimadestically acaentablgsalt or

solvatg“?hec}?gfI Fﬁcﬁ%ﬁ?to{% Hé?%tﬂ'g]n@a‘%}éc éfc&@&cc@?é@%&rueﬁpﬁ carrier

ention be a ste y an
therefarp ﬁtuop ICDmlpeSItImH may begprermred using tonventisraipileentsor @@Iplents and

techqu?sf rﬁwttﬁg lgg el arP ﬁ'ﬁﬁy %é d?@a@(%%ﬁﬁ@n@’ w};J e t%l@[%’érﬁi

capsules. tmmuraeammmntomxfal pdmrmsimtlen mayttalenthedbiny of reams, omtments,
e treatnent

L L e T
comprﬁd&éértﬂ@dﬁlio‘v ether atomhizabiertdrovuiatians vegry pdiwsleafoersulations.

wherdifie i Eelefe Sy PR RE R PEreH SR A TSRS SPRPREoN, the inhalaton
devicd MatbaRit adtbsSFURPpVItied WithneAvalve adapted to deliver a metered dose, such
as 10 to 100 pl, e.g. 25 to 50 ul, of the composition, i.e. a device known as a metered dose
inhaler. Suitable such aerosol vials and procedures for containing within them aerosol
compositions under pressure are well known to those skilled in the art of inhalation therapy.
For example, an aerosol composition may be administered from a coated can, for example
as described in EP-A-0642992. Where the inhalable form of the active ingredient is a
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20 In a further aspect, the invention also provides a
phar maceuti cal conposition conprising an agent of the
WO noentizeh in free formor in the formof a  PCI/EP2008/059705
pharmaceutically acceptable salt or solvate thereof,
optionally together with a pRarnaceutically acceptable
diluent or carrier therefor. Such conpositions may be
prepared using conventional diluents or excipients and
| | fHalatigR Bedte may b
nebpﬁ?&g% %J%éué“ﬁ?%%\ld B‘r% Pgé‘/g n%gﬁ%ﬁaefsgé_ﬁgge halati i€e may be a
knoWomnbw:;er dorsexaomle appn\eantlamhmesmam neflinensuchias anmririet nebulizer,
|
o o Ry eGP M 29 Sy RSyl OIS . commany 11
10 mhbé&thatdispersiery or edwapdinet rabutizes| Smetm%ﬁefeit&mﬁoze@tﬂ goft mist or
0
sott el e 1 by learP ey Slibd BBviod B5cHPad 38 AR
(Arazitgmds$ )t ordreroddse (Aafogeal, ioon me@anmal dexicetsaich@s RBSBIMAT

Bo?ﬁ(?n{gp OV. de W tha ?cg]\/%lfwgtngﬁc%ﬁgeﬁlepSélj)t}ﬁgé%e?l rqoea e.g. 10to

100||,|,I tRén t:chﬁleﬁmmﬁebm@érs Wh‘ére medﬁwals:tﬂe deme tas agtive ingredient is the
tered dose .inhaler. ﬁgrfosol vials
Q

and
el b PR BE (o WRRGIGH SR TRL e Bample. & oY owder

mhéTéHEﬂQ:%'vkb%ﬁ 1048 HeleE GRSV Broed Eageumer Blister @66®iIning a dry
skilled in tRe art of inhal ati on ther

POWGIRBSRTEISIBEHR ABTAESHTRSBORILPGR) Abg el oY Beuserdnhalation
MdFrPPA A éezﬁzbgég% 16 HalivdrOfor BXaAPIk €3-28 tndlsSs Pbﬁaeﬂ ¢bmprising a dosage

2. \Were the inhalable formof the active
unitiof ¢ eandéat(B) Ber:aolatinn0 thedrs s dptaoeRasinsy RIS Ry corgains a diluent

or cgﬁr*%\"'éu%ﬁgg Tac?cﬂs‘é Hﬁa BFPBOAE tHak h@iﬁé‘?&b‘r%fé& GQé‘ihé?t product
I Spersion, I nhal ati on device may be a

perfaerhandeisteriorationedugrtp IMoistutenh 0 NAGRAFHM pte@mfatwtable such dry

po FMhb%ﬁén aé\ﬁ%sa\ﬁclgtﬁb aé\%ée%tdl%'d'lﬁ &5 3999 '76@'('includ|ng the

rasoni ¢ nebul i ze may contain, for exa
AER@UEEEB“L" de®ce)nNO 6541113@142,1 WO193/2056 9 dinclugingtthe CERTIHALER ™
I AL, [ i

devfr% f&?ﬂ?? %74§§|nglu§|ﬂ$?h€n?wsgﬁﬂl‘éé§of {ievg ?%ﬁ& WﬁsoSéS;7,353 (including
the CYIRGHAIER B daviae).ectroni cal ly control | ed deV| ce such

as an AERx (Aradigm US) or Aerodose (Aerogen), or a

nmechani cal device such as a RESPI MAT (Boehri nger
Thelingatibebisp imsidesi (Ap an abéemtiof #id ioventiondmfreerfdrireor a pharmaceutically

s 2R S SO, PPt KPP s comonn

such Aeoatpoune in inglaible éorin Iogelhbewmh aphlymaltevtidally acceptable carrier in

inh %%é\ %‘tﬂcul ?é) %E@/ﬁrrﬁé\ﬁé@fcah SHﬁgﬁog{ﬁrigiﬁ\Q/é@& a g%gpj)glgwg iy |{1halable form

in ag&)diatien withyanpendgigtionf deafbeaand (B renledlatin ddvwige containing such a

cont ai nj r powder conprising a dosage unit of
CO”IPR)J”%HU'PE%G@B?O%}' a multidose dry powder inhal ation

(MDPI') device adapted to deliver, for exanple, 3-25 ng

DOS(();B?g éﬁquegm\&'d Qef;thgc g\%aﬁe%plgy%wﬁpgwt@wég pfe,s%A? lnverﬂlon will of

cou%ree\fa‘%r éé’ééhdfr@m?o@'e%mﬁledbrh HRBartidUlarGahaitien to bélGBated, the effect
|'actose, and a compound that hel ps to protect ‘-%taf é
QF @dministration

desiipd éﬂﬁ:thelfBO%Pfoﬂ"Hﬁ'ﬁEét'Qﬂ'eiréWWﬂt sWtablgAaily doprg
by iRh&atidFee ©F tHEBrad EF020 001 tS30IREITkE t9dl€Alyd 01 to 10 mg per patient,

while for oral administration suitable daily doses are of the order of 0.01 to 100 mg/kg.

The invention is illustrated by the following Examples.



powder inhal ati on devices include devices disclosed in
US 3991761 (including the AEROLIZERTM device), WO

WO@200208342, WO 97/20589 (including the CERTI HRERTR2008/059705

device), WD 97/30743 (i ncluding the TW STHALERTM

devi ce) and WD 05/ 37353 (i neBdding the GYROHALERTM
device). 20 The invention also includes (A an agent
of the invention in free form or a pharnaceutically
acceptabl e salt or solvate thereof, in inhalable form
(B) an inhal abl e medi canent conprising such a

EXAMIPIESIND i n i nhal able formtogether with a

pharmaceutically acceptable carrier in inhalable
form (C) a pharmaceutical product conprising such a

The ¢roveptienid iliustrateldadyabé éolbwimy R&nmiptesassoci ation with an

i nhal ation device; and (D) an inhal ation device
cont ai ni ng such a conpound in inhalable form Dosages

Espédialgaeefesredicotipeunds/efithé presentohegrdidn iintlystearon iungs ohtormula |

present invention will_of course vary depending, for
exanpl e, on the particul C ition to be treated,

the effect 30 desired and|the hode of adm ni stration.
In general, suitable dailyd es f.or adm nistration

by i nhal ati on are of the or
typically 0.01 to 10 ngy per R , While for ora
adm nistration suitable daily doses are of the order
of 0.01 to 100 ng/kg. The inventRe&n is illustrated by
the follow ng Exanples. WD 2 99/013335

PCT/ EP2008/ 059705 -33- EXAMPLES The invention is

r 20001 to 30 my/ kg,
@ ?ent rrg g

wherd RufRyramddri dogy as koo ir Tatile bbeisanPreemethos afpprigratidnybeing

referr npounds of the present invention include
10 des%!?ﬁﬂgl?ﬁeggafge?'forrmlal RN N1/ RNR (I)

where R1, R2 and R5 are as shown in Table | bel ow. The

TAéEEPOd of preparation being 10 described hereinafter.
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Ex. ! 2 Rs MH +
CH
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1 0 H
o 406
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2 0 N X H
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/CHS
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o) \©/ % H 395




TABLE |
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wEoLAR3e08/ 059705
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2009/ 013335 PCT/ EP2008/ 059705 -36- R, R2 Ex. R5 MH +
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WD 2009/ 013335 PCT/ EP2008/ 059705 -38- R, R2 Ex. R6 M

H+ N) 33 NNH424 oj 34 N/ H410 HBC O 0 35 H
wad@oht33ds CH | 3 36 1 \ \ H369 | H3 (C H3 ET/BPI08759705
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Condi ti ons:-4Mass spectra are run on

an open access Agilent 1100 HPLC/ Mass Spectronet er
system usi ng at m)spherl c pressure cheni cal
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5 weights. Unless otherw se stated, all starting

materials are obtained from commercial suppliers and
waised/ovasshout further purification. Abbreviati PCIBFEP202059705

BOP is

Benzotri azol e- 1-yl - oxy-tri s-@di-met hyl am no) - phosphoni u

m hexaf | uor ophosphate, DCM is dichl oronet hane,

DI BAL-H is d| [ sobutyl al um num hydrl de, DME is

et ||u1\_yCL fragre—DBMF—Ts—drmethytTormagmdes— &3y S
Ririethylam ne, gEt OAc is ethyl jacetate,| EtOH is
&t hanol, H20 | s water, HPLC isRhi gh pemfor nance

liguid chromatography min is mipute Ind g
mllilitfPe(s) MySO4 i s magnesi um sulfate, MeOH | s
met hanol , (His sodiu droxi de, Na2CO3 is 15
sodi um c& onpte, NBS i br onosucci ni m de, NVP | s

1- net hy|" 2- pyrr i s| nucl eargdggnetic
< i s (pal adi um PdGi2(PPh3)2 is WO
8/ 059705 | -43

phosphi ne) pal I adijun{I11) djichlori de, ca3
carbonate, RT is foom tenperature Eﬁ
catTom exctrange [ Pr epararri*Un_O‘f_f‘i—fT‘I I
Route A Exanple [1
N-Met hyl - 3-[ 3} (2- phenyl in-4-yi)-ji mdazo[ 1, 2t b]
pyridazyR<7-yl] - Ncl Bri/ -"1

PdC 2( PPh3) 2 N Ny NRNa2T0 -HOH Q48N N/ OH
oH Pdc12(PPh3)2 |H

N—
o] 2
o UN 7 h 480

General Conditions:

Mass spectra are run on an open access Agilent 1100 HPLC/Mass Spectrometer system
using atmospheric pressure chemical ionisation. [M+H]" refers to mono-isotopic molecular
weights.

Unless otherwise stated, all starting materials are obtained from commercial suppliers and

used without further purification.

Abbreviations:

BOP is Benzotriazole-1-yl-oxy-tris-(dimethylamino)-phosphonium hexafluorophosphate, DCM
is dichloromethane, DIBAL-H is diisobutylaluminum hydride, DME is dimethoxyethane, DMF
is dimethylformamide, Et;N is triethylamine, EtOAc is ethyl acetate, EtOH is ethanol, H,O is
water, HPLC is high performance liquid chromatography, min is minute, mL is millilitre(s),
MgSO, is magnesium sulfate, MeOH is methanol, NaOH is sodium hydroxide, Na,CO; is
sodium carbonate, NBS is N-bromosuccinimide, NMP is 1-methyl-2-pyrrolidone, NMR is
nuclear magnetic resonance, Pd is palladium, PdCI,(PPhs); is



Na2COB N ,N NON H Step A

3-[3-(2-Chl oro-pyridin-4-yl)-imdazo[ 1, 2-b] pyridazin-7
WO yiopoN3set hyl - benzam de To a m xture of PCT/EP2008/059705

3-(3-Brono-i mdazo-[1, 2-b]-pyridazin-7-yl)-Nnethyl -be

nzam de 15 (Internmedi ate A) -@%-eq, 0.353 mmol, 117 ny)

and 2-chl oropyridine-4-boronic acid (1.2 eq, WO

2009/ 013335 PCT/ EP2008/ 059705 -44 0.424 mmol, 66.7

). . : (.
i eyt 60 QSRR S0, oAb AL IEHERE e room
tempereture 2dd SCigy streng bationzxgbangend t he reaction mxture
is heated using m crowave radi ation at 120C for 10
mn. At the conpletion of this tinme the solvent is
Preparativadfifinalesmpoands t he reacti on mixture is purified
by flash colum 5 chromatography eluting with 9:1
5 DCM MeOH to yield 3-[3-(2-Chloro-pyridin-4-yl)-
Route&iadazo[ 1, 2- b] pyri dazi n-7-yl ] - N-net hyl - benzam de as a
yellow solid; [MH + = 364 Step B:
N- Met hyl - 3-[ 3- (2- phenyl - pyri di n-4-yl)-im dazo[ 1, 2- b] py
ExaH;ﬂéﬂi' n-7-yl]-benzam de
3-(2-Cnhl oro-pyridi n-4-yl mdazol.zz"m%yrldazm?
N- Memlsr{sr@tmwnybmmwmmn golb2-bleyridazingiyll-aenaagide
10 and phenyl boronic acid (1.2 eq, 0.132 mol, 16.1 ny)
are dissolved in DVE (1.5 nl) and water (0.5 m ) and
I\Ia2C(13N eq, 0.22 mmol, 27.3 ng) is added. Cl

PPh9) 2, (0.1 eq, 0.011 mmol, 7.7 nu) |[s Nhen ~

the reaction nmixture is heated us ALY \
i radi at i OFfR(PTRVE for 10 nin. Af the Ve
@ bl efion of this NeAECfhe sol vent is i

uo and the reaction mxture is p
ol uim chr onmat ogr aphy 15|l3 el uting w

ed by flash
g. 1 DCM MeCH to

yiel
O7NWet hyl - 3-[ 3- ( 2- henyl pyrldln 4-y dazo[ 1, 2-

b] pyri dazin-7-yl]- am de asayeIOV\Hsolld [ MtH] +
Ité 406 Exanples 2 to 48 The foll owi ng exanpl es, nanely,
nt 20

3-[3-(2- Furan-3-y|-pyr|d| n-4-yl)-imdazo] 1?"2-b pyri daz
in-7-yl]-Nnethyl -benzam de (Ex. 2),

B | PdCI2(PPh3)2
3-{3-[2-(3-Fluoro-phenyl)-pyridin-4-4 i Rty NA2CDD]
pyri dazi n-7-yl ] - N-met hyl - benzani de (l 4),

3-[3-(2-Furan-2-yl -pyridin-4-yl)-imdazo[ 1, 2-b} pyri daz
in-7-yl]-Nnethyl -benzam de (Ex. 5),

N~

Step A: 3-[3-(2-Chloro-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]-N-methyl-benzamide
To a mixture of 3-(3-Bromo-imidazo-[1,2-b]-pyridazin-7-yl)-N-methyl-benzamide
15  (Intermediate A) (1 eq, 0.353 mmol, 117 mg)} and 2-chloropyridine-4-boronic acid (1.2 eq,
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3-{3-[2-(4-Fl uoro-phenyl)-pyridin-4-yl]-imdazo[1, 2-Db]

pyridazin-7-yl}-N nethyl-benzam de (Ex 25 6),
w@2q02/0Renyl - pyri di n-4-yl)-7-pyridin-4-yl -i m deezoER2088/459705

] pyridazine (Ex. 10),

3-(2-Furan-3-yl -pyridin-4-yt¥#47-pyridin-4-yl -i m dazo[ 1

, 2-b] pyridazine (Ex. 11),

N-{3-[3-(2-Furan-3-yl-pyridin-4-yl)-imdazo[ 1, 2-b] pyri

0. 42‘1%!:1'8 %BW %%*}?BME} (3R BANSsId’ RBRIAR) dridNa,ED., (2%% 0.707

anesul T onyl am no- phenyl )-i m dazo[ 1

mmpiyé? Qm)nPQCMﬂpr); (Q-dies- Wﬁﬁnm%’eﬁ‘i ﬁrﬁ‘@és thep, adgdey and tl]1e reaction
mlthre( |§'h%% ﬁru%bri@hﬁﬁydg)av% ré&?ﬁJH é’cpﬁ@"b B5rHlo-rRr Ading-bmpidtion of this

pyri dazi ne
tnme?the SolFenids cemonedyin yaaiq and the aeac&noylmlﬁyra lélmlflﬁeci/b}) flash gplumn

M e O o M
imidaz&4 12}Hplpynicthaint frgl]- NEnettht)qnm«an}ga @g_li;mssolld M+H]" = 364
PCT/ EP2008/ 059705 -45 3-{4-[7-(3-Fl uoro-phenyl) -

i m dazo[ 1, 2- b] pyri dazi n-3-yl]-pyridin-2-yl}-benzam de
teg BxN-N&thyl-3-[3-(2-phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]-benzamide

3R R PR AL L Brsions B Bl epdaigti ¥, o.110
mmdl- QGﬂ@ﬁnyl_phﬁwl }b:agm}dl 3ciB(1(2ef,u0. 432 Brg}dl 18/t ) ereldigbglvéd in DME
(st 338yt SO BS7 Rl B PRl R 9L P P

(0.1GZ 0[03 1 ZnradIPY 171 rd@)le tieen(ddtded 30 the reactlon mlxture is heated using

micr[Z)zﬂ/(a g/?bc%} daé@ ﬁ‘g:y E}g n%%)/ﬂqg XomBI)é ion op this t}/ gthiensi,oﬁjvaezn?is

remévéd7m(vﬁgd)@hﬂi@t§hé r@b@tlbyﬂrhlxtui’é aaefidd By bagycdigramichradnatbgraphy
Lpyridin

4

elut@g p'@th(9z1 = 3?5%% Na'aﬁ thy-313-(3-Rhery By ridins4 g idazalt 2-

b]pyneaZnW Zglrt&&ﬁémudé a?sCé JelRiWadlid 4 J ¢dgs 41),
Phenyl - pyridi n-4-yl)-inmdazo[ 1, 2- b] pyri dazi n-7

yI] ben20| c acid ethyl ester(Ex. 42), 10
Exa 5485-[3-(2-thiophen-3-yl -pyridin-4-yl)-imdazo|
dazin-7-yl]-pyridin-2-yl}-amne (Ex. 43),
The[ﬁollmtlmg 9>kan0fﬁei{ Bapely, 5- met hyI fura

3- [332 ér? 3&)’@(&’& @4& )Wnl ﬁg&rléﬁz)n_ ZylNmethykbsnzamide (Ex. 2),
3-(3([B- (13 fB:-IL(OZG-IEbelaa)d)—Gfrydin—-ﬁ)-yl’)ﬁrd|dazd{-1 \Prhlpyridading by i-Nemisthyi-benzamide (Ex
4 zin-7-yl]-pyridin-2-yl}-amne (Ex. 46), 15

) b met hyl - {5-[ 3- (2- phenyl - pyridin-4-yl)-imdazo[ 1, 2-b] p
3-[35(21}dem1'-2—y12pyridm -pyyi)tiaidazafy3-blosnd azen- [ -HH-N- mﬂeﬁ)yl benzamlde (Ex. 5)

o G AU kot BBl IRt imice
6), by an anal ogous nethod to

s D o PR R S PRl 2
3- (Mél&3@@-@9@cﬂh44ajl)67 pPridid-4Bi-mieatofil da] @yridazine (Ex. 11),
N-{3-[3-(2-Furan-3-yl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]-phenyl}-methanesulfonamide
(Ex. 14),
3-{4-[7-(3-Methanesulfonylamino-phenyl)-imidazo[1,2-b]pyridazin-3-yl]-pyridin-2-yl}-
benzamide (Ex. 16),
7-(3-Fluoro-phenyl)-3-(2-thiophen-3-yl-pyridin-4-yl)-imidazo[1,2-b]pyridazine (Ex. 26),
7-(3-Fluoro-phenyl)-3-(2-furan-3-yl-pyridin-4-yl)-imidazo[1,2-b]pyridazine (Ex. 27),
7-(3-Fluoro-phenyl)-3-(2-phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazine (Ex. 29),
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20 [1, 2-b] -pyridazin-7-yl)-Nnethyl -benzam de

(Internediate A) and using the corresponding boronic
wa@edod/oms3por oni ¢ ester, namely, Furan- 3-bor oni BCHEPZ08/059705

(Sigma Aldrich), 3-Fluorophenyl boronic acid (Sigma

Al drich), Furan-3-boronic adbd (Sigma A drich), 25

4- Fl uor obenzeneboronic acid (Sigma Aldrich),

3-Brono-7-pyridin-4-yl -imdazo[ 1, 2-b] pyri dazi ne

3-{4 &b 35 L] dB;?d-bﬁéﬁ‘yl CImiaBgbPREs¥Y ridaSh B Ik pdinl 2y} HedBmide (Ex. 30),

7-{644 Bhasrd-pinggsFn-diy-Ruigin:3-wl- G4 2heny-nyigiprd-diimidezol1 2-blpyridazine
A:izztergedl ate C) and furan-3-boronic acid (Sigm
ric
7- (3P~Befrtzy193y-shmv® 3 waarbB{ytpmdy] ﬁyi)rlmdﬁzﬁ[172-9]pyuiﬁ?é’iﬁ/(qx AP,
3- (2%$§#§§}H'bg%ﬁ?' §7CI dﬁ%g{diﬁ%h%ﬁ)g) RidaP2-b]pyridazine (Ex. 36),

7. (3MgBoLBP IRty bpy e bl pyided ilaﬂblpyr}da)Zlqﬂ‘(Eﬁy3§),m
Y

3-[3200Uu @133 BpyrRTFAFPA00RZOB PFOPyridath-7-yl]-benzoic acid ethyl ester (Ex. 41),
L L
Dlméiht;ir §5cB)(2-thiophen-3-yl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]-pyridin-2-yl}-amine
Ey 3Erom) 7- (3-fluoro-phenyl)-imdazo-[1, 2-b] pyri dazi ne

( ﬁ ernediate G and furan-3-boronic acid (Sigm

D;méih?f 15'3{13)[2 (5-methyl-furan-2-yl)-pyridin-4-ylJ-imidazo[ 1,2-b]pyridazin-7-yl}-pyridin-2-

(3-fluoro-phenyl)-imdazo-[1, 2-b] pyridazi ne
y)- a(m'ﬂ?gg’géé tate G and phenyl boronic acid (Sigm

{5- [ﬁkZ’iFu@h)S -yl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]-pyridin-2-yl}-amine (Ex. 46),

o B Ehtei s RS PRk T 934 b B3 e (e
47) aC| d (Corrbl BI oclr<n)3t ] era i

4 TELDY Ln-dy L) Ak
R PO B by ol SR Beea Ul brdRS aye B detbr (Ex. 49)
are? Bdd 504 r%kh&og?lﬁlsdnétﬁbd}fﬁaNMéihyl@[B (2- phenyl pyrldln—4-yl) imidazo[1,2-
3- Benzyl oxy henyl - brono-1 m dazo- &] | daz|
blpwﬁ'éa%'ﬂﬁt)é}'?ﬁ%?ﬁ‘ﬂ‘% Ry @GP&WQBWhﬁGr%Pﬁr ”é&% @sé"gffﬁ’ imidazo-
(1, 2@] %?h&é’z)n -7- 3) N- methyl -benzamide (Intermediate A) and using the corresponding
hoxy- phenyl )-imdazo-[1, 2-b] pyri dazi ne

borc(nlma@d ﬁé@@faﬂ'@ e&)eraﬁ‘ﬁinff’ ¥r an- 3- bor oni ¢ aci d (Si gna

1
Fur%( %b‘ow%ac}%(%%mﬁ&c;/ncg%enyl? I m dazo-[1, 2-b] pyri dazi ne
3-Flporopbemyt Bprnis apjd Gigmpddilgh). boronic acid (Sigma

Furéal‘t grb'oPJHc acid (Sigma Aldrich),

4-Fluorobenzeneboronic acid (Sigma Aldrich),
3-Bromo-7-pyridin-4-yl-imidazo[1,2-b]pyridazine (Intermediate C) and phenyl boronic acid
(Sigma Aldrich),

3-Bromo-7-pyridin-4-yl-imidazo[1,2-b]pyridazine (Intermediate C) and furan-3-boronic acid
(Sigma Aldrich),

N-[3-(3-Bromo-imidazo-[1,2-b]pyridazin-7-yl)-phenyl]-methanesulfonamide (Intermediate D)
and furan-3-boronic acid (Sigma Aldrich),
N-[3-(3-Bromo-imidazo-[1,2-b]pyridazin-7-yl)-phenyl}-methanesulfonamide (Intermediate D)

and 3-aminocarbony! phenyl boronic acid (Combi Block),
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3- Brono- 7- ( 3- net hoxy- phenyl ) -i m dazo- [ 1, 2- b] pyri dazi ne

(Internediate J) and 4-pyridine boronic acid (Sigma
WAR@P0CI3}P5 PCT/EP2008/059705

3-(3-Brono-i mdazo-[1, 2-b] pyridazin-7-yl)-benzoic acid

ethyl ester (Internediate Kr48nd 20 furan-3-boronic

acid (Sigma Al drich),

3-(3-Brono-imdazo-[1, 2-b] pyridazin-7-yl)-benzoic acid

3- B%@({Wh&? A+6§6 p@wlaﬂ?l)ifn%éiidaﬁez Kby AstindRB¥he PRE @) dnd@RioBhene-3-
borqru;:qcad @lgmﬁildﬁcﬂmzo [1, 2-b] pyri dazin-7-yl)-pyridin-2-y

oh' eﬁ@é’ré p@ Irébg‘%cfgr%gpghgazﬁ d@flc ﬁSIe’dl%tg G) and furan-3-boronic
aad[(&qn&g\doqlm) i m dazo-[ 1, 2-b] pyridazin-7-yl)-pyridin-2-y
d hcyrb {/\ n( !15‘206(1'?9 9F|@az||r)e Qrmediat ) and phenyl boronic
J{K? a\o"l‘)1 @E g ami& (1{')Tﬁ ?é; gma

oronic pi nacol ester
amdﬁ(lSa:gma:Aanch

3-Brlkxﬁn ? ﬁg %ﬁ? dh%ﬂ@@?%%%ﬁ%éﬁﬁé% (}térrﬁ(éc)latgﬂ) amdrh ngnocarbonyl

pheﬁjélrbamriib dum! (I_Bnml()jlaﬁiod()( Si gga Al drich), o

ool 2 B TR PR G SN Pt
W ﬁfmrg‘-’eh?lomd-)r?c o g?ggﬁlzlidgiicﬂha i Zi.n-7- ben acj

7 AR SRS AL RSB ] fron

bordnid Qcﬂa(s!ibmélpqdmch)respect ively, For the follow ng

3- B@@pr%%gds 2 eg)y\gg%ihgazorhe?gg]lp c%;m énq09/ O %3%?and furan-3-

bord\hd\/é’&@yé;u ﬁ.abb?edr{o’ih) pyrazol - 1-yl - phenyl ) -i m dazo[ 1, 2- b] py
ri dazi n pge zam

sl St PR oy e pmesialp ) pragbey
bordhiccadil kSigai Mdri) 2- car boxylic acid nethyl am de (Ex.

3- B@)n[oswf%my?%cnhemylgnm'smv»% blpyiidpzing] Ntermadistpi‘ugad f-pyridine
borer: J:a@?é@'a Al&ch) 8) .

dr oxy- pheny! ) -i m dazo[ 1, onrl dazi n-3-yl] -
3- (BQBr@mqqlquazgr{éﬁoq)]p)(rg@zmgj yh- benzmc aC|d ethy éster (Intermediate K) and

aﬁg_gorggl:%@( éﬂAfang}ﬁ)yl) 7-pyridin-4-yl-imdazo[1,2-b

azi ne
3-(3BontoHoNgaza-[{ .2-Ripyridsrin- hyigrben:frﬁlfaa%pthylzewr (Intermediate K) and

13),
pheﬁ&’l{dgﬁcﬁ@é %Céég @ﬁ%ﬁ%‘i}ﬂdl n- 4- yl)-imdazo[ 1, 2-b] pyri dazi
[5-(3rBrony6-jmighzmiil, 3-bipytitkzie 2ol frondin: 2t-dinethybaming fIntermediate L) and

thloéhénel'é ﬁo%fchaad

am n((;SI%RaAI 5 % m dazo[ 1, 2- b] pyri dazi n- 3-yl ]
[5- (B-Bearmemnldezc( Bix2-blpylidazin-7-yl)-pyridin-2- yI] dimethyl-amine (Intermediate L) and

5- m]et?}&@vfﬁﬁcﬁgmgﬁéyd ,%%Yé%;eﬂ@%é ﬂéplcg) yi- ' m dazo[ 1, 2-b
[5-(8-Brataa-ohitia2e-pf], 2-bjpyiidazin-7A-yB- gMn)imHZemlt—dmneileyl(alﬁxne iedermediate L) and
furan-3-boronic acid (Sigma Aldrich),
[5-(3-Bromo-imidazo-{1,2-b]pyridazin-7-yl)-pyridin-2-yl]-dimethyl-amine (Intermediate L) and
phenyl boronic acid (Sigma Aldrich),

4-(3-Bromo-imidazo[1,2-b]pyridazin-7-yl)-benzoic acid ethyl ester (Intermediate H) and
phenyl boronic acid (Sigma Aldrich), respectively,

For the following compounds step B was not required
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2- Met hoxy-4-(7-pyridin-3-yl-imdazo[1, 2-Db]
pyridazi n- 3-yl)-phenol (Ex. 20), 15

W@2¢09/0R83 di ne-3-yl - i m dazo[ 1, 2- b] PCT/EP2008/059705
pyri dazi n-3-yl)-benzoic acid (Ex. 21),
1-[3-(7-Pyridin-3-yl-imdazeffi;2- b] pyri dazi n-3-yl)-phe
nyl ] - et hanone (Ex. 22),
N-{3-[3-(3-Pyrazol -1-yl - phenyl ) -i m dazo[ 1, 2- b] pyri dazi

t d Ex. 23
Thegf %"?ﬁﬁd}. i'gﬁuor A ﬁg(ney?m i ((:iazo[ 1, )2 b] pyri dazin-3-yl]-b
N-Methy b3 HES- pEazolZA,})l -phgnyIBinHtlazo[1,2- b]pyrldazm -7-yl]-benzamide (Ex. 3),
. I

4-[7—3?—?\/!;9{1&l Ilcggem%réxﬁ pggslﬁwngéﬂf[f%%h@‘? E ﬂ?g r:’) ij'{):? E’Jﬂfe)oi %ar%owlﬁ acid
methylardide ¢EL,72- b] pyri dazi n- 3-yl ] - 2- net hoxy- phenol ( Ex.
3-[3%?%@5?21_- T RO mise2gl - Gleyfdazing -y ikehene (FX- 8 5. (1
4- [7$(B-Myda>z<94phénw mmm[ﬂﬂ-rb]mm;dbjm-ﬁnyl]d azogthpR-phenol (Ex. 9),

T e SV U Rl R
2- M@tﬁykyb-u(npylraﬂmh%/l-ﬁmbbzn{ﬁ 2 pyridaz(rES-yl)dBEnol (Ex. 13),
N {34[_9%% _C%ic;{%yeélgcﬁ \]f]) éx@ ﬂ%o?ﬂéttﬁgyn?%%ﬁ%o)hﬁphery pn¥ethgr?ezsur}onamlde
(Ex.25\et hoxy-4-[ 7- (3- met hoxy- phenyl ) -i m dazo[ 1, 2- b] pyri da
735 lishdneny boroiaint REenORY ik, 3 P IR R AL bEBpaiAs G 17

Smyﬁ*azﬁ Yly)- E@WI)OI Byrétfirh-g- yﬂnhi?ézcﬁ‘ﬁ?&‘f] plprdazin®O(Ex. 18), -

zo
75ﬁyr'gﬁ‘2r3n¥|7m§)1’?z-°§ﬂ/?1b¥PW'dfzﬂﬂ‘ ?‘@11‘???\@'% E% EX. 41%3 E%O ar e] P

RAHELSY Y- | (Ex. 2
et eyt oy 1 o .

3- (Mﬂw&‘mﬁoﬁaﬂr WJ'C?a%ﬁJI[] '@éﬁ!%ﬁzw Q"E‘)PG”Z.LC)'C Bﬁé‘d r(@f)l%?él ng,
1- [3"(’7‘?1"5ﬁ%:ﬁ£§0y1%rdaéb[ﬂ 2 @]p?r?ﬁﬁfrpﬁf?nipﬁbﬁlﬁ]z&hanone (Ex. 22),

ri dazin benzam d

N-CHBHBEhat O bRr AT EP P T A Pohar i aceamia Ex. 23),

> [73§ W@ zﬂnhﬁdﬁlésﬁ% b]d@ﬁﬂiiér?/grw]cbegg?mldg Eérr%r)l dge) WO
7- (3mmnsaﬂ)53my@mbbsvamﬂIdazraﬂ 2-b]pyridazine (Ex. 25),
4-[7.§§ gac\%?@bnammrﬂles%[P,@%Qnoeﬁm@ﬂfz DRt G (EXCRBP

7- [6‘:{44\&"@@@@2“'@&2@3/[”@iﬁﬁ-bﬂ-ﬁﬁ-i(H&PVWZQL-A}/-W—.ppﬁ@?n&yI]-imidazo[1 2-
ipyfRl [BChate B) and S-(1 H-Pyrazol-1 - yl)phenyl

aC| d (Chenbridge),
7 (53““?r3h53"ﬁ4m"pvﬂd0‘a&*99{31(3233’0§wﬂ+y&alzenw)7imjda)zoﬁhkhmyridazine (Ex. 33),

TN R R = B A pepzqispeg gty ster (Ex 34)
2-Méthdxy-4-{ij-(3- rr@ﬂﬁtxwpsbeﬂylpmldaham Za-bypyndwnl-@zw]fphenol (Ex. 37),

3- [3%&%}@#@&# 5Y Rt ﬁn%/)l" 8@2%P%Ed?ﬁ rb yl] OIb PF%I@ acid ethyl ester(Ex.

40),( I nt er medi ate C) and 4- hydroxy-3- net hoxyphenyl bor oni c

oy S50 BpoigoL o e (T sler e e Ty} amine (Ex
45) et hanesul fonam de (Internediate D),

are prepared by an analogous method to N-Methyl-3-[3-(2-phenyl-pyridin-4-yl)-imidazo[1,2-
blpyridazin-7-yl]-benzamide (Ex. 1) by replacing, where appropriate, 3-(3-Bromo-imidazo-
[1,2-b]-pyridazin-7-yl)-N-methyl-benzamide (Intermediate A) and using the corresponding
boronic acid or boronic ester, namely,

3-(1H-Pyrazol-1-yl)phenyl boronic acid (Chembridge)
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10

N-[ 3- (3-Brono-i m dazo-[ 1, 2-b] pyri dazi n-7-yl)-phenyl]-m
wetdvanessd f onam de (Internediate D) and PCT/EP2008/059705

4- am nocar bonyl phenyl boronic acid (Sigma Al drich),

3-Brono-7-pyridin-3-yl-imda#8[-1, 2- b] pyri dazi ne

(Internediate E) and 3- (1H Pyrazol -1- yl)phenyl

boroni c acid (Chenbri dge),

3-(Ninely rgoa%wr%e;e& gboren%aéé?&gc nls?a@dazme

(I n am nocar henyl
3- (3Id3mmm|-|mldazpd1 Q@mldaaho'('ekl) phenol ( Intermedlate B) and 3-(1H-Pyrazol-1-

d 1,2-b d
F’TW @ r%'&lagﬁg(bgf%gﬁga% Ih;/ndr gf(_f,)! 3- ne% %Llypﬁélnglebor oni ¢
(Bairgdwopnﬂdaazom Qgi]wndéﬁnw_)-éhmdl dhoe,rmediate_ I(Bj) and 4-hydroxy-3-
- Br pmo- 7 ridin -
oo SRR e S e SR RO P o2
3-Brobiognpyrdinkaiyt-imida2d)1,2-blpyridazine (Intermediate C),
2-b j '
oo e B B BB B BB A Aprp s

meth&gphényM a6t acid pinacol ester (Sigma Aldrich),

N- [%@f@'ﬁ;ﬁ@éw%ﬁpé ,?etgpmdggka)?zg%ﬁ Ty ]grﬁpz aneSLXtJonarglder}}/ntérmedxate D),

N- [3%6"—@{6&10 |ﬂmd‘dzbq|11€2Eb1byrtth2mm pﬁdz I](lﬁhﬁﬁhéswrg&émlde (Intermediate D)
- Brono- 7- ( 3-fl uor o- hen gﬂ%)[ 1, 2- b] pyri dazi ne

anderamep?@epr&t' eh%)y'tzma eaa'fh( @E&% 25 phenyl

3- Br*éﬁ{ooﬂ'p%cﬁﬁJBg/I {riaaRd[1 Bls)sridazine (Intermediate E{)and 3-(1H-Pyrazol-1-
Br ond- | uor 0- phenyl ) -i m dazo-[ 1, 2- b] pyri dazi ne

yhplogrivt €9rﬁ§'§|a&tde(q})"m5’ﬁ€ 98. (1 H Pyrazol -1- yl)phenyl

3- Br%ﬁ'fooﬂ'p%cﬁﬁ%%l el 'de?]GQndazme (Intermediate E) and 3-aminocarbonyl
| uor o- S)heny -imdazo-[1, 2-b] pyri dazi ne

pheqy! oranifeatia{Eorei BiogK).4- hydr oxy- 3- met hoxyphenyl boroni ¢

3- B@ﬁ‘l_)gd?ﬁ%ﬂ@ﬁ-?all E’rﬁl{ﬁfo[ﬁ Si lﬂ%?ge%%igg:(ﬁmrmfagétepgr ?nd 4- hgdroxy -3-
methdxyabefyloarome pyldupd‘@z:ph@st?n(ﬁt%mmé@rlah)e and 3-(1

3- B@Ln@ﬁ)%r%) %é/'l-ﬁﬁl%jgﬂgﬁ%l b]é‘}ﬂrofégln@ (ﬁ%r%eg%@?wg%roboxyphenyl

bordsliqgeid (RBiginaeidriah.er medi at e I\I) and 3- (1 HPyrazol -
3-8@@#%%2@%}%7’53@-@@%&[?,2'-9tﬂp3§rg§§ﬂpr(fn?é?ﬁ*)ediaY&?QrQ@é%é@%henylboronic
aC|d4(C(oB~rbBBtmb)| m dazo-[ 1, 2-b] pyri dazi n-7-yl)-benzoic acid

N-[E {;"%; bﬁda&él[wz E’grgdlagﬁwercm ﬁﬁ&ﬂ/ s (amibt MHiARbiate F) and 3-(1H-

ro‘nl
PyrakzoBil -gtyphehy( Bemelcm»oy(qmlambyltige)L m dazo-[ 1, 2-b] pyri dazi ne

3- Br&g]odjfa &?ﬁ‘g‘?{g}p gg%lE%%@%ﬁ?éﬁgﬁaﬁrﬁ%@g%gﬁgs '@')l ﬁ%rﬁg%%ocarbonyl

phedyl b3rddicamd (ToreiBledk], 2- b] pyri dazi n-7-yl ) -benzoi ¢ acid

BRI 655 DS RO B oy By BOSe e P lte Qg -(1H-Pyrazol-
plﬁe?iygB@”oﬁicCHcld:(bhembndge)

3-Bromo-7-(3-fluoro-phenyl)-imidazo-[1,2-b]pyridazine (Intermediate G) and 4-hydroxy-3-

methoxyphenylboronic acid pinacol ester (Sigma Aldrich),

3-Bromo-7-[6-(4-methyl-piperazin-1-yl)-pyridin-3-yl]-imidazo[1,2-b]pyridazine (Intermediate

M) and 3-(1H-Pyrazol-1-yl)phenyl boronic acid (Chembridge),

3-Bromo-7-(6-morpholin-4-yl-pyridin-3-yl)-imidazo[1,2-b]pyridazine (Intermediate N) and 3-

(1H-Pyrazol-1-yhphenyl boronic acid (Chembridge),
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[ 5-(3-Brono-imdazo-[1, 2-b] pyridazin-7-yl)-pyridin-2-y
[]-dinmethyl-amne (Internediate L) and 3-(1

wokdynesed - 1 -yl ) phenyl boronic acid (Chenbri deed/EP2008/059705
respectively, 10 Route B Exanple 49
N- (2- Hydr oxy- et hyl ) - 4-[ 3- (3-g9razol - 1-yl - phenyl ) -i mi da
zo-[1,2-b]-pyridazin-7-yl]- benzam de 15 HO ' NH2
K203 j "NN NI \ NONo\ O\ I ro NH HOX

oy iR 2 bep PR b A% g 43 eh g8 v ana o

(1H+Ryodzol- 391)plgnyhberopicizaisdIChembridg€)10 eq, 0.73 nmol, 0. 04

a-eBino-BlEgEhRRy oHE iad O A aldpiloe FRETIRIRR o i rryaroms-

methexyphemyltmmtoio aciB ipirecobester. (Sigma Aldrioent i s t hen renoved

if vacuo an r ti ' | £
e e Pty SPiTFRAY ol RS e e Bl A R) ana 4
hydiigx(-3-rhttioxypneayiboropicc[dpind pstea@igma Aldrich), _
LM OBBAL T 94ty S0 SRt M TR L an
3-(IN-RRattidrypnenyl gtonictadid (Crtrieig), respeictively, _
in-4-yl)-imdazo-[1, 2-b]-pyridazin-7-yl]- benzam de WD
2009/ 013335 PCT/ EP2008/ 059705 -50 This exanple is
Roudé g@oared by an anal ogous nethod to
N- ( 2- Hydr oxy-et hyl ) -4-[ 3- (3- pyrazol - 1-
yl - phenyl ) -i m dazo-[ 1, 2- b] - pyri dazi n-7-yl ] - benzam de
9) by replacing 4-[3-(3-Pyrazol -1-
Exa&ﬁ‘%ﬁgnyl )-imdazo[ 1, 2- b] pyri dazi n-7-yl ]-benzoic acid
N-(2Hpgtoxysthyl)-gH2-(3-pyyazgi-dkyl-phesyl)-dnitazayil 2-b] -pyridazin-7-yl]-
ridin-4-yl)-imdazo[1, 2-b] pyridazin-7-yl]-benzoic
be"g%'i"bdjeet hyl ester (Ex. 48). Route C

N N
/ \ N 1\
B K2C03 B
=N - =N
N\N N
: . ; U
‘/0

NH

HO

4-[3-(3-Pyrazol-1-yl-phenyl)-imidazo[1,2-b]pyridazin-7-yl]-benzoic acid ethyl ester (Ex. 34)

(1 eq, 0.073 mmol, 30 mg) and ethanol amine (10 eq, 0.73 mmol, 0.04 ml) are dissolved in
EtOH (2 ml) and K,CO; (1.5 eq, 0.11 mmol, 15.1 mg) is added. The reaction mixture is
stirred for 5h at 55°C . The solvent is then removed in vacuo and the reaction is purified by
flash column chromatography eluting with 9:1 DCM/MeOH to yield N-(2-Hydroxy-ethyl)-4-[3-
(3-pyrazol-1-yl-phenyl)-imidazo-[1,2-b]-pyridazin-7-yl]-benzamide as a yellow solid; [M+H]" =
425

Example 50
N-(2-Hydroxy-ethyl)-4-[3-(2-phenyl-pyridin-4-yl)-imidazo-[1,2-b]-pyridazin-7-yl]-

benzamide
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Exanpl e 51 10
{3-[3-(2-Furan-3-yl -pyridin-4-

wWQp0w9/p13s83 - phenyl } - met hanol |
H

[ )-imdazo[ 1, 2-b] pyri da

yl)

N DI BAL-H | N PCINER200€D)59705
3-[3-(2-Furan-3-yl-pyridin-4989-)-i m dazo[ 1, 2- b] pyri daz
in-7-yl]-benzoic acid ethyl ester (Ex. 41) 15 (1 eq,

0.122 mmol, 50 ng) is dissolved in DCM (1 nl) and the
reaction m xture is cooled to - 70C. DIBAL-H (1.5 Min
THF, 10 eq, 1.22 mol, 1.74 mM) is then added and the
Thisrexaotpleis prepared by ae@nalogous methodiie Nat2dydrpx-eBylbr4-[3+{8-pyrazol-1-
L . : " o I The N
oA BRI Sk e =L L5 U S ey
yl-pleedtyt) amtdadofi 2-b]pFidam-7-Yidenzaerbiid ethybegian(kx. ghasvith 4alBe(2-Phenyl-

washed. wi t [ e le V. . fiidper d the
ey PR AR Lo P B o MR e el SR R
is purified by flash colum chromatography eluting
R with 9:1 DCM MeOH to afford
°"{t§-E[ 3-(2-Furan-3-yl-pyridin-4-yl)-imdazo[ 1, 2-
b] pyri dazi n-7-yl ] -phenyl }-nmet hanol as a |ight brown
solid; [MH + = 369 25 Route D Exanple 52
Examplg51 2- phenyl - pyri di n-4-yl)-imi dazo[ 1, 2- b] pyri dazi n-7
{3 [3%&&%% QLBNﬂﬁin%VﬁlmN Oogﬂ,%%ﬁﬁgilﬁ?%@pﬁﬁ&ﬁﬂy%thanol
3-[3-(2-Phenyl -pyridin-4-yl)-imdazo[ 1, 2-b] pyri dazin-7
-yl]-penzoic acid ethyl ester (1 eq, 0.119 [, 50
my) (FxN\_42y<is dissolved in THF/ H20/ MeOH
. . 2] m) and 5 LiOH (20 eq, 2.
dded and t REAdhction is stilred om
1 h. "The reaction m
CHand HCO (1 M is a
precipitate i filtered and dried to
3o 3~(2- Phenyl - pyridi n-4-yl)-imdazo[ 1;@x
b] pyri dazi n-7-yl]-benzoic acid as a yell ow solid which
did not require further purification; [MH + = 393 10

3-[3-":&%:an3-§l§pyridin—4-yl)-imidazo[1 ,2-b]pyridazin-7-yl]-benzoic acid ethyl ester (Ex. 41)
(1 eq, 0.122 mmol, 50 mg) is dissolved in DCM (1 ml) and the reaction mixture is cooled to -
70°C. DIBAL-H (1.5 M in THF, 10 eq, 1.22 mmol, 1.74 ml) is then added and the reaction is

stirred at this temperature for 3 h. The reaction mixture is then poured in NaHCO,/EtOAc.

The organic phase is separated and the aqueous phase is extracted with EtOAc. The
combined organic phases are washed with brine, dried over MgSQ,, filtered and the solvent
is removed in vacuo. The reaction mixture is purified by flash column chromatography
eluting with 9:1 DCM/MeOH to afford {3-[3-(2-Furan-3-yl-pyridin-4-yl)-imidazo[1,2-
b]pyridazin-7-yl]-phenyl}-methanol as a light brown solid; [M+H]" = 369

Route D

Example 52
3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-b] pyridazin-7-yl]-benzoic acid
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3-[3- (4- Hydr oxy- 3- net hoxy- phenyl ) -i m dazo-[ 1, 2-b] - pyri

dazin-7-yl]-benzoic acid This exanple is prepared by
waeoangdzeyous net hod to 3-[ 3-(2-Phenyl - pyri di nP@¥/gPI0oda59705

i mdazo[ 1, 2-b] pyridazin-7-yl]-benzoic acid (Ex. 52) by

repl aci ng 3-[3-(2-Phenyl - pyrbliFn-4-yl) -

i m dazo[ 1, 2- b] pyri dazin-7-yl]-benzoic acid ethyl ester

(Ex 42) with 3-[3-(4-Hydroxy- 3-

met hoxy- phenyl) -i m dazo[ 1, 2- b] pyri dazi n- 7-y|

acid ptRyl #esier (Ex. 40). Route E 20 Exa

Wi noY\3- (\2- phenyl -pyridin-4-yl)-imd N r
7- yITXN et hyl | bERHaN de WD 2009/ 0 3335
0705 -52 0 H//0 NHZ - ~( 0

PgCIR( PPh3) 2 |
0 N H

N N Na2CO3 N N CH/ gA~&1, OH\% O H

3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl}-benzoic acid ethyl ester

(1 eq, 0.119 mmol, 50 mg) (Ex. 42) is dissolved in THF/H,O/MeOH (0.5/0.25/0.25 ml) and
LiOH (20 eq, 2.38 mmol, 57 mg) is then added and the reaction is stirred at room
temperature for 1 h. The reaction mixture is then diluted with MeOH and HCI (1M) is added.
The precipitate is filtered and dried to afford 3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-
b]pyridazin-7-yl]-benzoic acid as a yellow solid which did not require further purification;

[M+H]" = 393

Example 53
3-[3-(4-Hydroxy-3-methoxy-phenyl)-imidazo-[1,2-b]-pyridazin-7-yl]-benzoic acid

This example is prepared by an analogous method to 3-[3-(2-Phenyl-pyridin-4-yl)-
imidazo[1,2-b]pyridazin-7-yl}-benzoic acid (Ex. 52) by replacing 3-[3-(2-Phenyl-pyridin-4-yl)-
imidazo[1,2-b]pyridazin-7-yl]-benzoic acid ethyl ester (Ex 42) with 3-[3-(4-Hydroxy-3-
methoxy-phenyl)-imidazo[1,2-b]pyridazin-7-yl]-benzoic acid ethyl ester (Ex. 40).

Route E

Example 54
3-(2-Amino-3-(2-phenyl-pyridin-4-yl)-imidazo[1,2-b] pyridazin-7-y[]-N-methyl-benzamide
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Step A: [7-(3-M et hyl

car banoyl - phenyl ) -i m dazo-[ 1, 2- b] - pyri dazin-2-yl]-carb
wa@eiog/oes8d nethyl 5 ester PCT/EP2008/059705

3- (6- Am no- 1, 6-di hydr o- pyri dazi n-4-yl)-N net hyl - benzam

ide (Internmediate A - Step EP2(-1 eq, 2.74 mmol, 735

nyg) is added to a solution of nethyl

(chl oroacetyl)carbamate (1.2 eq, 3.28 mmol, 498 np)

in DMVF (30 m) and the reaction npxture is stirred at o

110CNFf or 7.% h. The solvent i %en removed in vacuo f

and e produdt bs purified flﬁsh col umm N o—

chrprra ogr ap y\n‘f el uting OH to afford Br
Vet hylBarbawoyl - phenl)+|mda ~2-b] - |

d" et hyl ester as a
B: [3-Brono-7-(3-M et
\@Pbannyl phenyl ) -i m dago-[ 1, 2-b] - pyri dazi n-2-y
amc acid methyl estgrib
[ 7- (3- Met hyl car banoyl “'phenyl ) -i ni dazo-[ 1, 2-b] - pyrmda2|
n-2-yl]-carbamc acid nethyl ester (1 eq, 0.167 mol,

55 ng) is dissolved in DWF (1 m) at OC andolNBS (1.1

eq, 0.184 mml, 33.8 ng) is added. The (£a tion

mxture is stirred for 1 h at OC and tHen s %ﬁlut$gcmmpm
with WD 2009/ 013335 PCT/ EP2008/ 059705 N Et OAc. & o003
reaction is washed with NaHCO3 and brineI dried gver
MySO4i filtered and evaporated to yield
[ 3- Bromo-7- (3-M et hyl

car banoyl - phenyl ) - i

‘3 r|da2|n 2-yl ]-carbary

solid; [MtH + = 326 S

dazo-[ 1, 2-b] - pyridazin-2-yl]- NH

carbam c acig, meth ter as a brown solid which dj ol
not requitk, urthe rification; [MtH + = 406 5 e ==
C PACI2(PPh3)2 NN
3-[2- Am | oro- pyri di Ns28o¥y| ) -i m dazo- Np
yridazin net hyl bm[?FBrom)- -M

et

carba phenyl)-irridazo-[l "BYri dazi n- 2,Jyl 1- carb
am clacid nmethyl ester (1 ey .159 mmol, 6% nB) and
2- Nl df opyri di ne- 4- boroni ¢ a(:ld (1 2 eq, 0.191 nmol ,
10 30.1 ng) are dissolved in DVE (3 m) and water

(0.75 M) and Na2C33 (3 eq, 0.478 mml, 50.6 ng) is
added. PdCl 2(PPh3)2 (0.05 eq, 0.008 mmol, 5.59 ng) is

Step Aefr-@ddestyRathahiogI- pHe%@?lirh@lazéf[‘MJb[ ﬁyﬁlo&zhﬁz\-‘_vlﬁ‘;@akb‘élrrn@amd methyl

m crowave radiation at 120C for 50 mn. At the
esteli‘on'pl etion of this tinme the solvent is evaporated and

6t/&‘rﬁ|nbela@'dﬂﬂard3ﬂ)%fdﬁﬁ|ﬁ -4-g))- ﬂ'-rﬁélﬂkll\/%zbl'ﬁld@(ﬂ'fbrnﬁédlétgmﬁﬂ Step E) (1 eq,

'vent” I's renbved I n"vacuo to

2.748mmwl, A3500)3s addeshiost ealpian Qf.mﬁthyl;m)lomﬁﬂ:%talﬁra@nate (1.2 eq, 3.28
mmbrués mgP mﬁméo m)garyd ahe'}'ééaiom.xt*a?@é%mr@s aBF1GRCHBF T BW. The
solvsn( la then nepozed in \pﬂwn;amdﬁlw p@dhcms purffisdrydigsb [celummihypmatography
elut’nﬂ%fh%.?dﬂl\]l/l\/l&dﬁf&%ord l[3’76(33Z|9|@1h?%arbamoyI -phenyl)-imidazo-[1,2-b]-

pyridazin-2-yl]-carbamic acid methyl ester as a green solid; [M+H]" = 326

Step B: [3-Bromo-7-(3-Methylcarbamoyl-phenyl)-imidazo-[1,2-b]-pyridazin-2-yl]-carbamic
acid methyl ester

[7-(3-Methylcarbamoyl-phenyl)-imidazo-[1,2-b]-pyridazin-2-yl]-carbamic acid methyl ester (1
eq, 0.167 mmol, 55 mg) is dissolved in DMF (1 ml) at 0°C and NBS (1.1 eq, 0.184 mmol,
33.8 mg) is added. The reaction mixture is stirred for 1h at 0°C and then is diluted with
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3-[2-Am no-3-(2-Chloro-pyridin-4-yl)-imdazo-[1,2-b]-p

yridazin-7-yl]-Nnethyl benzam de (1 20 eq, 0.146
woreb/0133% ng) and phenyl boronic acid (1.5 eq, POI/RRE®I08/059705

mrol, 27.5 ng) are dissolved in DME (1.5 m) and

water (0.4 m) and Na2CC3 (358¢, 0.438 mmol, 46.4 ny)

are added. PdCl 2(PPh3)2 (0.05 eq, 0.008 mmol, 5.12

ng) is then added and the reaction mxture is heated

EtOHé'ﬁ%er@a&ro‘M?%ﬁﬁ@&iwﬁ’ﬁnngHﬁ? a%a%gnfa OdiriehoVet f\‘/lgsgh, filt®ed and

1on O solvent 1S renove
evamaiatad tamiglct [ReBromact-(SoMethylcathasnayspianyi)finidazpyf 1 erl?és:tyrldazm -2-yl}-

carb%ﬂ*l f&&g%?eéﬁﬂmg Lgazbg&vga(gﬁly Ilngl‘?ffg“r{ﬁlp 4e‘%{/|..|4r o R YR dftion; (M+H
-406m dazo[ 1, 2- b] pyri dazi n-7-yl ] - N net hyl - benzam de as a

yellow solid; [MH + = 421 Route F 30 Exanple 55
N- ( 3- Di et hyl am no- propyl ) - 3-[ 3- (2- phenyl - pyri di n- 4-yl
Step €i 3 BAmd{cl3-22Ghfwyo-ipsladind-yI)-iglidazok ¢ 2z myddasd7-yl]-N-methyl
2008/ 013335 PCT/ EP2008/ 059705 -54- N2 N \ NN\ | \
Et3AN OOH ONHN
[3- B%nﬁél? {(2-\Ritbylydrbpyoyleiheng)- yh|)iazaﬂ1c2&bp;§yhdﬁzh}2pw-baiham gcid methyl

esteéiltﬁlzqrg} ﬂ%qo' G @3351”"@}%{1%?8?% ﬁ:éye%h%(aet%?rorac ?g%r%zleq '691)91 mmol,

30. 1Q'n§)4é9reﬂ‘i|§soﬂ'@d irb DME @ty laadwater((0.730nikand Nal®O, (Ve D3478 mmol,

MM STEY T RUCR D

readt|§n ﬁ'ltlkt?feeig hé?tetﬁﬁ@mg:rﬁlﬁﬂﬂfa&é lﬂéd&atfdgf aéagg Grfor A0 rhlhegt the completion
onpl etion o IS er an tOAC are a o1 )
of ths Gan e NG S aDQiiA AHLe SRR R s B g MESH, itered
ded $chdrie s rehiNe&liieuo 1d mrtz-nmﬂwoos Chi A-4-\A%-ienidazo-
an washed with brlene dﬁloed?lgve &/g ?Iterrggﬁgﬁd t)ﬁhl):aI ez

[1,2bpyrgazin &Y i-dhmety! 'P?PZ\?HE%'?S FHeIonSYGaMT IR =A%t ur e
is purified by flash coI urm chr omat ogr aphy el uting
with 9:1 DCM MeOH to
StemDy %’(%Aﬁ‘é@%?ﬂ&ﬁhﬁ@@b’ﬂ@?ﬂﬂ'ém] dazopl. Zhdryyidagpr/idi-N-metpyl-
benzariwpbdazo[l 2- b] pyr i da2| n-7-yl]- benzam de as a |ight
0

w solid;, [MH + = 477
3- [2-Am|no -3-(2- -Chloro- pyrldln -4- yI) -imidazo-[1,2-b]-pyridazin-7-yl]-N-methyl benzamide (1

eq, 0.146 mmol, 79 mg) and phenyl boronic acid (1.5 eq, 0.219 mmol, 27.5 mg) are
dissolved in DME (1.5 ml) and water (0.4 ml) and Na,CO; (3 eq, 0.438 mmol, 46.4 mg) are
added. PdC!,(PPhs), (0.05 eq, 0.008 mmol, 5.12 mg) is then added and the reaction mixture
is heated using microwave radiation at 120°C for 15 min. At the completion of this time the
solvent is removed in vacuo and the reaction mixture is purified by flash column
chromatography eluting with 9:1 DCM/MeOH to yield 3-(2-Amino-3-(2-phenyl-pyridin-4-yl)-
imidazo[1,2-b]pyridazin-7-yl]-N-methyl-benzamide as a yellow solid; [M+H]" = 421

Route F

Example 55
N-(3-Dimethylamino-propyl)-3-[3-(2-phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]-

benzamide
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Exanpl es 56 to 59 15 These exanpl es nanely,
3-[3-(2-Phenyl -pyridin-4-yl)-imdazo[ 1, 2-b] pyridazin-7
WO 200pAON382- pi peri di n-1-yl -et hyl)-benzanm de (BxCT/BBY0p8/059705
N- Met hyl - N- ( 2- net hyl am no- et hyl ) - 3-[ 3- (2- Phenyl - pyri di
n- )4-y| )-imdazo[ 1, 2-b] pyri dadén- 7-yl ] - benzam de (Ex.
57), 20
N (2- Hydroxy et hyl )-3-[3-(2-Phenyl -pyridin-4-yl)-imda
zo[ 1, 2-Db] pyri da2| n- 7-)(‘IH] - benzam de (Ex.
TR -pyridin-4-yl)-inida
l./59), are prepared b

o”tRg correspondi ng anmi ne, narrely, 0o
1- (2- Ami noet hyl ) pi peri dine (Sigma Al drllc\h)/,\
N, N - Di met hyl et hyl enedi ami ne (Sigma Al drich)N™
2- Ami noet hanol , WD 2009/ 013335 PCT/ EP2008/ 05'9705 - 55
Butylam ne (Signa Al drich), respectively, Route G5
Exanpl e 60
3-[342{PheRyIparidih-4+y[}-iridaps| 0 2y pyrilakB- 1-@}-pymzionacid {Ex. -52h €hgq, 0.127

oo 5y eGP -85t 9 .y i S Bageile
trietbi@bmMNeNB30 oY, B. 11857 @023 MIpdre@idsoivbld @ DEMN2 ml) and BOP (1.30 eq,
0.165 mmol, 73 mg) is added and the reaction mixture is stirred at room temperature for 20
h. At the completion of this time water and EtOAc are added. The organic phase is
separated and the aqueous phase is extracted with EtOAc. The combined organic phases
are washed with brine, dried over MgSQ, filtered and the solvent is removed in vacuo. The
reaction mixture is purified by flash column chromatography eluting with 8:1 DCM/MeOH to
afford N-(3-dimethylamino-propy!)-3-[3-(2-phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl}-
benzamide as a light yellow solid; [M+H]" = 477

Examples 56 to 59

These examples namely,
3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]-N-(2-piperidin-1-yl-ethyl)-benzamide
(Ex. 56),
N-Methyl-N-(2-methylamino-ethyl)-3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]-
benzamide (Ex. 57),
N-(2-Hydroxy-ethyl)-3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]- benzamide
(Ex. 58),

N-Butyl-3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]- benzamide (Ex. 59),

are prepared by an analogous method to N-(3-Dimethylamino-propy!)-3-[3-(2-phenyl-pyridin-
4-yl)-imidazo[1,2-b]pyridazin-7-yl]- benzamide (Ex. 55) by replacing 3-dimethylamino-1-
propylamine with the corresponding amine, namely,

1-(2-Aminoethyl)piperidine (Sigma Aldrich),

N,N'-Dimethylethylenediamine (Sigma Aldrich),

2-Aminoethanol,
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N N N U PdC12(PPh3)2 Na2CO3 0 10 Step A
4-1 m dazo[ 1, 2- b] pyri dazi n-7-yl - pyri di n- 2- ol
W@ 200901385- 4- yl -i mi dazo[ 1, 2- b] pyri dazi ne (| nt ePCEEPRDE059705
A- Step F) (1 eq, 0,80 nmol, 158 ng) is dissolved in
CH2CI 2 (7 m) and cool ed to-8&- 3-Chl or oper oxybenzoi c
acid (1.2 eq, 0.97 mol, 217 ng) is then added and
the reaction mxture is stirred at it for 24 h. The
S hen filtered and the m xture
Bm)?{%%g\rﬁsé JME'W&? e dégfllgjrm chr omat ography el uti ng
W th CH20|2/|\/|9C]—| (80 20) to give
Roug 8;1 oxy-pyridin-4-yl)-imdazo[ 1, 2-b] pyri dazi ne as WO
D9/ 013335 PCT/ EP2008/ 059705 -56 a | i ght yell ow
solid. The obtained

XYy- pyrl din-4-yl)-imdazo[1, 2-b] pyridazine (1 eq,
Exampg%sg 70 ng) is dissolved in acetic anhydride

-(3(F4igeﬁam 1121 -Brapyhla-[3L(33pyraxolngi-p ey pintidakeal 2B pdtidazin-7-yl]-1H-
h to give a black solution. The sol ution
pyridin-2@n€entrated to dryness and is dissolved in
MeoH(2m ). NHACOH (aqueous 25% 0.2 nl) is then added
and the 5 mxture is stirred for a further 2 h. The
sol ution isodh concentrated to dryn d the

'€>|s pufifPed by flash ym c rormtography ”}"\>

Cl 2/ MeCH ( 80; to ord
pyrlda2|n7yl-pyr| -2- ol asoaligh
I'm dazo[ I, 2-bLpyTi dagi - i-(3-,\gi BSJcodi n- 1-
i :

)-1 H-p)j\ 2-one
Imdazo[l cb’]'ﬂbyrldazm 7-yl-pyridin-2-ol (1%eq,
n

0.17 mmol, 36 ng), 1-(3- chloropropyl)piperidi
rmnohydrochl oride (1.5 eq, 0.255 mmol, 52 np) i:?

e

1 to

sodiumiodide (1.5 eq, 0.254 nmol, 37.9 ny) a
di ssolved in DMF (1 m) and heated at 60C for
give a black solution. The reaction mxture is then
poured into aq. sat. NaHCO3 and the organic phase i$ \gg
extracted with CH2Cl 2. The organi c phase is washed
with brine, dried over 15 MgSO™4, filtered and
evaporat ed to drynesso afford

@lh?Wl(@H pi peridin-1 N
yx'1 di n- 2- one; [I\/HrH-I]+ = 338 Step C

4- (3 Bro ' 3 ' 1, 2-b] pyri fe S 7o;yl) 1-(3- p| peri di
Nol- pyridin-2-0
4 ! .

zo[l 2-b] pyridazin-7-yl Y1 -(3- plper|d|n 1

pyl)-1 Hpyridin-2-one Nl eq, 0.122 mol N

4 .3 nmg) is dissolved in DV \10Nn1) and

N-by onobsuccinimde (1.1 eq, O mol , 24.2 ng

added. The reaction mxturez—i—s—t—hen—s{—irred at for

30 min. The reaction is dil utrad2PPh3)2 @
Na2CO3

Step A: 4-Imidazo[1,2-b]pyridazin-7-yl-pyridin-2-ol

7-Pyridin-4-yl-imidazo[1,2-b]pyridazine (Intermediate A — Step F) (1 eq, 0,80 mmol, 158 mg)
is dissolved in CH2CI2 (7 ml) and cooled to 0°C. 3-Chloroperoxybenzoic acid (1.2 eq, 0.97
mmol, 217 mg) is then added and the reaction mixture is stirred at rt for 24 h. The yellow
suspension is then filtered and the mixture is purified by flash column chromatography
eluting with CH2CI2/MeQH (80:20) to give 7-(1-oxy-pyridin-4-yl)-imidazo[1,2-b]pyridazine as
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with Et OAc and washed with NaHCO3 and brine. The

organi c phase is then dried over MWSO, filtered and
werapoissed to dryness to give PCT/EP2008/059705

4- (3-brono-imdazo[1, 2-b] pyridazin-7-yl)-

1- (3- pi peridin-1-yl -propyl)-%Bpyri din-2-one as a

brown solid which did not require any further 25

purification; [MH + = 417 Step D:

a Ilgﬂw 3&@?"0@I dﬂ%ﬁ& 'ﬂ‘lenotg Méd 9 "?’W{/-)pﬁdlﬁ 3= ﬁﬁnﬁ’d’%@{@b b}pyYIHaﬂHS Weq, 0.33

a2|n di n-2-on

mmeuT (@m@ MSWWQME @pqtlczarw]ygyde (fé)zﬁch -132yfmmit 130 @) apjmhév are
hea{éd]a'txha‘gf %Wb)ﬂ té g fp{EI'agk Qolgtllo(hn ?h% %olgtlgrg[s onBerdid®to dryness

pyraz henyl ] boronic acid
and (il diS€phesy, |nm/|aat-k(2mﬁoNH4@81 ®anegus Zﬁ%j, Q\&m thien addeg, and the

e 3y TBYs o PE AL o PRFR it o

mixtackie ghurifiétbby Sestt GatummichromagograptyhautingesitteGH2CHR/MeOH (80:20) to
SRR b b A R R U
is purified by flash coI urm chrorrat ography el uting
te% EOE %Wga%%qz @é}?ﬂs azm- - F—EBZ 8!%% 9 é q ﬁ-%roﬁy?}-ﬁ I&E@rﬂlg-/z-'vo%g_'
4- |rrilda(z&fﬂﬂ-!bﬁiyrldaﬂn-]l-w-lpymﬂlm{Z)dlX1 ée|,[C84'( Bpotr 38 migy, 11-(3-- pheny

chlo&griygw%wega&p r[%gﬁﬂoglqlgﬁ%@7?§ 0. %5%@@%0& %[ mgﬁa {'Sodiim iodide

(1. 5léa1t @fzgﬂdmrﬁblewgnﬁgbtmd%hssbmé@rrnIBMFa(ﬂ enlﬁand heated at 60°C for 16h to
rono- i azo-[1, 2- Dbl ri dazin-7-

oiver AP RO MO b5 ESABRY T e 659 a5t 0338 the

orgaNit pirasehs éﬁ?ac@d With CHZC'I@heGrQa&mPﬂ(d%Bhé%Mshéd QitiKBFEB dried over

MgSO4, filtered and evaporated to dryness to afford 4-imidazo[1,2-b]pyridazin-7-yl-1-(3-

piperidin-1-yl-propyl)-1H-pyridin-2-one; [M+H]" = 338

Step C: 4-(3-Bromo-imidazo[1,2-b]pyridazin-7-yl)-1-(3-piperidin-1-yl-propyl)-1H-pyridin-2-one
4-Imidazo[1,2-b]pyridazin-7-yl-1-(3-piperidin-1-yl-propyl)-1H-pyridin-2-one (1 eq, 0.122 mmol,
41.3 mg) is dissolved in DMF (10 ml) and N-bromosuccinimide (1.1 eq, 0.135 mmol, 24.2
mg) is added. The reaction mixture is then stirred at 0°C for 30 min. The reaction is diluted
with EtOAc and washed with NaHCO3 and brine. The organic phase is then dried over
MgSO04, filtered and evaporated to dryness to give 4-(3-bromo-imidazo[1,2-b]pyridazin-7-yl)-
1-(3-piperidin-1-yl-propyl)-1H-pyridin-2-one as a brown solid which did not require any further
purification; [M+H]" = 417

Step D: 1-(3-Piperidin-1-yl-propyl)-4-[3-(3-pyrazol-1-yl-phenyl)-imidazo[1,2-b]pyridazin-7-yl]-
1H-pyridin-2-one
4-(3-Bromo-imidazo[1,2-b]pyridazin-7-yl)-1-(3-piperidin-1-yl-propyl)-1H-pyridin-2-one (1.0 eq,
0.096 mmol, 40 mg), [3-(1H-pyrazol-1-yl)phenyl]boronic acid (1.50 eq, 0.144 mmol, 28.5 mg)
and Na2CO3 (2.0 eq, 0.192 mmol, 20.4 mg) are dissolved in DME/H20 (3/1 ml) and
PdCI2(PPh3)2 (0.1 eq, 0.0096 mmol, 6.74 mg) is added. The reaction mixture is then heated
in a microwave at 120°C for 10min. At the completion of this time the solvent is removed in

vacuo and the product is purified by flash column chromatography eluting with



YNH NH2 CI 0O HNHNHN7NNH3 NPOCI3\ / N HHO
OON H 0 NHC®B r-1- H C i /N\ I /N ril \' NBS
W0 Bboba133ss O ~ N H 10 WD 2009/ 013335 PCT/ EP2028I/0B839659705
-58- Step A 4-Chl oro-5-hydroxy-5H furan-2-one
Mor pholine (1.4 eq, 500 moF5744 m) is added to HC
(6N, 120 m) and the reaction mxture is stirred
overnight at roomtenperature. The water is evaporated
CHétﬂ?'/ﬁ/red tPHEESUEGibE Eaéhdurgh Wﬁpﬁo??l)ﬁqﬁgg-@yfdibpmyl -phenyl)-
or | e as a Wiite so I sSolyed’in
imid el 2rtlpyricaginmg -y!I- éHcPYHd@I'%rQW p$ a ygliqwiselid; BVIal]” =489
nmmol, 79 g) is added to the reaction mxture which is
then stirred at roomtenperature for I h. After this
time, chloroacetic aldehyde (1.0 eq, 360 nmol, 42.5
m) is adddld and the mixture is heated at reflux for
48 hours. Dioxane is then renoved in vacuo and the
PrepanatioRiof intsrmeiale, emRouNdSer is extracted with Et OAc
(4 x 800m ). The dark red organic phase is dried over
MpSHi filtered and evaporated to dryness to yield
JﬂgﬂﬂgﬂEMLA 10 5- hydroxy 5H-furan-2-one as a dark red oi

Hobhgthivgn: [MrH + =

H 6N HCI o | |
cl &
HO\B/OH
Pd(PPh3)4
o | K2co3
/NH
NH, Ci o
s B T
N 7N NH3 N POCI3 2N
R -
e - -
o 07 N S

o]

NaHCO3 r/u\H

Ci

N N
B /}\Br
N

| |

N N

NBS
— -
int A
~ -
0”7 "N o~
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A cool ed (0C) solution of

4- Chl or o- 5- hydr oxy-5H furan-2-one (1 eq, 296 mol,
w@2008/003833 n 15 acetic acid is treated sl ow y »ET/RP2008/059705

hydrazi ne hydrate (1.3 eq, 385 mml, 19.1 nml) and the

reaction mixture is then sti-®8ed overni ght at room

tenperature. AcOH is then renoved in vacuo to give a

black oil which is diluted with water (200 m ). Then

teé Re 4%h|9|fo g hgtl‘aﬂa}]gﬂl‘fﬁran@bh@' on is adjusted to pH7

a concenhtrated aqueous solution of NaOH (32% and
Moremlmadﬂ SEanbOb N a4 mvh%a@@ﬁﬁbmrr&l (BNgA#f) ml)pndithe reaction mixture

r
o Y PSR MYy B e s
givei the morphadlistimbghléridesas a white selid FF hesalt s eq@lweden dtaxage (130 ml) and
glyoglh%:ﬁpg (4 5% OBGh hﬁﬁolhﬁ(@ﬂg atd@eé'fl {d tﬂF%actloP mixture WHICh is then stirred

& PdaZine 3
at rcﬁdw&ﬂmpe:atﬂxaélfoSﬂ bpAf@r this tlme chloroacetlc aldehyde (1.0 eq, 360 mmol, 42.5

o e BB B R oA O s

vact@andthe r@m@hdirl‘gemtd:lmquwuatdyengsle)xplaaagl iwithiEOdei (¢ x860ch!). The dark

red %@amo)p(h%{ rle(dzovre{ y%%g)dnﬁ%{%ﬁ?ge\aq‘:‘%%lr%gg tc@régﬁ%(%qﬁeld 4-Chloro-

5- h)ZHBo@ SArflran-2-cH2 a3)a darkaed eitlwhied (dRPh@)rdquife furtbey, pL@lﬂBanon IM+H]"
_dgm 584 ng) is then added and the reaction mxture
- heat ed using m crowave radiation at 140C for 20
mn. The reaction mxture is diluted with EtOAc/ H20
|tered. The organic 30 layer is then separated

and
Step By 5(43@0%%6’6%'% Y8t is extracted with Et OAc (2x 20
A cdﬂléd (och)e solafigasf @ch@yes Hy@roxg-Shefdrani-2-onélaHegB296minite, 39.8 g) in

acetltgé@qi éqot\épeartedwglowly W|thI h)}d(?arnz?r?e ﬁydclj'atgv(?%oerqaggg rrt1rgol % ¥ rrﬁ?and the
readolYbikiite 3tk Q?fﬁé‘d]ov@rrﬂgl’ﬂ)é@ rwhwm;stazﬂufb %cyjH isQrER Asthéled in

e as a white solid_ whi require f

vaceitq giyealask oil whiah)is ddutg@@ntwaﬁydgp@ 3 3gen ltJhe ;?H of the aqueous
solfqés@&%& Wﬁ@lth a2B3nsdrfdtdd aqueous solution of NaOH (32%) and

or o- hydr o- pyri dazin-4-yl)-N net hyl -benza
extrastge with EtOAC. The comblned organic portions (red solution) are washed with brine,

drleél' os/%t @ééog .f@gr%d’]e\@ggﬂa Ql‘rﬂi@s%dﬁ?é Bfoﬁu&' i3 BQW fhsh

| . suspended 1 n POC13 (10
columin) chipatogeanhy duting it 6:4 @A¢/§0H&Xﬁ@@t%@ﬁ°ﬂ@€%|@w Qy{ldazm -3-

one%f F\5/kg95_;“(}\,‘{19(”,dt|.<R,|J;|_<§t)m1t3enperature the solvent is

n vacuo then ice water is added. The pH
|s 5 adjusted to pH8 with portionw se addition of sat.

UR . e acted with
e e g P U S
5-Chibraapyriddzinegdomey €r eq, @AM, i660 eng)canalrit(N-Ighylamiretartonyl)phenyl

dryne Q. Vi ,
bor%ru%/ ac El)leg ‘i%é(?r&nw% 8?6 m&/ are d%\'%?or'}\/e in djolehe (4 ml), water (2 ml) and
EtOreRhy) abenqzemade eqs1ca1 ymhd:low49<gl) mbdmledcﬁd @ARh:d0.1 eq, 0.5 mmol,
urifi at on
seagigles Waniabioedand R tectiat s ooty Foike RurRyRYE Becrgn =
1407 Cl€or 28h min. The reaction mixture is diluted with EtOAc/H,O and filtered. The organic
or O- yridazi hyl -Jen

ayeginiBe perryaies! g mgruoaimiAg e pliadiRtLki SRR (A E 2
org&iit 14ye108 wish&idith NEHCQQ; Bine, idiiefEo@t MgSIOh ditered aid éM@p6rated to
dwheres?o ?I%%l l&ﬂ/l h)ﬁ% (6 oxo -1,6-dihydro-pyridazin-4-yl)-benzamide as a white solid

which did not require further purification; [M+H]" = 230
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48 h. The solvent is then renoved in vacuo. The
reaction mxture is purified by flash col um
wa@ kooonedseyr aphy eluting with 8:2: 0.5 DCM MeOH MNEBEPIN08S/059705
gi ve 3-(6-Am no-1, 6-di hydro 15
pyridazi n-4-yl)-Nnet hyl - ben®8mi de as a brown solid;
[ MiH + = 229 Step F
3-imdazo-[1, 2-b]-pyridazin-7-yl-N et hyl - benzam de
Ste §- é@hfb?ojl @dﬂiﬂﬂﬁ%&ﬂd%ﬁ h%ZN "r‘né}hw&n%rm%hyl benzam

ded to a solution
N- Methybm(@msad &dlby@rpdyw@@nﬁs' )ebfnzgmmermtﬂq, 3d4gomal. 2P ing) is

susﬁngéld 450?!9(10%9 MR 4o Pnixttirelia HEZRIG atlﬁg @Rk 2hS After cooling

en adde nd t reaction mxture Is heate
to raos tampa‘rainreuhdqsolm issremowad in wcua@nd rtleerowewatef iy gdded. The pH is

o B e DU B BRI BT s ver s

extr3etedinita HHOAG aﬂd ltﬁe @nebided ongaric |gyerdaresvashiediygtinztrined dried over

o BT St 0 28,0988 P gnrrgen o e

methydiehz@mide as a yellow solid which did not require further purification; [M+H]" =248
3-1m dazo-[1, 2-b]-pyridazin-7-yl -N et hyl - benzam de (1
eq, 0.595 mml, 150 ng) is dissolved in DMF (5 m) at

StepE: mo&iANBﬁb ( B-dihyedio- p§)r|d‘é'z4h myDlN mklyl-bghzdansidadded. The

o RGBT Nl e e’ A1 4 Sr0mo

dissvived if\a 56IBorasoN iy (7Re 20drﬁl) mcEtweande af 160 €rired saakkd tube for
evaporated to

46 15, BRSO MR A SBY Emeve I} 'rbwaa?enre?cmmm%esnw“fﬁsr%tmsh column
chrdil@at a@h;@é‘l'uﬁng’ﬁlth 8\Z: ¢ 8 IDCMMNVECHYNGH, G give3-(eefyuinbel ,6-dihydro-

further purification;, 33 nt jates B to
pyrigaziéya- Nmeélwlr@aﬂ%ﬁr@ge .[aaﬁg%wn ijg@d Wgnn?g%
PCT/ EP2008/ 059705

3-(3-Brono-im dazo- - b] pyri dazi n- 7-yl ) - phenol
Stepy En@ -Hpigagr-bt %-b]gpyrldazm 7 yI- -methyl-benzamide

63Ar§fn9n’P6 E“r@wd- fridmdinMd-y1i-NLHaR Ol donZaldey( i 424 i0Temmol, 245 mg) is

I'nt er redi at e

addpd fa (SQUBPrbﬂfd*‘i'QfP%‘%?ﬁ'@B[dPhid%}%% iSR! 7069 MIHREAPH C1jmi).
Nal-gs(g}a(geeﬂJ?ﬁpyr p%g'rﬁ )8 fﬁ% iabi8d Q%d the react|on mixture is heated at

azo| 1, prrl azine
reflyd fat &F hetheasaveryt is then removed in vacuo and the product is purified by flash

coluwir{ Hirbrvatd F%Pﬂg'emtqgmfh[% BRI 2451 3MnldRB§ 1 8L 8)-Rridazin-7-

am de
yl- Nanah@mniamﬁiefaam orapbenyli0) M &2253 1, 2- b] pyri dazi ne

(Internmediate G,

4- (3-Brono-i m dazo-[ 1, 2-b] pyri dazin-7-yl)-benzoic acid
Ste@GﬁlW(BfEﬁbmo-imldate{h@dﬁ]-@vEda-zl)'r]-7-yl_)-l\_|-methyl-benzamide _ _
3-|nﬁgéz%[-[ﬁ?gtﬁ]lr’é@ﬁégi@'??;{L)ﬂl-%‘eﬁfy%é’ﬁ%h{i5@ f2&Pd SosZmMPH509R%) is
dissdtvBd DM (E3wnliret (Dld?)@;nqorkllﬁyi gD 684 oarpdl, 24® iy is atideidnéhe
reaé nt er medi a

'of'én'étt“f)‘?'rﬁ 'ilmadédz [af OZC grgﬂqndgglhhted/ vsgltp)EtgAﬁz'l(;he reactl%P mixture

is wabiad wis NeHCO, rahelbﬁﬁd,ldited deer MgSO,, filtered and evaporated to yield 3-(3-

BrofnD-iteREehy AT T b Bl -pSaEaniad ad @ afe/ JdiidwScfiaYunicn aia

not require further purificatlon, [M+H]" = 333

Intermediates Bto L

These intermediates namely,
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3-Brono- 7-[ 6- (4- et hyl - pi perazin-1-yl)-pyridin-3-yl]-i
m dazo[ 1, 2-b] pyridazine (Internediate M,
W@2@p0m335 - ( 6- nor phol i n-4-yl - pyridin-3-yl)-i mM BeeBPDIL59705
b] pyri dazine (Internmediate N), 15 are prepared by an
anal ogous net hod to - 60 -
3-(3-Brono-imdazo-[1, 2-b] - pyridazin-7-yl)-N
net hyl - benzam de (Internediate A) by repl acing

3%3&&# '\(E-ﬁé’a\ébatﬁ"z sﬂéﬁ%w IRBR&VdI mfyrmea.ste@p d (Step Q

correspon bor oni ¢ aC| or boronic ester,
3- anmewyndn&ftl-!wmdamih@r@]pyrw@mﬁu(@t%tmedla@es@@na Al drich),

N- [34(35%rroh%l i lﬁl%@fﬁ@' @Pﬂﬂa%gfﬁ}llggg?@r}%étgg%%s%gcgﬁ%ide (Intermediate D),
3- Blmackpyrldlﬁé%mldarﬁé1 Benlpyridezinei(tgraiegiate A.dr i ch)
N BB ORT Bl e 2 B S UER e | bmediate F)
3—anﬁghgseﬂwnmbwwbmmdqio-boz -bjpytdazined|teinpdiatal @ i ch) |
e ' .
4-(3 r%%'&%%ﬁgﬁé%%ﬂgn| gf-gg-b% z?;%& QCI& %9 @?l (‘?ﬁtbﬁmdlate H),
%&bmxy—pne@)@b;dmymdmmm b]pamlailr(esnrgamdthaten)c h),
3- Br%:p_} gﬁ-ﬁ Ly am no?\ |F§»§|h9z'o”ﬁ 25b]%9rr| azmce (ﬂ’ﬁé%é@fﬁ%%
3JBrM§{ohW|da&o£[5 ZGMpWICﬁZﬁ-'ﬁ-ﬂD benmildwctld &thyl Ssteln intaboedidtark),

5> <§B¥w€$ St BT AL G A € iR 2 e D ferediate )

3-BRMET-[4-Gi-gthyRbigeiaem) 1-y)-pgidieBwemidazb, 2-bipyedaripé datermediate
above, the conpany names given as sources have the

M), f ol | owi ng neani ngs: WO 2009/ 013335 PCT/ EP2008/ 059705
3-Brofo-7-¢6- mmptﬁiuﬁw )ﬂfpyrl@hgﬁﬁ) NldéZ(f[ﬁhZWy{DﬂBﬁhe (Jlﬁterrﬁitedlate N),

L USA,
are B%g’é??d leyA1 ?'Eﬁ'?ﬁl%’s msé!z\od tﬁcgsgfqreégﬁ Sarelier- Phaxér' ! -y)-N-

metﬁﬁfbeﬁkﬁﬁfae (ﬁ;@érh“fe@fa'ﬂé A? b;U%mu’ra @MJI\Mhﬁthabarbbﬁyl)phenyl boronic
ontier Scientif Logan, Utah, USA;

acidZ@iap @) wigh th@@ormg@@c@ﬁ)lppr&me@mqu%qq|<‘S?§}ﬁ|é na@?ﬁmny
3- H@?@%h@nﬁJoorfrh@éé’f@?@@h‘a%&lncﬁw mul ation: Tabl ets,

nprising as active |n%red| ent 100 ng of one of the
4- Pﬂ’dﬂlﬁe&/@r@@lﬁﬁél@r@Q"@ﬁA'ﬂﬁ@h 10 precedi ng exanpl es,

3- Mﬁﬁﬁ‘%ﬁ%rtyYa?(;ﬁMo?Iﬁn?IowrSHE%@ﬂ é%”bﬁn%a Biagk)f O|d| owi ng

3-Pyridine boronic acid (Sigma Aldrich), dard procedures:
3-Acetamidophenylboronic acid (Sigma Aldrich),

3-Fluorophenyl boronic acid (Sigma Aldrich),

4-Ethoxycarbonylphenyl boronic acid (Sigma Aldrich),

3-Benzyloxyphenyl boronic acid (Sigma Aldrich),

3-Methoxyphenyl boronic acid (Sigma Aldrich),

3-Ethoxycarbonylphenyl boronic acid (Sigma Aldrich),

(2-Dimethylamino) pyridine-5-boronic acid hydrate (Frontier Scientific),
1-Methyl-4-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yl]piperazine (ABCR
GmbH & Co. KG),

6-(Morpholin-4-yl)pyridine-3-boronic acid pinacol ester (Sigma Aldrich), respectively,

In the examples above, the company names given as sources have the following meanings:



10

15

20

25

Conposition Active ingredient 100 ng 15 Crystalline

| act ose 240 ng Avicel 80 ng PVPPXL 20 ng Aerosil 2
wornooNegeesi um stearate 5 ng 20 ----------- 447CTYgP2008/059705

Manuf acture: The active ingredient is adm xed with the

carrier materials and conpre83ed by neans of a

tabl etti ng machi ne (Korsch EKO St enpel durchnesser 10

nmm. 25 Avicel(r) is mcrocrystalline cellulose (FMC,
Slgrﬁg‘NdﬁgﬁlSﬂ?]‘nﬁ’AIMCorBXBP&Lr StSLAR LAY !

one, cross-|1nked SBASF Ludwi gshaf en,

Comﬁkx%gmbw@b%ﬁ Incs; PanHiegq, Califgrmiai bMe (Degussa,
Cheﬁ%‘?uﬁ&%‘y@he 359%81%‘3@)5@65%%/@@705 -62 CLAI M5

onpoun or mu NRS 5 (I) in
Frorﬂneeémcntlf@al:torttiﬁr§@Elvtélce|npoﬂ-ﬁgaWaPé|U§ARl is aryl or

ABCKERIIFLES ko: HBAR GAftHIE KRS Byt ed by

nor e groups epen ent y sélected from
hydroxyl car bonyl, am nocarbonyl, Cl-C7

Exagu:pt%y(%‘la@l hgﬂﬁ%@ﬁgﬁlﬁonﬁ%ﬁ& cg:?boczylalarnylngm g‘i Cg:l Cr

al kyI car bonyl am no, hal o, carboxy, Cl-C7 al koxy,

ros B S5 BAL 57 PR pas SRS L Btouncs or e

pre@tignb exbaiptsso:aspbg»tlv,elyc ardhrapared withane follo@hgCodnaidsifion, following
trﬁ ?Q(I am no-Cl-C7 15 al kyl, aryl-Cl-Cr-al kyl and
sta éEdeF?"B‘é Y- Cl- C7-al kyl, C4-Cl5-cycl oal kenyl and

C2- C8-

Composition
Active ingredient 100 mg
Crystalline lactose 240 mg
Avicel 80 mg
PVPPXL 20 mg
Aerosil 2 mg
Magnesium stearate 5 mg

Manufacture: The active ingredient is admixed with the carrier materials and compressed by
means of a tabletting machine (Korsch EKO, Stempeldurchmesser 10 mm).

Avicel® is microcrystalline cellulose (FMC, Philadelphia, USA).

PVPPXL is polyvinylpolypyrrolidone, cross-linked (BASF, Ludwigshafen, Germany).

Aerosil® is silicium dioxie (Degussa, Germany).
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cycl oal kynyl ; and when R3 includes two groups, such R3

groups nmay be joined together to forma ring which is
wo ewemdi133es R1L; wherein R3 is optionally substitecEEPHYS/059705

one or nore groups selected from hydroxyl, Cl1-C7 20

al kyl, aryl, ami no, Cl-C7 atFR{¢l-am no, heterocyclyl,

cyano, hal o, sulfonyl, sulfanyl, sulfoxide, di(Cl-C7)

al kyl am no, hydroxyl- Cl1-C7 al kyl, al koxy, di-Cl-C7

al kyl am no-C1-C7 al kyl; R2ciamasy!. heteroaryl,

het eroaryl -aryl, heteroaryl -heterocyclyl,

aryl -heterocyclyl, biaryl, heterocyclyl-heterocyclyl;

5 [ Ly substi t ut ed by one or nore

groﬁsggég gﬁﬁgﬁéﬁﬁﬁéély selected fromaryl,

heteroaryl, heterocycl®bl kylx Cl-C7 al kyl,

C3- C10- cycloalkyl am noc bon I, C1-C7

alkylan1nocarbonyl hal o, (Cl- al koxy, C1-C7

al kyl t hi o, hydroxyl Cl-C7 Rfonyl , carboxy,

car bonyl, cyano, sulfonan1de\an from

C4- C15- cycl oal kenyl ; and wheN i ncl udes 30 two

groups, such R4 groups may be jorsed together to form

aring which is fused to R2; WO 2009/ 013335

PCT/ EP2008/ 059705 -63 whereillh R4 is optionally

t re groups selected from

'nﬁﬁggﬁé&{++§a%fﬂygmﬂ ﬁéeFParyl, am no, Cl-C7 al kyl am no,

heterocyclyl cyano, halo, sufonyl, sulfanyl,

sul ' 5 isHorNH2. 2. A conpound in free or
R1 |§§(§[I%gbgt§r Cyél%’e formaccording to claiml1l wherein R1

is aryl or heterocyclyl 10 R being optionally

bst it ut (o .
RS AT o Ao 4 ASBESHRN i o
hydfeky|Cdarabhyt | mnncmhorh;d;r&l—& aihylammo(iﬁrb@?ylaaﬂwba@i -0 alkglamino, C;-

C, %@Q@kggthl{qgklgrnﬁuhfgr [ya%@nnogﬁ-g,a i&y%b%@/l% ncrﬁwa% carboxy, C-C;
aiko&?rﬂémlzwwjy G}Zby(é'lk)@d)éyyérbnw,aarbmnwmonwmmﬁslalk&blcyéno sufonyl,

| K f 15 sul f , | id .
s St oo i, Symasy, SHET0 mBl £ BRygino-0 -
alkyChnf-C, at kaikyaaha eetefocyCyl-al- Ey-blkylaﬂid-ol,\beycld%ﬂ(enybémcdegrcs-

in
evolo B B R8s BB 0 DSkt 255 bS5 rogetnerto
fompgtr.hgmlidhmsmg@a%put ed by one or nore groups selected
from hydroxyl, C1-C7 20 alkyl, aryl, am no, C1-C7
al kyl am no, het erocyclyl, cyano, halo, sulfonyl,

whe?élth%né’ bEtloﬂé'IIf/ Qﬁtbsﬁlﬁjted Sy 6@3 o%br@br‘é)ﬁb@@‘él@@ted ek bxyl, C1-C;

koxy - al kyl am no-C, - C7 al kyl ;
alkyhra(ﬂylpgm,ng @efiy au;ulaggpq ﬁe@r%gyﬁlyhcyano halo, sulfonyl, sulfanyl 'sulfoxide,

di(C+-C;) alkylamino, hydroxyl- C,4-C; alkyl, alkoxy, di-C4-C; alkylamino-C+-C; alkyl;

R2 is aryl, heteroaryl, heteroaryl-aryl, heteroaryl-heterocyclyl, aryl-heterocyclyl, biaryl,
heterocyclyl-heterocyclyl;

R2 being optionally substituted by one or more groups R4 independently selected from aryl,
heteroaryl, heterocycloalkyl, C4-C; alkyl, C3-C4o-cycloalkyl, aminocarbonyl, C-C7
alkylaminocarbonyl, halo, C4-C; alkoxy, C4-C; alkylthio, hydroxyl, C4-C; alkylcarbonyl,
carboxy, carbonyl, cyano, sulfonamide and from C,-C,s-cycloalkenyl, and when R4 includes

two groups, such R4 groups may be joined together to form a ring which is fused to R2;
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25 3. A conpound according to claim1l wherein RL is
optionally substituted phenyl or pyridinyl. 4. A
w@eovposes accordi ng to any one of clains 1 to BCTWARI06$/059705
R2 is optionally substituted phenyl or pyridinyl; 30
5. A conpound in free or satFB3or solvate form
sel ected fromthe group consisting of
N- net hyl - 3-[ 3- (2- phenyl - pyridin-4-yl)-imdazo[ 1, 2- b] py
ridazin-7-yl]-benzam de, 3-[3-(2-fu ran-3-yl-py rid:i
n-4-yl) -i md azo[ 1, 2-b] pyrid azi n-7-yl
wheJeinRé4es Rptionalinsubstitied bgongof Mo(esgrups selected from hydroxyl, Ci-Cy
alkyg ﬁi‘q}ﬁﬂéla% @}’él'kgia?]l rﬂ) xét)eﬁécyggﬂeﬁé?{olamhglg, s%nyl, sulfanyl, sulfoxide;
2009/ 013335 PCT/ EP2008/ 059705 - 64 ’
furan-2-yl-pyridin-4-yl)-imdazo[1, 2-b] pyri daz
RS |§1-I%I\Q|;] N- et hyl - benzani de,
3-{3-[2-(4-fluoro-phenyl)-pyridin-4-yl]-imdazo[1, 2-Db]
p | |
2. qu'%ﬁ euﬁ)c/ilm %r%% ol’\lémég‘%' \Sal’a%%rrﬁ@cggrdmg to cIau'Pn 1 dvgg% F f 2.
] pyr|da2|ne

Rt S 3hof BEEfbeds

N-{3-[3-(2-furan-3-yl-pyridin-4-yl)-imdazo[ 1, 2-b] pyri

d 7-y|] - phenyl h | f |
R1 %ear{gllggftqpn%w_ ﬁ}&sﬁ%eéiwn%%%érneﬁ{% Ig%@%sgﬁg r}d_elpﬁ{\(aearglg[sf!eﬂeod] from:
hydidxyli e&Bbiyl 2arinbearpomydi C-Qr slkylamipeoardonyleamino, C,-C; alkylamino, Cs-

C; qzhygglgo?tﬁfggylé%ﬁ] \#larg?%w%r%mtoh b?@%ﬂy%aYbonepéml% nhan )éa?boxy C-Cy
alko%y (b%n&&ldw @14111,@1|W|dxy8ar(:8nf| UdraiRoSulfohypgs-Odiatkyl cyano, isaioeyl,

Sulfgy] S & @nﬂhmmfwéw “QBVB‘P\’MRNVL Ay rudlfy pnfl G Agyiamine-
C d-paa | A HERZR B rvcludie$ 4wd ro@?s@déﬁ_ﬂ&@’ﬁ&pé/hby be joined together to
azo[ 1, 2- b] pyr| dazi n-3-yl]-pyridin-2-yl}-benzam de,

fornya rigg (’Vil‘lql?éﬁﬁiﬁe 8? Bdr azi n- 1- yI )-pyridin-3-yl]-3-(2-phen
yI pyrldln 4-yl)-imdazo[ 1, 2-b] pyri dazi ne,
- benzyl oxy- phenyl ) -3-(2-furan-3-yl -pyridin-4-yl)-
whemlag{,—_adf g;p%or@]lbwlps(glggqa%gy one or more groups selected from hydroxyl C-Cs;
a|ky1'5 a(ry?i éﬁuherk]:%}’érkﬂxmwﬁi Het%rcydy)clyﬁ cf @I REROXMORYE BMIFAry, Blfoxide,

dazi ne

dl(wqualhﬂammy yﬂf@mh G+G» elzylpﬂéwl dinGr-Cd Ry @Mino-Ci-bir @b
[ 1, 2- b] pyri dazi ne,
4-[7-(3-nmet hoxy-phenyl)-imdazo[ 1, 2- b] pyri dazi n-3-yl ] -

and[R2, ig'defilgchgs indilaigl 1.
3-[3-(2-furan-3-yl-pyridin-4-yl)-imdazo[1, 2-b] pyri daz
in-7-yl]-benzoic acid ethyl ester,

3. 3%[ Gniupkdercgbrdingrto dlaim - whereinrR diaptianalytsjpstitutgdzheny! or

] -benzoic acid ethyl ester,

py”ﬁ'% Wet hyl - {5- 3- (2-t hi ophen- 3-yI - pyri di n-4-yI ) -i ni dazo]
1, 2-b] pyridazin-7-yl]- pyridin 2-yl}-amne, 20
di met h

.- rﬁ %QA‘Q%C[LTQS cé?rrgi)ﬂgl é ;ﬂ‘}’ l?lrlrgs;‘? Ito§|3 Wh%re?ﬁ( E{'Zqé ﬁ?tlon\é'n} substituted

phenyl or pyridinyl;

Iyl -pyridin-4-yl)-7-pyridin-4-yl-imdazo[1l
ne, 5

5. A compound in free or salt or solvate form, selected from the group consisting of
N-methyl-3-[3-(2-phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl}-benzamide,
3-[3-(2-furan-3-yl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl}-N-methyl-benzamide,
3-{3-[2-(3-fluoro-phenyl)-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]-N-methyl-benzamide,



10

15

20

25

30

{5-[3-(2-furan-3-yl-pyridin-4-yl)-i md azo [ 1, 2-D]
py rid azi n-7-y I]-py ridi n-2-yl)-a mi ne,
wa@leowenssBs { 5- [ 3- ( 2- phenyl - pyri di n-4-yl) -i m daze§WER200§/059705
yrlda2|n 7-yl]-pyridin-2-yl}-amne,
4-[ 3- ( 2- phenyl - pyri di n- 4-yl Y 6#ni dazo[ 1, 2- b] pyri dazi n-7
-yl]-benzoic acid ethyl ester, 25
N- net hyl - 3-[ 3- (3- pyrazol - 1-yl - phenyl ) -i m dazo[ 1, 2- b] py

3- [S%QQ@%hf? - Vi-pyhdinken Em%[‘l 2- b]pyndazm [}-N- methyl benzamide,
met hyl car dyazo r| dazi

3- {3r{2-:‘s43f/|l1!|>mp%heinblh)ﬁéﬂcﬂﬂ'éa\ﬂb‘m@ﬁzp1 élpd"'d%'? %w'}a"rh”@ﬁé -benzamide,
3- (ngi'k {ﬁ}/ﬂ@bﬁtﬁﬁlﬂb =pyridin=Apamidakol1M-8pARidaziRe P1 Pyr i dazi n- 7

3-(2 un[an B-myidinahcyb-BHyrgin4-yiningdezel112-bl BIreFEngazi n- 3-yl ] -
N- {?pf?gtf!]%ﬁ g%ﬂin% w?ﬂmdﬁoﬂ 2- b]pyrldazm -7-yll-pheny J methanesulfonamlde,

ridi yi -1 mdazo|
3- {4}[7¢§majlaanasglfonylammo phenyl) |m|dazo[1 2 b]pyrldazm -3-yl}- pyrldm 2 yI}

benZan[ﬁE hoxy-4-(7-pyridin-4-yl-imdazo[ 1, 2- b]

pyridazi n-3-yl)-phenol,
7-(3Mtu$83-[alﬁsr(y2-%fﬂ-ﬂ)iO@hpy-r3Hd-ipMFidinﬂy4l-})l) imidarel'oR-blrigazve. dazi
7 (32&10'-7&/%'13 r&@??ﬂ%sﬂf\% gﬁéﬁ?riﬁ %gﬂqﬁ]@%‘é?[ l%l%%dzao 1, 2-b] pyr

7-(3iftl@ro-phéhyi)t 3-(Zephmeng ipytalin-4-y!)- |m|dazo[1 2- b]pyndazme

> {ﬁ?é@f'%@z%@vﬂmﬁ Pt s e T

7- [63(4(rﬁetbyl¥p|mhramﬁ3-w)l.pyndm 8H93-6[(2;hebyl-pyridin-4-yl)-imidazo[1,2-blpyridazine,
azin
7-(3 e[?éy ﬂ)é&@heéfyb-]’) gyﬁr%aﬁlygpmmq -4yl g[aio[i ZDIT]pyrldazme
3- (ZWfandayll-pfynamyti )/H-m'(erméthoxﬁpr(e?rypymlddzo{e -2Bb)plrdazine,
azo enzQi.c._.aci

7- (31m? gO{y;EW}yﬂ d% QD e d 25y %&%&b imldazo[q 2- b]pyncdazme

4- [ﬁabﬂmémmdmnm):’mwbio[n fﬂewlwr]daatnttawq}[m] Bipyridiny!, o

3- [3r{2-fu5ap]3 Hﬁ%{ﬁélﬂ}4 gbg‘glg%;qj£2eb]gyr dazm 7d3ﬁ]28 nlzo‘lzc ap A) ¥trh|yfjgs%tler

3- [3%2Lp71eb§i ;fyhammymhﬁayidn pIpIslaiEatin. 72yIPhenzoictkacid Bthgraktér; b

dmethy Pt RORNRERy Yy Ry eir gy raisroll 2 AIoW IR i Ry g apyi-amine
dlméth% d(@l{QQ{EJ ﬂﬁ?étﬁ!ﬁ‘—furaﬂ‘z[-y?)r éﬁ?ﬁ A_ugnmmla%[y |2)b]pyr|c{azm -7-yl}-pyridin-2-yl)-

azo| pyri dazin- nmet hoxy- pheno
amlrwe[ﬁ (4- rrethyl pi perazin-1-yl)-pyridin-3-yl]-3-[2-(1
{5- [%Ij(?PWra'W gl 2/1 Aydin-2RWLinHBof 2 bloyHidEaAR791 byAdinIy1}-amine,
dlmeﬂﬂl{/|6{5rf§1(%-lﬁ>bﬁmﬂrp4ﬂ@m 4y }-intidazoBl 3 bjrygdaziogorlpxsiding2-y(-agmne.
Y 0
4- [3‘3(5 ;J,?E (%Irﬂalq@ﬁ i—ﬂ'l) %ng il%a qﬂﬂrﬂ%zm a}él]o enzmc Tlci’ ?tlhallaezslt%r ;
N- meyhy] -3310F-py@zalel-d- rmelnyll) iraigaeg(1,2-b]pyri azm 7 -yl]-benzamide,

4- [7%3%%9@?%})%%1%7%%&65rﬂf&ﬁi’o[ﬁ’ﬁ%]%yr LA A7 B8] dife-DlRWIxdRe acid
metBylpBide4- hydr oxy- 3 nmet hoxy- phenyl ) -i m dazo[ 1, 2- b] pyri da

[
3130k ‘?\%Q ]'{ygsr[“gé‘?’l gm&%rzggeﬁt Bibby ﬁ%s”ﬁ HQ_IP;@P%LI dazo[ 1, 2- b] p
4- [W(BL@amxy-pT\ewlj -inigtazodil, l-bzpwlld}aznam-yi]ez -methoxy-phenol,
Jekl °rBrP&H9‘ 4y¥'ﬁ§c?§9%>‘”[413['émf§’% 2 G Piderns 72911 - benzani de,
2- m&doﬁy-h}(drgywlnei ylym)daéel[1&-I()]Zbyphazw-ls-ypypnmoh 4-yl)-imda
N- {37' PB {2 ch%oro pyPXIn Ad)ﬁflmldaz 5 b?pyndazm C}eyl] phenyl}-methanesulfonamide,
4-[7-(3-methanesulfonylamino-phenyl)-imidazo[1,2-b]pyridazin-3-yl}-benzamide,
3-(3-pyrazol-1-yl-phenyl)-7-pyridin-3-yl-imidazo[1,2-b] pyridazine,



10

15

20

25

30

{3-[3-(2-furan-3-yl-pyridin-4-yl)-i md azo[ 1, 2-b]
pyridazi n-7-yl]-phenyll-netha no 1,

wo p@9po33phenyl - pyri di n-4-yl)-imdazo[ 1, 2- b] pyr PCHEPI00§/659705
yl]-benzoic acid 20
3- [ 3- (4- hydr oxy- 3- net hoxy- ph€Ryl ) -i m dazo-[ 1, 2- b] - pyri
dazi n-7-yl]-benzoi c acid,
3- (2-am no- 3- (2- phenyl - pyrldln 4-yl)-imdazo[ 1, 2- b] pyr

71¢§Iﬁé|'n8'37y|¥|'rﬂld ogPiJB}’b ﬁlﬁ&%%@lﬁ-@en%ﬁ@e di ”Et hyI am
| no pyridin-4-yl)-

2- mefdja@bﬁ‘i?@ym Wryiﬂa@aﬁo[‘rzytﬂ]pyrlmarw)o@en0'
73pyh§|né%ghﬁﬁéfézoPN?_JbﬁjEWd‘thLé yIPJEbﬁ'ﬂﬁ@{aéd 2-b] pyridazin-7

pi perid hyl)- 25 benzam de,
1 [3N¥th<ﬂ1913 ylﬂm@gzﬁétaqlg,]pyrldazm -3-yl)-phenyl]-ethanone,

N- {?fi'z(ﬁgﬁy?éé% «gr-éhén% 7)(m°1 cfa%@yi bﬁﬁudﬁm Anphiniithéazalde,
3-[7XBfiRotoyriremy-inidage() st]pwo(azmlzmlﬂrpenmmm@u n-4-yl)-imnda

- B@%ﬁ @I]EQ{!B {Sdéﬁ'é%b Q%( lp]a?/rﬁ)glﬁﬁ Fﬁ b}p%nggzzlraf 1, 2-b] pyr
4- [7+(a—dlmom-ﬁhqnh/!|)—-lntmmmrﬁ-dtpyad@lz@@ yl]-2-methoxy-phenol,
e R B oy R g e g gRlo 2
b]pyﬁdazﬁne;orrpound accor di nlg to any one cI3a| ms 1 to 5 for
e PRs T SLEToE D e mr R SRR ez 2 blpytes s,
4-[3qB4pyrazel- ngl- ﬂwenyhmmdado[_acz:b)]pmda;lrt-byﬂi-bynmeacxﬂ ethyhester,
maceut i.c

2miod 4t SRty e 23R bt bengl . of -

3-[3q@My OroRg-3aa6thbRl-pigertyt)-imidazof162-bpyidainye- yﬂ] tteozﬁmanldtdtleyl ester,

gL 5oL £ ST SATEIN Gt e SERRD 2% amine

Zﬂhytcﬁ*oxy-étﬁylﬁaf’t% 9Wa20|u1¢ylctﬁ1@hﬂ9 irvitazo-[ 1t BBPpyridagin- Dyl]—benzamlde
or.na

N PRy L By HPE e ABIe20 T b S CHEA gy benzamide,
(3-[RARNPAH- B@gpﬂ{dlﬁ H?gtumib&szr@gwmhzﬁn ol p‘hﬁhﬂflrr%ﬂ%nol

associ at ed i ncreased cal_ci um | et1on or

-[3- @e‘&@f‘]ﬂtm’cﬁ'ﬁmo‘r Y'D‘ﬂm'ﬂ,ﬁ?%ﬁ 2RIPyrdezin: oWl B‘F”Zt? 'Y or mat i on
3- [3@ﬁ$ydﬁﬁb—‘3%€ﬁhﬁ)k%9ﬁé®'ﬂ n‘n'antzBfH QQ:I}%yh@az‘ﬂﬁwygﬂﬁanom acid,

onprisin adm ni st eri ng ound accor Zy
3-(2camaneo-(@rRtien- qyrlfi@ YDAz PaRpYTHEZ rfo U Tgthy-benzamide

?&Heﬁﬁﬂamlﬂo AR HhenyCoyriBinkA- 9?%@5@5[1]@[@@%" ida2th-Lyl]-
conmpound accor |ng to any one of clains
benzamigei sing 15 the step of: (i) reacting a conmpound of

3—[3&?{%@-%§%%ylﬂin§5%i 2GR 7 ARA] Blpi iRl b dy1)-
benzamide,
N-methyl-N-(2-methylamino-ethyl)-3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl}-
benzamide,

N-(2-hydroxy-ethyl)-3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl}- benzamide,
N-butyl-3-[3-(2-Phenyl-pyridin-4-yl)-imidazo[1,2-b]pyridazin-7-yl]- benzamide and
1-(3-piperidin-1-yl-propyl)-4-[3-(3-pyrazol-1-yl-phenyl)-imidazo[1,2-b]pyridazin-7-yl]-1H-
pyridin-2-one.

6. A compound according to any one claims 1 to 5 for use as a pharmaceutical.



Br N\ R IiNOHNRLI N R2~-B~-OH R1 X XI 20 under
Suzuki coupling and work-up conditions. Suitable
w@oodiotizens i ncl ude, for exanple, a catalyst PET/EP2008/059705
PdC12(PPh3)2 and Na2CO3 in a suitable solvent; or (ii)
condensation of a conpound ef6fornmula XII with a

conpound of formula XiIl: 25 WO 2009/013335
PCT/EP2008/059705 -67 O R RS NHZS5N:-"": 1l I N
7. @%rm&edﬂc@cdﬁhp%ltlbn WBRNpFisiAg %\t%ﬂip%ﬂhd ae&sthing "l‘o any one of claims
tions . HCO3 in a Suitable solvent;
1 to\ﬁm tar asinixtRre wma@harm@:euﬂ@alla@cu%ntawé@X@B@ob dmm or carrier.
respect to formula | in any one of clainms 1 to 5. 11.

The use of a conpound according to a1y one of clains 1
8. t &sB of arconpeundacdaiding teany ore odlimsanterft i the marufacture of a

5 meoﬁdga%n??&tthé)fr?ﬁ%egﬁgﬁgﬁéxgﬁgﬁr&f BBRS e&dltﬁH’sW@n Lsociated with

sease, acu sease, wound
increasied rcatciy degletmparreseretiork oin erghnzln steaé@lormfrbgestfwwtlon and

calc%ﬁ )t&%mﬁgl %b%% ngllspgé rab%C‘“ ar di sorders, corneal

I C nep ropat hy, inpaired neuro-| ogical
function, Al zhei rrer s di sease, atherosclerosis,

it d i.DL0OSLS.:
5 R B P pAPL BP0 e B
10  incréejedtdatciusn Geplailmdmrlesmmtimerdnhﬂpmstirmuiatlon_ of bone formation and
calcﬂgrgg%ﬁlgé?% e%&npé%gﬁwgg[?y%ﬂmms&goasqc ) rr\irs{%ﬁ?%%{cgmpguﬂg according to
any oh8P6lamns eads R bnicHiattive dneduit tsa patert @ necxbtherawdl
bone function, inflammatory disorders,

10. A process of preparing a compound according to any one of claims 1 to 5 comprising

15  the step of:
(i) reacting a compound of formula X with a Suzuki coupling reagent of formula XI:

N R5 R
. a
N -~ W Re
| /rl| OH | ]
R1 _B< R1 N
R2” “OH
X X

20
under Suzuki coupling and work-up conditions. Suitable conditions include, for example, a

catalyst of PdCI,(PPh;); and Na,CQOg3in a suitable solvent; or

(i) condensation of a compound of formula XII with a compound of formula Xill:
25
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scarring and photagi ng of the skin. 12. The use of a
conpound according to any one of clains 1 to 5 for the
worewaPassur e of a nedi canent for the treat mentCDEP2008/059705

pul monary hypertension. 20 13. The use of a conpound
according to any one of clarffé-1to 5 for the

manuf acture of a nedicanent for the treatnent of

pul nonary fibrosis or liver fibrosis. 14. The use of a
conpound according to any onepgof clains 1 to 5 for the
manuf acture of a 25 nedlcane t for the treatgent of

ost eopor osi s. m The uBé rrpound according to
any one of cl ai|ng 1t05for th rranufact Fgcé);a
medi canent fo tp\@' t r eat meng o’rX“ka nmuscl e
|
N
R17 N7
Xl

under convenient reaction conditions, e.g. NaHCO; in a suitable solvent;

wherein R1, R2 and R5 are as defined above with respect to formula | in any one of claims 1
to 5.

11. The use of a compound according to any one of claims 1 to 5 for the manufacture of a
medicament for the treatment of pulmonary hypertension, chronic renal disease, acute renal
disease, wound healing, arthritis, osteoporosis, kidney disease, congestive heart failure,
ulcers, ocular disorders, corneal wounds, diabetic nephropathy, impaired neuro-logical
function, Alzheimer's disease, atherosclerosis, peritoneal and sub-dermal adhesion, kidney
fibrosis, lung fibrosis and liver fibrosis, hepatitis B, hepatitis C, alcohol-induced hepatitis,
haemochromatosis, primary biliary cirrhosis, restenosis, retroperitoneal fibrosis, mesenteric
fibrosis, endometriosis, keloids, cancer, abnormal bone function, inflammatory disorders,

scarring and photaging of the skin.

12. The use of a compound according to any one of claims 1 to 5 for the manufacture of a

medicament for the treatment of pulmonary hypertension.

13. The use of a compound according to any one of claims 1 to 5 for the manufacture of a

medicament for the treatment of pulmonary fibrosis or liver fibrosis.

14. The use of a compound according to any one of claims 1 to 5 for the manufacture of a

medicament for the treatment of osteoporosis.

15. The use of a compound according to any one of claims 1 to 5 for the manufacture of a

medicament for the treatment of a muscle disease.



