| M DAZJ 1, 2- B] PYRI DAZI NE AND PYRAZOLJ 1, 5- A] PYRI M DI NE DERI VATI VES
AND THEI R USE AS PROTEI N KI NASE | NHI Bl TORS CROSS- REFERENCE TO RELATED
APPLI CATI [ 0001] This application rel ates

Pr ovi si on%oﬁé}%%?ug\ppl i cation No. 60/864,566, filed Nogféﬁfg)%&roﬁéo,ssws
2006, U.S. Provisional Patent Application No. 60/892,523, filed March
1, 2007, and U.S. Provisional Patent Application No. 60/957, 988,

ref arence in  naMPORROLFRNESRIBAZRIE BN RE A s NRMIDN, .

Field DERIVADNAS AN® PHEHR USH ABFROVEIN RINASE INHBISORS al |,
to conmpounds that inhibit protein kinase activity, and to

conpositions and nethods related thereto. Description of the Rel ated

Art QRO gﬁm ( W liferative di seases)
i s charact ercle%%éby un@ontro Pe%@g%ﬁbﬁ%ﬁlgg\mﬂon. This |l oss of the
nor rr}allt c?nt rol of gel [OOprleﬁzisera?piicz:tiooft@attﬁzpl[oaar $Jt,So| Posvigioras tHatent

result of genetic. dapag way s ol progress

t hrough t he%@é’f“l"aﬁa%ﬁg: gqfﬁg“ggbi ﬁ%@ck‘@"%’@hgf g)t g&g&' Bl@k éwﬁfm et

et ort ed £ o B e a1 2 AL RIS h Tkt
mtosis andA@Pii@ﬂi&ie G 604572988, filed; mthLGMZé,eIZO@Y, ‘@adh sifepsich arbe

cell cycle contralled b n_orderly. cascade of protein

phosphor yl aﬁcg’wﬁﬁi?d?é%famyyfleg%ﬁﬁ‘?%@ %é“ﬁPﬁE‘%ﬁﬁ- ki nases are invol ved
in carrying out these phosphorylation steps. In addition, the
activity of man grot ei n ki nases increases in human tunors conpared
to nor nal tﬁ?&i%e FYNRCE THEINYSEM1Q8 i vity can be due to many
factors, including increased |evels of a kinase or changes in
expression of co-activators or inhibitory proteins.

[ 0004] Cel | JebaniealHigtiei ns that govern the transition from one phase
of the cell cycle to @@ﬁ%{ﬁ{ For exanple, the cyclins are a famly
of proteins whose con & BFRSEN dpAYien Jistpte cineareerah te LepmeRAUNdR
cell cycle. el d-Ags: t ' t.l 1 £ fe
cyclin- depeﬁ;(?gﬁ? ﬁlg[r%o%rgiﬁeﬁﬁ ﬁdr%ggg%d?%(%)ﬁ}d ?‘ﬁ%ﬂﬂ’f}dog% (S)réf/ a{n eé{i t%%sfeﬁéz}%gs
essenti al f orergioogr essi on through the cell cycle. Activity of
specific CDKs at specific tinmes is essential for both initiation and
coordi nated progress through the cell cycle. For exanple, CDKl1 is the
most  prom nerkclistidn ehteé RelRed gt or that orchestrates M phase
activities. However, a nunber of other mitotic protein kinases that
partici pate i n M phasi@0RalMeansssn @dent piheed, hviernlifermivededigenins) s isf
the polo, a I = Lin= M. k S- famli a i n
ol | cat ed Cictecter?Rd o MeoniBue s oMitenatdty is3is bfheditiul) BOR
[ 0005] Pi m bf pals esoliferation oRemabparsmaieocdiirmas2thel Rk of deiefc Kamage)to
are a famly of oncogenic serine/threonine kinases. Pim1l kinase is

known to beCPhPGtRMERYS thal ¢antieh Pregress (thiqueb Hiegrall iovglepatThragall s¥cle

of "The ol ey o DRSS B8 Fhestl S dUGRRCIPAS (ML PamRz he

I bi'tion of dpoptdsis an ron o
si gnal transdusynthetipattods sfeired kwds ggpi t 65 Ovend Bap2l(G2)ndhe Mephakso

known to effect activatign.of trapnscriptjon factqrs such as AT, .
P10, o- Wybrsrmpas St il AR IsHReSGt (SBPRenuBrva<cRIBL . ANl
expressi on e BaiMbjolk i@ TdntrollEBY dnfoeiehy %a@éa&teaﬁb%ageﬁﬁo%pﬁﬁsrwzan
such as fetal liver, thynus, spleen and bone nmarrow. Additiohally,

expr essi on PBd ssayeralnfaprilisst af epraiein dinsseeparehisiviolviedcinl carrfing: dutkiheas e
is believed i avol v in the jnitiation or. progression of ,.

nal i gnant tPgﬁss&'g)m%ﬁ?rLrﬁ?%adi hb atdgﬁlr?ﬁt ﬁbﬁaﬂ%tfvétg Pﬁ%"'ﬂm‘l 5Bl inases

| ynphoma, plrefdares pana®an s Caomiredand AbinhalSissuar 884 GRk! increased

| ynphomas, anpng ot hers. [ 0006] Based on their

i nvol venent a¢tivity GamnbR dusftonaay faaipisg ineiding inareased leyels ofaxkinpee or
changes in expression of co-activators or inhibitory profeins.
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[ 0011] Another aspect of this invention relates to a nethod of
I nhi biting protein kinase activity in a patient, which nmethod

conpri ses r| ng to the patient a conpound descr L. or
a pharmaceut’l cgﬁi% accept abl e conposition conprising sail)%ﬁg% 6‘%#(&3
In certain enbodi nents, the protein kinase is a PimKkinase.

[0012] These and ot her aspects of the invention wll be apparent upon

reference to the foll t Ieddscr tion and, attac ur es.
To that end, certain @gp@ﬂ?edlf? ﬁag? H)e(? ng%veé'? ghﬁltf@f TPy &P o
nore speci f pﬁaéé Yof 98¢ cERrdybleviy AfdthedsS F@G"e%aﬁfplé hthe dyBlNbieOB.- faf§ hof
of these docunents is hereby incorporated by reference inits

entirety. BRIGRINDFATREEPNCRNtEIIOTBENGRASY ATSdeoeess trpughaut thespelleycle.

[0014] Fi gur 8o BVl Rk o8¢ b et ¥abiopliatel Fhe Hiréfest YR EE ngept aigrein
VI1) for sekimabey(CPKapthabphosphonylate afbsﬁatesr@%&hmmw;negmdloﬁyhmgne
kinases in a radionetric ass

Figures 3-5 show
the resul t stherel RECIBhAGINEY lgépg?'ﬁ‘i; D 6?15W'ﬂﬁ 'I‘eéeﬁs I%S?Wt@itf ghoth
wi th Conp
BESOr T o getiEngstd dactdinaipréigrss h U i %ﬁt)@c%ﬁ rt]&tggq Ple, CDK1
general as pecheaho‘sharomzesrﬁrﬂeih cyeentegoiatort thet ercliestrates Wighbdse aetidiies s
useful as protein ki nas i tors,.and conpositions and. nethods
el ati ng t hePuEYe & AERHE! Gt RUSHA ReriER R aRarePal PACCRRE Mg phase
forth in (1 hats b%bh)ldéﬁﬁ@ﬂf wHith include members of [tR olo, 'élfrb#&j'd?ﬂl NIMA
st ereoi soners, prodrugs and pharmaceutically acceptabl'e salts

t her eof , vxhﬁﬂ@ver{m{MlB]SI%) JamiliesSand, kisBesr iIngaizated in mifalic] ofeqRppts,
- OH, halo 0, Jhal oal kyl. | koxy or hal oal koxy; [0020] Rl is

car bocycl e, ngt{%gte?( %rbagcyﬁélﬁg%%%l e, heterocycle, or substituted
heterocycle; or a strghs|Rins Hitfeed (6.59NPim-1 kinase, Pim-1 0fizide, Whiai-8
Rl' is ap, oor in substitution with one or npre occurrences of

hal o, - 0CF3kinaggHae a_fgmily ofcengpgenig-perinelhpeoning kinagesHd,im-NiEgseHs

or -N(CH3) 2 : 0 'Cg%gc (o
- ( O—|2§ n- cixcf"&%‘%’ﬂtm be %ﬁcéﬂaoﬁ{ﬁy - 8]—-!? xg@%@?%@% a a
Eagg n- ]Pi pdi:)wnyirgm(dﬂéﬁiqu Cpmqmau:tdyaut_?d leﬂﬂkgas@icpe%pmression c>fI the
n-fur - t.hi ophene ri nPYr i m Y
- (CH2) nOCHB%en Bﬁg@) itier of @EPp ﬁﬁ(@%m& piaheonofher glanal tsnsdicgn
and each of Oiﬁ%uamgf&é %ﬁmarﬁnpﬁ)tldr%é@'lé)éls%%ﬁiw:{t&@ﬁbd«t\ﬂabf'\/éﬂ&ﬂ gt

nore SUbStIPUGI’]tS or a ructure selected from where L is optional

and, if pretansrigtien fsptom sath @s ORT, RBOG, c-biyk and Repd, @pdiionialtion of

ﬁg?:ﬁ gi;grgsmea}gd%&{cl | hgl%ﬁfl%o?)gq%%ioﬁ%?$l Ptk?h &35 %%}4%%9!!3 of
hematopoietic origin, such as fetal liver, thymus, spleen and bone marrow.
Additionally, expression is seen in prostate and oral epithelial cells Pim-1
kinase is believed to be involved in the initiation or progression of malignant
transformation leading to malignancies including Burkiit's lymphoma, prostate
cancer, oral cancer and diffuse large cell lymphomas, among others.

[0006] Based on their involvement in a number of human
malignancies, there is a need for the rational design of specific and selective
inhibitors for the treatment of cancer and other conditions that are mediated
and/or associated with Pim kinase proteins. The present invention fulfills these

needs and offers other related advantages.



[ 0023] Unl ess otherw se stated the following terns used in the
specification and clai ns have the neani ngs di scussed bel ow

[0024] "Al y rs to a saturated straight or branch on
radi cal of&%%@0%§£§%x carbon atons, preferably one to fggyﬁ%%ﬂ@@2h9
atons, e.g., nethyl, ethyl, propyl, 2-propyl, n-butyl, iso-butyl,
tert-butyl, pentyl, hexyl, and the like, preferably nethyl, ethyl,
propyl, or 2; L, resentative saturated straight chain al kyls

i ncl ude net Eggﬁﬁvpﬁﬁﬁfpropyl, n-butyl, n-pentyl, n-hexyl, and the
like; while saturat ed[d@OﬁFFﬁl@@f'@éelﬁYirﬁlehﬂ@ﬁ idgensrany aR¥dted 36 CoRipolihds,

i sobutyl, tert-butyl, isopentyl, and the |liké. Representative

sat ur at ed cydHi phaimggestticalc comeogifiens aspRrising: sl mpryroundgc vdiesat e,

 kyts 1 nel SAPEyREY il R oo B afFewt O IATRERELS! Yo ©

the like. Cyclic alkyls are_also referred to herei,n as a

"cycl oal kyl ." Unsat urat ed as s ggntain at | east bl e or

triple bond between adjacenf™carfbon\atons (referr tQ asyan

“al kenyl " or "al kynyl R, reshecti ely.) Repr gsent atd ve rAai ght chain
, 1-

and branched al kenyl s i n&"udeN"et Ayl enyl , propyenyN ut enyl ,
2-butenyl, isobutylenyl, 1-pentenylR; 2-pentenyl, 3-nethylr,1-butenyl,
2-met hyl - 2-butenyl, 2, 3-di methyl-2-butenyl, and the like; while
representative straight chain afldl branched al kynyl s i(Htl ude

acetyl enyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl,

3-net hyl - 1- , : i 1.0 I Y S
a linear saﬁﬁ%{?& s&?\%'ée&nﬁe%yg& 835"@30@ nP a&h85+9€%ﬁ%ﬁ“ t%“%gﬁ%%(lzea;%on
atons or a kiveaasohedhessih R, &R, dnd o aretadyedinedardbsin. radi cal of three
to six carbon atons, e.q.._nethylene, ethylene, 2 2-dinpethylethylene,
oropyl ene. - met hy! pr BOPBLFREseaypaiings gfdhe praseat iumpianaver wlly over
preferably ; e

eyl oal kyl 23 S Fahge B Mer B o dpeCaRHSARq may bp ysed to i @ffases
three to ei ghth cartancesat that are mediateg aAtdpastpinl part pyl bty kinase activity.
cycl opentyl ,or cyclohexyl . . 027], " Al koxy" ans, a .
i cal - RSN e, Aengat i the TR hey BRSNS SosEbRg fprein
et hoxy, propexYorpRidted asasHhrinaelitidsBy acceptable compc[s@c%%]hfoi"' E@fnfhistFERAS

fluoro, chloro, bronp, or iodo, preferably fluoro and chloro.
[ 0029] " Hal o4 Rypubjegbimmeed theteofubstituted with one or nore,

f er abl , t jf . , :
Poect - Cra - orporaloODB BoanGME, Slnekh ¥ BVenth bBUREE pyfs for
" Hal oal koxy treategsorapfevehtitd a PRiteintheinas&mediated digbasy, ksilchaas dedfricegd

above, e.g., trifluoronmethoxy, trichloroethoxy, 2,2- dichloropropoxy,
and the | i ka&hich method comprpmgaﬂmm;g&gnng tRenpatient i pped pf 3’€§(*‘0§ x{

Rb i s hydroge r oal i ej . I
acetyl . tri Pl o Redlool SbeLRg outt o B fpg At tBscrbel heicff ) o
"Aryl" refepbatroacutiablly cacbpiable rrooypdsitonocompsisitigr saig mompowndi ¢ in

(i.e., rings which share adjacent  pairs of cagrbop atons). groups, .of 6
Lo’ 12" car boReHrBrEmRANTIRy TS, Genplobial §rassreaatec dpease e & Si <y Srse
Exanpl es, Wiidupatbd ldigabal 4R asth PRV KiBAQRUBSprasSnd BaRer, Napht hyl and
ant hracenyl. The aryl group may be substituted or unsubstituted. Wen

substituted, the aryl[0§i6lpnotbesaspadt ofithedinkentiororedates tenintdbiting protein
substituents. thi.s.termis define el ow, e preferabl n t

or three. e bIRSRURIVY B Aridod el St Wi SRl Rind R dortAtion. 8
sel ected fr emiddi€al OsMHPle CRMIS 5 coMpoahd aldsklibddvihersth Not AepBdnodcelBoallpe
optionally substituted with one or two substituents), hal oal kyl,

hal o, hydr oR§SeRipRIExSPMPRSIliGHEIMPESIRG 1SBIH 6oMBoURD, AGpraimempadiments,
phenoxy, het[ﬁ&%wh kil{}g&e}igﬁ,ﬁwn%g, hal oal kyl , hal oal koxy, carboxy,
yl, amno, alkyla [

al koxycar bon m no di al kyl am no, aryl, heteroaryl,



t hi onor phol i no- 1, 1- di oxi de, 4-et hyl oxycar bonyl pi perazi no,

3- oxopi perazino, 2- imdazolidone, 2-pyrrolidinone,

2-oxohonnpﬁ% t et rahydropyri mdin-2- one, and t i vatjyes
t hereof . | cea%gln enbodi ments, the heterocycle groupqﬁg%%%hW@%gﬁfy
substituted with one or two substituents i ndependent|y selected from
hal o, al kyl, al kyl substituted with carboxy, ester, hydroxy,

al kyl am no, saturated._qr, sat ur at ed ,het er.oc am no, saturat r.
unsat urat ed het er ocycﬁ@&ﬁf’gﬁf‘?@@p%‘ft ?thg] ‘éﬁﬂ%HB fates T 4 Méthod of
[0036] " Opt irfiitiing Oprot<ift kingaé | ¥0t|\}’f?a"l'$ & hghtiddie MBS eABd Yeomprises

descri bed event or circunstance may but need not occur, and that the
descri pt i onapménistgeng ththepriiest merrwound mgmeﬁnereinrwmmameumuy S

and instanc heterocycl

optional |y gg%és‘{{?%t 6251;5&3 tﬂo ﬁorﬁﬁ §)F5§F’Eﬁﬁ°'ﬁﬁ8‘é'?ﬁ% SENAeS @hﬂ?fﬁ’eﬁg{;
but need nothexgropsie&ipake iLa®irmeaescri ption incl udes situations
where the heterocycle rou is substituted with an al kyl group and

situations where the QB | &y piiep asBestsof Sud dventior avilvbe eppaEent
al kyl group,, S

used herein rérr]%feé%nceotfo *ﬁ% %)%'\bg%gért%q? d 8%&?{’6?‘ aﬁﬂ bzﬁ{a'ché!& ?ﬂure% To
het eroaryl , tl'tmmm;ycé&alnhpatenbwtd eythat dopumbetseiane actlteh!eaete;mrle more

hydr ogen atoml rep with a substityent. In the case of an oxo
Stbst Tt uent Spocifrdy BaBforaruign Bsbe okis MuniRsdEsoraiibess derreenis
within the %q{grgw [&Brﬁd?ét@dlwvrgfgré% hqﬁléi'ﬁ‘?etpal ogen, hydroxy, oxo,

cyano, nitro, amnho, kyl am'no, dial kylam no;, al kyl, al koxy,
t hi oal kyl, hal oal kyl hydroxyalkyl aryl, substi t ut ed aryl,

aryl al kyl , substituted heteroaryl,
het er oar yl aﬁg{ﬁ# béz—tl#o@g* %@E)ﬁlﬁaﬁ @W%él het er ocycl e,
substituted heterocydbeis hﬁ@lﬁb@&l@d\@?’iﬁh’h kn%ﬁéﬁhhb“é%chctlwty clg |Icl:listrg|)t|\6ela?f

het er ocycl eal kyl, - NReRf, NRe C( O)Rf 44ReC(=0) NRe
_NReSO02Rf, CORBOUNS 0)Re - C(0)ORD, - C(=0)NReRf, -0C(=0)NReRf, - SH,

- SRe, -SCRe, -S(=0) N 2 (

and Rf are the sane gaoé‘l}lféé@én&ahﬁﬁ%épen en$S %&ﬁ?%g\éﬁ‘% ﬁh@

hal oal kyl , ¢ldisé i\m)tfed selddfility agginst supanélt oft Sénﬂélsr hreonind ah&iywrosme
substi t ut ed aryl al k het er oaryl, substituted heteroaryl,

het er oar yl al"k‘# L%Eafq'qrﬁ?fé’ﬂ A5&8%r oaryl al kyl, heter ocycl e,
substituted heterocy |

het er ocycl eal kyl . qbg%]h%%ﬁcyg f@&‘ﬁ?ﬁ%arlgﬁull ﬁg'}[‘é} %}jho Bad gharl]lgng
accor di ng t ondMV-det'uealls tiagatechwith Qdmypolinds 7ut® 729 M?-Bbemshecta'ely
are set forth bel ow. [0039] In a nore specific aspect
of structures (1) and (I1) above, Rl is a 5-6 nenbered saturated,
partially upsaiurEd eESORIFTUON/OFTHE WAERT|@Rnocyclic ring having
0-3 heteroatons, where the heteroatons are selected from nitrogen,
oxygen and sul fur. [0016]Accordingdaca gamegalnasnect oédhe i presesseiovertion,

structures a 0

i th one.or ek o35 alibYigBRCKSiptiinds et 2 BIAHRE Kt iR and
NO2, - N( CI—lBk@npoNiﬂas aMHS@I%& retingQRere HE ompdiAds®f thé@ention have
- CH2NH2, - pi.perazi ne or norpholine.

[0041] In asﬁﬁ%t@%p?@éfﬂrb‘”égﬁéélﬂ) RAloW: ruct ures (1) and (11) above, R1
is an optionally substltuted pyrazolyl furyl, thlophene pyridyl,

pyrimdyl, or indolyl groul [0042] I speC| fic
aspect of structures (I) a (1 ove, Rl has t S ru u wher e
Re represents one or ti al/ ubstit nts |

speci fic enbodi nent, x p," N or substi tu TH m)re
occurrences of halo. -OCF3 - CF3, RQCHS - OCHF2, NH2

-000H3, -NHSQ2CH3, or - N(CH3) 2. [0043] In a rmre

speci fic aspect of structures (q) and (11) above, R2(li)s



[0047] where L is optional and, if present, NH, S, 0, SO or 302; and
Cycli is a carbocycle, substituted carbocycle, heterocycle or

substitute cle, and in a nore specific enbodi I.S, a
5-6 nenberglglzggﬁﬁd&?%?ed, partially unsaturated, or full Sﬁﬂ[ﬁg%@ﬂgéﬁad
nmonocyclic ring having 0-3 heteroatons, where the heteroatons are

selected fromnitrogen, oxygen and sul fur. [0048] In a

nore specific aspect gf ructures, (1). and (I11) .above, R2 has a .
structure sel ected fr®rgl1§}mcludmg Steg‘e%’ﬁ?ﬁ'@ﬁs'IW)ofj[HgtSh@PdsB%?fchgm'ca"y

enbodi ment s getethblecialts @seredd) whaek:(11), X is NHand RL is a
substituted or unsubstituted ﬁhenyl where R is as defined above and
Rl' is absent or reprEB9dalX ioNH, 5;%&%, o8Bst i t uents), and the

conpounds have the follow ng structures (1-A) and (11-A),
respectively: (1-A) (I0018)Rds Ha-Glichaloi dlsylehaloplkypidaksgxypor haloalkoxy;

pharmaceutically acce alt thereof . 05 [ n re
speci fi c enbodi nent s @b@?i [-316\)3 gﬁ'&bW?lgA)s,ubﬁ'tl"gedaﬁr)?f’c%‘g%hR%f@r?ﬁi(f: |of
and the congabstilgtel MeterbbgcléArl Puturturetdeltad #6mf | - Aa) and (11Aa):
CH3N--"N (I-Aa) (lIl1-Aa) or a stereoisoner, prodrug or

pharmaceutically acceptable salt thergof [ 0051] In nore
speci fic enbodi nents of (1-A), (Il1-A), KI\- ) and (I11Aa), Rl is
substituted phenyl having at |east one p2¥0 or m substituent selected

from hal 0. -0CF3, -OCHF2, -CF3, -OCH3, -NRg, -NO2, -OH, -COCH3, -
NHSQ2CH3 and -N(CH3)2, and in an nore specific enbodinent RL is

oo CLES PN, R el BT L el o BB e L
enbodi ment Bicursereekef thatb, HARR,, -OCHF,, -CF3, -OCHj3, -NH3, -NO,, -OH, -COCHj,
-NHSO,CHs or -N(CH3)s.

[0022]R2 is -(CHg)n-cyclopropyl, -(CHy)s-cyclopentyl, -(CHa),-
cyclohexyl, -8S02-CHa, -S03-(CH2),CHa, -(CHg)n-piperonyl, -(CHy)n-piperidyl, -
(CHz)o-piperazinyl, -(CHz)n-furyl, -(CHg)s-thiophene, -(CHa)n-pyridyl, -(CH2)n-
pyrimidyl, -(CH2),OCHa, -(CH2),OH, or -(CHz)oN(CHs3),, wherenis 0, 1,2, 3 or 4
and each of the above moieties are optionally substituted with one or more

substituents; or a structure selected from:



[0052] In nore specific enbodiments of (I-A), (I1-A), (I-Aa) and
(ITAa), R2is -(CH2)1, 2-piperid-4-yl, substituted

-(CH2) 1, 2- yl, -(CH)1,2- piperazin-1-yl, or

-(CH2) 1, 2- g:";’g“?%‘%ﬁﬁ , such as npoiety selected from Fgﬁﬁézﬁy%@gﬁn
More specifically R2 |s selected from [0054] In
still further specific enbodi ments of structures (1) and (Il1), Xis O
and Rl is a subg tuted gu unsub%hltut ed phenyl (where Ris as

defi ned above ahd RC i s/absent reprggent s one N ke, N,
subst it uent ourﬁd& have tg@{\l\}’ow ng tg{ ture$/ - B)
and (11-B), [ R ( - B) astere prodrug or
phar maceut i cal | y acceptab sal t t'hereof. [0055] In nore
speci fic enbodi nents of (I-B) and (II-B) is al uch as

and t he conpoun ve the f ﬁf?ﬂr es éﬁfﬁ%and i; BE) =
(1-Bb) (I I-Bb téi‘f@mL or phatwmceuti caI

accept abl e salt ereof [0056] In nmore specific

enbodi ments of (1-B), I-B), (I1-Bb) and (I1B-b)
phenyl having a ep substi
-0CF3, -OCHF2, ~CE3, -(OCH3, ;NI 12 - N2>

i s subs A ad
ct ed f .' 0.
P _ ( - “NHSEZCH3 and
-N(CH3) 2, and 1n an nore speci odinent Rl is ubstltut ed phenyl

having at |east one p, o or m substl tuent selected from -

-OCHF2, -CF3, -OCH3 and -OH, a |f|c MI rrent RI

sel ected from @i”\' [0057] ;@E}fl2 nb’ ts
of structures® b) and Bb) R271s

-(CH2) n-cycl oprjopyl, - (CkHt cycl opentyl, -(CH2)ncycl ohexyl,
-802-CH3, -802 CHZ) nCH3, -(Cf2)n-piper onyI , -(CH2) n-pi peridyl,

where L is optional and, if present, NH, S, O, SO or SO,; R; is one or more
optional substituents; and Cycly is a carbocycle, substituted carbocycle,
heterocycle or substituted heterocycle.

[0023] Unless otherwise stated the following terms used in the
specification and claims have the meanings discussed below:

[0024])"Alky!" refers to a saturated straight or branched
hydrocarbon radical of one to six carbon atoms, preferably one to four carbon
atoms, e.g., methyl, ethyl, propyl, 2-propyl, n-butyl, iso-butyl, tert-butyl, pentyl,
hexyl, and the like, preferably methyl, ethyl, propyl, or 2-propyl. Representative
saturated straight chain alkyls include methyl, ethyl, n-propyl, n-butyl, n-pentyt,
n-hexyl, and the like; while saturated branched alkyls include isopropyl, sec-
butyl, isobutyl, ferf-butyl, isopentyl, and the like. Representative saturated
cyclic alkyls include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, -CHs-
cyclohexyl, and the like; while unsaturated cyclic alkyls include cyclopentenyl,
cyclohexenyl, -CHz-cyclohexenyl, and the like. Cyclic alkyls are also referred to
herein as a “cycloalkyl.” Unsaturated alkyls contain at least one double or triple
bond between adjacent carbon atoms (referred to as an “alkenyl” or “alkynyl”,

respectively.) Representative straight chain and branched alkenyls include
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(CH2) n- pi perazinyl,-(CH2) n-furyl, -(CH2) n-t hi ophene, - (CHOn- pyri dyl ,
(CH2)n-Pyrimdyl, -(CF2)n0OClI-13, -(CH2)nOH, or -(CH2)nN(CH3)2, where

nis 0 1, ?/{%51?} and each of the above npieties ar ey(%ﬂ’é%%@sé‘és

substitute one or nore substituents; or a structu
from [0058] In nore speC|f|c enbodi nents of (1-B),
(rr-B), (1-Bb) and (I1-Bb), R2is -(G 2)1, 2-piperid-4-yl, substituted

(S0 2 DS otbyend e, RO b reBalL i,
reAyY. |i' Kz 3-methyl-1 Hﬂ’céﬁﬂlz%ethiil 2%9%5191 %rcﬁméggfmzfmﬁa%wyaﬁa ihe like;

selected from reroeorr I'n yet further
specific enﬁﬁﬂﬁﬁ@ﬁf@e@fm@?rsﬁ@ﬁme@qm Bndnkrapehed akynﬂssncésdp @celytnyl,

absent or 1 &Rk, EbERn, 2B, RS RRE B vt S B 2ne
have t he foftHx@ukeng structures (1-C and (I1-C), respectively:

[0025] "Alkylene" means a linear saturated divalent hydrocarbon
radical of one fo six carbon atoms or a branched saturated divalent
hydrocarbon radical of three to six carbon atoms, e.g., methylene, ethylene,
2,2-dimethylethylene, propylene, 2-methylpropylene, butyiene, pentylene, and
the like, preferably methylene, ethylene, or propylene.

[0026] "Cycloalkyl" refers to a saturated cyclic hydrocarbon radical
of three to eight carbon atoms, e.g., cyclopropyl, cyclobutyl, cyclopenty! or
cyclohexyl,

[0027] "Alkoxy" means a radical -OR, where R, is an alkyl as
defined above, e.g., methoxy, ethoxy, propoxy, butoxy and the like.

[0028]"Halo" means fluoro, chloro, bromo, or iodo, preferably
fluoro and chloro.

[0029] "Haloalkyl" means alkyl substituted with one or more,
preferably one, two or three, same or different halo atoms, e.g., -CH.ClI, -CFj,
-CH2CF3, -CH2CClI3, and the like.

[0030] "Haloalkoxy" means a radical —OR, where Ry is an
haloalkyl as defined above, e.g., trifluoromethoxy, trichlorcethoxy, 2,2-
dichloropropoxy, and the like.

[0031])"Acyl" means a radical -C(O)R; where R; is hydrogen,
alkyl, or haloalkyl as defined herein, e.g., formyl, acetyl, trifluoroacetyl,
butanoyl, and the like.

[0032]"Aryl" refers to an all-carbon monocyclic or fused-ring
polycyclic (i.e., rings which share adjacent pairs of carbon atoms) groups of 6 to
12 carbon atoms having a completely conjugated pi-electron system.
Examples, without limitation, of ary! groups are phenyl, naphthyl and

anthracenyl. The aryl group may be substituted or unsubstituted. When
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or a stereoisoner, prodrug or pharnaceutically acceptable salt
t her eof . [0061] In nore specific enbodi ments of (I-C)

and (11 QE&@&@‘{?&L’? such as nethyl, and the conpoun(gggﬂﬁ%zso,@g%n

fol |l owi ng (I-Cc) and (I1-Cc): (I-Ce) (11-
st ereoi somer, prodrug or pharmaceutically acceptable salt thereof.
[0062] In nore specific enbodinments of (I-C, (11-C, (I-Cc) and

Subst i1 uent “BPEHER e 55 ol ¢ pBRYh s Biipsre exgore Bupdtiinips this
-NG2, - OH,  1&aPi3defimebitbaiReBorN Brefd¥abliong, 146 @r tite@NeVEN RofPSieidrhbly

embodi ment Rl is substituted phenyl having at |east one p, o or m
subst i t uent el @cive spbgiventedrdependerity selectes] froCie gradip- @Msisling 6fn

e . ¢ . ¢ . 3
F0005) 1h et GERhORE Ry Db S b bEferAf l bubstitftei witp, pney or two
(1-Cc) and @lbstagntsRhalcalkyl, Gridd el exg RIKOXY] merddpte) dik@ihed, apansd Yoy,
-(CH2) ncycl ohexyl , -S02-CH3, -S02-(CF2)nCH3 hﬁg(%_@hl - pi peronyl ,

- (CH2) n- pi p&#tidly P}‘ef‘?WZPﬁt%‘P%‘ﬁ aEPW‘P?WP@Hé) ,hal(i‘??'k@syz/t garboxy,

BT SHRPIE, amih Sy ] AL, (AR &
heterocycle (wherein the aryl, heteroaryl, carbocycle or heterocycle may be
optionally substituted).

[0033] "Heteroary!" refers to a monocyclic or fused ring (i.e., rings
which share an adjacent pair of atoms) group of 5 to 12 ring atoms containing
one, two, three or four ring heteroatoms selected from N, O, or S, the remaining
ring atoms being C, and, in addition, having a completely conjugated pi-electron
system. Examples, without limitation, of unsubstituted heteroaryl groups are
pyrrole, furan, thiophene, imidazole, oxazole, thiazole, pyrazole, pyridine,
pyrimidine, quinoline, isoquinoline, purine, friazole, tetrazole, triazine, and
carbazole. The heteroaryl group may be substituted or unsubstituted. When
substituted, the heteroaryl group is substituted with one or more substituents as
this term is defined below, more preferably one, two or three, even more
preferably one or two substituents independently selected from the group
consisting of alkyl (wherein the alkyl may be optionally substituted with one or
two substituents), haloalkyl, halo, hydroxy, alkoxy, mercapto, alkylthio, cyano,
acyl, nitro, haloalkyl, haloalkoxy, carboxy, alkoxycarbonyl, amino, alkylamino
dialkylamino, aryl, heteroaryl, carbocycle or heterocycle (wherein the aryl,
heteroaryl, carbocycle or heterocycle may be optionally substituted).

[0034] "Carbocycle” refers to a saturated, unsaturated or aromatic
ring system having 3 to 14 ring carbon atomns. The term "carbocycle”, whether
saturated or partially unsaturated, also refers to rings that are optionally
substituted. The term “carbocycle” includes aryl. The term "carbocycle” also
includes aliphatic rings that are fused to one or more aromatic or nonaromatic

rings, such as in a decahydronaphthyl or tetrahydronaphthyl, where the radical
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2, 3 or 4 and each of the above noieties are optionally substituted
Wi th one or nore substituents; or a structure selected from

[0064] In i.fic enbodlrrents of (1-Q, (I1-C, ()

(rr-Cce, Rg%: 3@%) 12-pi perid-4-yl, substituted J’C'[C):ﬁgzﬂmgsws
-(CH2) 1, 2- pi perid-4-yl, -(CH2)1, 2- pi perazin-1-yl, or substituted
-(CH2) 1, 2-pi perazin-1-yl, such as noiety sel ected from raell)/1,2

TN 0 2005 SR IGORETL HERPRTAR%T o L PRl Mire spectfl cal ) 22 s

structure (lshbstiane, of hensipemoty hamed %hbélﬂ&féﬂe tﬁ@t cérﬁbéﬁ:lé ﬂgrEaB'@,
|1 (Conpounds 2-1 to 2-22). [0067] In nore speci f

aspects of Stbsfitigdewith ppegsguere ﬁw@t@tﬁmaﬁdhlhatsrfa ISdﬁﬂdebelomeﬁnore

forth in Ta S 3- 06

nore specif pt&ggob cio 58 gmé'?’ﬁl utg eeleé‘%nl S’Ff’i%o‘(/%fe’%b%&'}&nafs “'{0'19 éug tg{f?'&i@d
havi ng st r udaidepesdeely Seletiedi forhatheegiovip( @mngo@f Akl Me4e|32t}|e alkyl
[0069] In nore gpecu‘lc aspects of structure (1) above, conpounds are

provi ded haWEﬁ’g §t PRIONAlh: SuBshtuteg, wih |‘?ﬂeTQbIt‘@o\ﬂquK'@@ﬁMuhﬁ@anl hatp,

7-51). 7 o) aye, t e

formul a but ﬁ‘of%r alkth %rc@‘[ﬁlﬁﬁ) eé‘ggﬁ\sléegﬁ]a r??é\égw E@’n"é?{%"%@'w ﬁée’!!a?ﬁ(oxy,

atons or theaéuwan@kmwcambnylheamlmx oatkylamispadialk@lamiticsr amd,  heteroaryl,
fer . in the arrangenent fthiragomsin

t hat
slngrem e 1 Grole; & cbleshicle "itte By B SSRE helRroRPL. (FIDIYFlE T

i mages of ORetRAG)IEEMad bR dptioRBIY seistgiiedeoners” and those that are
non- superi rrposabl e mrror inmages of each ‘'other are terned

"enantiomers”. \Wen alo@éﬁiib{ﬂ’hﬁohmie'éﬂef%rs ymmmaturetede nosatyrater oraramaltio,

¢ 20t 2 R R 1Y% gobB kR R e rng

configurati atomd ard heRayaiaRis ssleCteatfRim adeI 8r @@?;,r (mehﬁ @% Rteg"ead
S- sequenci n% rul es of Cahn and Prel og (Ca ng C,
REE

Prel og, V. (o @hehe remaiing ring atonupbeing,ty év/her@mmormﬁp& ﬂ@ms 1wy

Eng. 5:385- e

rot at es the%%ﬁ%nnazlycl}? }%ﬁ%%?dzg% ﬁbxa Bﬁgnﬁ%ggmgﬁr}aagg %%C?a%rg‘;d Iaut% S?y
or | evor ot aheteyodriyl. eTheetreteérﬂ):yciyl lin@ magdlsmtaptlasmmmlbsmate,d) indéperdendl
conpound canltﬁm st _as either. indivi ual enant a mxture

t her eof . il t%"teeord'Bﬂﬁea?qlﬁsWﬁeBhi?aq bsrT@ﬁBﬁF’ ﬁl’ﬂedol?e'?‘;iepréfﬁiﬁ?w%r g, g
called a "r3cestee dUbslittkRts selected from alkyll QRhedeir Bk QRVPRHR% BhtidrH Jg

i nvention may possess one or nore asymetric centers; suc oun
can t her ef osebsfutgdodmitiedong ianditwiodusubstiRentsdr apalkyler eptleakyamire,

t i { th the.d t
naing. of actaroRRakd " cSRRalRETRCRYC . BRI RAaK BRATISL Dvdoald
i ntended tonhare! witeo, badyanbndhydrdua! SR T GRS, aayBniid! fialkylamiy, C
or ot herw se, t her eof . The met hods for the determ nation of

st er eocheni BY&RPXyallylt heabewyalkdli oamisioadevsr calikdarminogliak e diglkylaninealiyl, n

the ar t (Sesrﬁkﬁ,cl‘r@é{?%ﬂalkﬂvﬁgl ntebafPy %@cl%@“‘é%y%%é@} the 4,

[ 0072] The bemmrpbla:adﬁodybb pr aemnbcydlwmﬁy be dsptipnaihisbbstittited), aralkyl,
phenonmena o and structural |sorrer| sm For exanple, the

compounds dgg{??‘%’%g Y ersé Yralgdy Qiddﬁsa%a@ orh%terzct@ﬂamwr aFRFAtES 0 OF
the doubl e Qﬁ%u%ﬂ@cﬂ%ér’&%&l@é‘m%o?llgp NEHR] fikel R,NR AXYH.O! Rlore

noi ety or they may be a mXture o Z. Thlsmventlo
enconpasses spesificadiut ohver i terrar isetemﬂyniyhl inchutest | dut onsn aredl rimitedr e,

acti vi ty antPUlORGPY N 24 5ot B e a0r oRERTAg: NsTielopgdin-s
i sonmeric foym piperazino, N{rﬁ)&ﬁglbyhblldlﬁ-scyﬂ”t eﬁ%hﬁklﬁfb t hfﬁﬁorﬁhélﬂi@()uﬁd
of the present invention woul d be netabolized enzynes in the body

of the orgafYdeRrepymeskylpioaegingei ng ﬂ”ﬂpfg@ﬁﬁbﬁmtb a niemelphobna-haxidean
thiomorpholino-1,1-dioxide, 4-ethyloxycarbonylpiperazino, 3-oxopiperazino, 2-
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[ 0075] A "pharmaceutical conposition” refers to a m xture of one or
nore of the conpounds described herein, or pharmaceutically

accept abl e‘ﬁj’aj prodrugs thereof, with other chemc S,
such as phar nﬁ%%%ss:"zgal | y accept abl e excipients. The purgé]gg&g?ﬂ@%%
pharmaceutical conposition is to facilitate adm nistration of a
conpound to an organi sm [0076] "Pharmaceutically

acceptabl e excipient" refers.t.o an ihert substance added tp a . . .
phar moeut | ARSI ¢ EMBUSRARE 2ot Qe a2iagn trSRYRPRBITIG-2x
conpound. Exmeplerl the tBektives thbRIJEONIN @ErANCEMbEAhferitd ClhadBetefcybiem
carbonate, cal cium phosphate, various sugars and types of starch,

cel | ul ose déreuwRtis veRsiongly supatitutasyaithbpee opn dverrtibstilugsishindspendently
gl ycol s.

Po Those sablested e obdll, il AR cefosifted BRFTRARGE Sl midioRS

properties cikyidrainpar eaturatedpoomndunsatafated! theteropydicuthinge: sbtlkatagi cor
addition salt which is obtained by reaction of the free base of the

par ent conpdiisatufpted heirspexaivaminealryl, sudrlkyanipar ochl ori ¢ aci d,

hydr obrom ¢ acid, nit¥4 We B rosphar.i: i filL cd

p)ér chloric acid and tLde(% IG?‘EbeF?* ioc')}rghvmB h%g{r[gnan' cq-g%?%gs tgéfcﬁ\hégsé%gg P% tly

acid, oxali cde:acniibiaq (evpnt ar ¢ikgumstbnee anayl, buteheed rauti decur, and that the

T et e L eaErE R SRR LY WSl B bl odSH ane

acid and t hendthiices wafhﬁ;rha@!dﬁegyﬁé@chbpre&ﬁrs@@, dhBferédycliERrbdp 'tishang(rj

(2) salts forned when an acidic proton present in the parent conpou

ei ther is repbsigotedowith aretdidy! igoeup”emegans dhatatheahikyhmeyl bitoneedamot be
al kaline earth iqQn ap_al.um numion; .or..coordinat e ith an .
or gant o bacd e e ISt L0 RE: SR AR B b rone i
t r omet ham neubtitiRidhyitl lanCARYINgroup thdt Situdtibk€ where the heterocylcd gfdupTiae
conmpound of the present invention nay also act, or be designed to

act, as a prelipueptituied yithdhegikyl 808Ps t o an agent, which is converted
into the parent drug } j V. P Si . e GRUSE arl

sone situations, theytdr?g’w Ibéegﬂgafsr%g{e osgts mlt@lgétg? ‘d?ﬁ%ﬁh{%z par g,na{r{ynof
drug. They g abboe grosparies., dlkylbiaody heteatdrgl, maries@icleadsterosydiat éton)

eeSuer T VR e s iR e et R SRR oo
exanpl e, W gt old %ﬁs’ﬁidéﬁ? =" fwc%?éfdggn Mk%réﬁeﬂaféﬂp%%tmfenwe
ch i ere t he

pr esent inventi on, | S, admni s as an ester
"' prodrug") withiro figheerdextaofithie, inventisanaclode halagea, hydroxy, oxo, cyandoined,

"Therapeuti cal.l fective, unt" refers to tha nt, of the

compound. berMEcAkHREHs! SirfiiiRino, aky Aok, bR BRI i et
nore of the gpynRuesEutid B8, dndakgersupetiiited reABRYlL Hdlefoahgl @nBSttiied
the treatnent of cancer, a therapeutically effective anobunt refers to

t hat anmount hefgrearvhdeterpandaiigc sulggtituted)hateiganilalgy!t helesgcyslepsupsiiiuted
tunor; (2) iabihiting asi.sp i NRLALL | r h;
and/ or (4) rhgﬁrgwdrllé& ohg{%éc%ﬁamyn%@%%&ggsoE%%#%%%a!'ﬁﬁghémg%eﬂ
[0080] The INRJD(OIRY R, GHOINE,Rp(LIRAC=0)0R: LNRISOIR;, " ORyp 56:0)Res
used herein, s any, disease o eleteriqus condition in

Wi ch o proGITEIR s IONTRBn P PRREr P, -SHo ¢ SORe: pSGNYE -
ki nase- medi aieg),rndddo),rr SEegare, leainTRaNand e diReashite U
conditions that “are alleviated by treatnment with a protein kinase

i nhi bi tor. Sifterenioand tindersendaotiubgdrogenhalkyl, |halbaliatli substituted exllsyl waiyt h
express Pimkjnases, particularly P.m.1 Kkjnas nd, ot her .
yper prol 1 f SLBRRGE; Sgh qerelh ) SRl ANk heleady: sutsBted
In certain eghgdhieHeterobRgalRANSEhstiifted HEASAFyIAkyICRERRCYRIeCREbstituted
stomach, prostate, pancreas, or ovarian tissue. [ 0081]
The term " Pihetapeypie -heteroayaenlisd waisubgiiutegheterpayalealkyl. as used

[0038] Certain illustrative compounds according to structures (1)

and (ll), for use as described herein, are set forth below.
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Phar maceuti cal preparations for oral use can be nade using a solid
exci pient, optionally grinding the resulting m xture, and processing
the m xtur q% | es, after adding other suitable au ]@' ri if
desi red, tgm%(¥§%ﬁﬂ¥ablets or dragee cores. Useful exci%¢ hg@bﬁﬁg#sin
particular, fillers such as sugars, including |actose, sucrose,
mannitol, or sorbitol, cellul ose preparations such as, for exanple,

mai ze starch, wheat s[oBBefin 4 hiofe Sp&difidasittt BPERIAUEE RN SRdANFaldRe R,
mat erials such ai9gel atin, gumtragacanth, methyl cellul ose,
i

hydr oxypr opy§ et h§ Meanherpd s gatusaied.u pARIAK oW sAtETMED ept (fHibs ainsahviates
pol yvi nyl - pysdrdlcy&ifNfind R¥fhg d-3 Hkﬁér'o%ﬁﬂns,qhﬁérgttﬁgrfﬁérﬁﬁtoﬂ%egntﬁss&@éﬁeae
added, such as cioss-|1nked polyvinyl pyrrolidone, agar, or alginic
acid. A sal frogugirogensvdoamaadgiuifat e may al so be used.

[ 0090] Dragee cores are provided with suitable coatings. For this

pur pose, concent r at ed09dgHN asolome Bperifinaspast ofisteuttuies ¢ amdy(il) above, R;

gol . “pol yot F Pl aPeBsR AR Bnerh?, it R A itk oBEishees 8B F <ot s,
and sui t abl ©CFQaliCH:s CCHENNOLI-NSOHY)S NENHL, XINMSO,C IR € SNHIG,OM,CHs, -
pi gnents may be added to the tablets or dragee coatings for

i dentificat lds. -COURaChbNER L2H iSO nt SCniripeiazion or iorphalinge
\ca | . ol ® h
o o e a1y i rloP4tLin o AR bpdciR SRR} SRlonGBURR Bk 'S KO,

as soft, sedd ed opfmnaligssubstititad pyedzatylnfuayid thiophéss, i Byriel, , pyEinsitylasr
gl ycerol or, soryii tol. The push-fit capsules can contain the active

i ngredi ent sM4PM@MRYR ure with a filler such as lactose, a binder such
as starch, and/or a | ' SRHAGRL apd,
optionally, stabili Ze@gﬂﬁﬁ%@t@ggﬁfﬁ%ﬁcﬁg act Vg?%ﬁ%g%ﬁ&%eq
be di ssol vetasthessisysdvged in suitable |iquids, such as fatty oils,
liquid paraffin, or liquid polyethylene glycols. Stabilizers may be
added in these fornul ations, also. P eutical conpositions which
may al so be used include hard gel atin dapsul es. The capsules or pills
may be packaged into brown glass or plas¥gc bottles to protect the
active conpound fromlight. The containers'containing the active
conpound capsul e formul ation are preferably stored at controlled room
tenper at ur eyhtre BYQepresents one or more bERIA] sHSstitaEHE o Sihr RHRE P¥cific

i nhal ation, the conpounds for use according to the present invention
may be conveflbedimgntdisl @ peped mrsubititution milhfontoamons otcwmneps wiihalp. a

pressurized_ k c a-?ﬁfﬁ'”- ndygy_suit abhe p Ll a et s
without i m@gﬁ?'oﬁ?ﬁdi C o?’oﬁll_'ﬁ%ir lc\)lﬁé’t :&C??ebﬁrl m%ﬂ%ﬁ@%@?%aﬁ%f
di chl or ot et NgcHLWor oet hane or carbon dioxide. In the case of a
pressuri zed aerosol, the dosage unit _may be controlled by providing a

val ve to deliver a nePefaldnamars spasifjssarest ahsirusiyres (ligad (brabaver Rz
e “. pehe ) :
e, Slobiinigl aesaan tubeicar cndione FaciEon o

formul ated containin mXx-0
powder base-GsBPHACHakt ose or starch. [ 0093] The

| | f | i ni i . g.
by ol us i nj ecti on orOBGHHT AIDEE SHRATE SApeckorSHCATPS s ana i AHous fon
may be pres%ntcﬁﬁi_ohallwnéﬁbﬁﬂﬁé&e-(wgg-}c&kﬂ)mpyl,n,~"€@H9§i{-|ﬁg§lgg%%tglrﬂ -(CH2)p-

mul ti-dose containers, with an added preservati ve. si tions

may take sueyrlehmys S Hehspiperonghs:(Chhlntniperidyl,or(Chni-giperaginyh dCHg)or
aqueous vehicl.e ontai,n for.myl ati mat erials such as
sﬂs pendi ng, *@Y'aﬁ?ﬁﬁgﬁﬂ@Bﬁﬁﬁ?ﬁﬁéﬁ'ﬁg‘Bw@\Hn@’ 'égg??t‘?y”m' vt [ 0094]

Phar maceuti cal conpoS0D48ING af brepEeRficedsplecBeiatiliciirea (i) 8Ad (INCABRL, R,
aqueous sol utions of a water soluble form such as, wthout

li m tation, has agtructus selgateddianie conpound. Additional Iy, suspensions
of the active conpounds may be prepared in a lipophilic vehicle.
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[ 0103] Many of the protein kinase-nodul ati ng conpounds of the
invention may be provided as physiologically acceptable salts wherein
the cl ai ne may formthe negatively or the posjt]j

charged sp cf@@ﬂ%EQngIeS(ﬁ salts in which the conpow###@ﬁ%%mPﬁgs
positively charged noiety include, without limtation, quaternary
ammoni um (defined el sewhere herein), salts such as the hydrochl ori de,
sul fate, carbonage, |act@je, tarfypate, mal ate, nmal eate, succinate
wherein the nitfogen atgm of th & quat ggpary anmonjn groyp HaY

ni trogen of the selecﬁh COﬁpGEQd of tdgﬁr(ﬁméntlona haijfggcfed
wi th the appr te ! al! conpou of this

i nvention forns the negatlvely ch rged species |ncIude w t hout
limtation, the sodium potassium calcium and ne fumsalts ii;uﬂ%d
by the reaction_qf a_carboxy |d n th und wit
appropri ate brgsge F{olo yd OXF hbc}b,/ ss|un1h?dﬁo i de

(KOH), cal cium »orOX|de (Ca , etc ). [ 0104]

Phar maceuti cal conpositions SU|tabIe for use in the, present ion
i ncl ude conposi e|n e -c b ve |ng re con{%ﬁﬁg%}

an anount suffi i ept tlo achig |nt rpase,

nodul ati on of pro ei n Rrnase t|v and/or the tr atnent

prevention of a protein klnase related di sorder. [0105]Nbre
specifically, a therapeuticall ctive-a R anount Qf
conpound effectligjgggﬁﬁevent eV|aterﬁ\qp%%I|oK§Eﬁ‘s npt o of2
di sease or he sur Of thexsbbf%ct bei ng treated.

[ 0106] Eeternlzgtlon of aﬁtbérapeutlcally effective anmount is well
within the capdbhility of those skilled in the art, especially in

| ight of the detailed disclosure provided herein. [0107] For any
conpound used in the nethods of the invention, the therapeutically

ef fective anount or dose can be estinmated initially fromcell culture
assays. Themhetdhé idmigealcamd bié pfasent) | Nile8, O rSQsw $(D2,aihj rsatbnermde’nose
so as to achieve a cir tin centratl r e | udes t

| C50 as det QPﬁ‘?Wﬂ!ds't‘l?Ft 'e‘ifrlé‘l ’c@ﬂf'u?“'é(ck‘l qaﬁkeo %c Ll Ao ‘P‘I‘Vé’n”
test conmpouRgigrbéyeie g@u@ﬁﬁﬁe@h@@}(j E%XI mal inhibition of the protein
ki nase activity).” Such 1 nformation can then be used to nore

accur atel y determn ne #9461lin almoes speciinuanpest of Snasdresxi) @nd (leakbve, Ry
t herapeutic £ c of the.conpounds described herein can be

det erm ned B§£§#%ﬁ@§W@96H%Fﬂﬁ8eutlca| procedures in cell cultures or
experinmental animals, e.g., by determ pruag-the |1 C50 and the LIDso
(both of which are discussed el sewhere ") for a subject

conpound. The data obtai ned fronCichese cul ture assays and ani ma

t udi b d | at f
humans. The dosage '@0321@'#%r§a$?ﬁtgne£%ﬁd$m PEREENAT S, 1T S0ty
and the roubadafyddi Ai drbedychy) sublshtluzewcaﬂab@y@éaﬁétef&yw et s@stituted

route of adnlnlstratlon and dosage can be chosen by the individual

physi ci an i Retgresycls, antk ip4 maie' spesiisdempedimgrédeycle iy a, SEoEWYered

. by Far v o0 bt (faitgtid, ol Atk mntlon ey o-

1996, p. 46. hefcbdd4iBirisp sigee ain® heteroatdmsnirer selbctan \frdre nitehgent elygen and
|nd|V|duaIIy to provi de plasma | evels of the active species |ch are
sufficient PY™mintain the kinase nodul ating effects. These pl asma

| evel s are referred t 8 ég%? &ﬁgg)
The MEC wi Il | vary formggc”ngyﬁggﬁﬁgﬁﬁf EEF e estlnaﬁzgﬂgikf Re
vitro dat a, has g.struchie selectut frahi on necessary to achi eve 50- 90%

herern. Brsages nekosaReindtaSr S HeHhiinif AGaBERKS (155 DK
i ndi vi dual @nmsﬁ@rms&iatsu@diﬂnéelﬂr%rehbeﬂmeal ;ﬂ{e’rﬁt (voere MRS 28 SFEfiMEd
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conmpounds of the present invention may range from approximately 2.5
mg/ m2 to 1500 ng/ n2 per day. Additional illustrative anounts range
fromO0.2-1Q00 , 2-500 ng/qid, and 20-250 ny/qid. | n _cases
of local a @49 ion or selective uptake, the effect &&%ﬂ}%ﬁqsnm
concentration of the drug may not be related to plasma concentration,
and ot her procedures known in the art nmay be enployed to determ ne

t he correct osa unt and i nterval . 0113 The anmoynt., of

conposi tion?& rg‘LFI ﬁ ﬁﬁ?ﬁ’n b TepseTed E']%ﬁé‘?{ﬂe?ﬂ @JWGPF?S anethet
bei ng treat %@m pbliRdS RYGS tHeWoHﬁwh?%trﬁEtfu“ésc(tlJA?'&nd%h%)”@%ﬂ@&tn@y

adm ni stration, the judgnment of tThe prescribing physician

[0114] The conpositions nay, |f desired, be presented in a pack or

di spenser device, such as an FDAyappfov X B
or nore unit dosage forns o @s
may for exanple conprise I
pack. The pack or di spen’% dev,l ceoqu
for adm ni stration. The pack or dispenser nm
a notice associated with the container in a f
gover nment al agency regul ati t/ manuf act ur or sale of

phar maceuti cal s, which noti pf | ective o by the agency
of the formof the conpBiy QS of of hurfinyor C&f i nary

admi ni stration. Such notide, for anpl e, ndy be o he | abel i ng
approved by the U S. Food and Drgg AgRi'nistration gh'escri ption
drugs or of an approved product \ i i si
conmpound of the invention forrrul at ed in a conpatibl e pharnaceuti cal
carrier may al so be prepared, Iﬁaced in an appr Opl‘llé'tpé cont ai ner, and
| abel ed for treatment of an indicated condition. Suitabl e condi tions

i ndi cated oRF BIETPRBEMERER/ O ARhAfTaeR YAty aeceptakiersalt thereefhi t i on

of angi ogenesis, tre | A\K

[0115] As nentioned a ngflnq'h%rfe' %‘é?’@ﬂ&ﬁe sg%(ﬂ@%@gécﬁ @Q‘Sua:‘)’ﬁ?” AT‘)’ ﬁfg alky,

i nventi on wsbth &8 nubtoylj And the mmpdanrdamavengefajlbmgssIMeamldAa) and (1l-
condi tions @gl ated by protein kinases, including diseases and

condi tions i ated by aurora-2 kinase. Such di seases nay include by
way of exanple and not |jmtation, cancers P§uch as |lung cancer, NSCLC
(non small cell lung ca : N cel | cancé neMNcancer,

pancreatic cancer, SkI}Q cangcer
cancer of the head andh Srel
uterine cancer, ovarian 6bncer
regi on, stomach cancer, colon c col ogi c
tunors (e.g., uterine sarconas, ¢ i an tubes,
carci noma of the endonetri um carcinoma of the cervix, carci noma of
the vagina or carcinoma of tHEAlIva), Hodgkin's DilkA?

hepat ocel I ul ar cancer, cancer of the esophagus, cancer of the smal |
i ntestine, ORASIRTERIBONRE RERdBIErenRhagyaeeifica gccep(t;a;:rﬁ@galt threregfe

t hyroi d, pancreas, eé?ﬂl# S)s, 0, )
ti ssues, cancer of tﬂ@%mp ﬁrbgre s’(r:Daerila“g{eCr ocﬁll\'@ﬂge%f (Isi?p@o@ﬂg[t/gg)c%%i@
(particul ar lag), Ry mﬁsﬂﬁr&eoﬁphmﬂhavmbrﬂﬂe&t@neama@' M&wbet’:mant se:lémtdd

of The bl addBm TEEOGR. (RN or- A berite, Ok CaRl - e, -

carci noma,  RHSHIEHER i ¢ LRy Cﬁ%}?' a8l W Sn rﬁ&%‘ %&Jlélr:#gcr:;@rg\g&!ﬁi%i' R1 is

neopl asns of the central nervous system (e.
spi nal axi sstipstiuted phedhyl hahhgﬁtdeast wreapn osmrem slbsbitreemnt @e[qotetdjfromr-y

adenonas) , ett’' s, es nant syadro

it aneous’ dObiieOCHES: e L, BAE:OR, iR T 8B SRATHL rrinapdE e ¢
hyper t r ophy gedcastsn: I el at ed di seases such as d| abetic ret| nopat hy,
retinal ischem a, and retinal neovascul arization, hepatic cirrhosis,

rmprescribed by a

Z

mel anoms,
er of the anal
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agents that the above nmethod can be carried out in conbination with
i ncl ude, mﬁthout limtation, the vinca al kaloids, e.g., vinblastine
(used in t pent of breast and testicular cancer) I j.Stine
and V|nde5|ne ?ﬂ% epi podophyl | ot oxi ns, e.g., etoposidepgﬁhgg5ﬁaé+£
teni posi de, both of which are useful in the treatnment of testicular
cancer and Kaposi's sarcone; the antibiotic chenotherapeutic agents,
e.g., daunorubicin, doxoffubicin, epirubrcin, mtomtin (used to treat

stomach, cervix, colon, JBreast, bIE nd pae c cancer),
dacti nomycin, tenozolo pl i camyci pl eonyci ed in the
treatnment of skin, esophagusoand geni (ﬁgry tra ancer); and the

enzymati ¢ chenot herapeuti c agents such as L-asparagi nase.
[ 0120] Exanpl es of useful X-11 inhibigers include~Vi oxx, CELEBREX
(cel ecoxi b), val decoxi b, jpar acoxi byo.r ofiecoxi bch, ox 189.

[0121] Exanpl es of usef trix neta br ot ei nas hibitors are
described in WO 96/ 3317 ubl i shed Os bbb, 1996) r@(%6127583
(published Mar. 7, 1996), CEuropean Pat ent Apbllcatlon No! 97304971.1
(filed Jul. 8, 1997), Euroﬁban Pat ent Application No. 99308617. 2
(filed Cct. 29, 1999), WO 98/07697 (published Feb. 26 1998), WO

1998) . iD 08/ 34015 ( pBPPLHABO S shsoemRedEpnia e b oobt (AR
Aug. 6, 199 I ] g
Pﬂgl i cat | on&)6a 6, 04258 &9}5{)?; E%&hgjtﬁsﬂe%uwhm*? (déﬂ%%g%g%’%’%%a“((ﬁ%?ﬁt

Publ i cati on pwxazzes-xlpgblsubﬁéutedm(CHsz-pma;m Wb s0¢t0 8% Ipoiehubtleetadd
May 31, 199%@ WD 99/ 52910 (published Cct. 21, 1999), WO 99/52889
(publ i shed P’ 21, 1999), WD 99/29667 (published Jun. 17, 1999), PCT
| nt er nati onal Appllcatlon PCT/ 1B98/ 011 filed Jul 21 1998),

Eur opean Pat ent Appli . . 99302232 ¢ (Ff | ed Nhr °~°)
catlon nunb 9912961. 1 ({i
1999), U.S. Pat. No. 5863,949 (issuéd Yan. 26, 1999 s Pat

Great Britain patent

5,861,510 (issued Jan. 19, 1999), and European Patent Publlcatlon
780, 386 (published Jun. 25, 1997), aII of whigh are incorporated
herein in their entireti refer N
inhibitors are those ghat have llttl‘séj noj activit
MWP-1. More prefer\ﬁd t hose that “sél ect vel y i ahi and/ or
MWP-9 relative to the other matri x-netal | oprotei nases (i.e., MW-1,
MWP- 3, MWP-4, MWP-5, MW-6, MWP-7, MWP-8, MWP-10, MWP-11, MWP-12, and

MWP- 13) . [0122] Sgne speC|f| es of MW inhibitors
useful in the present are AG 8340, 32-355?(“R§*@§§0830,
and conpounds sel ected fjrom

yl cycl open

3-114-(4-fl uoro- - benzenesul fo y1]-(1-hydroxych

tyl)- am no]-propionic acid; 3-exo-3 4-f | uor o- phenoxy) -
benzenesul f onyl am nol- 8- oxa- bi cycl o[ 3. 2. 1] oct ane- 3- car boxyl i caci-d
hydr oxyam de, (2R, 3R

144- (2-chl oro-4-fl uor n
hydroxy-3-msthy|-pipegmggﬂax%é)%%;rcgg%@f%%g%%%&ﬁxﬁJO oXyam de;
414- (4-fl uoro-

phenoxy) - benzene | am nop ro-pyr e boxyl i i
hydr oxyam de; ~

314- (4-fl uor o-pherfoxy) - benzenesdl f ony1] - ( -hydroxycarbanny -

cycl obut y1) - am no] - pr opi oni caci d; 444- (4- chl or o- pheno) ry) -
benzenesul f onyl ami noMety ahydr anx4- car boxyli cgacid hy

(R 3- [4-(4-chforyp- ptterfoxy) -[be zenesu | f ghylyamynho -tetra drjo- p ra
n- 3-ca rboxykie dhydro

(2R 3R) 1-[4-(4-fluoro-2- nethylbenzyloxy)
benzenesul f ony1] - 3- hydr oxy- 3- net hyl - pi peri di ne- 2-car boxyl i caci d hyd

-9
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and other MVP inhibitors, can also be used in the present invention.
[0124] An inventive conmpound can al so be used wth other signal
transducti ors, such as agents that can inhibi ,g R

(epi der nal ro\%}é]£ 2%ctor receptor) responses, such as E %2007/083773
anti bodi es, EGF anti bodies, and nol ecul es that are EGFR i nhibitors;
VEGF (vascul ar endothelial growh factor) inhibitors; and erbB2
receptor inhibitors, such as o@rganic nol ecules or antibodi es that

bind to the erbB2 recefodtin st Firier gpectipTembediseaty of sirustaces (chﬁﬂﬂh

S F

V0 95, 10070 \Dh bl Qe Ry M55 SR Rh o GRaleNfied Brohfl (AT Ts 1§
2_.)933)7 4\&13) QMQG%Qnglahdsll’lgéafs éhsen;Zﬂ reﬁmsbt;ts anedotnBre B lgbstlﬂ}k-]gs) and
Dho T st e ESRSha BE ol g St GBS BR L eRpasively

agents include, but are not RI imted to, the nocl onal anti bodi es

C225 and anti-EGFR 22Mab (1 )N Syst enms, | nc New York, NY), the
conpounds ZD- 1839 (AstraZengeca) BX- 1382 (Bagehringer Ingel hein,
MDX- 447 (Medarex Inc., ®an an‘EF erck & Co.

Wi t ehouse Station, NJ), and EG- fusion toxin (Seragen Inc.,

Hopki nton, MA). [0126] These and REGFR-i nhi biti agent s can be
used in the present invention. VK nhi bitors, for\ exanple SU 5416
and SU- 6668 (Sugen Inc., South San Francisco, CA), can al so be
conbined with an inventive cofigund. VEGF i nhi bitor(8-Byre described
in, for exanple, WO 01/60814 A3 (published Aug. 23, 2001), WO

99/ 24440 (p@bBi%ﬁedismr,zﬁpdu@%)nhaﬁﬁﬁceutim&y aataptalsie salb tHaresft | on

PCT/ 1B99/ 00797 (fil ed 3, 1999 161 17,
1995), WD 99/ 61212|2 (epiﬁ}%?’gls'ﬁéﬁmﬁe écﬁc 99 @‘32 ?%SP@,%)' S"ﬁc{ﬁ @ Fois, &k

d No )
(1 13 ggye J Svsg%l?as h&fiﬁ I %?%&?ﬁ@gﬁ%&?ﬁé%é%%ﬁ%dt%@% BQ)Vandll\@b

5,886, 020 (Bdued Mar. 23, 1999), U.S. Pat. No. 5,792,783 (issued
Aug. 11, 1998), WD 99/10349 (published Mar. 4, 1999) WD 97/ 32856
(publlshed Sep. 12, 1997 [I2596 (plﬁcﬁ ' . 26, 1997), WO
98/ 54093 (publi shed Degﬁ Sjiﬁ%/ WO 98/ 02438 } shed Jan. 22,
1998), WD 99/ 16755 ( publihetie 8, 199@)\0 W 98/ 02437
(published Jan. 22, 1998), all of ed herein in
their entireties by reference. Pecific VEGF
i nhibitors useful in the present « Cytran Inc ,
Kirkl and, WA); anti-VEGF rmno%gn anti body of Gepentech, Inc.; and
angi ozyme, a synthetic ri boz from R bozyne (Bou('b%?) CO) and
Chiron (Enmeryvi se and ot her VEGF inhihitors can be used

in the pres8 f“#‘“ﬁ@%‘ﬁ? h pJQ eI dngEnasritically agnsptable palt tsrent

i nhi bitors, such as 7, ST c d

nmonocl onal anti bodi e%ﬁ-gggﬁofgﬁégﬁg rraceﬁltq{lscgﬁ g% GI@T#"Bb) and
Wodl ands, WH-bhns 28—311b§ﬂﬁmled)rphenxdaha\flmg tdideastr end:)ep cordvi mesluhmtﬁderﬁn

(publ i shed SaRceTron $6i8” U P 5 BERe i Bl NOx5 0P o8O Hap
99/ 35132 ( pMpiSITM, %MH 1R(CH 99)andV\¥H %{%@7 spdint | &He @du&%ﬂt @ﬁus

1998), WO 97/13760 (published r. 1997), WO 95/19970 (publis
Jul . 27, 1998hstituled phegyl hawng atsgastm pi 9swer @d@tltt@m se@gtﬁ)d framd-

ncor por at o8 e SRR -Cher i Fp:Bkadd e g isbeciie By “erE{’cﬁ

i nhi bi tors ssletted from:t he present | nvent| on are al so described in
Pat. No. 6,284,764 (issued Sep. 4, 2001), incorporated in its
entirety herein by reference. The erbB2 receptor inhibitor conpounds
and substance described in the aforenenti oned PCT applications, U S.
patents, and U.S. provisional applications, as well as other
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10131] Virtual screening calculations (Friesner et al. J Med. Chem
47, 1739-1749, 2004; Schrodinger. L. L. C., New York

(http:// S j.neer.com; Schrodinger LLC. FirstDs

Techni ca}l\%@@:ﬂ%gclﬁrodi nger Press: Portland, 2003) mrggﬁ$2¥%7/%7a3
based on the crystal structure of PIM1 kinase in conplex with
AVP-PNP as a tenplate (Qan et al., Bl ot Cheat 280, 6130-6137,
2005; Jacobs et al., J. Btol. Chem ®: 13728, 2 Kumar et al .,
J. Mot Biol. 348, 183, 20 1 Chem 48,
7604- 7614, 2005; Ryan et
et al., PCT Publication W 200r/ 058769~ tRnal screening
of -1.5 mllion focused and or diverse drug |ike conpounds from

| i braries of Life Chem cats, Maybri dgey~Ti nTec, BivgFocus Contenex and
Anbinter led to the sel ec/don of 630%0:@ atalgg

OpS;

from Bi oFocus library ( cus, 246 ssachusg

Canbri dge, MA 02140, USAX~ww. bi of ocu i )

found to be active in thejtQwnr cronol ar range (8-10 pM and 2 of them
were found to exhibit <8 pMactivity in direct PIM1 kinase binding

assay. The nost acti VRoso]IRAHBASsp&Yifid BRbbaRMHH théf;b@gqég‘;(é@,Lth@é%r-

regions inportant for specific Pim1 kinase activi
cl ass of botBb}i mndafib{Bb)2-RY pigr i-tEHilnegciéBopwi cKCékinadyclopPatyl, -(CHz)n-

R )
Bi oor gani ¢ &O¥ey,-peBRFinyLet t e{GH furf63- %@Hzgq%mﬁ desﬁl-?z?ne@yridyl,

bel ow, the conpounds selected fromvirtual screening were ered

bﬁsed' on bi nichiHtad-REHBIAVIQ- O Gl ht@di)efgir or HCHaN(CHa)ewhererkis 0, 1,
e Bt o ¢ G SEEA T R BEATL ROl o PRI BERIL ln MR TR

Li pi nski - | i keorersubstituantsCéy d-spuctald seléeted filomag Del Rev. 23, 3, 1997).
and the presence of desired pharmacophore groups. These cl asses of

conpounds servedtas tenpbate stryggtures for |ead optimzati on,
synt hesi s and M 1 ki ngse screeni ng. N _Prepr.oceddin Hy o
Thr ee- Di mensj onkl Ligdny Dat abdge. [ 0133]The¥ ext er RAtusour ce >/ H

dat abase in tWerSBr m uf RSf forfetyfil rom Li f e Chenicals (16173),
Maybridge (Hitfinder and screening collection; 16000, 58855) Ti nflec
(Actinmol Collection; 82000), Bi oFocus (45 ), Co (4573) 3
Anbi nter (5534) heir t > mefisipnaf coof di hdfes i

format, was gk tefl P& of  sdf™{if es using~the LigPrep nbdul e

wi thin the Schrodi nger software package. The final coordi nates were
stored in a nulti mae fgle. LigPrep.uses specjial. _caytion regs

TR
t he protonation i onj oups (€.9g7], dmnes, . _a es,
t he nds sel ette e suned ffo be
al pHOf 7.4, Separate nulti mae format files

carboylic aci dg)y

ioni zed at a physi ol ogi

suitable for QkProp and G ide virtual screen were generated. Each of
the dat abases togethgy with aﬁAI [ b@g@}yl,54 5l ecul Wes e
consi dered for VWSCF ' 2. Praparjati’on of\ Pfotein @/w
Coor di nat es aff fnition ofj Active Sit ey [ 0133]

Ref erence prot%n coordi ra used for Gide virtual screening were
taken fromthesX-ray structure of PIM1 kinase in conplex with

AVP- PNP (pdb entry: 1XRl). Water nol ecules were then renoved and the

m ssing bond order and geonetries were edited. Hydrogen atons were
added and the conbi ned conplex structure was submtted for protein
preparation cal cul at i ®R58HiRenerg sRecHisrembedimeptscefid-8)willtB). HoBingend (II-
AMP- PNP nol I Jeastiher: gt i | culatik an, it o i ne
the active gb?l ’eﬁé\é\@s’ts hge@g"gi':f g' ? hgnrﬁl%f %g!r%gﬁtgteg:i g'?s}q%h%:ﬁl g@%%&"t hici%éf'zlz
A radi us spipgreeazieiit\dr ed sobstittied bOQHg) 1 b-pipeenakzin-3-ylVeudtuab rsoieteselecedf

from:
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a] pyrimdines of the BioFocus library are summarized in Table | and
Table 111. The binding node of these scaffolds fromthe docking

prediction that the imdazo[ 1, 2-b] pyri dazi ne i

posi ti oned&{gﬁl}‘?@ﬁ?o that of adenine and interacts w tﬁ&’ﬁ@%‘r’%@’
regi on residues G ul2l, Argl22 and Prol23. The aromatic groups at the
Rl position with various substitutions at 3rd position seens nore

favorabl e and exhi bit re,stabl e conformtyg wth in the 1
ki nase pocket. The C § supstzizt utions gfe re¥ f avor abl € t hpn-2¢- 6
substitutions. Conputmtighal data for/ hese two scalf oNds.suggest ed

that Rl and R2 substitUtions exhibit strong bi nding energy when

conpared to pyrazolo[1,5- a]pyrimdine. Based on these anal yses, we
have optim zed the conpoun identified in thg Bi oFocus |ibrasy and
devel oped new conmpoun [

[llustrative I mdazoliy 2-
Conpound No. Struta:a{e

I °Im SJF

[00569] More specifically R; is selected from:

oY oY oY o
oo ot T

[0060] In yet further specific embodiments of structures (1) and (1l),

X is 8, SO or SO, and Ry is a substituted or unsubstituted pheny! (where Ry’
below is absent or represents one or more substituents), and the compounds

have the following structures {I-C) and (lI-C), respectively:

or a stereocisomer, prodrug or pharmaceutically acceptable salt thereof.
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Oa Nt H Car 1-5 1-6 * 0 OH Table Il Illustrative
| m dazof 142-b1Pvri dazine Pim 1 Kinase |Inhibitors. Conpound No.

Structure gL HOL NH2 2-2 HO --" A PCT/US2007/083773

[0061] In more specific embodiments of (I-C) and (lI-C), R is alky,

such as methyl, and the compounds have the following structures (I-Cc¢) and (lI-

Cc):
N/
/

R;
Rz\s«;)o g S(0)6)2

(I-Cc) (1-Cc)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

[0062] In more specific embodiments of (I-C), {lI-C), (I-C¢) and (li-
Cc), Ry is substituted phenyl having ati least one p, 0 or m substituent selected
from halo. —~OCFs, -OCHF;,, -CF3, -OCHj;, -NH;, -NO; -OH, -COCHas, -
NHSO;CH3; and -N(CHs)2, and in an more specific embodiment Ry is
substituted phenyl having at least one p, o or m substituent selected from —
OCFj3;, -OCHF3, -CF3, -OCH3 and -OH, and in a more specific embodiment Ry is

% f cmoﬁi
OCF; CF
% cmo&
OCF3 OCF3

[0063} In more specific embodiments of structures (I-C), (I}-C), (I-
Cc) and (lI-Cc), Rz is -(CHaz),-cyclopropyl, -(CHgz)-cyclopentyl, -(CH2)s-
cyclohexyl, -SO;-CHj, -SO2-(CH2)nCHs, -(CHaz)n-piperonyl, -(CHy)q-piperidyl,
-(CH2)n-piperazinyl, ~«{CHgz)n-furyl, -(CHg)q-thiophene, ~(CHgz)p-pyridyl,
-(CHz)n-pyrimidyi, -(CH2),OCH3, -(CH2),OH, or -(CHz)aN(CHa)z, where nis 0, 1,

selected from:

OCF;



2-3 HO N110 A NO 2-4 HON. HIP NH2 2-5 HO,1(....y."..., N "1,
.,.ki A/ NNHA40 2-6 HONN H 2-7

WO 2008/058126 PCT/US2007/083773

2, 3 or 4 and each of the above moieties are optionally substituted with one or

more substituents; or a structure selected from:

OH OH OH

[0064] In more specific embodiments of (I-C), (II-C), (I-Cc) and (lI-
Ce), Rz is -(CHa)yo-piperid-4-yl, substituted -(CHz) z-piperid-4-yl, -(CHg)12-

piperazin-1-yl, or substituted -(CHy)12-piperazin-1-yl, such as moiety selected

12 12 Ojf’z}’
HN, _N. ~_ N

from:

19



HO.

e---.

ro..... N-4/ NN HIPCO 2-8 HO.. - CF3 2-9 HO 0-CF,

Coﬁi)ound No Structure 2-10 HO,,..... N N

WO 2008/058126 PCTE/US2007/083773

[0065] More specifically R, is selected from:

Jos VAN G ag
o ot O

[0066]In more specific aspecis of structure (l) above, the
compound has a structure set forth in Table || (Compounds 2-1 to 2-22).

[0067]In more specific aspects of structure (Il above, the
compound has a structure set forth in Table 1ll (Compounds 3-1 to 3-13).

[0068] In more specific aspects of structure (Il) above, compounds
are provided having structures set forth in Table IV (Compounds 4-1 {o 4-22).

[0069] In more specific aspects of structure (l) above, compounds
are provided having structures set forth in Table VII (Compounds 7-1 to 7-51).

[0070] Compounds that have the same molecular formula but
differ in the nature or sequence of bonding of their atoms or the arrangement of
their atoms in space are termed "isomers". [somers that differ in the
arrangement of their atoms in space are termed “stereoisomers'.
Stereoisomers that are not mirror images of one another are termed
"diastereomers"” and those that are non-superimposable mirror images of each
other are termed "enantiomers”. When a compound has an asymmetric center,
for example, it is bonded to four different groups, a pair of enantiomers is
possible. An enantiomer can be characterized by the absolute configuration of
its asymmetric center and is described by the R- and S-sequencing rules of
Cahn and Prelog {Cahn, R., Ingold, C., and Prelog, V. Angew. Chem. 78:413-
47, 1966; Angew. Chem. Internat. Ed. Eng. 5:385-415, 511, 1966}, or by the
manner in which the molecule rotates the plane of polarized light and
designated as dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers

respectively). A chiral compound can exist as either individual enantiomer or as
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a mixture thereof. A mixture containing equal proportions of the enantiomers is
called a "racemic mixture".

[0071] The compounds of this invention may possess one or more
asymmetric centers; such compounds can therefore be produced as individual
(R)- or (S)-stereoisomers or as mixtures thereof. Unless indicated otherwise,
the description or naming of a particular compound in the specification and
claims is intended to include both individual enantiomers and mixtures, racemic
or otherwise, thereof. The methods for the determination of stereochemistry
and the separation of sterecisomers are well-known in the art (see discussion in
Ch. 4 of ADVANGED ORGANIC CHEMISTRY, 4" edition, March, J., John Wiley and
Sons, New York City, 1992),

[0072] The compounds of the present invention may exhibit the
phenomena of tautomerism and structural isomerism. For example, the
compounds described herein may adopt an E or a Z configuration about the
double bond connecting the 2-indolinone moiety to the pyrrole moiety or they
may be a mixture of E and Z. This invention encompasses any tautomeric or
structural isomeric form and mixtures thereof which possess the ability to
modulate aurora-2 kinase activity and is not limited to, any one tautomeric or
structural isomeric form.

[0073] It is contemplated that a compound of the present invention
would be metabolized by enzymes in the body of the organism such as human
being to generate a metabolite that can modulate the activity of the proiein
kinases. Such metabolites are within the scope of the present invention.

[0074] A compound of the present invention or a pharmaceutically
acceptable salt thereof, can be adminisiered as such to a human patient or can
be administered in phamaceutical compositions in which the foregoing
materials are mixed with suitable carriers or excipient(s). Technigues for
formulation and administration of drugs may be found, for example, in
REMINGTON'S PHARMACOLOGICAL SCIENCES, Mack Publishing Co., Easton, PA,

latest edition.
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[0075] A "pharmaceutical composition” refers to a mixture of one
or more of the compounds described herein, or pharmaceutically acceptable
salts or prodrugs thereof, with other chemical components, such as
pharmaceutically acceptable excipients. The purpose of a pharmaceutical
composition is to facilitate administration of a compound to an organism.

[0076] "Pharmaceutically acceptable excipient” refers to an inert
substance added to a pharmaceutical composition to further facilitate
administration of a compound. Examples, without limitation, of excipients
include calcium carbonate, calcium phosphate, various sugars and types of
starch, cellulose derivatives, gelatin, vegetable oils and polyethyiene giycols.

[0077] "Pharmaceutically acceptable salt" refers to those salls
which retain the biological effectiveness and properties of the parent
compound. Such salts may include: (1) acid addition salt which is obtained by
reaction of the free base of the parent compound with inorganic acids such as
hydrochloric acid, hydrobromic acid, nitric acid, phosphoric acid, sulfuric acid,
and perchloric acid and the like, or with organic acids such as acetic acid, oxalic
acid, (D)- or (L)-malic acid, maleic acid, methanesulfonic acid, ethanesulfonic
acid, p-toluenesulfonic acid, salicylic acid, tartaric acid, citric acid, succinic acid
or malonic acid and the like, preferably hydrochloric acid or (L}-malic acid; or (2)
salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an
aluminum ion; or coordinates with an organic base such as ethanolamine,
diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and the
like.

[0078] The compound of the present invention may also act, or be
designed to act, as a prodrug. A "prodrug" refers to an agent, which is
converted into the parent drug in vivo. Prodrugs are often useful because, in
some situations, they may be easier to administer than the parent drug. They
may, for instance, be bioavailable by oral administration whereas the parent
drug is not. The prodrug may also have improved solubility in pharmaceutical

compositions over the parent drug. An example, without limitation, of a prodrug
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wouid be a compound of the present invention, which is, administered as an
ester (the "prodrug™), phosphate, amide, carbamate or urea.

[0079] "Therapeutically effective amount” refers to that amount of
the compound being administered which will relieve to some extent one or more
of the symptoms of the disorder being treated. In reference to the treatment of
cancer, a therapeutically effective amount refers to that amount which has the
effect of: (1) reducing the size of the tumor; (2) inhibiting tumor metastasis;
(3) inhibiting tumor growth; andfor (4) relieving one or more symptoms
associated with the cancer.

[008C] The term "protein kinase-mediated condition” or "disease”,
as used herein, means any disease or other deleterious condition in which a
protein kinase is known to piay a role. The term "protein kinase-mediated
condition” or "disease" also means those diseases or conditions that are
alleviated by treatment with a protein kinase inhibitor. Such conditions include,
without limitation, cancers which express Pim kinases, particularly Pim-1
kinase, and other hyperproliferative disorders associated with Pim kinase
expression. In certain embodiments, the cancer is a cancer of colon, breast,
stomach, prostate, pancreas, or ovarian tissue.

[0081] The term "Pim kinase-mediated condition" or "disease", as
used herein, means any disease or other deleterious condition in which Pim 1
kinase, Pim 2 Kinase and/or Pim 3 kinase is known to be expressed and/or play
a role. The term "Pim Kinase-mediated condition” or "disease" also means
those diseases or conditions that are alleviated by treatment with an Pim kinase
inhibitor.

[0082] As used herein, "administer” or "administration” refers to
the delivery of an inventive compound or of a pharmaceutically acceptable salt
thereof or of a pharmaceutical composition containing an inventive compound
or a pharmaceutically acceptable salt thereof of this invention to an organism
for the purpose of prevention or treatment of a protein kinase-related disorder.

[0083] Suitable routes of administration may include, without

limitation, oral, rectal, fransmucosal or intestinal administration or intramuscular,
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subcutaneous, intramedullary, intrathecal, direct intraventricular, infravenous,
intravitreal, intraperitoneal, intranasal, or intraocular injections. In certain
embodiments, the preferred routes of administration are oral and intravenous.

[0084] Alternatively, one may administer the compound in a local
rather than systemic manner, for example, via injection of the compound
directly into a solid tumor, often in a depot or sustained release formulation.

[0085] Furthermore, one may administer the drug in a targeted
drug delivery system, for example, in a liposome coated with tumor-specific
antibody. In this way, the liposomes may be targeted to and taken up
selectively by the tumor.

[0086] Pharmaceutical compositions of the present invention may
be manufactured by processes well known in the art, e.g., by means of
conventional mixing, dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping or lyophilizing processes.

[0087] Pharmaceutical compositions for use in accordance with
the present invention may be formulated in any conventional manner using one
or more physiologically acceptable carriers comprising excipients and
auxiliaries which facilitate processing of the active compounds into preparations
which can be used pharmaceutically. Proper formulation is dependent upon the
route of administration chosen.

[0088] For injection, the compounds of the invention may be
formulated in agueous solutions, preferably in physiologically compatible
buffers such as Hanks' solution, Ringer's solution, or physiological saline buffer,
For transmucosal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in
the art.

[0089] For oral administration, the compounds can be formulated
by combining the active compounds with pharmaceutically acceptable carriers
well known in the art. Such carriers enable the compounds of the invention to
be formulated as tablets, pills, lozenges, dragees, capsules, liquids, gels,

syrups, slurries, suspensions and the like, for oral ingestion by a patient.
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Pharmaceutical preparations for oral use can be made using a solid excipient,
optionally grinding the resulting mixture, and processing the mixture of
granules, after adding other suitabile auxiliaries if desired, to obtain tablets or
dragee cores. Useful excipients are, in particular, fillers such as sugars,
including lactose, sucrose, mannitol, or sorbitol, cellulose preparations such as,
for example, maize starch, wheat starch, rice starch and potato starch and
other materiais such as gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-celiulose, sodium  carboxymethylceliulose, and/or
polyvinyl-pyrrolidone (PVP). [f desired, disintegrating agents may be added,
such as cross-linked polyvinyl pyrrolidone, agar, or alginic acid. A salt such as
sodium alginate may also be used.

[0090] Dragee cores are provided with suitable coatings. For this
purpose, concentrated sugar solutions may be used which may optionally
contain gum arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene
glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents
or solvent mixtures. Dyestuffs or pigments may be added io the tableis or
dragee coatings for identification or to characterize different combinations of
active compound doses.

[0091] Pharmaceutical compositions which can be used orally
include push-fit capsules made of gelatin, as well as soft, sealed capsules
made of gelatin and a plasticizer, such as glycerol or sorbitol. The push-fit
capsules can contain the active ingredients in admixture with a filler such as
lactose, a binder such as starch, and/or a lubricant such as talc or magnesium
stearate and, optionally, stabilizers. In soft capsules, the active compounds
may be dissolved or suspended in suitable liquids, such as fatty oils, liquid
paraffin, or liquid polyethylene glycols. Stabilizers may be added in these
formulations, also. Pharmaceutical compositions which may also be used
include hard gelatin capsules. The capsules or pills may be packaged into
brown glass or plastic bottles to protect the active compound from light. The
containers containing the active compound capsule formulation are preferably

stored at controlled room temperature (15-30°C).
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[0092] For administration by inhalation, the compounds for use
according to the present invention may be conveniently delivered in the form of
an aerosol spray using a pressurized pack or a nebulizer and a suitable
propellant, e.g., without limitation, dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetra-fluoroethane or carbon dioxide. In the
case of a pressurized aerosol, the dosage unit may be controlled by providing a
valve to deliver a metered amount. Capsules and cartridges of, for example,
gelatin for use in an inhaler or insufflator may be formulated containing a
powder mix of the compound and a suitable powder base such as lactose or
starch.

[0093] The compounds may aléo be formulated for parenteral
administration, e.g., by bolus injection or continuous infusion. Formulations for
injection may be presented in unit dosage form, e.g., in ampoules or in multi-
dose containers, with an added preservative. The compositions may take such
forms as suspensions, solutions or emulsions in oily or agueous vehicles, and
may contain formulating materials such as suspending, stabilizing and/or
dispersing agents.

[0094] Pharmaceutical compositions for parenteral administration
include aqueous solutions of a water soluble form, such as, without limitation, a
salt, of the active compound. Additionally, suspensions of the active
compounds may be prepared in a lipophilic vehicle. Suitabie lipophilic vehicles
include fatty oils such as sesame oil, synthetic fatty acid esters such as ethyl
oleate and triglycerides, or materials such as liposomes. Agqueous injection
suspensions may contain substances which increase the viscosity of the
suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran.
Optionally, the suspension may also contain suitable stabilizers and/or agents
that increase the solubility of the compounds to allow for the preparation of
highly concentrated solutions.

[0095] Alternatively, the active ingredient may be in powder form
for constitution with a suitable vehicle, e.g., sterile, pyrogen-free water, before

use.
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[0096] The compounds may also be formulated in rectal
compositions such as suppositories or retention enemas, using, e.g.,
conventional suppository bases such as cocoa butter or other glycerides.

[0097]In addition to the formulations described previously, the
compounds may also be formulated as depot preparations. Such long acting
formulations may be administered by implantation (for example,
subcutaneously or intramuscularly) or by intramuscular injection. A compound
of this invention may be formulated for this route of administration with suitable
polymeric or hydrophobic materials (for instance, in an emulsion with a
pharmacologically acceptable oil), with ion exchange resins, or as a sparingly
soluble derivative such as, without limitation, a sparingly soluble salt.

[0088] A non-limiting example of a pharmaceutical carrier for the
hydrophobic compounds of the invention is a cosolvent system comprising
benzyl alcohol, a nonpolar surfactant, a water-miscible organic polymer and an
aqueous phase such as the VPD cosolvent system. VPD is a solution of 3%
wiv benzyl alcohol, 8% w/v of the nonpolar surfactant polysorbate 80, and 65%
wiv polyethylene glycol 300, made up to volume in absolute ethanol. The VPD
cosolvent system (VPD:D5W) consists of VPD diiuted 1:1 with a 5% dextrose in
water solution. This cosolvent system dissolves hydrophobic compounds well,
and itself produces low toxicity upon systemic administration. Naturally, the
proportions of such a cosolvent system may be varied considerably without
destroying its solubility and toxicity characteristics. Furthermore, the identity of
the cosolvent components may be varied: for example, other low-toxicity
nonpolar surfactants may be used instead of polysorbate 80, the fraction size of
polyethylene glycol may be varied, other biocompatible polymers may replace
polyethylene glycol, e.g., polyvinyl pyrrolidone, and other sugars or
polysaccharides may substitute for dextrose.

[0100] Alternatively, other delivery systems for hydrophobic
pharmaceutical compounds may be employed. Liposomes and emulsions are

well known examples of delivery vehicles or carriers for hydrophobic drugs. In
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addition, certain organic solvents such as dimethylsulfoxide also may be
employed, although often at the cost of greater toxicity.

[0101]  Additionally, the compounds may be delivered using a
sustained-release system, such as semipermeable matrices of solid
hydrophobic polymers containing the therapeutic agent. Various sustained-
release materials have been established and are well known by those skilled in
the art. Sustained-release capsules may, depending on their chemical nature,
release the compounds for a few weeks up to over 100 days. Depending on
the chemical nature and the biological stability of the therapeutic reagent,
additional strategies for protein stabilization may be employed.

{0102] The pharmaceutical compositions herein also may
comprise suitable solid or gel phase carriers or excipients. Examples of such
carriers or excipients include, but are not limited to, calcium carbonate, calcium
phosphate, various sugars, starches, cellulose derivatives, gelatin, and
polymers such as polyethylene glycols.

[0103] Many of the protein kinase-modulating compounds of
the invention may be provided as physiologically acceptable salts wherein the
claimed compound may form the negatively or the positively charged species.
Examples of salts in which the compound forms the positively charged moiety
include, without limitation, quaternary ammonium (defined elsewhere herein),
salts such as the hydrochloride, sulfate, carbonate, lactate, tartrate, malate,
maleate, succinate wherein the nitrogen atom of the quaternary ammonium
group is a nitrogen of the selected compound of this invention which has
reacted with the appropriate acid. Salts in which a compound of this invention
forms the negatively charged species include, without limitation, the sodium,
potassium, calcium and magnesium salts formed by the reaction of a carboxylic
acid group in the compound with an appropriate base (e.g. sodium hydroxide
(NaOH), potassium hydroxide (KOH), caicium hydroxide (Ca{OH),), etc.).

[0104] Pharmaceutical compositions suitable for use in the
present invention include compositions wherein the active ingredients are

contained in an amount sufficient to achieve the intended purpose, e.g., the
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modulation of protein kinase activity and/or the treatment or prevention of a
protein kinase-related disorder.

[0105] More specifically, a therapeutically effective amount
means an amount of compound effective to prevent, alleviate or ameliorate
symptoms of disease or prolong the survival of the subject being treated.

[0106] Determination of a therapeutically effective amount is
well within the capability of those skilled in the art, especially in light of the
detailed disclosure provided herein.

[0107] For any compound used in the methods of the
invention, the therapeutically effective amount or dose can be estimated initially
from cell culture assays. Then, the dosage can be formulated for use in animal
models s0 as to achieve a circulating concentration range that includes the 1Csq
as determined in cell culture (i.e., the concentration of the test compound which
achieves a half-maximal inhibition of the protein kinase activity). Such
information can then be used to more accurately determine useful doses in
humans.

[0108] Toxicity and therapeutic efficacy of the compounds
described herein can be determined by standard pharmaceutical procedures in
cell cultures or experimental animals, e.g., by determining the 1Cs¢ and the LDsp
(both of which are discussed elsewhere herein) for a subject compound. The
data obtained from these cell culture assays and animatl studies can be used in
formulating a range of dosage for use in humans. The dosage may vary
depending upon the dosage form employed and the route of adminisfration
utilized. The exact formulation, route of administration and dosage can be
chosen by the individual physician in view of the patient's condition. (See, e.g.,
GOODMAN & GILMAN'S THE PHARMACOLOGICAL BASIS OF THERAPEUTICS, Ch. 3, 9™
ed., Ed. by Hardman, J., and Limbard, L., McGraw-Hill, New York City, 19986,
p.46.)

[0109] Dosage amount and interval may be adjusted
individually to provide plasma levels of the active species which are sufficient to

maintain the kinase modulating effects. These plasma levels are referred to as
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minimal effective concentrations (MECs). The MEC will vary for each
compound but can be estimated from in vifro data, e.g., the concentration
necessary to achieve 50-90% inhibition of a kinase may be ascertained using
the assays described herein. Dosages necessary to achieve the MEC will
depend on individual characteristics and route of administration. HPLC assays
or bioassays can be used to determine plasma concentrations.

[0110] Dosage intervals can alsc be determined using MEC
value. Compounds should be administered using a regimen that maintains
plasma levels above the MEC for 10-90% of the time, preferably between 30-
90% and most preferably between 50-90%.

[0111] At present, the therapeutically effective amounts of
compounds of the present invention may range from approximately 2.5 mg/m®
to 1500 mg/m? per day. Additional illustrative amounts range from 0.2-1000
mg/qid, 2-500 mg/qid, and 20-250 mg/qid.

[0112] In cases of local administration or selective uptake, the
effective local concentration of the drug may not be related to plasma
concentration, and other procedures known in the art may be employed to
determine the correct dosage amount and interval.

[0113] The amount of a composition administered will, of
course, be dependent on the subject being treated, the severity of the affliction,
the manner of administration, the judgment of the prescribing physician, etc.

[0114] The compesitions may, if desired, be presenied in a
pack or dispenser device, such as an FDA approved kit, which may contain one
or more unit dosage forms containing the active ingredient. The pack may for
example comprise metal or plastic foil, such as a blister pack. The pack or
dispenser device may be accompanied by instructions for administration. The
pack or dispenser may also be accompanied by a notice associated with the
container in a form prescribed by a governmental agency regulating the
manufacture, use or sale of pharmaceuticals, which notice is reflective of
approval by the agency of the form of the compositions or of human or

veterinary administration. Such notice, for example, may be of the labeling
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approved by the U.S. Food and Drug Administration for prescription drugs or of
an approved product insert. Compositions comprising a compound of the
invention formulated in a compatible pharmaceutical carrier may also be
prepared, placed in an appropriate container, and labeled for treatment of an
indicated condition. Suitable conditions indicated on the label may include
treatment of a tumor, inhibition of angiogenesis, treatment of fibrosis, diabetes,
and the like.

[0115]  As mentioned above, the compounds and compositions
of the invention will find utility in a broad range of diseases and conditions
mediated by protein kinases, including diseases and conditions mediated by
aurora-2 kinase. Such diseases may include by way of example and not
limitation, cancers such as lung cancer, NSCLC (non small cell lung cancer),
oat-cell cancer, bone cancer, pancreatic cancer, skin cancer,
dermatofibrosarcoma protuberans, cancer of the head and neck, cutaneous or
intraocular melanoma, uterine cancer, ovarian cancer, colo-rectal cancer,
cancer of the anal region, stomach cancer, colon cancer, breast cancer,
gynecologic tumors (e.g., uterine sarcomas, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the
vagina or carcinoma of the vulva), Hodgkin's Disease, hepatocellular cancer,
cancer of the esophagus, cancer of the small intestine, cancer of the endocrine
system (e.g., cancer of the thyroid, pancreas, parathyroid or adrenal glands),
sarcomas of soft tissues, cancer of the urethra, cancer of the penis, prostate
cancer (particularly hormone-refractory), chronic or acute leukemia, solid
tumors of childhood, hypereosinophilia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter (e.g., renal cell carcinoma, carcinoma of
the renal pelvis), pediatric malignancy, neoplasms of the central nervous
system (e.g., primary CNS lymphoma, spinal axis tumors, medulloblastoma,
brain stem gliomas or pituitary adenomas}, Barrett's esophagus (pre-malignant
syndrome), neoplastic cutaneous disease, psoriasis, mycoses fungoides, and
benign prostatic hyperirophy, diabetes related diseases such as diabetic

retinopathy, retinal ischemia, and retinal neovascularization, hepatic cirrhosis,
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angiogenesis, cardiovascular disease such as atherosclerosis, immunological
disease such as autoimmune disease and renal disease.

[0116] The inventive compound can be used in combination
with one or more other chemotherapeutic agents. The dosage of the inventive
compounds may be adjusted for any drug-drug reaction. In one embodiment,
the chemotherapeutic agent is selected from the group consisting of mitotic
inhibitors, alkylating agents, anti-metabolites, cell cycle inhibitors, enzymes,
topoisomerase inhibitors such as CAMPTOSAR (irinotecan), biological
response modifiers, anti-hormones, antiangiogenic agents such as MMP-2,
MMP-9 and COX-2 inhibitors, anti-androgens, platinum coordination complexes
(cisplatin, etc.), substituted ureas such as hydroxyurea; methylhydrazine
derivatives, e.g., procarbazine; adrenocortical suppressants, e.g., mitotane,
aminoglutethimide, hormone and hormone antagonists such as the
adrenocorticosteriods (e.g., prednisone), progestins (e.g., hydroxyprogesterone
caproate), estrogens (e.g., diethylstilbesterol), antiestrogens such as tamoxifen,
androgens, e.g., testosterone propionate, and aromatase inhibitors, such as
anastrozole, and AROMASIN (exemestane).

[0117] Examples of alkylating agents that the above method
can be carried out in combination with include, without limitation, fluorouracil (5-
FU) alone or in further combination with leukovorin; other pyrimidine analogs
such as UFT, capecitabine, gemcitabine and cytarabine, the alkyl sulfonates,
e.g., busulfan (used in the treatment of chronic granulocytic leukemia),
improsulfan and piposulfan; aziridines, e.g., benzodepa, carboguone,
meturedepa and uredepa; ethyleneimines and methylmelamines, e.qg.,
altretamine, triethylenemelamine, triethylenephosphoramide,
triethylenethiophosphoramide and trimethylolmelamine; and the nitrogen
mustards, e.g., chlorambucil (used in the treatment of chronic lymphocytic
leukemia, primary macroglobulinemia and non-Hodgkin's Ilymphoma),
cyclophosphamide (used in the treatment of Hodgkin's disease, multiple
myeloma, neuroblastoma, breast cancer, ovarian cancer, lung cancer, Wilm's

tumor and rhabdomyosarcoma), estramustine, ifosfamide, novembrichin,
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prednimustine and wuracil mustard (used in the ftreatment of primary
thrombocytosis, non-Hodgkin's lymphoma, Hodgkin's disease and ovarian
cancer); and triazines, e.g., dacarbazine {used in the treatment of soft tissue
sarcoma).

[0118] Examples of antimetabolite chemotherapeutic agents
that the above method c¢an be carried out in combination with include, without
limitation, folic acid analogs, e.9., methotrexate (used in the treatment of acute
lymphocytic leukemia, choriocarcinoma, mycosis fungiodes, breast cancer,
head and neck cancer and osteogenic sarcoma) and pteropterin; and the purine
analogs such as mercaptopurine and thioguanine which find use in the
treatment of acute granulocytic, acute lymphocytic and chronic granufocytic
leukemias.

[0119] Examples of natural product-based chemotherapeutic
agents that the above method can be carried out in combination with include,
without limitation, the vinca alkaloids, e.g., vinblastine (used in the treatment of
breast and testicular cancer), vincristihne and vindesine; the
epipodophyliotoxins, e.g., etoposide and ieniposide, both of which are usefu! in
the treatment of testicular cancer and Kaposi's sarcoma; the antibiotic
chemotherapeutic agents, e.g., daunorubicin, doxorubicin, epirubicin, mitomycin
{used to treat stomach, cervix, colon, breast, bladder and pancreatic cancer),
dactinomycin, temozolomide, plicamycin, bleomycin (used in the treatment of
skin, esophagus and genitourinary tract cancer); and the enzymatic
chemotherapeutic agents such as L-asparaginase.

[0120] Examples of useful COX-ll inhibitors include Vioxx,
CELEBREX (celecoxib), valdecoxib, paracoxib, rofecoxib, and Cox 189.

[0121] Examples of useful matrix metalloproteinase inhibitors
are described in WO 96/33172 (published Oct. 24, 1996), WO 96/27583
(published Mar. 7, 1996), European Patent Application No. 97304971.1 (filed
Jul. 8, 1997), European Patent Application No. 99308617.2 (filed Oct. 29,
1999), WO 98/07697 (published Feb. 26, 1998), WO 98/03516 (published Jan.
29, 1998), WO 98/34918 (published Aug. 13, 1998), WO 98/34915 (published
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b o116 ot ) 1989, HCE bitbwation nibainh NotBGTIROSBAMSER b 2dnd 038)
bromoacet al ¢g, n( Pafiht R%ﬂ%%tiaﬁ’lb)low@@?,@é%‘%dl I%@ N%"F‘CESO 98P Great

refluxed for 20 hrs and utanol was renoved un reduce préssure.
To t he reactiritain patand ra@pllmmrnumra&ﬁjé%aﬁdﬂ@dt Jurc t3e d 9@RY, . &t BAL Nob

Concent ! at e URORY [ EHFRLARDr 23s YE)aMS! Rt e ASETRID enuer an o

col urm chrormg)graaarm.rbﬁéé}ﬁpéfmmehcét@ngaaoess”s— @'mb%m:d N0k d92; all
b] pyri dazine_ (4) (690ng, yield = 40%.

3- Br ono- 6- cRf avhich @r@amrporgtapb\ma@rzurméhgls)entlretles by reference. Preferred
MMP-2 and MMP-9 inhibitors are those that have little or no activity inhibiting

MMP-1. More preferred are those that selectively inhibit MMP-2 and/or MMP-8
relative to the other matrix-metalloproteinases (i.e., MMP-1, MMP-3, MMP-4,
MMP-5, MMP-6, MMP-7, MMP-8, MMP-10, MMP-11, MMP-12, and MMP-13).
[0122] Some specific examples of MMP inhibitors useful in the
present invention are AG-3340, RO 32-3555, RS 13-0830, and compounds
selected from: 3-[[4-(4-flucro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyl-
cyclopentyl)- aminol-propionic acid; 3-ex0-3-[4-(4-fluoro-phenoxy)-
benzenesulfonylamino]-8-oxa-bicyclo[3.2.1]octane-3-carboxylic acid
hydroxyamide; (2R,3R) 1-[4-(2-chloro-4-fluoro-benzyloxy)-benzenesulfonyl]-3-
hydroxy-3-methyl-piperidine-2-carboxylic acid hydroxyamide; 4-[4-(4-fluoro-
phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-4-carboxylic acid
hydroxyamide; 3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyl-
cyclobutyl)- amino]-propionic acid; 4-[4-(4-chloro-phenoxy)-
benzenesulfonylamino]-tetrahydro-pyran-4-carboxylic acid hydroxyamide; (R) 3-
[4-(4-chioro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-3-carboxylic

acid hydroxyamide; (2R,3R) 1-[4-(4-fluoro-2-methylbenzyloxy)-
benzenesuifonyl]-3-hydroxy-3-methyl-piperidine-2-carboxylic acid
hydroxyamide; 3-[[(4-(4-flucro-phenoxy)-benzenesulfonyl]-(1-

hydroxycarbamoyl-1-methyl-ethyl)-amino]-propionic acid; 3-{[4-(4-fluoro-
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[ 0140] The 6-Chl oro-i m dazo[ 1, 2-b] pyri dazine (4) (500 ng, 0.0032 nol)
was taken in glacial acetic acid (5 m) and bromne (0.4 m) was

dded sl t t . Aft 20 m nutes, solij

Sr egi p?tg%%éﬁ&gﬁg} vvgrsm?ir?tg;:d. Th:rsol id was vvashedP%fP?'?mgt’%grm(S
x 15 m) and dried under air to give

3- Bronp- 6- chl oro-i m dazo[ 1, 2- b] pyri dazine (5) (400ng, yield = 60%.
WD 2008/ 058126PCT/.US2007/ 08377 .
142 (6 chi oFDeNRRAEACEneSUIBAVIE by exvearhg WA PP ruEary A Rrarinels)

0141]1 i k e4hid-0 qqecql, BRn3k i -
erml )] azdaCstﬁlg@%Igﬁglgfbl%. gga.%@%to% _\A/aéértk)ﬁéér? %1) anhyﬁ?%lgfgggﬁal-l% }(%i&éa
ml). Argon WeycleldBldecteng-genpmbexydic r @aist i ydroyamide; f3endo-3ddr(dtflasro-

Bor oni oo P EACSAEE e R R frpRYRLOEE  REBtisRRy st
hours. Sol veéwtirosgamidsovesdf r qR) t he-[gadiuopRphéndxyi-BebzetRisuf&fidafo]l-

pressure. The residue was taken in EtOAc (20 m) and filtered 't hrough
celite. The tetrahydie-uraps-easheniicr aged uhvbpxyastitdeed apdesphamacgutically

o0 310, LA A BB (R S om0 o
b] pyri dazi ne- 3- y1) - phf123] - diQteehahtaangiogéidsis agenms, sthet COX-BAAMibitors
S e D e R S RBRE RS, b aRb Y etucein B hieREhlSnton ") %
f0124]  An inventive compound can also be used with other
signal transduction inhibitors, such as agents that can inhibit EGFR (epidermal
growth factor receptor) responses, such as EGFR antibodies, EGF antibodies,
and molecules that are EGFR inhibitors; VEGF (vascular endothelial growth
factor) inhibitors; and erbB2 receptor inhibitors, such as organic molecules or
antibodies that bind to the erbB2 receptor, such as HERCEPTIN (Genentech,
inc., South San Francisco, CA). EGFR inhibitors are described in, for example
in WO 95/19970 (published Jul. 27, 1995), WO 98/14451 (published Apr. 9,
1998), WO 98/02434 (published Jan. 22, 1998), and U.S. Pat. No. 5,747,498
(issued May 5, 1098), and such substances can be used in the present
invention as described herein.
[0125] EGFR-inhibiting agents include, but are not limited to,
the monocional antibodies C225 and anti-EGFR 22Mab (ImClone Systems,
Inc., New York, NY), the compounds ZD-1839 (AstraZeneca), BIBX-1382
(Boehringer Ingelheim), MDX-447 (Medarex Inc., Annandale, NJ), and OLX-103
(Merck & Co., Whitehouse Station, NJ), and EGF fusion toxin (Seragen Inc.,
Hopkinton, MA).
[0126] These and other EGFR-inhibiting agents can be used in
the present invention. VEGF inhibitors, for example SU-5416 and SU-6668
(Sugen Inc., South San Francisco, CA), can also be combined with an inventive
compound. VEGF inhibitors are described in, for example, WO 01/60814 A3
(published Aug. 23, 2001), WO 99/24440 (published May 20, 1999), PCT
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[0142] In a two necked round-bottoned fl ask, Pd2(dba)3 (0.001g, 0.0009
mmol ), sodiumtert-butoxide (0.02g, 0.256 nmmol) and |igand (0.001g,

0. 0027 nmo en in anhydrous PhCH3. Argon was passed through

t he reactig)ﬁﬁ\ﬁﬁ%sgﬁg for 10 m nutes and then PCT"USZOW"OS”%
(4-(6-chloro-imdazo[1,2- b]pyridazine-3-yl)-phenyl]dinethylam ne
(6) (0.05 g, 0.18mmol) and ()-2- am no-1-butanol (0.02 g, 0.22 mol)
was added. The reaction was refluxed for 24 hrs. Tol uene was renoved

fromthe redeermationalkfpplicatinnrCTARYBATH é¥ed May S0 J90RL WEL 98(Zd61As
k in E i ' f il
taken in tg%%égd Hig. 17 1%55)’3%@@%@3@%%2@%%?%% Bl bl tl@@é)filye.\%.sgga}t.

concentrate reduced ressure e WasS puril
col urm chr oiet GB3BGH (iskEk \GHR TR ) 998), YVQ128BN4: WO 98/50356 (published

0 et noRheEy Hobi e WA 91 i G 2580 AP
pr Ogegur es Wéﬁ?ﬁﬁéﬁ*ﬁ%@ c%%’ %g@@?twé.s Pat.aNg. 992 78ReiEIehigd 11, H
1998), WO 99/10349 (published Mar. 4, 1999), WO 97/32856 (published Sep.
12, 1997), WO 97/22596 (published Jun. 26, 1997), WO 98/54093 (published
Dec. 3, 1998), WO 08/02438 (published Jan. 22, 1998), WO 99/16755
(published Apr. 8, 1999), and WO 98/02437 (published Jan. 22, 1998), all of
which are incorporated herein in their entireties by reference. Other examples
of some specific VEGF inhibitors useful in the present invention are 1M862
(Cytran Inc., Kirkland, WA); anti-VEGF monoclonal antibody of Genentech, Inc.;
and angiozyme, a synthetic ribozyme from Ribozyme (Boulder, CO) and Chiron
(Emeryville, CA). These and other VEGF inhibitors can be used in the present
invention as described herein. pErbB2 receptor inhibitors, such as GW-282974
(Glaxo Wellcome plc), and the monoclonal antibodies AR-209 (Aronex
Pharmaceuticals Inc., The Woodiands, TX) and 2B-1 (Chiron), can furthermore
be combined with an inventive compound, for example, those indicated in WO
08/02434 (published Jan. 22, 1998), WO 99/35146 {(published Jul. 15, 1999),
WO 99/35132 (published Jul. 15, 1999), WO 98/02437 (published Jan. 22,
1998), WO 97/13760 (published Apr. 17, 1997), WO 95/19970 (published Jul,
27, 1995), U.S. Pat. No. 5,587,458 (issued Dec. 24, 1996), and U.S. Pat. No.
5,877,305 (issued Mar. 2, 1999), which are all hereby incorporated herein in
their entireties by reference. ErbB2 receptor inhibitors useful in the present
invention are also described in U.S. Pat. No. 6,284,764 (issued Sep. 4, 2001),
incorporated in its entirety herein by reference. The erbB2 receptor inhibitor
compounds and substance described in the aforementioned PCT applications,
U.S. patents, and U.S. provisional applications, as well as other compounds
and substances that inhibit the erbB2 receptor, can be used with an inventive

compound, in accordance with the present invention.
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5 R=-NCH3)2, 3-F, 4-F, 3-CF3, 4-CF3 3-0CF3, 4-0CF3, 3-NHSO2CH3
4- NHSO2CH3, 3-NO2, 3-NO2, 4-NO2, 3-0CH3, 4-0CH3, 3-C 4-dC [0143]In a
two necked_ro ottorred flask Pd(PPh3)4 (0.068 nmol)
(0. 0020 m}&{@%‘ﬁgsgospgﬁen i n anhydrous PhCH3 (1.6 m). g’(’)&%”%’@yﬂ?ed
t hrough the reaction mxture for 10 m nutes and then 3 Br ono- 6-
chl oro-imdazo[ 1, 2-b] pyridazine (5) followed by 3 or 4-substi tut ed
boroni c aci ds was addﬁ&? Ij’he reacti n m_xt ure was rg | uxed for

L 0

hours. Sol vent was re fr‘Bt?rﬁntVﬁE Y& SeMPSHNG, Sany P u%é*sege‘ﬂﬁbé’a’er
pressure. ThgehBshshi@ inaatind eantdr, e dq(,%@:t AbY 1irARsh {d, lagBrR LtapbbRrUSh

celite. The filtrate was concentrated un r educed ressure to

obtain the SBSABLIBY ARIIMAARINBUG FESBANgSS, Suthuas CTWdﬁﬂbtﬁgﬁtakymphocyte

chlor o1 m aarapdn 9) i bbiide Aid By Aenfe (P bLPRSRR QLA o 2

7. Scheme f opréliferatiyatayesiss soth %;%Sé&elrj lfamesyél protelré traln(sfergse |nh|b1torg for
(trifluoronethox henypi m dazof 1, 2 pyri dazi n-6-y -2-amno ut an
161 (Comogamiig The TrigsibRisian ranstarate inhiitats derattickindespiprences

I'Na2CC8 Br gited in the "Background" section, of U.S. Pat. No., 6,258,824 B1.

[0128] The above method can alse be carried out in
combination with radiation therapy, wherein the amount of an inventive
compound in combination with the radiation therapy is effective in treating the
above diseases.

[0129]  Techniques for administering radiation therapy are
known in the art, and these techniques can be used in the combination therapy
described herein. The administration of the compound of the invention in this
combination therapy can be determined as described herein.

[0130] The invention will be further understood upon

consideration of the following non-limiting Examples.

37



3- brono- 6- chl or oi m dazo[ 1, 2-b] pyri dazine a. Synt hesis of

6-chl oro-3-(3-(trifluoronmethoxy)phenyflim dazofl, 2- bipyridazine
(Compounds_7-12, 7-13)). [0144]To a degased MeOH Tol uene (1:4, 5 nl)
sol vent an¥OAPBPBRE2CO3 (0. 215 mL, 0.430 mmol) under APGBPSANOHTed
3- brono-6- chl oroi m dazo[ 1, 2- b] pyri dazi ne (100 ng, 0.430 mol ),

3-fl uor onet hoxyphenyl boronic acid (98 ng, 0.430 nmmol) and Pd(PPh3)4
(8.95 ng, 7.74 uM 0.018 eq). The resulting reaction m xture was
heated to reflux overnight (12 h). TLC (5%keoH DCM Rf=0.2) showed

t he pr esenc%ﬁmg}_; ting material 3-brono-6-

chl or oi m da ,2-D] pyridazine and an additional two new spots with
strong fluoresense. The reaction m xture was concentration and the
crude produ urified by Conmbi Fl ash Conpani on using 0 % 70 %
Et OAc/ Hexan ,1 (4 g normal phase Redi Sep Flash colum wth

flow 18 mUmdnmpeenbney SEA grm/'g?ngN aRfORt 1 on of two products
as afforded the Conpound 7- 1§E63 n'éf; 46. Iﬁ/:()lé, an@ Conmpound 7-13 13 ng

(6.88% . b.Synthesis B33} ( 3Mirdug] tsdrédning aakutaion$ (Raegrérnetdalz of Med.
bi i dazi n-6§-yl ' - -1-0 d.7-17 01451 Tq.th

PP o2 o) AT Dhgb TR | L1 TN
2 eq), li gagﬁﬁ Al S8hrofindsr &), RSt (8.7 FiktiDisc®ly aT8chnical

NaQt Bu (13. ng, 1.42 eq). e resultln%reactlon m xt ure ‘was
degassed f olVotes;iohredinger RregeP ertand, Z&03\Wwere parfermeddrasetiiamdhe crystal

e b hrRe B BRLOSRBE R SERp ¥E P ADEIE s el B8t 4
raceni ¢ 7- 17. Bifl.Chel).. 28D, 8aBessa 37 02008)elasibd Beal. s/ Bio s e$s, 13228,
and 7-28. Schene hesis of ter

5 10. Synt he t - but yl
44(3-(3-(tr izppgbmm g6y {,%ﬁ&lﬁl% a_ﬁg,o}@,, 005; Bullock et al., J. Med. Chem.
t7"_ FZ)% ' dazi n-4g ykaii7eq) ey | kel LA BETIPEACIRSNY Wb 2004038888 deremy
et al., PCT Publication WO 2004/058769). The computational screening of
~1.5 million focused and or diverse drug like compounds from libraries of Life
Chemicals, Maybridge, TimTec, BioFocus ComGenex and Ambinter led to the
selection of 63 candidate compounds exclusively from BioFocus Ilibrary
(BioFocus, 2464, Massachusetts Avenue, Cambridge, MA 02140, USA,
www.biofocus.com). Nine compounds were found to be active in the low-
micromolar range {8-10 uM) and 2 of them were found to exhibit <8 uM activity
in direct PIM-1 kinase binding assay. The most active compounds for the
identification of molecular regions important for specific Pim-1 kinase activity
belong to the class of both imidazo[1,2-b]pyridazines (Beswick et al.,, PCT
Publication WQ1996/9631509; Raboisson et al., Tefrahedron 59, 5869-5878,
2003) and pyrazolo[1,5-alpyrimidine (Williamson et al., Bioorganic & Med.
Chem. Letters 15, 863-867, 2005). As described below, the compounds
selected from virtual screening were filtered based on binding mode, QikProp
{Schrodinger. L. L. C., New York (http://www.schrodinger.com); Schrodinger
LLC. QikProp Technical Notes; Schrodinger Press: Portland, 2003.) (solubility,
permeability) Lipinski-like criteria (CA Lipinski, Adv. Drug Del. Rev. 23, 3,

1997). and the presence of desired pharmacophore groups. These classes of
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[0146] To the toluene solvent was added 7-12 (100 ng, 0.319 mmol),
4- Am nonet hy1- 1- Boc- pi peridine (68.3 ng, 0.319 mol ), ligand (18.8

, 0.048 Pd2(dba)3 (0.05 eq) and NaGBu (1.5 eq The
pgsul ting Y%%q/%ﬁuﬁ] xture was degassed for 10 nin unde%cwwwmﬁﬁag’
then was heated to reflux overnight (12 h). The crude product was
concentration and pr epar ative TLC was perforned with 10% MeOH DCM
sol vent system af f 7- 27 ,(53.6 %9 . 11. .Synthesi
N- (pi per i di rFoR?RAM ?ﬁ?me%a%r??'ﬁef ?tﬂfﬁtéfﬁétfﬂr 5%’? OP&'W%}H“& ﬁY'HE%%JS £0d
, 2- bl pyri dapm-$kmakB8crhedingdt | f | uoroacet ate (Conpound 7-28).
[0147] 1 mL of DCM and 1 nL of TFA (0.098 nmol) was added sequencialy
to 7-27 (48 ng 0.0). The reaction conpleted in Ih at rt. TLC (20%
MeOH DCM Rf1 - ane ;A o8 DYEnc onpl etely
provi ded the’ cr ude ; 7% MeOH DCM) gave

48 nmg (97% of col OF|EB182}SO| rmhe é&emspmﬂ@efd@taaal@e Py Refi &f i fdmdt:
Schene 6 13. Synt hesi s

N( ( 1- met hy!| ;ﬂ%ﬁerrwnka%@?@fmgqi? §16133),t Mayhiigee méiritfingder pRéngereening

d 11 2 48 h
ol uane (5 SEeEh cTH00D; SEBEIS SRORCYAefor Bojisg et $6b0), BioFocus
(1- net hyl pi §45848)nCoémGenmext @adAarand Arddintss (053491 andttheir thregaidelSona

02181 ol ) CoRNGIES, s FHG 1oBHEL e HerBIMEd 28 aRefacbed! TG vengthe
under argon&g%%%um@&wh%@%éh%&. %ér%ﬁg)_??é Ph&fgel #ﬁ tﬁhahﬁvaﬁ.ﬁét%g%

product was Tconcentration and preparative TLC was “perforne

MeOH DCM solviesatstengdt isna ahéitir med fig. bigRgemiusgs Zpetial Hputidnd regaotiegehe
flgr NE ?g?ﬁn&\;&?{ﬁﬁ% %%%Wg@gﬁ%ﬁwwﬁ amines, amidines, carboylic acids) of
(trit7uor Omﬂlhﬁéﬁ%lmeﬁbdmaééurﬁe@ kpe n&ﬂzedﬁaﬁa 9m7réls|o§;@amqw¢ 4/-
31) . [014% To the toluene (5 nmL) sol vent was ad

0. 128 mmol ) Seppigta -muitiHpaifprstal Afles ﬁumtf@ankF'&ﬁP re@d(@tcieaylﬂuﬁbscyreen
ligand (0.0 2 9 I Fqg
The resul ti %r?‘é@h%gag%@!mﬁ%?lﬁ%)gtr\fle\}a%&gg%%sgg %Hr;}a(lgﬁéa% 4%‘22
and t hen wasndleatlesiwers c@féidere@mmmt@itsc(ebaurig) The crude product was
concentration and preparative TLC was perfornmed with 10% MeOH DCM
sol vent system afforded 22 ng of 7- 31 .

2. Preparation of Protein Coordinates and Definition of Active Sites.

[0133] Reference protein coordinates used for Glide virtual
screening were taken from the X-ray structure of PIM-1 kinase in complex with
AMP-PNP (pdb entry: 1XR1). Water molecules were then removed and the
missing bond order and geometries were edited. Hydrogen atoms were added
and the combined complex structure was submitted for protein preparation
calculation. The fully refined structure with bound AMP-PNP molecule was
further submitted for Grid calculation to define the active site as the collection of
amino acids enclosed within a 12 A radius sphere centered on the bound

ligand.

3. Virtual Screening of the QikProp filtered libraries using Glide.

[0134]  Typically each multi mae file molecules were submitted

for QikProp calculations. The Tanimoto coefficient, as criteria for selection of
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EXAMPLE 3 PIM 1 KINASE ACTI VITY ASSAYS A Pim 1 Kinase Inhibition
Assay [0150] One illustrative manner in which Pim1 kinase activity
can be determned is by quantifying the anount of ATP renal nin
solution XMABPYGRHn vitro Pim 1 kinase reaction. The ¥§ 7%986773
Assay Kit (Promega, Inc., Madison, W) allows this. The armunt of ATP
remai ning in the sol ution after the ki nase reaction serves as a

substrate for the luciferase to catalyze luciferin to oxyluciferin
pl us one phdéiniargionpayds wikhia the Hatabares masdmplameniad anddhisphes led to

corr ol at os wit ROPRASIEG HABHhol 1Bk RPoouFiiese, o, 2pih 28s dfblagge

and i nverseIfsonmeactetiaﬁabasavfdrmndu%amnimg of kinase acitivity. This
assay is efficient at determning the 1C50 val ues of kinase

i nhibitors against the Pim1l kinase. These assays are set up in
duplicate 5Qul v L 270 pl at es.

| nhi bitors g’#e a(?j Qopss ¢ colnoBln e 2 ffer, 10uM ATP,
100uM Pi m 1-speci fic EUMSS] r atGampdmgsohaving i desiiéidm@lldenswres, Wdrogen

t | | i f. | t
concent rat G0 st Al Bt BRotit dBlesiont e tgraaed B Hestoppic
360r pm for tSaheisr ﬁ)f fﬁ%érOéMd}ﬁa;é her hbn@dm&?ﬁaﬂﬂnaﬁ%gmﬁf o6& Barfdidate

reagent is added to each well, including all positive and negative
control wel was aka estiaied &y torce disld eeengyrditfeneace dietvigemithcemplerad

Cecults di s APRRAHRY n 20 BN MR Wyl 2% M Riseporng

val ues can tcapdidatesciedra whigtcatbgopy wers SeletxetilFoi Rftheeahdlgsis. Com ounds in
[0151] Al ternat | velh% Pim1 kinase activity can be determ ned

quant i f yi ng SR8 8 heRe) Fategsreh vese y pnsRectead o elinginate ﬁaﬁ‘ﬁéﬁﬁér

t
k/ngLoLOV\?SWOP %hl S, srf (r%ﬁ rﬁ%@gn%esodr%%cné& %Lg%ggg enséfoerr
(FRET) pr ocdomsion. aBglesf | ﬂ'hearéemdimg EBméirlmnhESrwele ¢L$§Te|rnma'ﬂrnaelouslng
Substrate 7 h b t fl
ogpzsrﬁgeené&&'?r@o nv?cH%g%EgQI o’l?%g@@ ’5 MW@EEIE@EE‘%ELV\{ c%ieﬁ?l This
enzyne and El‘urlﬂ%reﬂidu%éd'tﬂa' RUMBEF dfoédn‘?dbd?ﬂ!stfﬂ $0. 1MRsk SarRidieaGldran

is stopped, and a devel opnent reagent i's added. This reagent, a
pr ot ease, wipiopleg), eane Lpda: Iﬁﬁ@’ﬁﬂﬁorwlﬂht’fb& sapet mamlcaéep'@mqurengverae

bet veen t nofFPEREoE 4 ?%@ﬁ‘%gﬁﬁ@agﬁﬂ& A PRl e o 10

such as the p?ﬁ-mom[‘i swpmmw derilBtwiceetkre /selmbtptarﬁnevaluEtBEderSthe;r
i ndi cative an active inhibitor. W) 2008/ 058126PCT/ US2007/ 083773

B. Cel | - Based@bpitrioninkiof 4 M-1 Hﬁ?ﬁ?t%ﬁ*“’!ﬂé@aﬁ%m \i6a 89$a%I | cul t ur e- based
assays can be used to evaluate the ability of conpounds of the
invention to inhibit one or nore cellular activities, such as cancer
cell grow h&nd/ &esglis.vi val . Numerous cancer cell l|ines can be

obt ai ned fromthe Ane T Cul t ur | l.ection (ATCC) and ot
sources. Briefly, cel [Oélggfe i‘g}gééah #Pﬁ’yg 27Res ggge cul Qﬂ?@lgﬁ 5-
treated, OpPaRYRINIBINES J?ltRd %@oﬁoﬂ“u@ﬂiﬁ?ar‘?' a‘%&tsruﬁﬂnar\é%H xﬁar alfié ”'aﬁﬂdﬁabi@ill

bet ween 5000 7and 10000 cel s per wel depending on the speed o
proliferati dive binding opadeosf thppe @p&ﬁ%&afrgmdhetdmhmmﬁe@GMr@rmvwad mat

h | I, d h f
drug or an SRATRREA Ry RRERS (ubRy Fv TR St Io T e and
its presencentbaictd vithotes hifgel tepiomaetilies GU9RY, AfgR2 bndiPN2E The

reagent (Pronega, Inc., Mudison, W) is added to each well. Pl at es
are then sh@k@AatieOreuns Al thesRatpasiiom Vit & PEPUS subsfitionsats 37 pesition

ysis and | neubat e O offbidLAY o5 bR Sab RBSH AR \BuP R PR

the | um nes signal. ar to the Kinase-\d o assay reagen
Promega, thikinaseagekét. FhatGrBrssibbiiutiohsiatef mpestaverabyarthaarth6i s&&stitutlons_

Computational data for these two scaffolds suggested that R1 and R2
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illustrative conmpounds were tested for inhibition of Pim1 kinase
activity. Figure 1 shows the results for illustrative conpounds

screened a sing the ZLYTE assay. Values are given as a
per cent of“ﬁ%@%@é controls. As shown in Figure 1, th%&!ﬂ%ﬁ%‘ﬁa?:‘

were effective for inhibiting Pim1l kinase activity by this assay.
[0155] I n addition, |1C50 values were determned for illustrative
conmpounds agajnst.Pim1 kingse, using the Pro a Ki nase-d o assay,
the result s%lub?t?%?% eépé'ts%mﬁ% BE@H‘% RN ‘é’ﬂgﬁ,b@mﬁr&&g}& M?fz‘g?ﬁﬁ“,
i ITustrativeeaiimamhad BaeaH o R 4ALALIVESE, w8 ﬁa@é?ﬁn&%&'ﬂ‘zbt dorhpounds
cells expressing Pim1l. |1C50 val ues, representing the concentrations
requi red t o ideniifigdtin dbe | Bighesushlikrarysand sieveloped atemd compeupdsosetdierthnin
jiMin Tabl [ .o Thus, by multiple assays, the conpounds

repr esent ag@él b'fﬁﬂ%{vﬂ)\('t ors of Pim1l kinase and are capabl e of
inhibiting cell growth. Table V Kinase inhibitory activity of novel
conpounds. Conpound No. 1C50 pM 1-1 4.47 1-3 5.35 3-13 52.07 7-1
3.99 MP-392 ND Table VI Cell-based d@blelty of illustrative

conpounds. lllustrative Imidazol1,2-b]Pyridazine PIM-1 Kinase Inhibitors

Compound No. Structure

]
o=5=0

1-1 "

1-3 e %

16 Ef\”"&
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Conpound No. 1(562 Cells PC-3 Cells 1-1 >300 >300 1-3 80.2 39.0 3-9
20.6 12.0 3-13 29.3 12.78 7-1 67.1 29.22 EXAWPLE 4

WO 2008/058126 PCT/US2007/083773

Table ll

lllustrative Imidazo{1,2-b]Pyridazine Pim-1 Kinase Inhibitors.

Compound No. Structure

HO N
21 %NJ:N\»': /
H

2.2 (\L Hé}

N—
p
HO AN
2-3 P\ ,EN],/
: °%{
N° 0
H

HO A~ N
2.4 % W,
H N

HO f\FN
2-6 g\ﬁ A

Cl

2-8 ELH/E\FN/

GF;

HC f\FN
2"9 g\n \N N 4
H

G‘CFQ
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SYNTHESI S OF | M DAZJ 1, 2- B] PYRI DAZI NE COVPOUNDS

O her conpounds of the
set forth in Table VII

i nvention,

[0156]

including illustrative conpounds
were made according to the follow n

synt hetic SCAM/581261 preparation of Bromp acetal dehydeP‘ETZBIgZB?W‘}F’W?’

03/ TPP

[ 0157] 1, 4-di bronp-trans-2-butene (1) (10g,

0.046 nol) was

di ssolved in dry CH2A 2 (100 m) and cooled to -78C and ozone gas was

bubbled till the blue
was passed through the
gi ving col orl ess sol ut

added portion w se ovef

brought to 0C and kept
(CH2A 2) was renoved f
vacuum and the thick

Hg) maintaining the te

[Note: During the dis
cold water circul ation
(2.8g, yield = 509 wa

hi ghly | achrymatory. 2
CIN-"N 3

COl Or perS|sted
s&ampeund Na. |

(F30 mns). ANt
t he bl¥Euelrer di

r
S4

gen stream
\ppear ed

on. TIriphenyl

a pergd.pgl of 1
in the refriger
Fomthe reaction

M

Faci-due wace disth
esi-agte—\Aas—al-sStH

nos@iy Ne_L 12797,
hr. The jregceion
ator[ f§r ™5 Yrs.

xture (

046 nol) was
xture was

e sol vent
appl yi ng
vacuum (1mm

Tperatg%ﬁ1of the recg vi ask at -78C.
i || ation, specijal carg-wg8~faken o naintain a
(-0Cto -5C]. |The lbrbnmo ac | dehyde (2)
5 obtained as al|light yello id, which was
6-Chtoro-Tmddzgfgt—2- 'L}"ﬁbi dazrme{(4) NH 2
22 LT
N7 N
H
CF3
KO N
213 ELN/(J.?
" CF;
0
HO AN
2-14 ,,\Lﬁg/
4
HC A N
215 [J\NJ:NT/
M
4
e
2-16 Y7/\HJ;;}’/
HN-§‘_
N
2-17 ,L:TI’/
v
£
=N
2-18 v Sy N
F
° Y
2-19 R I N
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Br CH2CHO N- But anol
0.0116 nmol) was di ssol
br onpacet al dehyde

refl uxed f %0 28¢p/438

4
ved i n n-butanol

(12 ),

[ 0158] 3- Ami no- 6-chl oro pyridazi ne (1.5q,
cooled to OC and

2 89, 0.023 nol) was added. The reaction was
®and n-butanol was removed under redtfcEHSZBYESYE e.

To the reaction mxture, water was added and extracted with Et0Ac (5

x 20 m).
concentrated under red
col utm chr omat ogr aphy

The conbi ned organic |ayers were dried (Na2SO4),

b] pyri dazine (4) (690n
, 244pvridazine (5) [O

(500 ng, 0.0032 nol) W

bromne (0.4 mM) was a
solid precipitated out
ether (3 x 15 n) and

3-Brono-6-chl oro-i m da
4. General procedure t
bl pyri dazin [0160]A re
i m dazo[ 1, 2- b] pyri dazi
Pd(PhP3)4 (7.74 unol,

t ol uene- MeOH (4: 1) was
refluxed overnight. Th
concentrat ed under vac
to 70 Et OAc/ Hexane) to
make 3, 6-disubstitute
A reaction mxture con

(0.191 nmol ),
0.075 eq) and Na@®

o

ced—pressure and—therTesrdue—was puri fied by

EWMMI\IQ) tjo af f dtou@tuehl or o- i m dazo[ 1, 2-
Ty et d—"40%-3—3=Brpugx6-Ttitono-i m dazot
159] The behIorc-lnydgzdfir b] pyrildazi ne (4)
as taken I n gl aqi al acdti'c id (5/m) and
dded slowy at rloomtenpera Affter 20 m ns
which was filtered. The solid siwashed with

dried under air

zo[ 1, 222 pyri dazi
b make 6-chl oro-{3
action m xture (

and ﬁb
with A

0. 018
degasse

t ¢oku
|ne

ield = 60%.
azol[ 1, 2-

b- chl or o-
mmol ),

in5 nL of
eacti on was

e m xture was filltered thr h MgS®4 and
lum  The residug was purifiedl.dby combiflash (0%
give desired prioducts. 5 Geperal iprocedure to
d- imdazofl, 2-blpyridazin [0161]
t ai ni ng
6- chl or o- 3- substltutedlnldazo[l 2- b]Q&mﬂd in (0.096 mml), am ne
i 0.0 D| P ba)3 (7. unnl,
": ...... na 8s
0 m n. The nlxture was refluxed overnlght

degassed with Ar for 1
Concentration and prep
pr oducts.
12-(3-(3-(di met hyl am n
n-1-01 (Conpound 7-4)
7.65(s, 1H),

q attve—TECpuri

frcatromafforded

esired

Compound No. Structure
oyphenytmdazott;2=btpyriwegzi=6=|vl am no) but a
[0162] 34 NVR. (400 M-z, 0) 7.92(m 2H)
r1/‘on
3-2 ()
HO. b
v
3-3 .
3-4 N?fﬂl‘ 5
O
35 f
H"},,o
H,ILf L
3'-6 0«3¢O
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7.30 (m 2H), 6.94(d, J=10Hz, 1H), 6.81(m 1H), 4.26(m 1H), 4.20(m
1H), 3.01(s, 6H), 1.04 (t, J=7.6Hz, 3H), M5 mz: 326.1, 255.2.
2-(3-(4-fluorophenvoi m dazorl, 2-bl pyri dazi n-6-yl am no) but an- 1-01

( Compound YO ’(95)/"%%63] 1H NVR (400MHz, CD30D) 8.09(m  2P§T/US2087483773
2H), 7.25(t, J=8.5Hz, 2H), 6.97(d, J=9.4Hz, 1H), 4.45(m 1H), 4.21(m
1H), 3.17(m 1H), 1. 68(m 1H) 1. 52(m 1H) 1. 06 (t, J 7.5Hz, 3H).

2- (3-(3-fluorophenO m gazofi+2=btrtoyrtdazrm=—6=yrantno)jbutjan- 1- ol
(Corrpound 7-11) [0164] 1I¢dﬂ@(md(bm-lz CD30C5tricBBém 3H)|, 7.88(d,

=7. 8Hz, 1H), 750(m rl), 7.J_o\i"i"; .Lrl), 700(0', J=86Hz; 1H), 4. 50(m
1H), 4. 23(m 1H), 3.21(m 1H), 1.70(mj 1H), 1.54(m 1H), {1.06 (t,

J=7.6Hz, 3H). —

cycI opentv1-3-(3-fl uorophelvgzg m dazql |, 2-4 b@jﬁfﬁ&n 6-lam ne
(Conpound 7- 15) [016%] 1H NMR (400 Mz, OD) 8 d, J=11.3Hz,
1H), 7.90(d, J=6.8Hz, 1H), 7.82(s, 1H)|, 7.6 d, J=8.5Hz, [1H), 7.4(m
1H), 7.03(m 1H), 6. 72(d+—3=9-5kz—3H); 4. 1\,(0.1;, H—3—FA(m 4H),
1.66 (m 4H). %\;‘Q i
2-(3-(3-arifluoronethoxv) phen§'|8| i m dazor 1,ﬁ7pyri¥ azLn- -yl am no) but
an- 1-ol (Conpound 7-17 [ 0166] 1H NMVR (400M—|z CD30D}~8. 24(s, 1H),
8.04(s, 1H), 7.97(m 2WM).,. 7 57(t _J=612Hz, 7 27(d, J=8.2Hz, 1H),
7.02(dd, J1=1.4Hz, J2=9. 6Hz, 1@ 4.78(d, — 2 4. 25(t,
J=8.9Hz, 1H), 1.64(m 2H t, J=1 6Hz %
(R -1-(3-(3-arifluoronmgt hoNphenynl m chO[ 1, 2- bI pyrl dazi n-6- yl oxy) but a

n-2- ami ne (Conpound 7418) rmmHH. NVR( 400MHz (H30D) 8. 24(s, 1H),
8.02(s, 1H), 7.98(t, J=9. 5717?':& . 7. 5881 £ B, 1H), 7.27(d,
J=9.57Hz, 1H), 7.02(d, |J=9.5A80 1H). |4. 48(m IH " 4> 25(nf 1H),
1.71-1.56(m 2H), 1.08(m 3H).
(S)-l-(3-(3-(trif|uororpel_hgx\L)_phenwg_Lm_d%;ng,_M—p*r-Ldazi n- 6- vl oxy

) but an-2- am ne (Conpound 7- 139)|1 \.«"\Q\ f\u-n\?

e*'sfo
i
3-12 O&E
N
% -t
3-13 LI @ﬂ'@é
Table IV

Illustrative Pyrazolo[1.,5-a]Pyrimidine Pim-1 Kinase Inhibitors

Compound No. Structure

HO f\N ,N\
4-1 Q\N s
H

NH;,
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[0168] 1H NMR (400MHz, CD30D) 8.22(s, 1H), 8.02(s, 1H), 7.95(m
2H) 7.55(t, J=8.2Hz, 1H), 7.27(m 1H), 7. 00(dd, J1=9. 9Hz, 1H), 4.42(m

4. 18( 67-1.51(m 2H), 1.06(m 3H).
N-(cycl oprg)&ﬁ]‘)ﬁ%@ﬁé% (3-(trifluoromethoxy)PhenvO m daz%‘f?fU%’?ﬂme/W?da
zin-6- am ne (Conpound 7-20) [0169] 1H NVR (400 MHz, CD30D) 8.43(s,
1H), 7.97(d, J=7.8Hz, 1H), 7.85(s, 1H, 7. 62(d J=9.5Hz, 1H), 7.52(t,

J=8.2Hz, 1H), 7.20(d,[&a N&) . G- 75(d, ﬁﬂ% IH), 8. 21(d,
J=6.8Hz, 2H), 1.2 (m—TFBfl@O%EEUH zrl), 0. 4;;@ ,lﬁl)

N- (3- (6-(1-hydroxybutjan-2-vl gasi no)i midazo[ 1, %\k jr»dazi n- 3-
0) phenyOret hanesul f ongm de ( Conpound |7-23) [[0 WOF NR (400 MHz,
CD30D) 8.29(s, 1H), 7. 95(s, 1H), 7.92(m 1H), 7. 74 J=7.8Hz, 1H),
7.44(t, J=7.8Hz, 1H),( 7.18(m 1H), 6.96(m 1H), 4.51ym 1H], 4.36(m
1H), 3.24(m 1H), 3.00{s+—3H)—1-+4{m ,Ho 1 60(;m ZL—3- 05(t,
J=7.5Hz, 3H). 175
2-(3-(3-(trifluoronethyl )phe‘}l‘\:;O m dazo[ 1, 2 | tazi, n- 6- yl am no) but a
n-1- 01 (Conpound 7-24 [0171] 1H NVR {(400 MHz, CI\ED “svg 64(s, 1H),

8.22(s, 1H), -
44 (\Lﬁg%
WHa

4-5 HOK\LN/CN\N;N‘

\
HG fﬂ _N\
46 %LN L~
H

F
HO f\N ,N\
4-7 y Sy~

Cl
HO 5 N’N\
4-8 %E’(N\ \2

bF,
KO fN,N\
49 Ak

"CF;

NfN
4-10

=N
4-11 (\L @S
N N
H
Cl
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8.06(s, 1H), 7.94(m 1H), 7.65(s, 2H), 7.00(d, J=9.9Hz, 1H), 4.45(m
1H), 4.19(t, J=8.2Hz, 1H), 3.20(m 1H), 1.60(m 2H),J=8.5Hz, 3H).

N- (cyc(opr | et hyl)-3-(3-(trifluoronethyl)phenvoi m dazor |

2-b1pyri da%g 05 #ne (Conpound 7-251  [0172] 1H NMVR {GUBSRAE83773
CD30D) 8.82(s, 1H), 8.19(s, 1H), 7.86(s, 1H), 7.60(m 3H), 6.74(m
1H), 3.20(m 2H), 1.18(m 1H), 0.55(m 2H), 0.26(m 2H).
Compound No, Structure

HO e~y -
4-12 %L Jes
yes

H

0 2y N
4-13 EL/E\N\
NN
G

Fa

4

0
HO =N
4-14 (J\NJ:N\ 10
H

0
HO Z~y-N
4-15 P\”/q%{
H

0
RN
o

4-16 oy
H
=4
il
0
L0
4-17 v/\N \N G
H
F
L0
4-18 oS
H
F
———'\c') i N’N\
4-19 A
H
F
s
4-20 0 PR
o N N
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tett-butyl 44(3-(3-(ttifluoronmethoxv)phenvO m dazot

1. 2-bl pyri dazi n-6-yl am no) nethybpi peridi ne-I-carboxvl ate Corrpound
(7-27) [0173 1H—N|\/R(400M—|z CD30D) 8. 39(s, 1H) 7. 96(d J=8

1H), 7.85(YOMPYOBR6s5 g4 J1=2. OHz, J2=9. 9Hz, ’Q‘E’FWSZRW“"”
7.21(d, J=8.2Hz, 1H), 6.71(dd, J1=2.0Hz, J2=9.57Hz 1H) 4.07(m 4H),
3.26(m 4H), 1.82(d, J=12.7Hz, 2H), 1.42(s, 9H), 1.57(m 1H).

N- (pi peti din-4-yl met h[yd:a,,-,-@oq,;&,d(mél fT dor omet hgxukeply@nyO m dazof |, 2-bTh
yridazi n6- am ne (Conppound 7-28) [UI 4]1 (ﬁl ﬁg,uwl—iz CD3PD) 8. 37(s,

1H), 7.99(d, J=8.2Hz,| 1H), 7&-8B(s, 1+ 9. 2Hz, 1-|), 7.54(t,
J=8.2Hz, 1H), 7.24(d,|J=7.24Hz, 1H), d ) J“‘9 Hz, ,’I.I;i) 2.94 (m
4H), 2.04(m 4H), 1.44(m 1H).

N41- et hyl pi peridin-4-yOnethyl )-3- (3-[(trifl uyorone oxv?ohewl )j m dazo

| 1,2- Npyridazin-6-anj ne (Co ound 7-29) § 4 NVR (400MHz,
CD30D) 8.38(s, 1H), 8. 00(d, 432%. 9Hz, (Ew% “(1H), 7.684(m 1H),
7.53(t, J=8.2H, 1H), [7.22(d, J=7.5Hz, 74( —9 9Hz 1H),
3.00(d, J=12Hz, 2H), 2.30(s, 3H), 1.90(d ' J=12. 1]38(m
2H) 2. 20(t, J=11.6Hz, 22H).

N-(2- (pyrrolidin-I-vbethwvh--3—3 ’*f'f.wfowe;.Vvy)“h‘hm'h'.. dazo(1, 2-
bi livridazi n-6-am ne Corrpound (7-30) [0176 ]1H-NI\/R (400MHz, CD30D):
8.29(s, 1H, 8.02(d, J=7.6Hz, 1M, 7.84(s 1H. 7.64(d, J=9.6Hz, 1H),
7.53(t, J=8hz, 1H) 7.31(m 1H), 7. XA .,.EIJ.=§4HZ 1H), 6.74(d,

J=9.6Hz, 1 S
a1 i(m an . SRR S MRl SRR oMo e
COVPwNEi)cSi AND 7- NETHI3YM Df%@ih Aus}ritir Ihéiﬁmlﬁlndﬂd W%P&Ventton were
0177] Addi ti on oungs, of t i nventign, including, i rati
compounds. s 8atA tPatrToRaEnah BowBierasteh seBerds it detaed syninei
foll ow ng syRhhpldsc exanples. In these exanples, Conpound 742 was

prepared as described above in Exanple 2, while conpound 11 was
prepared as f@hdews: 6-chl oro-5-net hyl pvri dazi n-3-am ne 7:

O

=N
I\r  Bry, AcOH Pd(PPhs)s,C SF, PhCH,4 /Q’ p
=N NButanol \ N ’N*€ clI N’
/
\

Scheme 2

Br S Qs/TPP o
W\Br Br\)kH
1 2

1. Preparation of Bromo acefaldehyde (2)

O4/TPP 0
BTW\B ; ar

1 2

[0138]  1,4-dibromo-trans-2-butene (1) (10g, 0.046 mol} was
dissolved in dry CH,Cl, (100 ml) and cooled to -78°C and ozone gas was
bubbled until the blue color persisted {(~30 min). A nitrogen stream was passed
through the solution until the blue color disappeared, giving colorless solution.

Tripheny! phosphine (12.9¢g, 0.046 mol) was added portion wise over a period
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[0178] 3, 6-di chl oro-4-net hyl pyridazine 6 (1 g) was dissolved in 5 nL
of ethanol and was added ammoni um hydroxide (10 nmi). The resulti ng
reaction tzt&ﬁi \é\ﬁs sealed in a pressure bottle and heated to

for 48 hou &31%8action mixture i s cooled and the so?@éﬂ%@%@é?"@
evaporated and purified by Conmbi Fl ash Conpani on usi ng Hexane/ DCM

40: 60 sol vent system (4 g nornmal phase Redi Sep Fl ash colum w th run
time mn at flow 18 nUmn) gave 0.640 g (72.7 %9 of 7 as yellow

solid). [01P8]lha NitR resciiv-Rixtaeseds brought tos0°C1and keptim thesrefrinayatopfop7

(s, 3H), ESI

6 chi o o- 7- MRl e bt (SRR vas semeves o oo raHRD Al (o
7Ref | ux 110 applying Gaculr)l8Rd Ghe lthiok aesido@twes mstliieiﬁat r4090 amdee vacuum
(0.69,4.18 nmol ) was dissolved in n-butanagl (10 m

chl or oacet all48RY HE): (TUE‘@i%ﬂ’QQ the ﬁnPﬁ@Fl)fe\ﬁééh%&%‘"nQ‘ﬂ@S'? abS Gn(dkeisg
refluxed f Ordlsglfg'ﬁ& %@chﬂr taw@ﬁ J :%%Yﬁﬁ a%@vafeﬁ'%?%m ﬁchértS .
romat ogr aphy

The crude product WaS puri by co umm ¢ xane
70:30) to aﬁP@})dTbeanncho&te(ldhl%é @) (2Bg) yield B880%) Was ¢Rdiaed bis-a\ight

(300MHz, yeﬁ>3w qwg(whw%m% hlghly léc%rymatory

2 6-Chloro-imidazof1,2-bjpyridazine (4)

BICH,CHO
S NHy  N.Butanol 7 ,\N)
. Y
I Vi o SnN
3 4

[0139]  3-Amino-6-chloro pyridazine (1.5g, 0.0116 mol} was
dissolved in n-butanol (12 ml), cooled to 0°C and bromoacetaldehyde (2.8g,
0.023 mol) was added. The reaction was refluxed for 20 hrs and n-butanol was
removed under reduced pressure. To the reaction mixture, water was added
and extracted with EtOAc (5 x 20 ml). The combined organic layers were dried
(NazSQ,), concentrated under reduced pressure and the residue was purified
by column chromatography (EtOAc/hexane) to give 6-Chloro-imidazo[1,2-
blpyridazine (4) (690mg, yield = 40%).

3. 3-Bromo-8-chloro-imidazo[1,2-bjpyridazine (5)

Y Y
o St o \N’N\\)
4 5 Br

[0140] The 6-Chlorc-imidazof1,2-bjpyridazine (4} (500 mg,
0.0032 mol} was taken in glacial acetic acid (5 ml) and bromine (0.4 ml) was
added slowly at room temperature. After 20 minutes, solid precipitated out and
was filtered. The solid was washed with ether (3 x 15 ml) and dried under air to
give 3-Bromo-6-chloro-imidazo[1,2-b]pyridazine (5) (400mg, yield = 60%).
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Hz, 1H), 7.96 (d, J= 8.2 Hz, 1H), 2.58(s, 3H), ESI-M5 nliz 167.8
(MtH) +. 3-Dbrono- 6-chl oro-7-net hyl i m dazor 7. 2- bl pyri dazi ne 9: 8 Br 9
[0182] The §-chl org-7-nethylim dazo[ 1, 2-b] pyri dazine 8 (0,230 1.372
nmol ) was %&@ﬂs‘%ﬁu& acial acetic acid (10 m) and bron?ﬂ@?’@%o%ﬂm,
1.372 mmol ) was added slowy at roomtenperature. After 20 mns the
sol vents were evaporated the obtai ned brown solid was washed with
ether (3 x 15 m) and dried under ,air.to furnjsh conpound 9 §0.236 g,
yield 69.8 9. [ GESSIIHIRN thyla
6.93(s, 1H), 2.64 (s, 3H), ESI-M5 mz 247.9 (MH)+ .y
6- chl or 0-7-met hvl - 3- (3- (tr f | uor omet hoxy) phenvi | i/r@}fi | 1, 2- Mpyri dazi
S N’

ne 11: 91011 2 Pd(PPhg)s, CsF. PhCH
[ 0184] 3- br onp- 6- chl or o Mgl i m dazo[ 1, 2- b] pyri dazi (100 ny,
0. 406 mml) was dissol ved ig Ar, 4-0\, £16~nl) and added 3-

Fl uor omet hoxy boronic acid 10 (84 /mgx4. 4 mol ), Rd(PRh3)4 (9.38
my, 8.11 d
[0141}  In a two necked round bottomed flask Pd{PPhs), (0.07g,

0.068 mmol) and CsF (0.31g, 0.0020 mol) was taken in anhydrous PhCH; (1.6
ml). Argon was bubbled through the reaction mixture for 10 minutes and then 3-
Bromo-6-chloro-imidazo[1,2-b]pyridazine (5) followed by Boronic acid was
added. The reaction mixture was refluxed for 20 hours. Solvent was removed
from the reaction mixture under reduced pressure. The residue was taken in
EtOAc (20 mi) and filtered through celite. The filtrate was concentrated under
reduced pressure to obtain the residue which was purified by column
chromatography  (MeOH/CHCl;) to furnish  [4-(6-chloro-imidazo[1,2-
blpyridazine-3-yl)-phenyl}-dimethylamine (6) (50mg, yield = 30%).

5. 2-[3-(4-Dimethylaminophenvl)-imidazo[1, 2-b]pyridazine-6-yl(+)-2-

aminolbutan-1-of (7)

N L [ r
CI” N NH, oSN
H

Pdo{dba);, NaOtBu, L

PhCH,
& N 7

v
L= PCy2

‘ NMe;

[0142] In a two necked round-bottomed flask, Pda(dba)s
(0.001g, 0.0009 mmol), sodium tert-butoxide (0.02g, 0.256 mmol) and ligand
(0.001g, 0.0027 mmol) was taken in anhydrous PhCHs. Argon was passed

N

through the reaction mixture for 10 minutes and then [4-(6-chloro-imidazo[1,2-
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OV and Na2CO3 (47.3 ng, 0.446 mmol). The reaction m xture was heated
using mcrowave at 150 C for 30 m nutes. TLC (6%veoH DCM showed the
conpletion_of reaction. Concentration and preparative TLC (6%

MeoH DCV) HGBPUEE €onpound 11. [0185] 1H NVR(300MHz, CDPEEYSHOHEEYS3
J=1.2Hz, 1H), 7.95(m 2H), 7.51(t, J=8.1Hz, 1H), 7.21(m 1H), 6.96(m
1H), 2.69(s, 3H). 1.54(s, 3H). 19F- NMR(300MHz, CDCl3) -59.08.
(S)-2-(3-(3-(tnfl uoronet hoxv) i)h_envni m dazoLl, 2- Npri dazi n- 6-yl am no) bu
tan-1- ol ( isaame73-ghphenyl}-gimedbylawinend6} d0 @SN &, (A.08mmols @nge fit)-2-

N Boac o (HmBeAdtangi B0 Wioa Jnigl wHEddsd, The reaction was refluxgd far,

mg, O. 048I ;nml ﬁrs.l\léfallﬁne( %as5Sramgovddl 498 nthel bea&ﬁgn Hdﬁaﬁtd’gayadérﬁedi&ed
0.024 mml). The resulting reaction m xture wa egasse or 10 mn
under ar gon PARRPU RN FRSidUR P8 N ThEIQAG 25 o). EhREIFHaNFE g
preparative 9 Okb XM f p
N ?dagggﬁgﬂegg%eﬁg%%ge?égﬁjovﬁeiéd.iégT“ﬂ‘eé was
crude produqurified dyncesitmat echramadtqgreplay a{Me©HITE:Waks {er fivene2H[34-h

10% MeOH .sol.vent. syst em af.f or 7 of - S a | | ow sol i
(23 129 [ ARSI R RRPBOOIED s by bley - 43418 2pSndiButsat 57 (7
1H), 7. 84(s, (18, viékda2 6%, HF Pplarity B87%) . 53(t, J=8.2Hz, 1H), 7.21(d,
J=8.5Hz, 1H), 6.'7%(d, J=9.6Hz, 1H), 3.93(t, J=5.8Hz, 1H), 3.76(m
1H), 3.65(m 1H), 1.73(m 2H), 1.03(t, J=7.5Hz, 3H). ESI-M5 m z

367. 13 ( MtH)4t+. N B .

6- (( 1- met hvi%pi peGEeRaLECHSME QA BIC RS for i Npounds 3¢
zof |l 2- Npyridazifge (Conpound 7-33): OH Pd2(dba)3 NaOQ:Bu/L PhCH3 O
P../0 ~10188] To the toluene (5 nL) solvent was added
Conpound 7- $&hep®dng, 0. 159mol ), (1-nethyl pi peridi ne-4-yl) met hanol
14 (30.9 ng, 0.239nmmol), ligand (9.41 ng, 0.024 nmol), NaOQ:Bu (21.75
ng, 0.226 mmol) and Pd2(dba)3 (10.95, 0.012 nmol). The resulting
reacti on m xture was dega@_f H10 nin u eryargon and then

heated to reflux for 12h.R‘ C Irrlation afid preparative TLC
MeOH DCM) af f orde i%.a ny_of 8 Conpound F~33,-N-9189] 1H N

CD30D) 8. 30 8. 0 97(m 3H),
6. 96(21, J=9.((§Hz,'\|?)l\|l-l) 4%@’("8?’%3697%1-32 25)'),

3.07(t. J=12.64Hz, 4F), 2.33(t, J=12.30Hz, §H) 7. 02(s, H . ESh- WS
mz 407.18 (MtH).

7-met hyl- 64( 1- net hyl pi peri di n-4-0met how) - 3- (3(trifl uoromet how) phenyl)
i m dazoll, 2- bl pyri dazi ne (Conpound 7-34): R = -N(CHjp,, 3-F, 4-F, 3-CF,, 4-CF,y

4-NHSO,CH;, 3-NO, 3-NO,,
4-NO,, 3-OCH,, 4-OCH,, 3-C|
4-C|

[0143] In a two necked round bottomed flask Pd(PPha)s (0.068
mmol) and CsF (0.0020 mol) was taken in anhydrous PhCHj (1.6 ml). Argon
was bubbled through the reaction mixture for 10 minutes and then 3-Bromo-6-
chloro-imidazo[1,2-b]pyridazine (5) followed by 3 or 4-substituted boroni¢ acids
was added. The reaction mixture was refluxed for 20 hours. Scolvent was
removed from the reaction mixture under reduced pressure. The residue was
taken in EtOAc (20 ml) and filtered through celite. The filtrate was concentrated

under reduced pressure to obtain the residue which was purified by column
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WD 20081058126PCT/ US2007/ 083773 [0190] To the tol uene (5 nL) sol vent
was added Conpound 11 (80ng, 0.224 mol),

(1- et hyl pi er‘!?s})l ne-4-yl)met hanol 14 (47.3ngy, 0.366 Mol (gand
(14.41 ny, 1), NaOtBu (33.3 ng, 0.347 nmmol) a H&3"33
(16.77, 0.018 nmol ). The resulting reaction m xture was degassed for
10 m n under argon and then was heated with m crowave at 165 C

(11259 of CCmyBaBmeRY e BIGHGA. RAIRa0BGEatCiboD) ddsaiiedhs:

7.96 2 - 4.18
S5 2 b e i o 15

J=12. 3Hz, 2H), 188(d 312 3Hz 4H) 1. 44(d, J=12.6Hz, 2H). ESI-MNS
mz 421.18 (

N-((I-isopropyl pwmrfﬂ uor onet hoxv) phenyoi ni da

zo(1 2bl pyri dazififforemetito inslddzc¥ B -b ZPAELAIBR2-3 NG BLAh-
PhCH3 OCF3 7-35 019 To the tol uene sol vent was
added Conpound 7110 (Campgund 7<fif. ol ),

(1-isopropyl Le[)el‘ldl ne-4-yl ) met hanam ne 15 (74.9 ng, 0.478 mmol),
| i gand (18. 0.048 mml ), NaCH (43.5 ng, 0.453 mmol) and

Pd2(dba) 3 (21. 90 0. 024 ‘gﬂ@ resulting reaction m xture was
degassed for 10 m n under ngpd the heat ed to refduxNfor

12h. Concentrat| d preparative TLC E{LO? 4
(7.96 % of W?-&S—f—%ﬂ-}—&l—#m ("300\
7.18(d, J=9. 7 PORRIS) NEp0s 6. 84(d, 9
J=8. 1Hz, 1H), "’°%giﬁ’b' WD 2008/ 058126PCT/ US280 0@377?@0}—6 3 Fs
5.94(d, J=9..08% Y85(s, 1H), 2.14@# 3H), 1.93(m 2#3 1.42(m
3H), 1. 07(m 4H) 0.286(2s, 2CH3) ESI-MS mr 434,23 (MH) +.

Cycl opropyl(44(3-(3-(trifl uoromethoxv) h6’@20 , 2- bl pyridazin-6
- ylam no) nethyl) pi peri di n-1-yonet hangne ( 8tind 36):
t)-Q-Armr%— ? e POy
1-butanol NMe,
OCF,
717

a. Synthesis of 6-chloro-3-(3-(trifluoromethoxy)phenyl)imidazo[1,2-

blpyridazine (Compounds 7-12, 7-13)).

[0144] To a degased MeOH/Toluene (1:4, 5 mL) solvent and
2M of NasCOg (0.215 mL, 0.430 mmol) under Argon was added 3-bromo-6-
chloroimidazof1,2-b]pyridazine (100 mg, 0.430 mmol), 3-fluoromethoxyphenyl
boronic acid (98 mg, 0.430 mmol} and Pd(PPhs)s (8.95 mg, 7.74 uM, 0.018
eq). The resulting reaction mixture was heated to reflux overnight (12 h). TLC
(5%MecH/DCM, Rf=0.2) showed the presence of starting material 3-bromo-6-

chloroimidazo[1,2-b)pyridazine and an additional two new spots with strong

fluoresense. The reaction mixture was concentration and the crude product was

purified by CombiFlash Companion using 0 % 70 % EtOAc/Hexane 40 min, (4 g
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Pd2(dba) 3 PhCH3 rac- Bi NAP [0194] To the toluene (10
nm) solvent was added Conpound 7-12 (10ng, 0.319 mol),

(1-cycl opro | car bonyl pi peri di ne-4-yl) nmet hanam ne 16 (69.

nmmol ), racY Qy 12694 ny, 0.013 mol) and Pd2(dba)3 (5 P‘éﬂusrggmgﬁ?’"’@i/p
The resulting reactl on m xture was degassed for 10 m n under argon
and then was heated to reflux for 12h. Concentration and preparative
TLC (10% MeOH DCM af forded 29 (19.8 9% of Conpound 7-36.

[0195] 1H NwRmaophase RedisiE) Flanggq@ummwylth 7flog( 46 rolmipHeolvand) system

7 8010 2ry PSFas b elp AL Nb Sy s pd Yoo gt

1M2+E|)(m 1H) (46.7%3 ( &nd Bdmpdundi(73 AB)mg (6.88%)m 4H). ESI-M5 nfz 460. 20
7- Vet hvl -N-((1- et hyl pi peridin-4-yl)methyO-3-(3-(trifluoronethoxy)phe

nyl)- imdazo 11,2-tdp i ' '
[0196] To the to uene‘@gggi?\%ﬂ’?(@gg ' H%'gﬁ%%ﬁ%m’ﬁz?%%
0.174mml ), (1-nmethyl edali-0eAddm) )-WBtémaﬁahmmng_ﬁur(cﬂbw) ng, O. 209

1), |i d (10. 27 0 NaCt B 23.

Tha Puz(dbays (19 o [B4ENs ARol- lohiss SePRt Has, SR 2Rz (. s

d d f i t t t
150 e for amioTRLRITS B6IM gigg‘%a'ﬁb?tﬁ.‘%%?ﬂ@@( o SHb A peesn
af forded 5. 3.0peqrandWaCiBudapound, 7427%q)] Dhe TeésuHingVrRacEon Midure was
CD30D) 8. 35 d, 7.8 7.51(t ..

957 sk, onfleSassa tor 193 bgder 3ok angihen hditettedld renlidfictionigig
J=11. 4Hz, ZH) Tl?e 4Rdn pr’éb‘),lct wag @ofcentrzilioR Hnd aradivé Al \A%H)performed

1.91(m 4H), 2 . 19F- NMR (300Hz, CD30D) -56.456, ETNG
VALDI | 420, 20115% MeGHIDGM sohenEaystemiaipeded Hormaoaf racemic 7-17 (355 %),

1\ 141- et hyl pi peri di n-4-yOret hyl ) -7-nmet hyl - 3- ((tri fl uoronmet hoxv) phenyf
fimdazo [1, 2-blpyridazi n-6-am ne (Conpound 7-38). [0198] To t he

t ol uene (5m9 solSekatmeviastqadyetheSmidiomiodids¥2and 7-263 nmol ),

(1- et hyl pi peri di ne-4-yl) et hananmi ne 18 (26 ng, 0.18%mmvl), |igand
9.01 ny, O0.0%Fhem®¥), NaOQ:Bu (20.53 ng, 0.214mmol) and Pd2(dba) 3
(10.48, 0.011 nmol). The resul ting reaction mxture was degassed for

10 m n under apgom andgt S heat ed , cr owave at 1 Nf or
1.5 h. Concen;iffﬁlﬂrlrN n ané paNazt 11 9
mg (17.99% %f "o oun d Pez@sys [ 0199] H—
1H), 7.99(d, J=7. ! aO‘Bs}”L8ll(os’ cJCF QFa

7-27

1H), 3.34(m 2H), ‘Q
O

10.  Synthesis of tert-butyl 4-((3-(3-(trifluoromethoxylphenyllimidazof1.2-
blpyridazin-6-vlamino)methyl)piperidine-1-carboxylate (Compound 7-27).
[0148]  To the toluene solvent was added 7-12 (100 mg, 0.319
mmol), 4-Aminomethyl-1-Boc-piperidine (68.3 mg, 0.319 mmoi), ligand (18.8
mg, 0.048 mmol), Pdx{dba); (0.05 eq) and NaOiBu (1.5 eq). The resuiting

reaction mixture was degassed for 10 min under argon and then was heated fo

reflux overnight (12 h). The crude product was concentration and preparative
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3.00(d, J=11.1Hz, 2H), 2.44(m 4H), 2.26(s, 3H), 1.91(m 4H), 1.32(m
1H), 1.08(t, J=6.9Hz, 3H). 19F-NWR (300Hz, CD30D) -56.423, FTMSt+p
MALDI : 434, 6362{1§F H)+ Theory Exact Mass: 433.20895.

N41- et hyl pPRePPeASH29 Onet hvo- 3- (3- (tri f | uor onet hoxy) phed A SHEASET
2- bl pw dazi n- 6-am ne (Conpound 7-39): [ 0200] A sol ution of
Conpound 7-12 (O. 250 g, 0.797 mmol) and

(1l-ethylpip din

t ol uene (10%7@) weig ge ﬁﬂ)&#ygﬁa@{‘?@@ﬁ?@w lﬁ’g% ¥ ?fﬁa%%' édzm@ﬁ-"
mmol ), rac- Bi7N686(%).030 g, 0.048 nmmol ) and Pd2(dba)3 (0.022 g, 0.024
mmol ) and the mxture was heated at 100C for over ni ght. After 16 h,

the resulting dark brown sol ut| on was cool ed down and was

concentr at ed unde . o purified
by using conbifl3a At——9% TEA in
ethyl acetate/ hegﬂ_eg!&:ﬁ%i@@j,2Iggg@:¢&@m:@9,r2,2-tmom%efé¥e TEA in

ethyl acetate/ CH3OH (90:10) to obtain Conpound 7-39 (89 %.
[ 0201] 1H NWR ( 7 : 8.50 (s, 1H), 8.06(d, J = 13.2 Hz,

Y LTRSS o ol 1ol B0k o 1ot B e e B e

g. az |—|z,3 H)Zld)ided sédue{mxalﬁ'tzﬁ 7-221 (48 n@g{no @Bl(;l);ge leé)iﬂ;oﬁ mo(rjrﬂéted th ﬂ af i, ”Ir"]IJC =
. - . ounas rou
51 wer o hi2A7a MOHIDEN Ry 2 Y Hber opiestABow R reovRe R compialely
2
ri

6

7-

E? 03] ToaSOka\);c%O{h@ GO TRBTER S?ﬁ.t g!'?%))é'ra'?tlve TLG (20% MeOH/DCM) gave 48
(t ,

fl uor onet hoxyl ) - phenypi m dazo[ 1
Chl or o- 3- (1 (Ft/hHwigolpriess solid.
(trifluoromethoxyl)-phenyl)imdazo[ 1, 2-b] pyri dazine (0.149 g, 0.434
mmol) and amine (0.434 mmol) in toluene (5 nL) was added sodi um
tertiary butgxi dgcHdme (& féSvathddis/&7-pyol ), rac-BI NAP (0.012 g,
0.013 mml ) and Pd2(dba)3 (0.016 g, 0.026 mmol) and the m xture was
heated at 100C f @&chewes 6i ght. After 16 h, the resulting dark brown
sol ution was cool ed dowmn and was concentrated under reduced pressure.
The solid was further purified by i ng conbi fl ash chronat ography (6

- B] pyri dazi ne or

g colum): el uent: JEA in eth at e/ hexane ( to renove
the inpurities and_ 59 in eth cetnH,e/ ﬁw 0: 40y to elute

t he desired netbox Npr uct (db *{ 0204] Thﬁ md hoxy group was
renoved by dissol ving rret ho,@mg@)[%oun 22 mol ) pmyanhydrous
di chl or onet hane (DCM anehGH3d| ng BBr3 (1.0 Min &Q7
at -78C, and stirring a room?errp, ure overnight. After 16 h, the
resul ting dark brovhi&sol uti on_:wasN d with NaHOD88 HPLC anal ysi s
i ndi cated that the conversion vvas After extracting with DCM
and drying, the residue was purifie y u5|ng conbi f | ash

chr omat ogr aphy, eluent: nethanol/ Et Acetate (5% TEA), ratio

5-50% Rf = 0.23, 50% Et hyl acet at e(5/0 TEA)/ CH3OH; The structure is
confirnmed byl H NVR and mass spectronetry (MS).

13.  Synthesis of N-{(1-methylpiperidin-4-ylimethyl)-3-(3-(trifluocromethoxy)
henyl imidazof1, 2-blpyridazin-6-amine (Compound 7-29):
[0148] To the toluene (6 mL} solvent was added 7-12 (40 mg,
0.128 mmol), (1-methylpiperidin-4-yl)methanamine (24.53 0.191 mmol}, ligand
(7.53 mg, 0.019 mmol), Pdx(dba)z (8.76, 9.56 mmol) and NaOfBu (17.40 mg,

0.181 mmol). The resulting reaction mixture was degassed for 10 min under

argon and then was heated to reflux overnight (12 h). The crude product was
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3-(2-nmet hoxy-5-(trifluoronethyl)phenyo-N (4-(4-nethyl pi perazin-1-

14) Phenyfl i m dazoft 2-Dbl pyridazi n-6-am ne (Conmpound 7-40): -N N ti /
\ NH2 IN 20 C F3 Pd2(dba)3/1BuONa rac- Bl NAP 100C/ 16 hr Jol uene 25%

[ 0205] 1H NWMR Le8458Bf 200 Mz): 8.36 (d, J = 2.1 Hz,  PCAIGg00T083713y |
7.68 (s, 1H), 7.64 (s, 1H), 7.54 (dd, J = 8.5, 1.7 Hz '2H), 6.87 (m
3H), 3.92 (s, 3H), 3.12 (t J = 18 3 Hz, 4H), 2.62 (t, J = 18.3 Hz,
4H), 2.33 (s, 3H). ESI-M (ES+, )@ 483.2 (Mr+1, 100.0

3- (2 Wdrox@oscwi%ipuoﬁmmpﬁﬂﬂé‘ﬁv wwasmﬁrfﬁsmm pithel@%i MeQRDGHMe

[ ozbai Trﬁ%@%%ﬁﬁ)s@%%’f‘f%%ﬁ e 7% ggr(?%pdzz?zgl% d, J_724(1)7H;11

1H), 7.90 (d, J = 9.9 Hz, 7.81 (s, 1H), 7.77 (dd, J =8.6, 2.1
Hz, 1H), 7.55 (d, J = 89Hz "2H), 7.40 (d, J- 8.6 Hz, 1H), 6.90 (t,
J= 9.9 H, gﬁ),wﬁﬁ&ﬁ@ﬂ‘ﬂmd,J-BBW 4H)
2.33 (s, 3H). ESI-NS (ES+, mz): 469.3 (M1, 10.0).

3- (2- net hoxy- 5- (tSﬁh%ﬂé? et hox§~) enVO- N4( 1- net hyl pi peri di n-4-14) neth

VO m dazof 1, 2-bl pvridazin-6- a@_ (Corrpound 7-42)

Pdo{dba)s/ J/\
NaOtBu/L

OCF, PhCH3 OCF;

I
712 —N 7-31
C§P

15.  N-(2-(4-methyipiperazin-1-yi}butyl}-3-(3-
(trifltuoromethoxy)phenyllimidazo [1,2-blpyridazin-6-amine {(Compound 7-
31).
[0149] To the toluene (5 mL) solvent was added 7-12 (40 mg,
0.128 mmol), (+)2-(4-methylpiperazin-1-yl)butan-1-amine (0.191 mmol}, ligand
(0.019 mmol), Pda{dba)s (9.56 mmol) and NaOiBu (0.181 mmol). The resulting

reaction mixture was degassed for 10 min under argon and then was heated to

reflux overnight (12 h). The crude product was concentration and preparative
TLC was performed with 10% MeOH/DCM sclvent system afforded 22 mg of 7-
3.

EXAMPLE 3
PIM-1 KINASE ACTIVITY ASSAYS

A Pim-1 Kinase [nhibition Assay

[0150] One illustrative manner in which Pim-1 kinase activity

can be determined is by quantifying the amount of ATP remaining in solution
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[ 0207] 1H NVR (CD30D/ 400 MHz): 8.46 (d, J = 2.4 Hz, 1H), 7.94(s, 1H),
7.64 (d, J= 9.6 Hz, 1H), 7.23 (dt, J= 9.2, 2.0 Hz, 1H), 7.18(d, J=
93Hzl J96Hz,1|—|),3.95(s,3|—|)3

Hz, FQVPS’*’“?W“S‘ = 18.3 Hz, 2H), 2.48 (s, 3H), 2.41 Ii‘il(mn%m‘””“f%?”%
Hz, 2H) 1.90 (m J =18.3 Hz, 3H), 1.29 (m J = 18.3 Hz, 2H). ESI-M5
(ES+, mz): 436.2 (Mt+1l, 100.0).

342- hydroxv-5-(trifluoromethoxy)Phenvl)- NAl- et hyl pi peri di n-4- Oret hyl
)- im dazot after anfinj WeiRjay1 Kingsgniegstigrcobhs iinase-QAlg) AssaypKit/(Bowmega

5 60 (d, ' 215 yeefRont il g it et ArtErtal h 42,y

(m J= 9.2, afteD thdz kinask, redctibh éekved & 8.Qbkkratelidy thé ucHetasel o SatlykE,

1H), 3.13 , Hz, , .3
o (t) J(t'tpféamteoxszer? wsaa"e éhotowfdlgh& Thiss. g ltamlr@spermtrmg_rgls

Hz, 1H). ES'reé\ﬂsbﬁlﬁﬁé LdFhifbskdt? AserhtMhstumehD (ﬁ)ermc Electron Corp., Milford,
MA) correlates with the amount of ATP present after the kinase reaction and
inversely correlates with the amount of kinase acitivity. This assay is efficient at
determining the ICs values of kinase inhibitors against the Pim-1 kinase.
These assays are set up in duplicate 50ul volumes in white, flat bottorm 96 well
plates. Inhibitors are added to the solution of 1X kinase buffer, 10uM ATP,
100uM Pim-1-specific substrate, 50ng of active Pim-1 enzyme, and water in
serial dilutions ranging from micromolar to nanomolar concentrations. This
solution is incubated at 30 degrees Celsius at 360rpm for two hours. Following
the incubation, 50ul of Kinase-Glo reagent is added to each well, including all
positive and negative control wells, and incubated at room temperature for 15
minutes. The plate is then read by the Luminoskan Ascent instrument and the
results displayed with the Ascent Sofiware version 2.6. The |Cs; values can
then be calculated for each inhibitor tested.

[0151]  Alternatively, Pim-1 kinase activity can be determined
by quantifying the phosphorylation of a known Pim-1 substrate in another in
vitro assay, The Z-Lyte Protein Kinase Assay Kit (Invitrogen, Madison WI.)
allows this, using Fluorescent Resonance Energy Transfer (FRET) procedure.
Briefly, a known Pim-1 substrate (Serine-Threonine Substrate 7 from
Invitrogen), which bears two flucrophores at opposing ends (coumarin and
fluorescein) is incubated with Pim-1 enzyme and a potential inhibitor. Following
this, the kinase reaction is stopped, and a development reagent is added. This
reagent, a protease, will cleave only unphosphorylated substrate, separating
the two fluorophores and reducing the amount of FRET which can occur
between them. FRET can then be measured using a spectrophotometer, such
as the Gemini EM (Molecular Devices). A reduction in FRET is indicative of an

active inhibitor.
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19 \--NH2 22 Pd2(dba) 3/t BuONa rac- BI NAP 100C/ 16 hr OCF3 Tol uene
79%  [0209] 1H- NMR ( DVBO-d6/ 300 MHz): 8.53 (d, J = 2.7 Hz, 1H), 7.93
(s, 1H), 7.75 J= 9.6 Hz, 1H), 7.30 (dd, J= 8.7, 3.0 1H) . 7.22
(d, J= 9. 3""922“8"?‘1%?1266 97(t, J= 5.1 Hz, 1H), 6.77 (d, J=F .@%%%VB,
3.91 (s, 3H), 2.81 (d, Jr 11.7 Hz, 2H), 2.48 (s, 31-1), 1.89 (t, Jr
11.7 Hz, 2H), 1.52(d, J= 12.3 Hz, 2H), 1.27 (m 14, 1.17 (m 2H),
0.84 (m 4H). ESI- o T ) _(Mr+1, 20.0).

3-(2- Hydrox@l 5- ; 22 Asge, 8- (1- et hyl pi peridin-4-4
et hva mi dazol |, 2- Mpyr (ﬁ%é n- @:e@remré,sééaaoa Z-45)

(COR0D+ODCL3/ 300 M) aob1 (o e Paeiy S el upad REERIREIEE
(d, J- 9.6 Hbilityl pf compoanc@edaf thbzlrﬁegtlomtaurﬂqzmt ohd) or@n@é c(eilulaﬂ a:;tlﬁtlé’s

Hz,
2H) 2 37 (tsuclﬂ a5 ffngerk&egl gﬂjnrth H?uglgr Hrvn&ai @%rg&s cmﬂer cgﬂ ngs( fan E‘é
%S') - 1. 28 ( Botaldd frémIBe Aimertzh Type! cm&nré EStectBrz(aTCt6and étMbrdources.

Briefly, cells are seeded into 96-well, tissue-culture treated, opaque white plates
(Thermo Electron, Vantaa, Finland), at between 5000 and 10000 cells per well,
depending on the speed of cell proliferation, in 100ul of appropriate growth
medium {determined by the ATCC). Cells are then exposed to the appropriate
concentration of drug or an equal amount of DMSQ (drug diluent) and allowed
to grow in its presence for 96 hours. Following this, 100ul of Cell-Titer-Glo
reagent (Promega, Inc., Madison, W) is added to each well. Plates are then
shaken for 2 minutes at room temperature to allow for cell lysis and incubated
for 10 minutes at room temperature to stabilize the luminescent signal. Similar
to the Kinase-Glo assay reagent from Promega, this reagent contains both
luciferase enzyme and its substrate luciferin. Luciferase, activated by ATP in
the cell lysate, catalyzes the conversion of luciferin to oxyluciferin, a reaction
which produces light. The amount of light produced is proportionate to the
amount of ATP in the cell lysate, which is itself proportional to cell number and
gives an index of cellular proliferation.

[0163] In order to detect specific inhibition of Pim-1 enzyme in
cell culture, a Western blot assay will also be performed. For this, cells which
have been treated with a potential Pim-1 inhibitor are lysed with a buffer
specific for the isolation and preservation of proteins (1% Nonidet P-40, 150mM
NaCl, 50mM Tris pH 8.0, 5mM EDTA, 1:500 Protease Inhibitor Cocktail 1l
[Calbiochem], 100mM NaF, 100mM Sodium Orthovanadate). The protein
concentration in these lysates is then quantified using the BCA Protein Assay
Kit (Pierce). Known amounts of protein, e.g. 10ug, are loaded onto 12% SDS-
polyacrylamide gels and are subjected to reducing, denaturing SDS-PAGE.
Electrophoresed proteins are transferred to a nitrocellulose membrane, which is
then probed with antibodies to p-21 and phospho (Thr 145) p-21. As Threonine-
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N4( 1- et hyl pi peri di n-4-yOret hyl ) - 3- (2- nmet hoxv- 5- (t nf| uor onet hoxy) phend
)- imdazofi, 2-bl pyridazi n-6-am ne (Conpound 7-46): \-N9 NN2 18 N

Pc12(dba) 3 3 rac-BI NAP 100C/ 16 hr 19Tol uene 819%
[ 0211] 1HN{U§%?%82%F400 MHz): 8.27 (s, 1H), 7.98 (s, ’i‘%f)(“sz‘?""’?@””'ﬁ

J= 9.9 Hz, 7.33 (d, J 8.9 Hz, 1H), 7.25 (d, J= 9.2 Hz, 1H),
7.15(t,J—52Hz 1H), 677(dJ 96Hz lH) 395(5 3H),
3.15(t,J:g li') 88 (d, J = 11,3 2H) , (o, J =7.2
H, 2H), (q;f thje p-2 Opgatqug |32q|.|)sub§trqt§ tqg le -1, mgzagquﬁq tlzq_bamoyng@f

(2 (r)ﬂ 0)1H) , 0 %ﬁoéﬁhorﬁlaﬂor? a@tﬁsut@ﬁﬁeaﬁ@i MR §FRid prdvide atrchars ByMirith to

N4( 1- et hyl pepaldienthe-efiraey lof b)iF Bing-d-inlyibitars. y- 5- (tri f | uor onet hoxv) phem
4) - imdazo(1, 2-bl pyridazi n-6-am ne (Conpound 7-47): 7-467- 47
[0212] 1H NMR (DMSO- d6/ 300 MHz): 8.60 (s, 1H), 7. 96 (d, J = 3.6 Hz,
1H), 7.75 (ed, Jpif- ﬁKfngs@SHéc:ﬁéﬂ):hwﬁﬁ@Qta(d J =87 H, 1H), 7.23
(d, J= 9.0 Hz, 1H), 7.14 (s, IH, 6.76 ( ,J:99Hz 1H) 3.16 (m
4H), 2.78 (m 2H), 2.00d5¢h, Ysing7 [rosedures) essengiallyf rgs 20gscribed cabane,
(Zm;ll' %0( sl]rgg\m 908806%5 \B}ere tgst%d'?gr znﬁ@tion%‘ct‘lPIM-sl &Fi?se a&mﬂ/. FAQ?{J%

1 shows the results for illustrative compounds screened at 10uM using the Z-

LYTE assay. Values are given as a percent of untreated controls. As shown in
Figure 1, the compounds were effective for inhibiting Pim-1 kinase activity by
this assay.

[0155] In addition, ICsp values were determined for illustrative
compounds against Pim-1 kinase, using the Promega Kinase-Glo assay, the
resuits for which are summarized in Table V below. Further still, illustrative
compounds were evaluated for cell-based activity in cells expressing Pim-1.
ICsp values, representing the concentrations required to inhibit cell growth to
50% of untreated, are provide in pM in Table VI below. Thus, by multiple
assays, the compounds represent active inhibitors of Pim-1 kinase and are

capable of inhibiting cell growth.

Table V

Kinase inhibitory activity of novel compounds.

Compound No. | ICs; pM)
1-1 4.47

1-3 5.35

3-13 52.07

7-1 3.99
MP-392 ND
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N4( 1-1 sopropyl pi peri di n-4- Mret hyl ) - 3- (2- net hoxy-5-(trifl uoronmet hoxy)p
henyl)- i m dazo(1, 2-bl pvddazi n- 6- am ne (Conpound 7-48):

[0213] 1H NMR (UDIVBOd6/300 MHz): 8.52 (d, J= 2.1 Hz, 1H), 7.88 §S

1H), 7.66 MO®EBRY 7 1y 1H), 7.24 (d, J = 9.0 Hz, 1HCT/HSHOT8H73
= 13.7 Hz, 1H), 7.04 (t, J = 5.2 Hz, 1H), 6.68 (d, J = 9.4 Hz, 1H),
3.84 (s, 3H), 3.06 (t, J=5.9 Hz 4H) 2.71 (d, J= 8.9 Hz, 2H), 2.55
(t, J= 6.5 Hz, 2H), 1.99 (t, J Hy, 1.68 (d, J = 13.3 Hz,
1H, 1.53 (m 1H), 0.84 (d, J = 7 2 I—ﬁ&éﬁ- ESI-M5 (ES+, mz): 464.2
(Me+1, 50.0). Cell-based activity of illustrative co :
N-((1-isopropyl pi peridin- y or onet hoxy) p
henyl)- i m dazo(1, 2431pyri dazi n- 6- am ne ( Conpound 7 49): . 47-1---
2.4 Hz,

BBra/ DCWN C - vl ' reN N1|/ANe r.t 3N

[0r2?4] 1H NMR ( DVBO- d6/ B B"TKB%"“%DF’ ?\#ﬁqFF 5@0‘? - 2. oy
iH), 7.75 (dd, Jr 9.8,[2.0 , 7 13 ),

JS)G.S Hz,(lH), 6.73 ({ H‘?’ 3@013“ szﬁ”O 2.87 (m 2H),
2.25 (m 2H), 1.74 (m 4H) 0,98 (d 8&2 =3 6I—g90ESI MS (ES+,

mz): 450.2 (M +1, 40.
N (2- (1- et hyl pi peddi n-4 yllg%_ﬁyl) 3t 2- n%ﬁgxy- 5- (t{i%g)l uof onet hoxv) ph
enyl)- imdazot 1,2-Wyrida 6- am ne ( oun( (

[ 0215] 1H NVR ( DMSO- d6/ 300 NE}Z") 58 (d, .1 7.95 (s,
1H), 7.76 (d, J = 9.7 37 30| (dd, 2&33 ngcf% 1H), 7.22
(d, J = 9.3 Hz, 1H), 698(t Jr 5. , 6]77 J=19.3 Hz,
1H), 3.91 (s, 3H), 3.2l (m 72H) 2. 82 (nq%g?—b 2. ggd%z = 7.4 Hz,
2H), 1.78 (m 2H), 1.66 (m 2H), 1.50 (m 2H, 1. 28(m 1H), 1.15 (m
2H), 0.94 (t, J =7.2 Hz, 3H). ES'-M5 (ES+, nlz): 464.2 (M+1l, 20.0).

EXAMPLE 4
SYNTHESIS OF IMIDAZO[1,2-B]JPYRIDAZINE COMPOUNDS.
[01568]  Other compounds of the invention, including illustrative
compounds set forth in Table VII, were made according to the following

synthetic examples.

1. Preparation of Bromo acetaldehyde (2)

O4/TPP 0
BTWB ; Br

1 2

[0167]  1,4-dibromo-trans-2-butene (1) (10g, 0.046 mol) was
dissolved in dry CH,Cl, (100 ml) and cooled to -78°C and ozone gas was
bubbled till the blue color persisted (~30 mins). A nitrogen stream was passed
through the solution until the blue color disappeared giving colorless solution.
Triphenyl phosphine (12.9g, 0.046 mol) was added portion wise over a period
of 1 hr. The reaction mixture was brought to 0°C and kept in the refrigerator for
15 hrs. The solvent (CH,Cl;) was removed from the reaction mixture (without
applying vacuum) and the thick residue was distilled at 40°C under vacuum

(1Tmm Hg) maintaining the temperature of the receiving flask at -78°C. [Note:
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N4A( 1-i sopropyl pi peridin-4-vOrethyl)-3-(4-(tfifluoronethoxy)phenyl)-
I m dazo( 1, 2- Npyri dazi n- 6- am ne (Conpound 7-51): [0216] 1H NMR
(DIVBOd6/300 M—|z% 8.32 (dt, J -9.8, 2.4 Hz, 2H), 7.

(d, J = 0. Fib

1H),674(d J = 9.8 Hz, 1H), 314(t,J:4.9Hz 4H), 2.79 (d, J
11.2 Hz, 2H), 263(m1H) 204(tJ:103Hz 2H), 1.74 (m 2H),
123(m 1H), 0.91 J = 6.3 Hz, 6H. ESI-M5 (ES+, mz): 434.3
(M++1, 40. oPurexAm@sid!atlmusnwah varg M@AZ@!{EII zosqrﬁmlDAzl fpid pwRter
KI NASE | NHI -0 0 g

Pim1 ki nas?krlgéﬁé% oor(s:tlodg ffr%g&é%:ncoo |t$1][gjét ébﬂ?’?o_nsgwﬁ’ghas
synt hesi zed chtainsdlas g lightyeslpat lnglid, swhicrowasd bigdy ldeh@n‘iMyherei n are
set forth in Table VII1 below. Table VII [Illustrative

| m dazol 1, 2- b1Pvri dazi ne Pim 1 Ki nase |nhibitors Conpound Structure

7-1 HON 21- -2 C. BetpbRRAImiEM ot odn inPidki 390 Mol ecul ar Vi ght 325. 41

BrCH,CHO

| - NHz N-Butanol o _:N)
. Y
a NN o~ Sn-N
3 4

[0158]  3-Amino-6-chloro pyridazine (1.5g, 0.0116 mol) was
dissolved in n-butanol (12 ml), cooled to 0°C and bromoacetaldehyde (2.8g,
0.023 mol) was added. The reaction was refluxed for 20 hrs and n-butanol was
removed under reduced pressure. To the reaction mixture, water was added
and extracted with EtOAc (5 x 20 ml). The combined organic layers were dried
(Na;S0y), concentrated under reduced pressure and the residue was purified
by column chromatography (EtOAc/hexane) to afford 8-Chloro-imidazo[1,2-
blpyridazine (4) (690mg, vield = 40%).

3. 3-Bromo-6-chioro-imidazof1, 2-blpyridazine (5)

f\f{j} Brg, AcOH /f\laN

V

a SN ¢l \N’N\/)
5 Br

4

[0188] The 6-Chioro-imidazo[1,2-blpyridazine (4} (5800 mg,
0.0032 mol) was taken in glacial acetic acid (6 ml} and bromine (0.4 ml) was
added slowly at room temperature. After 20 mins solid precipitated out which
was filtered. The solid was washed with ether (3 x 15 ml) and dried under air to
furnish 3-Bromo-6-chloro-imidazof1,2-blpyridazine (5) (400mg, vield = 60%).
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Compound Structure 7-2 / pN CI,N /41? N Br Chem cal Formul a:

0241 -1 nEl rC Nd Mol ecul ar Weight: 351.63 7-3 ' - Cham oul Formul a:
' : : S 41 ) 1 N
CN::\I4513CI Mw“ébzlogs(fousls ar Wi ght: 272.73 7A OHt et 2,907/083773

R av, Qv
=N N/ oy S RyNH, s Nt

R;HNT N
RN ,N\% cl / N\, Pdy{dba), NaOtBy 2
N s

Pd(PhP3)4, PhCH
Br (PhI3) 3 R, L
O .
L= P
NG

Na,CO,

4. General procedure to make 6-chloro-3-substituted-imidazof1,2-
blpyridazin
[0160] A reaction mixture containing 3-bromo-6-chloro-
imidazo[1,2-b]pyridazine (0.43 mmol), Boronic acid (0.43 mmol), Pd(PhP3)4
(7.74 umol, 0.018 eq) and NaCO3 (2M, 0.43 mmol) in 5 mL of toluene-MeOH

(4:1) was degassed with Ar for 10 min. The reaction was refluxed overnight.

The mixture was filtered through MgS0, and concentrated under vacuum. The
residue was purified by combiflash (0% to 70 EtOAc/Hexane) to give desired

products.

5. General procedure to make 3, 6-disubstituted- imidazo[1,2-blpvridazin

[0161] A reaction mixture containing 6-chloro-3-substituted-
imidazo[1,2-b]pyridazin (0.096 mmol), amine (0.191 mmol), ligand (0.014 mmol,
0.15 eq), Pd2(dba)3 (7.17 umol, 0.075 eq) and NaOtBu {0.136 mmol, 1.4 eq) in
5 mL of toluene was degassed with Ar for 10 min. The mixture was refluxed
overnight. Concentration and preparative TLC purification afforded desired

products.

12-(3-(3-(dimethylamino)phenyl)limidazof1,2-b]pyridazin-6-ylamino)butan-1-of
(Compound 7-4}

[0162] "H-NMR: (400 MHz, CDs;0D) 7.92(m, 2H), 7.65(s, 1H),
7.30 (m, 2H), 6.94(d, J=10Hz, 1H), 6.81(m, 1H), 4.26(m, 1H), 4.20(m, 1H),
3.01(s, 6H), 1.04 (t, J=7.6Hz, 3H), MS m/z: 326.1, 255.2.
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\ Chem cal

Formul a: G sH23N50 Mol ecul ar weight: 325.01 7-5 1 02N

Chem cal Formula: Ci 2112CI NAO2 Mol ecul ar Weight: 279.66 7-6 F
CMErik:RIF mule: C1211701 FN3 Mol ecul ar Wal abt:247.60 7-7 * F
Cheni cal FORIPEL5813451. 111F2N3 Mol ecul ar Wi ght 307. 30 PCT/US2007/083773

2-(3-(4-fluorophenvl)imidazo(1,2-b]oyridazin-6-ylamino}butan-1-ol {Compound

7-10)

[0163] 'H-NMR (400MHz, CD;OD) 8.09(m, 2H), 7.92(m, 2H),
7.25(t, J=8.5Hz, 2H), 6.97(d, J=9.4Hz, 1H), 4.45(m, 1H), 4.21(m, 1H), 3.17(m,
1H), 1.68(m, 1H), 1.52(m, 1H), 1.06 &, J=7.5Hz, 3H).

2-(3-(3-fluorophenyliimidazo[1, 2-b]pyridazin-6-yfamino)butan-1-ol (Compound
7-11

[0164] 'H-NMR (400MHz, CDs;OD) 7.96(m, 3H), 7.88(d,
J=7.8Hz, 1H), 7.50(m, 1H), 7.13(m, 1H), 7.00(d, J=8.6Hz, 1H), 4.50(m, 1H),
4.23(m, 1H), 3.21(m, 1H), 1.70(m, 1H), 1.54(m, 1H), 1.06 (t, J=7.6Hz, 3H).

N-cyclopentyl-3-(3-fluorophenyl)imidazo[1, 2-blpyridazin-6-amine (Compound 7-
15)

[0165] 'H-NMR (400 MHz, CD;OD) 8.17(d, J=11.3Hz, 1H),
7.90(d, J=6.8Hz, 1H), 7.82(s, 1H), 7.61(d, J=8.5Hz, 1H), 7.4(m, 1H), 7.03(m,
1H), 6.72(d, J=9.5Hz, 1H), 4.16(m, 1H), 1.77(m, 4H), 1.66 (m, 4H).

2-(3-(3-(trifluoromethoxy)phenvyi)imidazo[1, 2-b]pyridazin-6-ylamino)butan-1-ol
{Compound 7-17}

[0166] 'H-NMR (400MHz, CD;0OD) 8.24(s, 1H), 8.04(s, 1H),
7.97(m, 2H), 7.57(t, J=6.2Hz, 1H), 7.27(d, J=8.2Hz, 1H), 7.02(dd, Ji=1.4Hz,
Jo=9.6Hz, 1H), 4.78(d, J=10.9Hz, 1H), 4.25(t, J=8.8Hz, 1H), 1.64(m, 2H),
1.08(t, J=7.6Hz, 3H).

(R)-1-{3-(3-{trifluoromethoxy)phenvlimidazof1,2-bjpyridazin-6-vioxylbutan-2-

amine (Compound 7-18)

[0167] 'H-NMR (400MHz, CDsOD) 8.24(s, 1H), 8.02(s, 1H),
7.98(t, J=9.57Hz, 2H), 7.58(t, J=7.8Hz, 1H), 7.27(d, J=8.57Hz, 1H), 7.02(d,
J=9.57Hz, 1H), 4.48(m, 1H), 4.25(m, 1H), 1.71~1.56(m, 2H), 1.08(m, 3H).
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7-8 reiiii",,09N CIN F Chem cal Forrnula: 0121-12Cl FN3 Mol ecul ar

Vi ght :

247.66 7-9 N * F Chem cal Fornula: C sH | F2193 Ml ecul ar

Wei ght 307,30 Con'gound Structure 7-10 NN H F
WO 2008/05812

PCT/US2007/083773

{S)-1-(3-(3-(trifluoromethoxy)phenvillimidazol1,2-blpyridazin-6-yloxy)butan-2-

amine (Compound 7-19)

[0168] 'H-NMR (400MHz, CDsOD) 8.22(s, 1H), 8.02(s, 1H),
7.95(m, 2H), 7.55(t, J=8.2Hz, 1H), 7.27(m, 1H), 7.00(dd, J1=9.9Hz, 1H),
4.42(m, 1H), 4.18(m, 1H), 1.67~1.51(m, 2H), 1.06(m, 3H).

N-(cyclopropylmethyi}-3-(3-(trifluoromethoxy)phenyl)imidazof1,2-bJpvridazin-6-

amine (Compound 7-20)

[0169] 'H-NMR (400 MHz, CD,;OD) 843(s, 1H), 7.97(d,
J=7.8Hz, 1H), 7.85(s, 1H), 7.62(d, J=9.5Hz, 1H), 7.52(t, J=8.2Hz, 1H), 7.20(d,
J=7.5Hz, 1H), 6.75(d, J=9.3Hz, 1H), 3.21(d, J=6.8Hz, 2H), 1.2 (m, 1H), 0.55(m,
2H), 0.28 (m, 2H).

N-(3-(6-(1-hydroxybutan-2-ylamino)imidazof1,2-bpyridazin-3-
yliphenylimethanesuifonnamide (Compound 7-23)

[0170] 'H-NMR (400 MHz, CD3;0OD) 8.29(s, 1H), 7.95(s, 1H),
7.92(m, 1H), 7.74(d, J=7.8Hz, 1H), 7.44(t, J=7.8Hz, 1H), 7.18(m, 1H), 6.96(m,
1H), 4.51(m, 1H), 4.36(m, 1H), 3.24(m, 1H), 3.00(s, 3H), 1.74(m, 1H), 1.60(m,
1H), 1.05(t, J=7.5Hz, 3H).

2-(3-(3-(trifluocromethyl)phenyl)imidazo[1, 2-b]pyridazin-6-ylamino)butan-1-of
{(Compound 7-24)

[0171] 'H-NMR (400 MHz, CD:0OD) 8.64(s, 1H), 8.22(s, 1H),
8.06(s, 1H), 7.94(m, 1H), 7.65(s, 2H), 7.00(d, J=9.9Hz, 1H), 4.45(m, 1H), 4.19(,
J=8.2Hz, 1H), 3.20(m, 1H), 1.60(m, 2H), 1.04(t, J=8.5Hz, 3H).

N-(cvclopropyimethyl)-3-(3-(trifluoromethyl)phenylimidazo[1, 2-blpyridazin-6-

amine (Compound 7-25)

[0172] 'H-NMR (400 MHz, CDsOD) 8.82(s, 1H), 8.19(s, 1H),
7.86(s, 1H), 7.60(m, 3H), 6.74(m, 1H), 3.20(m, 2H), 1.18(m, 1H), 0.55(m, 2H),
0.26(m, 2H).
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Chem cal
Chem cal
Chem cal

Forrmul a: C331437FN4O0 Macul ar Weight 300.33 7-11 JH' NHF
Formul a: CleH17F7140 Mol ecul ar Wi ght: 300.33 7-12 C OCF3
Formul a: C13l1i Cl F3N30 Mobcul arWeight: 313.66 7-13 N

0 N
ocF30cF3 YEAYGB B8y mul a2 C20F1 1 1F3NS02 Mol ecul ar Wi gRE /S 0%483773

tert-butyl 4-((3-(3-(trifluoromethoxy)phenyl)imidazof1, 2-blpyridazin-6-ylamino)

methyl)piperidine-1-carboxylate Compound (7-27)

[0173] 'H-NMR (400MHz, CDsOD) 8.39(s, 1H), 7.96(d,
J=8.2Hz, 1H), 7.85(s, 1H), 7.62(dd, J1=2.0Hz, J2=9.9Hz, 1H), 7.49(m, 1H),
7.21(d, J=8.2Hz, 1H), 6.71(dd, J1=2.0Hz, J2=9.57Hz, 1H), 4.07(m, 4H), 3.26(m,
4H), 1.82(d, J=12.7Hz, 2H), 1.42(s, 9H), 1.57(m, 1H).

N-(piperidin-4-yimethyl)-3-(3-(trifluoromethoxy)phenyl)imidazof1, 2-blpyridazin-

6-amine (Compound 7-28)

[0174] 'H-NMR (400MHz, CDsOD) 8.37(s, 1H), 7.99(d,
J=8.2Hz, 1H), 7.88(s, 1H), 7.66(d, J=9.2Hz, 1H), 7.54(1, J=8.2Hz, 1H), 7.24(d,
J=7.24Hz, 1H), 6.75(d, J=9.5Hz, 1H), 2.94 (m, 4H), 2.04(m, 4H), 1.44(m,1H).

N-({1-methvipiperidin-4-yl)methyi)-3-(3-(triflucromethoxviphenyllimidazol1. 2-

blpyridazin-6-amine (Compound 7-29)

[0175] 'H-NMR (400MHz, CD;OD) 8.38(s, 1H), 8.00(d,
J=7.9Hz, 1H), 7.86(s, 1H), 7.64(m, 1H), 7.53(t, J=8.2H, 1H), 7.22(d, J=7.5Hz,
1H), 6.74(d, J=9.9Hz, 1H), 3.00(d, J=12Hz, 2H), 2.30(s, 3H), 1.90(d, J=12.6Hz,
3H), 1.38(m, 2H)2.20(t, J=11.6Hz, 2H).

N-(2-(pyrrolidin-1-yi)ethyl)-3-(3-(triflucromethoxy)phenyl)imidazof1, 2-
bloyridazin-6-amine Compound (7-30)

[0176] 'H-NMR (400MHz, CDsOD) 8.29(s, 1H), 8.02(d,
J=7.6Hz, 1H), 7.84(s, 1H), 7.64(d, J=9.6Hz, 1H), 7.53(t, J=8hz, 1H), 7.31(m,
1H), 7.22(d, J=8.4Hz, 1H), 6.74(d, J=9.6Hz, 1H), 3.56(t, J=6.8Hz, 2H), 2.81(,
J=6.8Hz, 2H), 2.63(s, 4H), 1.81(m, 4H).
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7-14 -N CIN * 0 Chemi cal Formula: C:41-1:0CI N30 Mol ecul ar Wi ght :
271.79 7-15 N _ NH* Chemical fornula: CNHHEl "h M al coul ac Wi ght:

M34 7-16 HO A s Chaml col Fonm | are El oal er014 Mol acul ar
Wi ght : 329 WH,2008/058126 PCT/US2007/083773

EXAMPLE 5
SYNTHESIS OF IMIDAZO[1,2-BJPYRIDAZINE COMPOUNDS AND 7-
METHYL-IMIDAZO[1,2-B]JPYRIDAZINE COMPOUNDS
[0177]  Additional compounds of the invention, including
illustrative compounds set forth in Table VI, were made according to the
following synthetic examples. In these examples, Compound 7-12 was
prepared as described above in Example 2, while compound 11 was prepared

as follows:

6-chioro-5-methylpvridazin-3-amine 7.

NH
Cl RS 2
o NH,OH |
=N Ethano! cl N"N
Cl N
reflux under
6 pressure 110 °C
for 48 h.

[0178]  3,6-dichloro-4-methylpyridazine 6 (1 g) was dissolved in
5 mL of ethanol and was added ammonium hydroxide (10 mL). The resulting
reaction mixture was sealed in a pressure bottle and heated to 100 °C for 48
hours. The reaction mixture is cooled and the solvents were evaporated and
purified by CombiFlash Companion using Hexane/DCM 40:60 solvent system
(4 g normal phase RediSep Flash column with run time min at flow 18 mL/min)
gave 0.640 g (72.7 %) of 7 as yellow solid).

[0179] "H-NMR (300MHz, CD;0D) 7.08 (s, 1H), 4.72 (s, 2H),
2.27 (s, 3H), ESI-MS m/z 143.9 (M+H)".

6-chloro-7-methviimidazo[1, 2-bjpyridazine 8:

ek o
-N > Vi
Cl N N-Butanol Ci \N'N

7 Reflux 110 %

6 h
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7-17 j "UN NN Ha OCF3 Chem cal Forrnul a:C 17H17F3N402 Mol ecul ar
Weght 3 6634 7-18 H214 RH OCF3 Compound Structure 7-19 OCF, N

WO 2008/058126 PCT/US2007/083773

[0180]  6-chloro-5-methylpyridazin-3-amine 7 (0.6g, 4.18
mmol) was dissolved in n-butanol (10 ml) and chloroacetaldehyde (0.328 g,
4.18 mmol) was added. The reaction was refluxed for 6 hrs and n-butano) was
removed under reduced pressure. The crude product was purified by column
chromatography {DCM/hexane, 70:30) to afford compound 8 (0.234 g, vield =
33.4 %).

[0181]  "H-NMR (300MHz, CD50D) 8.66(s, 1H), 8.05 (d, J= 1.7
Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 2.58 (s, 3H), ESI-MS m/z 167.8 (M+H)".

3-bromo-6-chioro-7-methviimidazol1.2-b]pyridazine 9:

Bra, AcOH
I\I‘E) 2 2 N\e

RT 20 min

[0182] The 6-chloro-7-methylimidazol1,2-b]pyridazine 8 (0.230
g, 1.372 mmol) was taken in glacial acetic acid (10 ml) and bromine (0.070¢ ml,
1.372 mmol) was added slowly at room temperature. After 20 mins the solvents
were evaporated the obtained brown solid was washed with ether (3 x 15 ml)
and dried under air to furnish compound 9 (0.236 g, yield 69.8 %).

[0183] "H-NMR (300MHz, CD;0D) 7.798(d, J = 7.32 Hz, 1H),
6.93(s, 1H), 2.64 (s, 3H), ESI-MS m/z 247.9 (M+H)".

6-chloro-7-methyl-3-(3-(trifluoromethoxy)phenyl)imidazof1, 2-bjpyridazine 11:

OH N
f\@l e Pd(PPha)s oSN /
o \N’N\g + OH  Na,COs
Br  FaCO
OCF;,
9 10 11

[0184]  3-bromo-6-chloro-7-methylimidazo[1,2-blpyridazine 9
(100 mg, 0.406 mmol) was dissolved in 1,4-dioxane (10 mL) and was added 3-
Fluoromethoxy boronic acid 10 (84 mg, 0.406 mmol), Pd(PPhs), (.38 mg, 8.11
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OM) and Na;CO; (47.3 mg, 0.446 mmol). The reaction mixture was heated
using microwave at 150 °C for 30 minutes. TLC (6%MeoH/DCM) showed the
completion of reaction. Concentration and preparative TLC (6% MeOH/DCM)
afforded compound 11.

[0185] 'H-NMR(300MHz, CDCI3) 8.01(d, J=1.2Hz, 1H),
7.95(m, 2H), 7.51(t, J=8.1Hz, 1H), 7.21(m, 1H), 6.96(m, 1H), 2.69(s, 3H).
1.54(s, 3H). 19F-NMR(300MHz, CDCI3) -59.08.

friflucromethoxy)phenyl)imidazof1,2-bJoyridazin-6-

ol (Compound 7-32):

N
N
i o __Pdzdoa)3 e OHZ™Y 5
Sy ¢ Hre ] ‘N
Gl "N £NHgo NaOtBu/L oy N
R OCF,

PhCHS OCF;

OCF; (5x()
712 12 N‘O

[0186] To the toluene (10 mL) solvent was added Compound
7-12 (100 mg, 0.319 mmol), N-Boc-(S)-(+)-2-amino-1-butanol 12 (121 mg,
0.638mmol), ligand (18.82 mg, 0.048 mmol), NaOtBu (43.5 mg, 0.453 mmol)
and Pdz(dba); (21.90, 0.024 mmol). The resulting reaction mixture was

NHBoc

degassed for 10 min under argon and then was microwave for 1h at 165 °C.
Concentration and preparative TLC (10% MeOH/DCM) afforded Compound 13
and Compound 7-32. NMR indicated that 7-32 is a product with Boc removed.
The crude product was concentrated and preparative TLC was performed with
10% MeOH/DCM solvent system afforded 27 mg of 7-32 as a yellow solid
(23.12%).

[0187] 'H-NMR(400MHz, CDsOD) 8.30(s, 1H), 8.02(d,
J=7.8Hz, 1H), 7.84(s, 1H), 7.62(d, J=9.6Hz, 1H), 7.53(t, J=8.2Hz, 1H), 7.21(d,
J=8.5Hz, 1H), 6.78(d, J=9.6Hz, 1H}, 3.93(t, J=5.8Hz, 1H), 3.76(m, 1H), 3.65(m,
1H), 1.73(m, 2H), 1.03(t, J=7.5Hz, 3H). ESI-MS m/z 367.13 (M+H)".
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6-({1-methyipiperidin-4-ylimethoxy)-3-(3-(triflucromethoxylphenyllimidazof1,2-

blpyridazine (Compound 7-33):
\ N
=N OH N 7]
/(Y Pd2(dba)3 7\
oy Nt/ = OCF,
c1” N + NaOtBu/l. g
N PhCH3
OCF, [

& PQ 733
7-12 14 L= N?\O

[0188] To the toluene (5 mL) solvent was added Compound 7-
12 (60mg, 0.159mmol), (1-methylpiperidine-4-yl)methanol 14 (30.8¢ mg,
0.239mmol), ligand (9.41 mg, 0.024 mmol), NaOtBu (21.75 mg, 0.226 mmol)
and Pda(dba)s (10.95, 0.012 mmol). The resulting reaction mixture was

degassed for 10 min under argon and then was heated fo reflux for 12h.
Concentration and preparative TLC (10% MeOH/DCM) afforded 17.6 mg of
Compotund 7-33.

[0189] 'H-NMR (400MHz, CD?0D) 8.30(s, 1H), 8.05(s, 1H),
7.97(m, 3H), 7.58(t, J=8.2Hz, 1H), 6.96(d, J=9.9Hz, 1H), 4.29(d, J=6.5Hz, 2H),
3.94(d, J=6.15Hz, 1H), 3.07(t, J=12.64Hz, 4H), 2.33(t, J=12.30Hz, 4H), 2.02(s,
3H). ESI-MS m/z 407.18 (M+H)".

7-methvl-6-({1-methvipiperidin-4-yl)methoxy)-3-(3(trifluoromethoxy)phenyl)

imidazof1,2-blpyridazine (Compound 7-34):

N Z =N
Cl \N'N + C!/\O N
~N

NaOtBu/L
PhCH3

OCF, N
| OO
» . L= Z;O 7:34

OCF,
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[0190] To the toluene (5 mL) solvent was added Compound 11
(80mg, 0.224 mmol), (1-methylpiperidine-4-yimethanol 14 (47.3mg, 0.366
. mmol), igand (14.41 mg, 0.037 mmot), NaOiBu (33.3 mg, 0.347 mmol) and
Pda(dba); (16.77, 0.018 mmol). The resulting reaction mixture was degassed
for 10 min under argon and then was heated with microwave at 1685 °C.
Concentration and preparative TLC (10% MeOH/DCM) afforded 111.5 mg (11.2
%) of Compound 7-34.
[0191]  'H-NMR (300MHz, CD;OD) 8.27(s, 1H), 7.96(m, 2H),
7.55(m, 1H), 7.23(d, J=8.1Hz, 1H), 6.76(s, 1H), 4.18(s, 2H), 2.96(d, J=11.7Hz,
1H), 2.56(s, 3H), 2.31(s, 3H), 2.11(t, J=12.3Hz, 2H), 1.88(d, J=12.3Hz, 4H),
1.44(d, J=12.6Hz, 2H). ESI-MS m/z 421.18 (M+H)".

N-((1-isopropyipiperidin-4-ylimethyl)-3-(3(trifluoromethoxy)phenyllimidazo[1,2b]

pyridazin-6-amine (Compound 7-35);

ﬁN - ﬁ’N
Pa2(dba)3 < N
o SN ¢ - (% O/\ NN
N

NaGtBu/L H

PhCH3
OCF; )N\ O Q \]/ OCF,4
7412 15 L= 2@ 7.35

[0192] To the toluene (10 mL) solvent was added Compound
7-12 (10mg, 0.319 mmol), (1-isopropylpiperidine-4-ylymethanamine 15 (74.9
mg, 0.478 mmol), ligand (18.82 mg, 0.048 mmol), NaOH (43.5 mg, 0.453
mmol) and Pdz(dba)z (21.90, 0.024 mmol). The resulting reaction mixture was
degassed for 10 min under argon and then was heated to reflux for 12h.
Concentration and preparative TLC (10% MeOM/DCM) afforded 11 mg (7.96
%) of Compound 7-35.

[0193] 'H-NMR (300MHz, CDs;OD) 7.60(s, 1H), 7.18(d,
J=9.3Hz, 1H), 7.07(s, 1H), 6.84(d, J=9.3Hz, 1H), 6.73(t, J=8.1Hz, 1H), 6.43(d,

69



IN 7-26 'c72)a N- O Chemical Fornula: Cl7H. 1, N5023 Mol ecul ar
Woi ght: 357.93 goc,N .N 7-27 N* OCF3 CheMtH F nul e:
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J=6.3Hz, 1H), 5.94(d, J=9.9Hz, 1H), 2.85(s, 1H), 2.14(m, 3H), 1.93(m, 2H),
1.42(m, 3H), 1.07(m, 4H), 0.286(2s, 2CH3) ESI-MS m/z 434.23 (M+H)".

Cyelopropyi(4-((3-(3-(trifluoromethoxy)phenyl)imidazof1,2-blpyridazin-6-

ylamino) methyl)piperidin-1-vlimethanone (Compound 7-36):

/(Y ___Pd2(dba)3 N7 SN 4
s N oM H
PhCH3 I
OCF, rac-BiINAP

O 7-36

OCF,

712

[0194] To the toluene (10 mL) solvent was added Compound
7-12 (10mg, 0.319 mmol), (1-cyclopropylcarbonylpiperidine-4-yl)methanamine
16 (69.7 mg, 0.383 mmol), rac-BINAP (7.94 mg, 0.013 mmol) and Pdz(dba);
{5.84, 6.38 OM). The resulting reaction mixture was degassed for 10 min under
argon and then was heated to reflux for 12h. Concentration and preparative
TLC (10% MeOH/DCM) afforded 29 mg (19.8 %) of Compound 7-36.

[0195] 'H-NMR (300MHz, CD;OD) 7.59(s, 1H), 7.16(d,
J=7.2Hz, 1H), 7.04(d, J=6.3Hz, 1H), 6.81(m, 1H), 6.70(m, 1H), 6.40(d, J=6.3Hz,
1H), 5.90(m, 1H), 3.70(m, 1H), 3.54(m, 1H), 2.36(m, 1H), 1.83(m, 1H), 1.28(m,
1H), 1.12(m, 3H), 0.4(m, 2H), 0.027(m, 4H). ESI-MS m/z 460.20 (M+H)".

7/-Methvi-N-({ 1-methylpiperidin-4-ylimethyl)-3-(3-(friffuoromethoxy)phenyi)-
imidazo [1.2-b]pyridazin-6-amine (Compound 7-37):

Pd2{dba)3
\ N / ( a) N \N,N Y
NaOtBu/L ]
PhCH3
OCF;

OCF,
: O 737
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Compound Structure 7-28 N O NH N * HN Chem cal Formul a:
C191. 120F3N50 Mol ecul ar Wei ght 391.39 7-29 nCF3 Chem cal Randl e:

CaoHnFI NI O Mol ectite Weight: 405.42 7-30 a InrN
WO 2008/058126 PCT/US2007/083773

[0196] To the toluene (bmL) solvent was added Compound 11
(57 mg, 0.174mmol), (1-methylpiperidine-4-yl)methanamine 17 (26.8 mg, 0.209
. mmal), ligand (10.27 mg, 0.026 mmol), NaOtBu (23.40 mg, 0.244 mmol) and
Pdz(dba)s (11.95, 0.013 mmol). The resulting reaction mixture was degassed
for 10 min under argon and then was heated with microwave at 150 °C for 1h,
Concentration and preparative TLC (10% MeOH/DCM) afforded 5.3 mg
(7.26%) of Compound 7-37.
[0197] 'H-NMR (300MHz, CD30D) 8.35 (s, 1H), 8.01(d,
J=8.4Hz, 1H), 7.83(s, 1H), 7.51(t, J=7.8Hz, 2H), 7.21(d, J=8.1Hz, 2H), 3.65(m,
2H), 2.36(m, 3H), 2.98(d, J=11.4Hz, 2H), 2.48(m, 2H), 2.26(d, J=0.9Hz, 3H),
2.24(s, 3H), 1.91(m, 4H), 1.32(m, 1H).. 19F_NMR (300Hz, CD30D) -56.456,
FTMS+p MALDI: 420.20113 (M+H)*, Theory Exact Mass: 420.20112.

N-((1-ethylpiperidin-4-yl)methvl)-7-methyi-3-((trifluoromethoxy)phenvl)imidazo
[1.2-blpyridazin-6-amine (Compound 7-38).

NaOtBu/L H
F’hCH3
OCF,

OCF,
: O 7-38

[0198] To the toluene (5mL) solvent was added Compound 11

(50 mg, 0.153 mmol), (1-ethylpiperidine-4-ylimethanamine 18 (26 mg,
0.183mmol), ligand 9.01 mg, 0.023 mmol), NaOtBu (20.53 mg, 0.214mmol}
and Pdx(dba); (10.48, 0.011 mmol). The resulting reaction mixture was
degassed for 10 min under argon and then was heated with microwave at 150
°C for 1.5 h. Concentration and preparative TLC (10% MeOH/DCM) afforded
11.9 mg (17.99 %) of Compound 7-38.

[0199] 'H-NMR (300MHz, CD30D) 8.335 (s, 1H), 7.99(d,
J=7.8Hz, 1H), 7.81(s, 1H), 7.49(t, J=7.8Hz, 2H), 7.21(m, 1H), 3.34(m, 2H),
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WO 2008/058126 PCT/US2007/083773

3.00(d, J=11.1Hz, 2H), 2.44(m, 4H), 2.26(s, 3H), 1.91(m, 4H), 1.32(m, 1H),
1.08(t, J=6.9Hz, 3H). 19F.NMR (300Hz, CD30D) -56.423, FTMS+p MALDI:
434.36365 (M+H)*, Theory Exact Mass: 433.20895.

N-({1-ethylpiperidin-4-vi)methyi}-3-{3-(triflucromethoxy)phenvi)imidazof1.2-b]
pyridazin-6-amine (Compound 7-39):

o “
=
s N-/ Pd,(dba),BuONa /(\T’
o N + \_ND—\ rac-BINAP O/‘ﬁ SyN~{
N
OCF, ~
7-42

NH, 100°CH6 hr
Toluene OCF,

0,
1 18 89% 7-39

[0200] A solution of Compound 7-12 (0.250 g, 0.797 mmol)
and (1-ethylpiperidin-4-yl)methanamine 18 (0.113 g, 0.797 mmol) in toluene (10
mL) was added sodium tertiary butoxide (0.138 g, 1.435 mmol}, rac-BINAP
(0.030 g, 0.048 mmol) and Pd2(dba)3 (0.022 g, 0.024 mmol} and the mixture
was heated at 100°C for overnight. After 16 h, the resulting dark brown solution
was cooled down and was concentrated under reduced pressure. The solid was
further purified by using combiflash chromatography (6 g column}, eluent: 5%
TEA in ethyl acetate/hexane (10-100) removed the impurities and 5% TEA in
ethyl acetate/ CH3;OH (90:10) to obtain Compound 7-39 (89 %).

[0201] 'H-NMR (DMSO-d6/300 MHz): 8.50 (s, 1H), 8.06 (d, J =
13.2 Hz, 1H), 7.77 (d, J = 9.9 Hz, 1H), 7.57 (t, J = 7.8 Hz, 1H), 7.28 (m, 2H),
6.76 (d, J = 9.9 Hz, 1H), 3.35 (m, 2H), 3.16 (m, 2H), 2.87 (d, J = 9.9 Hz, 2H),
2.27 (m, 2H), 1.76 (m, 4H), 1.22 (m, 1H), 0.97 (t, J = 6.9 Hz, 3H). ESI-MS m/z
420.2 (M+H)".

[0202] Compounds 7-40 through 7-51 were prepared
according to the following general method:

[0203] To a soltion of  6-Chloro-3-(2-methoxy-5-
(trifluoromethoxyl}-phenyl}imidazo[1,2-b]pyridazine or 6-Chloro-3-(2-methoxy-4-
{trifluoromethoxyl)-phenyl}imidazo[1,2-bjpyridazine (0.149 g, 0.434 mmol) and
amine {0.434 mmol) in toluene (5 mL) was added sodium tertiary butoxide
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(0.075 g, 0.780 mmol), rac-BINAP (0.012 g, 0.013 mmol) and Pdx(dba); (0.016
g, 0.026 mmol) and the mixture was heated at 100°C for overnight. After 16 h,
the resulting dark brown solution was cooled down and was concentrated under
reduced pressure. The solid was further purified by using combiflash
chromatography (6 g column): eluent: 5% TEA in ethyl acetate/hexane (10-100)
to remove the impurities and 5% TEA in ethyl acetate/ CH3OH (90:10) fo elute
the desired methoxy product.

[0204] The methoxy group was removed by dissolving the
methoxy compound (0.222 mmol) in anhydrous dichloromethane (DCM) (3 mL)
and adding BBr; (1.0 M in DCM, 0.667 mL) at -78°C, and stirring at room
temperature overnight. After 16 h, the resulting dark brown solution was
quenched with NaHCOa. HPLC analysis indicated that the conversion was
complete. After extracting with DCM and drying, the residue was purified by
using combiflash chromatography, eluent: methanol/ Ethyl Acetate (5% TEA),
ratio 5-50%. Ry = 0.23, 50% Ethyl acetate(5% TEA)/CH3;OH; The struciure is
confirmed by1H-NIVER and mass spectrometry (MS).

3-(2-methoxy-5-{trifluoromethylphenyl)-N-{4-(4-methvipiperazin-1-

viphenyllimidazo[1,2-blpyridazin-6-amine {(Compound 7-40):

\
Navoth'y
rr — N AN
sy N7 2 O ﬂ /
¢~ N Pd,(dba)s/'BUONa NTN
/O rac-BINAP 0
CF, 100°CH6 hr / oF
Toluene 3
0,
19 25% 7.40

[0205] "H-NMR (CD;0D/400 MHz): 8.36 (d, J = 2.1 Hz, 1H),
7.79 (s, 1H), 7.68 (s, 1H), 7.64 (s, 1H), 7.54 (dd, J = 8.5, 1.7 Hz, 2H), 6.87 (m,
3H), 3.92 (s, 3H), 3.12 {t, J = 18.3 Hz, 4H), 2.62 (i, J = 18.3 Hz, 4H), 2.33 (s,
3H). ESI-MS (ES+, m/z): 483.2 (M"+1, 100.0).
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3-(2-Hydroxy-5-(trifluoromethyliphenvyl)-N-(4-(4-methylpiperazin-1-vi}phenvi)-

imidazo[1.2-bloyridazin-6-amine (Compound 7-41):

O O e Ny o
” \N,N / r.t;:;hr E \N,N 4
/O HO
CF3 CF;
7,40 7-41

[0206] 'H-NMR (DMSO-dg/400 MHz): 9.28 (s, 1H), 8.29 (d, J =
2.1 Hz, 1H), 7.90 (d, J = 9.9 Hz, 1H), 7.81 (s, 1H), 7.77 (dd, J = 8.6, 2.1 Hz,
1H), 7.55 (d, J = 8.9 Hz, 2H), 7.40 (d, J = 8.6 Hz, 1H), 6.90 (t, J = 9.9 Hz, 3H),
3.64 (d, J = 12.3 Hz, 4H), 3.50 (d, J = 13.3 Hz, 4H), 2.33 (s, 3H). ESI-MS (ES+,
m/z): 469.3 (M™+1, 10.0).

3-(2-methoxy-5-{trifluoromethoxylphenyl)-N-({1-methvipiperidin-4-yiimethy/)-

imidazo[1,2-blpyridazin-6-amine (Compound 7-42) :

— s
ar NH, /K\F p
oSN = - NS
Pdy(dba),BuONa N H
-~ /O

0 rac-BINAP
7 OCF, 100°C/16 hr OCF3
Toluene
19 Aons 7-42

[0207] 'H-NMR (CD:OD/400 MHz): 8.46 (d, J = 2.4 Hz, 1H),
7.94 (s, 1H), 7.64 (d, J = 9.6 Hz, 1H), 7.23 (dt, J = 9.2, 2.0 Hz, 1H), 7.18 (d, J =
9.3 Hz, 1H), 6.73 (d, J = 9.6 Hz, 1H), 3.95 (s, 3H), 3.27 (m, J = 18.3 Hz, 2H),
3.15 (m, J = 18.3 Hz, 2H), 2.48 (s, 3H), 2.41 (t, J = 18.3 Hz, 2H), 1.90 (m, J =
18.3 Hz, 3H), 1.29 (m, J = 18.3 Hz, 2H). ESI-MS (ES+, m/z): 436.2 (M'+1,
100.0).
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3-(2-hydroxy-5-(frifluoromethoxy)phenyl)-N-((1-methyipiperidin-4-ylimethyl)-
imidazo[1,2-blpyridazin-6-amine (Compound 7-43).

Z~y=N =N
H p BBry/DCM /q p
O/\H N rt/16 hr OAE, N
~N 0 s0% N HO
OCF, OCF;
7-42 743

[0208] "H-NMR (CD;OD/400 MHz): 8.60 (d, J = 2.4 Hz, 1H),
8.04 (s, 1H), 7.74 (d, J = 9.9 Hz, 1H), 7.13 (m, J = 9.2, 2.0 Hz, 2H), 7.04 (d, J =
8.9 Hz, 1H), 6.72 (d, J = 9.6 Hz, 1H), 3.13 (t, J = 6.5 Hz, 4H), 2.75 (d, J = 11.3
Hz, 2H), 2.48 (s, 3H), 1.81 (t, J = 12.0 Hz, 2H), 1.72 (d, J = 12.0 Hz, 2H), 1.60
(m, J = 18.3 Hz, 1H). ESI-MS (ES+, miz): 422.2 (M*+1, 100.0).

3-(2-methoxy-5-(trifluoromethoxylphenyi}-N-(2-( 1-methylpiperidin-4-yl)ethyl}-
imidazo[1, 2-bloyridazin-6-amine {Compound 7-44):

"NDT,
/(\{T/ 22 HN \N,N Vi
-~
Cl N~

Pd,(dba)y/'BuONa °
0 rac-BINAP s
/ 100°C/16 hr OCF3
QCF;
Toluene
19 79% N 7-44

[0209] 'H-NMR (DMSO-dg/300 MHz): 8.53 (d, J = 2.7 Hz, 1H),
7.93 (s, 1H), 7.75 (d, J = 9.6 Hz, 1H), 7.30 (dd, J = 8.7, 3.0 Hz, 1H), 7.22 (d, J =
9.3 Hz, 1H), 6.97 {t, J = 5.1 Hz, 1H), 6.77 (d, J = 9.3 Hz, 1H), 3.91 (s, 3H), 2.81
(d, J = 11.7 Hz, 2H), 2.48 (s, 3H), 1.89 (t, J = 11.7 Hz, 2H), 1.52 (d, J = 12.3 Hz,
2H), 1.27 (m, 1H), 1.17 (m, 2H), 0.84 (m, 4H). ESI-MS (ES+, m/z): 450.2 (M*+1,
20.0).
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Weight: 468.47 7-42 "N O 4 OCF3 Chem cal Fornmula: C21 H24F3N302
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3-(2-Hydroxyi-5-(trifluoromethoxy)phenyl)-N-{2-{ 1-methvipiperidin-4-yi) ethyi)-

imidazo[1,2-blpyridazin-6-amine (Compound 7-45).
o Lo
g S
5 0 ocF, 86% (q HO OCF,
'T' 7-44 ,i, 7-45

[0210] 'H-NMR (CD;OD+CDCl5/300 MHz): 8.01 (d, J = 3.1 Hz,
1H), 7.88 (s, 1H), 7.63 (d, J = 9.6 Hz, 1H), 7.07 (dd, J = 8.9, 1.7 Hz, 1H), 6.97
(d, J = 8.7 Hz, 1H), 6.70 (d, J = 9.6 Hz, 1H), 3.34 (s, 3H), 2.90 (t, J = 6.5 Hz,
2H), 2.37 {t, J = 11.2 Hz, 2H), 1.69 (d, J = 12.3 Hz, 2H), 1.45 (m, 1H), 1.28 (m,
2H), 0.93 (m, 4H). ESI-MS (ES+, m/z): 436.3 (M*+1, 20.0).

N-{(1-ethyipiperidin-4-ylimethyl)-3-(2-methoxy-5-(trifluoromethoxyiphenyl)-

imidazof1,2-b]pyridazin-6-amine (Compaund 7-46);

s
=N NH, AN =N
V 18 Y/
Vi ek . N SN
o Pdy(dba)y/BuONa N H o

4 rac-BINAP /
OCF QCF
% 400°C/16 hr ®
19 Toluene 7-46

81%

[0211] 'H-NMR (DMSO-ds/400 MHz); 8.27 (s, 1H), 7.98 (s,
1H), 7.78 (d, J = 8.9 Hz, 1H), 7.33 (d, J = 8.9 Hz, 1H), 7.25 (d, J = 9.2 Hz, 1H),
7.5 {, J = 5.2 Hz, 1H), 6.77 (d, J = 9.6 Hz, 1H), 3.95 (s, 3H), 3.15 (, /= 5.8
Hz, 4H), 2.88 (d, J = 11.3 Hz, 2H), 2.30 (q, J = 7.2 Hz, 2H), 1.82 (t, J = 10.9 Hz,
2H), 1.75 (d, J = 13.3 Hz, 2H), 1.65 (m, 1H), 0.99 (t, J = 7.2 Hz, 3H). ESI-MS
(ES+, miz): 450.2 (M*+1, 20.0).
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7-44 . ...,-NHNNNO 4 OCF3 N1 Chem cal Fonnult 022H2eF, NsO3

Mol ecul ar M ght: 449.47 7-45 HN14 HO 4 c..,OCF3 N |
Chem cal FQrmul a: C211124F3N502 Mbl ecul ar Wi ght 435 44
WO 2008/058126 PCT/US2007/083773

N-{(1-ethylpiperidin-4-yl)methyi)-3-(2-hydroxy-5-(triflucromethoxy)phenyl)-

imidazof1, 2-bjpyridazin-6-amine (Compound 7-47):

L Qv
NN p BBra/DCM - < N/
“O/\ H r.t/16 hr O/\ N N
f /0 98% fN HO
OCF3 OCF,
7-46 747

[0212]  'H-NMR (DMSO-dg/300 MHz): 8.60 (s, 1H), 7.96 (d, J =
3.6 Hz, 1H), 7.75 (dd, J = 9.9, 3.6 Hz, 1H), 7.30 (d, J = 8.7 Hz, 1H), 7.23 (d, J =
9.0 Hz, 1H), 7.14 (s, 1H), 6.76 (d, J = 9.9 Hz, 1H), 3.16 {m, 4H), 2.78 (m, 2H),
2.30 (q, J = 7.2 Hz, 2H), 1.82 (m, 2H), 1.76 (m, 2H), 1.67 (m, 1H), 0.99 (t, J =
7.2 Hz, 3H). ESI-MS (ES+, m/z): 436.2 (M*+1, 100.0).

N-({1-isopropyvipiperidin-4-yl)methyl)-3-(2-methoxy-5-(triffuoromethoxy)phenyl)-

imidazo[1, 2-blpyridazin-6-amine (Compound 7-48);

Qe
H NHp_ N \N,N V
Pdg(dba)3FBuONa O
OCF,

/

rac-BINAP 7/ OCF5
100°C/16 hr .48

Toluene

81%

[0213] 'H-NMR (DMSO-de/300 MHz): 8.52 (d, J = 2.1 Hz, 1H),
7.88 (s, 1H), 7.66 (d, J = 10.7 Hz, 1H), 7.24 (d, J = 9.0 Hz, 1H), 7.14 (d, J =
13.7 Hz, 1H), 7.04 (t, J = 5.2 Hz, 1H), 6.68 (d, J = 9.4 Hz, 1H), 3.84 (s, 3H),
3.06 (t, J = 5.9 Hz, 4H), 2.71 (d, J = 8.9 Hz, 2H), 2.55 (¢, J = 6.5 Hz, 2H), 1.99 (,
J =92 Hz, 2H), 1.68 (d, J = 13.3 Hz, 1H), 1.53 (m, 1H), 0.84 (d, J = 7.2 Hz,
6H). ESI-MS (ES+, m/z): 464.2 (M*+1, 50.0).
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Compound Structure 7-46 -N "LI)" : _0----- 1-1IN- O di, OCF3
Chem cal Formul a: C 22H2F3N502 Mol ecul ar Vi ght 449.47 7-4-7 ...N

-.. ..N NHO * CCF3 Chem cal Fornula: C211124F3N302 Ml ecul ar Wi ght
435. 44 7- 4%0 2008/058126 PCT/US2007/083773

N-{(1-isopropylpiperidin-4-vl) methyl)-3-(2-hydroxy-5-(trifluoromethoxylphenyl)-

imidazo{1.2-blpyridazin-6-amine (Compound 7-49):

AN
< N BBry/DCM

I\O/\ﬁ N rt!16hr C(\

7-48 7-49

[0214] 'H-NMR (DMSO-dg/300 MHz): 8.59 (s, 1H), 8.04 (d, J =
2.4 Hz, 1H), 7.75 (dd, J = 9.8, 2.0 Hz, 1H), 7.13 (d, J = 8.3 Hz, 2H), 7.03 (d, J =
6.8 Hz, 1H), .73 (d, J = 7.8 Hz, 1H), 3.13 (m, 4H), 2.87 (m, 2H), 2.25 (m, 2H),
1.74 (m, 4H), 0.98 (d, J = 8.8 Hz, 6H). ESI-MS (ES+, m/z): 450.2 (M*+1, 40.0).

N-(2-{1-sthylpiperidin-4-yl)ethvi)-3-(2-methoxy-5-{lriflucromethoxy)phenyi)-

imidazol1.2-blpvridazin-6-amine (Compound 7-50) ;

N \—ND_\_ N
/ — NHZ . ,N /
s N/ 23 HN™ ™N
clI” N”

0 Pd,(dba)s/'BuONa A OCF,
OCF, rac-BINAP
100°C/186 hr
18 Toluene N 7-50
89% )

[0215] 'H-NMR (DMSO-dg/300 MHzZ): 8.58 (d, J = 2.7 Hz, 1H),
7.95 (s, 1H), 7.76 (d, J= 9.7 Hz, 1H), 7.30 (dd, J=8.5,2.0 Hz, 1H), 7.22 d, J =
9.3 Hz, 1H), 6.98 (t, /= 5.2 Hz, 1H), 6.77 (d, J = 9.3 Hz, 1H), 3.91 (s, 3H), 3.21
(m, 2H), 2.82 (m, 2H), 2.29 (1, J = 7.4 Hz, 2H), 1.78 (m, 2H), 1.66 (m, 2H), 1.50
(m, 2H), 1.28 (m, 1H), 1.15 (m, 2H), 0.94 (t, J = 7.2 Hz, 3H). ESI-MS (ES+,
m/z): 464.2 (M"+1, 20.0).
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N O * OCF3 Chem cal Fornmula: C231-1NFP302 Ml ecul ar Weight: .163.6
7A9 N .."7,N. HO a OCF3 Chemi cal Fornmula: CrH2eF3N502 Mol ecul ar
Wei ght 44947 7-50 NN 0 4 005 ) Chemical Fe:nmulct Call.F3N302

Mol ecul ar v@zgpﬁjosggﬁzgl 5 PCT/US2007/083773

N-({1-isopropyipiperidin-4-viimethvi)-3-(4-(triffluoromethoxy)phenyl)-

imidazofl1, 2-bjpyridazin-6-amine (Compound 7-51);

i
Z NN NH,
Y, 15
o SN - N
Pd,(dba)sBuONa \r

rac-BINAP
100°C/16 hr

24 OCF; Toluene 7-51
76%

OCF,

[0216]  'H-NMR (DMSO-de/300 MHz): 8.32 (dt, J = 9.8, 2.4 Hz,
2H), 7.93 (s, 1H), 7.75 (d, J = 9.3 Hz, 1H), 7.44 (d, J = 8.3 Hz, 2H), 7.19 {t, J =
5.4 Hz, 1H), 6.74 (d, J = 9.8 Hz, 1H), 3.14 (t, J = 4.9 Hz, 4H), 2.79 (d, J = 11.2
Hz, 2H), 2.83 (m, 1H), 2.04 (t, J = 10.3 Hz, 2H), 1.74 (m, 2H), 1.23 (m, 1H),
0.91(d, J = 6.3 Hz, 6H). ESI-MS (ES+, m/z): 434.3 (M*+1, 40.0).

EXAMPLE 6
ILLUSTRATIVE IMIDAZO[1,2-B]JPYRIDAZINE PIM-1 KINASE INHIBITORS
[0217] The structures of additional Pim-1 kinase inhibitors
identified according to the invention and synthesized according the synthetic

procedures detailed herein are set forth in Table VIi below.

Table VI

lllustrative Imidazo[1,2-b]Pyridazine Pim-1 Kinase Inhibitors

Compound Structure
2 Jf\(‘"?
E N:-N 4
7-1
/N-..
Chomical Formuls: GisHaaNs©
Molecutar Waeight 325.41
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7-51 A 1" OCF3 Chem cal Formula: C, 3126F3N50 Ml ecul ar Wei ght 433. 47
EXAMPLE 7 PIM 1 KINASE ACTI VI TY ASSAYS [0218] 1 C50 val ues were
determned_for illustrative conpounds (e.g., from T Table VI1) usin

t he Pronegg%oﬂ%?gp@ 0 assay, the results for which ar ePs PHBRE3 i n
Table VIIl below. In addition, illustrative conpounds were eval uated
for cell-based activity in cells expressing PPm1. |C50 val ues,
representi ng the—eoncentrattons—regut+retd—to—i+nhi-brt—eceH—grewth—{ 0
50% of untreat ed,Campopndvide in 1. 11\ A i rStrutluge| X bel ow. Thus, | by
nul tiple assays/ theseTi{ustrarive conmpounds Tepresent active
inhibitors of Plm 1 kinase|and are capable qof #nhibiting tunor cgll
growt h. Table V|II Kinase |nhibitory Actg(/;\:t Represent ati ve
Conpounds Conpoiind IBO(Ki hase) 7-1 3.99 7%

Chemical Fermula: CqqHygBrCIN,
Molecular Weight; 351.63

7-3
™

Chemical Fermulo; Gy HyCINg
Melecular Waight; 272,73

7-4 i

Chemical Formula:

CigHasNs0
Molecular Welght: 325.41

OgN
Chemical Formula:
C12H;GINGG,
Molgeular Weight:
21486

N,

7-6 fr&

¥

ChemicalF ammula: CyzHCIFNg
Molecular Walght: 247 56

\N'N 4
7-7 F

F

Chemieal Formula: CigHyqFaNy
Molecular Welght: 307.20

<3
S T ¢
7-8 .

Chemicst Fenmula: © gH,CiFN;
Molecular Weight; 247,65

N
7-9 .

Chemical Formula: CygH y4FaNg
Molecular Weight: 307,30
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1.81uM 7-7 9. 76uM 7-9 86. 60uM 7-10 3.96uM 7-11 3. 05uM 7-15 5. 35uM
7-17 418nM 7-18 481M 7-19 293nM 7-20 2. 68uM 7-23

WO 2008/058126

PCT/US2007/083773

Compound

Structure

7-10

S,
F

Chemical Formula: CygHyyFN,O
Moacular Weight: 300.33

7-11

H el
N~ N
H

F

Chemical Formula: CqgH 7FNLC
Malecular Weight: 300,33

7-12

K,

o
/
o SwN

OCF,

Chemical Formuia: C43H;CIFN,0
MobcularVV eight: 313.66

7-13

N
-

4/
OcF, 0CF;

Chemical Formula: CygHyaFgNaCp
Molscular Weighl'4 35.31

7-14

f\f"fé
&
o Sl

s}
Chemicat Formula:
C14HyCiNO
Molecular Waight: 271.70

7-15

/N f
O—NH

Chemical Formula:
CqrHyFNy
Moscular Weight: 200.34

7-16

NH

o‘ﬁ‘
Chamieal FormulC yH, CINO S
Meokcular Weight: 322.77

7-17

H OCFs

Cherical Farmuia:C yyHyyFaNs02
Molecular Weight:3 66.34

7-18

N
e of\r’f p
RF
OCF3
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8. 23uM 7-24 519nM 7-25 798nM 7-27 7.49uM 7-28 127nM 7-29 7.4nM/
138.6nM 7-30 761M  Conpound | C50( Ki nase) 7-31 267nM

WO 2008/058126

PCT/US2007/083773

Compound

Structure

7-19

7-20

oy
HaN N,
sh
OGF
N

LN 4
vy
H OCFa

Chemical Formula: C47HygF3N0
Mokcular Waight: 348.32

7-21

Cl

L
Y
\N,N
CFy

Chemical Formula: Cy3H,CIFaNg
Molecular Welght: 297.66

7-22

CFy CFs

Chemical Formula: CogHy4FgN3
Molecular Weighi:4 07.31

7-23

HO f(N
bt
K\LH " %}H“gm
o

Chemica) Formula: Cy7HuNgO45
Molacular Weight: 37545

7-24

N
HO =
0, L
N N
H CFy

Chemicat Formula: Cy7H7F3N4Q
Molecular Weight: 350.34

7-25

N

h ;.:N 4
v o

Chamical Formuia: CypHgFaNy
Molocular Waight: 332.32

7-26

N

\;:N /
vy 1
Q

Chemical Fermula: CyzHNs0,8
Molecular Weight: 357.43

7-27

B
DG‘N — NI
Q oy OCF;
Nk

ChermizalF srmula: CogHzaF3NsO;
Molocular Welght 43151
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7-32 1.55uM/ 95 nM 7-33 405nM/ 282 nM 7-34 272 nM 7-35 79 nM 7- 36
73 nM7-37 13 nM7-39 111nM/ 18 nM 7-43 1.10 uM 7-47 310 nM

WO 2008/038126 PCT/US2007/083773

Compound Structure

N
@%&:
> N Fy
NH

Chomical Formula: Gy FaNsO
Molecular Weighl; 381,39

X
7-29 Qﬁd%’

Chomical Formuta: CapHaaFaNgD
Melecuinr Welghl: 405,42

G
AR
7-30 "
OCF,

Chemical Formula: CygHggF g0
Molecular Welght: 391.33

/(\F
7-31 \J\N N&

Chomical Formula:C saHpFagl
Malacular Welght:i4 48.48

N,
7-32 \Hng iN.Nq /S
OCFy

Chemical Formus; Cy 1 F )
Mulm:uiar\.'1."¢ngi1ii7 o5 u 42

7-33 le@‘m

Chemlcal Formula: cmH2’F3N402
Mioleeutar Waight 408.4

7-34 r\r%

Choemical Formula: CayHaaFaNy0Oa
Molecular Walght 420.43

7-28

N

7-35 guff {
T oory

Chamical Formula CpsHagFaNsO
Molecular Woight: 433.47

=N

7-36 OIUﬁg&
OCF;

Chomical Formula: CayHagFaNgCy
Melecular Weight 459,48
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7-49 316nM Table I X Cell-Based Activity of Representative Conpounds.
Conmpound Nane | C50 (K562) 1C50 (PC-3) 7-1 67.1uM 29. 22uM 7-4 13. 55uM

54. 59uM 7- 4, 270, A4l 87. 25uM 7-9 6. 76uM

Compound Structure

N

7.37 ) Cr*aj:\rg
OCF,

Chemical Fomula: CoyHzFaNsO
Melecular Weight: 419.44

_N
7-38 O/\Né
1 OCFy

Chemical Formula: CoHagFiNgO
Molacular Weight 433 47

=M
7-39 - @A”K“Ié/
OCFa

Chamical Formula: CaqHzyF3Ns0
Molecular Weight: 419.44

LN ez
7.40 Q, f\m
o]
CF3

Chemical Formula: CagHasFaNsO
Molecular Weight: 452.5

741 ““@m%
CFa

Chemical Formula; CogHasFaNgO
Molocular Walght; 468,47

7-42 ) r@"u jo _

Cheomical Formula; CoyHaaFalNsO,
Molocular Weight: 43544

e
7-43 Hgé
N HO
O0F;

Chamica! Fosmula: CagHygF a0y
Molecular Waight 421.42

HN’CN}:);
7-44 5 ,0{5 o

N

i
Chemisal Formula; CaoHasFaNs0;
Molacular Waight- 449.47 -

=M
7-45 5 .

1
Chomica Fomuia: CmHuF;Nst
Molecular Waight: 435

84



21.18uM 7-10 37.48uM/ 25.76uM 69.56uM 7-11 7.31uM/ 8. 05uM 18. 41uM
7-13 19. 07uM 63. 25uM 7-15 20. 83uM 70. 20uM 7-17 5. 38uM 9. 37uM 7- 18

5. 82uM - - -
WO 2008/058126 PCT/US2007/083773

Compound Structure

7-46 oA 2960“

Chemical Fermula CoxHagFaNsCy
Molecular Waight: 449.?:7 ¥

N
7-47 Uﬁﬂé/
r O oer,

Chamical Fommuls: CzyHayFals02
Molecular Weight, 435,44

@,
7-48 N
7)0/\ ’Oé‘o&:ﬁ

Chamical Formula: CyaHaaFaNs 02
Molocular Weight: 403.5

=N,
7-49 Oﬁﬁﬁ:—r é’
7’ N Ho OCFy

Chemical Formula: GaHagFaNsO2
Molocular Weight: 249,47

7-50 (g ‘Q Yocer,

N

S

Chamical Formula: CaqHaaFaNsO;
Maiacular Weight 4535

cr
\N'N 7

7-51 \I,,O” i
QCFy

Chemica! Farmula: CooHosFsls0
Malacylar Waight: 433.47

EXAMPLE 7
PIM-1 KINASE ACTIVITY ASSAYS
[0218] |Csp values were determined for illustrative compounds
(e.g., from Table VII) using the Promega Kinase-Glo assay, the resulis for
which are summarized in Table VIl below. [n addition, illustrative compounds
were evaluated for cell-based activity in cells expressing Pim-1. [Csp values,
representing the concentrations required to inhibit cell growth to 50% of

untreated, are provide in pM in Table IX below. Thus, by multiple assays, these
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Conpound Name | C50 (K562) |C50 (PC-3) 7-19 5.84uM --- 7-20 7.79uM
20. 75uM 7- 23 23. 19uM 24. 55uM 7-24 4.26uM 7.27uM 7- 25 4. 64uM 8. 15uM

WO 2008/058126 PCT/US2007/083773

litustrative compounds represent active inhibitors of Pim-1 kinase and are

capable of inhibiting tumor cell growth.

Table VIII
Kinase Inhibitory Activity of Representative Compounds

Compound | IC50(Kinase)
7-1 3.99uM
7-4 1.81uM
7-7 9.76uM
7-9 86.60uM

7-10 3.96uM
7-11 3.05uM
7-15 5.35uM
7-17 418nM
7-18 481nM
7-19 293nM
7-20 2.68uM
7-23 8.23uM
7-24 519nM
7-25 798nM
7-27 7.49uM
7-28 127nM
7.4nM /
7-29 138.6nM
7-30 761nM
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7-26 NS NS 7-27 10.30uM -- 7-28 1.95uM --- 7-29 2.29uM 4. 83uM 7-30
9. 14uM 9. 26uM 7-32 25.32 / 19.99uM 29. OuM 7-33 5. 99uM

WO 2008/058126 PCT/US2007/083773

Compound | IC50(Kinase)
7-31 267nM
7-32 1.55uM / 95

nM
7-33 405nM / 282

nM
7-34 272 nM
7-35 79 nM
7-36 73 nM
7-37 13 nM
7-3% 111nM / 18 nM
7-43 1.10 uM
7-47 310 nM
7-49 310nM

Table IX

Cell-Based Activity of Representative Compounds.

Compound
Name IC50 (K562) IC50 (PC-3)
7-1 87.1uM 29.22uM
7-4 13.55uM 54.59uM
7-7 270.84uM 87.25uM
7-9 8.76uM 21.18uM

7-10 37.48uM / 25.76uM 69.56uM

7-11 7.31uM / 8.05uM 18.41uM
7-13 19.07uM 63.25uM
7-156 20.83uM 70.20uM
7-17 5.38uM 8.37uM
7-18 5.82uM -
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14.37uM 7-34 1. 73uM 7. 21uM 7-35 2. 92uM 12. 77uM 7-36 6. 91uM 33. 32uM
7-37 3.89uM 8. 95uM 7-38 1. 41uM 5. 68uM 7-39 1. 66uM 5. 82uM 7-42

WO 2008/058126

PCT/US2007/083773

Compound
Name IC50 {(K562) IC50 (PC-3)

7-19 5.84uM -~
7-20 7.79uM 20.75uM
7-23 23.19uM 24 .55uM
7-24 4.26uM 7.27uM
7-25 4.64uM 8.15uM
7-26 NS NS
7-27 10.30uM
7-28 1.95uM -
7-29 2.29uM 4.83uM
7-30 9.14uM 9.26uM
7-32 25.32 /19.99uM 29.0uM
7-33 5.99uM 14.37uM
7-34 1.73uM 7.21uM
7-35 2.92uM 12.77uM
7-36 6.91uM 33.32uM
7-37 3.89uM 8.95uM
7-38 1.41uM 5.68uM
7-3¢ 1.66uM 5.82uM
7-42 9.6uM 8.96uM
7-43 4.9uM N/A
7-44 5.7uM 17.7uM
7-45 14.9uM 52.0uM
7-46 5.3uM 10.6uM
7-47 11.3uM 57.4uM
7-48 5.7uM 17.7uM
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9. 6uM 8. 96uM 7-43 4. 9uM N A 7-44 5. 7uM 17. 7uM 7-45 14.9uM 52. OuM 7- 46
5. 3uM 10. 6uM 7-47 11. 3uM 57. 4uM 7-48 5. 7uM 17. 7uM

WO 2008/058126 PCT/US2007/083773

EXAMPLE 8

SELECTIVITY OF COMPOUND 7-29 FOR PARTICULAR PROTEIN KINASES

[0219] Compound 7-29 (Table VII) was evaluated for
selectivity against a panel of Ser/Thr and Tyrosine kinases in the radiometric
assay at 1 mM. The results are summarized in Figure 2. Against the Ser/Thr
kinases tested, compound 7-29 exhibited Pim1 kinase selectivity >100-fold over
other kinases tested. Compound 7-29, however, was also exhibited selectivity
against FIt3,Mek1 and TrkA. This compound showed no significant activity
against a panel of other Ser/Thr kinase including Aurora-A, CDK1, CDK2, Plk3
and Nek2 and Tyrosine kinase including Able, c-Kit, EGFR and Jak2.

EXAMPLE 8
[0220] This example demonstrates Pim-1 kinase inhibitory
activity for the HCI salts of illustrative Compounds 7-19, 7-29 and 7-31.

AN
Hi-\/\/\ syt (8 /ON, /E\"“/
H
OCF; OCFs Hel OCF,
7-19 7-29 7-31

[0221]  One illustrative manner to determine the effect of Pim-1
inhibitors on the activity of the Pim-1 kinase is to measure the phosphorylation
levels of the protein Bad at serine residue 112 (S112) (phospho-Bad or pBad).
Pim-1 is known to cause the phosphorylation of Bad at S112 in order fo
inactivate the protein and inhibit its association with anti-apoptotic Bcl-2 family
members, thereby allowing these Bcl-2 family members to further inhibit
apoptotic signals.

[0222] Briefly, MV-4-11 (biphenotypic B myelomonocytic
leukemia) cells were plated into T25 flasks in serum free media (SFM) at 1.5 x
10 ® cells/ml and allowed to grow for 24hrs. After 24hrs Pim-1 inhibitors at 10,
5, 1, 0.5, 0.1, or 0.01uM concentrations were added to individual flasks.

Treatment with the Pim-1 inhibitors continued for a duration of 1hr. Cells were
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EXAMPLE 8 SELECTIVITY OF COVWOUND 7-29 FOR PARTI CULAR PROTEI N

Kl NASES [0219] Conpound 7-29 (Table VII) was eval uated
for selectivity against a panel of Seri Thr and Tyrosine_kinases in
the radi on&(}%eﬁ’;/'&g%y at 1 M The results are sunmari zBGVPRROB/KET72
2. Against the Ser/Thr kinases tested, conpound 7-29 exhibited Pinl
ki nase selectivity >100-fold over other kinases tested. Conpound
7-29, however, was also exhibited selectivity against Flt3, Mekl and
TrkA. This damnpssted =fleovihd hbor diegiméntcand eadlt iyesates agse madea fran edaobf
ot her Ser/Thr Kkina i ncludin rora-A,. 1, 2, Pl k3 and Nek?2
and Tyrosi néaﬁ?m%s}eqq?élaﬂm%g ﬁﬁr@?[ RIOGR ?%E’Gﬂp?cgéét‘?ﬁa'ﬂﬁfe Rb9Ete a
[0220] Thi s eppaptR- fERE [ Kd pht bi y iMEt

the HCl salts of ri@,l ust r%@g&%%mg??ﬁéeg%ﬁ&%ﬂ% ﬁﬁ%.mé [:)foﬂceﬂfs
[ 0221] One i IHagsbean i separatedary SSRGS Iithey tWwereetrarsierred i mitrocellulose
inhibitors an tEe actiivi#% of, t.he int}l l;tiﬂn se s to neasure fihed f
phosphor vyl atTRPIaFE| énlﬂ gﬁ@) 6?’& FREBLP Qe i R Y e 2 l? y for
(S112) (IOhOWpMaGr(SQBQﬂ{GelPBi@nhHﬁ TeRAMBlohiRsF Mas Lselleto probe for the
phosphoryl ati on of Bad at S112 in order to inactivate the protein and

i Ehi bibt i ts levale of ahpephabBed (8 2)- afopidsrite @&waeﬂawagso@gﬁwg;rs on
apoptof i ¢ siynarnoERGn3f Ead (72 YnF R by Bl ext ke ddiemmined.

myel onmonocytTocatcdniksish ahis ctblel arigive dvedtatneislot whe striphelllofiskibédies andlre-
free nmedi a SDSF at 1.5 x.10.5 cells/m and allowed to grow for )
24hrs. Afte f?%ﬁ susingn antibegies tats regoanize dhe 1Bag) proteji1 (Celt Ygraling
concentrati added: Pala TRV t M :
Pim 1 inhi bﬂ%ﬁ‘ﬁg@gﬁﬁﬁnﬁgﬁcﬁwﬁ%dﬁgﬁ%o&héogﬁi'ié’ﬁ’r'gﬁ‘fctﬁﬁ@gmgﬁmetw idfein.
har vest ed afldensitometryiwas veed tegtiaatitdtecthlel [evgls aif esachevandnanl éhéd Vdentern

each sanpl e. ual ,amoynts of total protei rom.the.l ysates were

| oaded onto bé&%o%xdrﬂsgag{oygfe{%mw ﬂFPr#it’@r%g&m EB:“B% %'%A%éo St the
anal ysi s. AfgRephdiBaBiRbRimievaed been separated by SDS-PAGE they were
transferred to nitrocellul ose nmenbranes (Invitrogen) for Western

blotting. The pri mary[Q%3{ bodygures Pidospaw- el resuits? for( the | pleisgherBadg

i order t o Sl 4 L& BB i8hued Bt S il Tt i S
Bad (5112), ressedtionigl sAér thet alhrBeshipieat iith therRindetisibiteredthelkevels of

acconplish this, the original Western blot was stripped of antibodies

and r e- pr obdtPagdsdggreased bibdredosarderendeng ninaener shaxing b teRh qaniete
S Y he . il L .

of “the prot rCiig o Foad ot B fihert BRIF, Yot o AR B S5l iler bt
each band orth¢ heatbentegroups ot Ehea BE 54 saltiets dod Ebarpoiunds t7/RE0,ECE0 arfd 7434

Pim1l inhibitors to alt th h 0- Bad tein | evels.

02231 Fi gur 4676 S fosse ab L A, Fol B S feBtise®e: ni ng on
M-4-11 cells treated with Conpounds 7-19, 7-29, and 7-31,
respectively. After the 1 hr treatnment with the Pim1 inhibitors, the
| evel s of pBad decreased in a dose-dependent manner, show ng a near
conpl ete absence of pBad at the highest levels. Levels of total Bad
were simlar across the treatnent groups. The EC50 val ues for
Conmpounds 7-19, 7-29 and 7-31 were determined to be 635 nM 7.9 nM
and 57.4 nM respectively. CLAI M

90



W Claim 1.A compound having a structure according to structure (1)
or structure (11) below (1) or a stereoisoner or pharmaceutically
acceptable salt thereof, wherein: Xis NHL Ris H -OH _halo, alk

hal oal kyl , WA 988858 hal oal koxy: RL is phenyl or subsh?ﬁfﬂﬂm?ﬂ‘f@ﬁ i’

and R2 is -(CH2)1, 2-piperid-4-yl, substituted
-(C1-12) 1, 2- pi peri d-4-yl, -(CH2)1, 2-pi perazin- 1- yl, or substituted
-(CH2) 1, 2- pi perazin-1-yl . 2. The corrpound of claiml
wherein R is hydrogen. 3. The conpoung%W%l aim1l wherein Ris

met hyl . 4. The conmpound of claim 1l wherein Rl is

substi t ut ed V& &Hgim: havi ng at | east one p, o or m substituent sel ected
from-0CF3, -OCHF2, -CFs, -OCH3, and -OH WO

2008/ 058126PCT/ US2007/ 083773 5. The conpound of claim1l wherein RL is
sel ected from 1. A compound having a structure according to structure (I) or

structure (I1) below:

R N/ R
A \2 X /L‘e
Ry

0] (I
or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein:
X is NH;
R is H, -OH, halo, alkyl, haloalkyl, alkoxy or haloalkoxy;
R+ is phenyl or substituted phenyl; and
Rz is -(CHy)12-piperid-4-yl, substituted -(CHgz)2-piperid-4-yl,
-(CHz)1 z-piperazin-1-yl, or substituted -(CH>)4 2-piperazin-1-yi.

2. The compound of claim 1 wherein R is hydrogen.
3. The compound of claim 1 wherein R is methyl.
4. The compound of claim 1 wherein R¢ is substituted phenyl

having at least one p, o or m substituent selected from —OCF3, -OCHF3, -CF3,
-OCHa, and -OH.
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OCF3 6. The conpound of claiml wherein R2 is
substituted -(CH2) 1. 2-Pi perid-4-yl or substituted

-(CH2) 1, Z-R;Ooerazi n-1-yl having one or two substituents selected from
al kyl . 20081058126 7" The conpound of clai m 6 wher ei nPEYUPR07/083773
sel ected from 8. The conpound of claim11, wherein the conpound
is:

N- ((1- et hyl pi peridin-4-yOxethyl )-3-(3-(trifluoronet h_oxy?-
phenyl )i ni dazo[ 1, 2- b] Byr i dab¢ sowpaxne ef clabm whedeip-Rids selected from:
N (2- (4- et hyl pi perazi n-1-yl)butyl)-3-(3-(trifl uoronethog) -
phenyl )i m dazo[ 1, 2- b] pylri dazi n- 6- am nef( 1
7-met hyl - N- ((1- met hyl p#peri di n- 4-§9
phenyl )i m dazo[ 1, 2- b] dazi n- 6- am
N4( 1- et hyl pi peri di n- 4yl ) - 3- (3- &Mororret gys
phenyl )i m dazo[ 1, 2- b] pyri dazi n- 6- am ne (Conpound 7-39).
9. A conposition conprising a conmpound of claim1l1 in conbination with
a pharmaceutical ly acceptabl e exci pi entl. 10. A conmpound
having a structure ac ing to sf ure (I1)

bel ow. or a stereoiso r pharnmace ¢ salt thereof,
wherein: X is 0; OCF,

OCF;

6. The compound of claim 1 wherein R; is substituted
-(CHy)1 o-piperid-4-yl or substituted -(CHy)1 2-piperazin-1-yl having one or two

substituents selected from alkyl.

7. The compound of claim 6 wherein R; is selected from:

oY LY oY o
oo ot OT

8. The compound of claim 1, wherein the compound is:
N-((1-methylpiperidin-4-ylmethyl)-3-(3-(trifluoromethoxy)-
phenyl)imidazo[1,2-b]pyridazin-6-amine (Compound 7-29);
N-(2-(4-methylpiperazin-1-ylbutyl)-3-(3-(frifluoromethoxy)-
phenyl)imidazo[1,2-b]pyridazin-6-amine (Compound 7-31);
7-methyl-N-((1-methylpiperidin-4-yl)methy!)-3-(3-trifluoromethoxy)-
phenyl)imidazo[1,2-b]pyridazin-6-amine (Compound 7-37); or
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Ris H -0OH halo, alkyl, haloal kyl, alkoxy or hal oal koxy; Rl is
phenyl or substituted phenyl; and R2 is

-(CH2) n-cyg| opropyl., -(CH2)n-cycl opentyl, -(CH2)n-cycl ohexyl, -S02-C
H3, -802-( q—&%‘%g% -(C H2) n-piperonyl, -(CH2)n-pi pe?@aéﬁoowossws

- (CH2) npi perazinyl, -(CH2)n-furyl, -(CH2)n-thiophene,

-(CH2) n-pyridyl, -(CH2)n-pyrimdyl, -(CH2)nOCH3, -(CH2),OH, or

-(CH2) nN(CH3) 2, where s, 0, 1, 2, 3 or 4 and each of the above

noi eti es are optional Ih[]]((gl%@tlFP'PEE"@H’W'ifﬂe@MQ'W‘(ﬁﬂﬂJ@r%ﬁ@Pﬂ)uent s; or
a structure e idipnL S arin.Roami gy compound  of
claim 10 V\hep?gngﬁiR ??s rgy,g}tg%%rhd.azglzﬁ aFng é%%g%%nof! g][@,% %’I aim 10 wherein
R is nethyl. 13. The conpound of claim 10 wherein Rl is
substituted phenyl hayin t | east..one 0 .0r msubstituent sel ected
from - OCF3, P G:H>|22, -éF3,g ?oefz@,mawan-eﬁmsmg a  compoungy orthigim i
conpound of deninati \mﬂeé?arrﬁécéuﬁicﬁw é‘d‘cﬁa?ﬁhbflé 8fBipient. OCF3 WO
2008/ 058126PCI M52007/ 083773 5. The conpound of claim 10
wherein R2 is substituted -(CH2) 1. 2-pi perid-4-yl or substituted

Gy preers v Lyl g gt BB 5

sel ected frataucture (1) below:

BN BN
) Jgs
R N R, =
Z\X \N/ Z\X \N
Ry Rl
0 (In
or a sterecisomer or pharmaceutically acceptable salt thereof,
wherein:
Xis O;

Ris H, -OH, halo, alkyl, haloalkyl, alkoxy or haloalkoxy;

Rs is phenyl or substituted phenyl; and

Rz is -(CHa)s-cyclopropyl, -(CHz)s-cyclopentyl, <(CHg)n-cyclohexyl,
-802-CH3, -SO0z-(CH2),CHs, -(CHg)n-piperonyl, -(CHz)n-piperidyl, -(CHy)y-
piperazinyl, ~(CHaz)n-furyl, -(CHs),-thiophene, -(CHy)-pyridyl, -(CHaz)q-pyrimidyl,
-(CH2)nOCH3, -(CH2),OH, or ~(CH2),N(CH3),, where nis 0, 1, 2, 3 or 4 and each
of the above moieties are optionally substituted with one or more substituents;

or a structure selected from:
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17. The conpound of claim 10 wherein R2 is selected from OH 4Yit,s
18. The compound of claim 10, wherein the conpound is:

(R -1-(3-(3; i r omet hoxy) phenypi m dazo[ 1, 2- b] pyri dazi n-6-

yl oxy) but aﬁg@o@%#gﬁ( Conmpound 7-18); 951‘/932%07/083773
(S)-1-(3-(3-(trifluoromethoxy)phenypi m dazo[ 1, 2- bl pyri dazi n- 6-

yl oxy) but an- 2- am ne (Conpound 7-19);

6- ((1- met hyl pi pegizdi n- 4- wr net hox r)I 3-(3- (trlfl uor onet hoxy) -

phenypi m dazo[ 1/2- b] pyriflazi ne ( npour}g 33);. org,n

7- et hyl - 6( (1- mgt hyl pipgri di n- 45, %1 ) et N 5
Cirifluor ¢ y) D e I)nw%%gfl Wda2|nmoum
007/

(3(trifluoro
7-34). WD 2008/ 058126PCT/FUS2 3773 19. A

conposition conprising a corrpound of claim 10 in conbination w :{ja/w

pharmaceutical |y accept abl e | pient . % 3¥A conpound
havi ng a strugocﬂl,-ng stf uctgur el (1 cture (MY
bel ow:

OC .o~ Y

Y ST O O o

11.  The compound of claim 10 wherein R is hydrogen.

12.  The compound of claim 10 wherein R is methyl.

13.  The compound of claim 10 wherein R, is substituted phenyl
having at least one p, o or m substituent selected from —OCF3, -OCHF;, -CF3,

-OCHgs, and -OH.

The compound of claim 10 wherein R is selected from;

% % CH30
OCF; CF; CF3
fF CH;0
OCF; OCF,
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XR2,, X RL (1) or a stereoisoner or pharnaceutically acceptable salt
thereof, wherein: Xis S, SO or SO2; Rl is phenyl or substituted
phenyl; and R2 is 2-butane-1-ol, -(CH2)n-cyclopropyl,

- (CH2) n- cy BOPBEHEST? - (CH2) n- cycl ohexyl, -S02-CH3, ~ - SO2PCHHB 88773

- (CH2) n- pi peronyl, -(CH2)n-piperidyl, -(CH2)n-piperazinyl,
-(A2)n-furyl, -(CH2)nthiophene, -(CH2)n-pyridyl, -(CH2)n-pyrimdyl,
-(CH2) nCCH3, - (CH2)nOH, or -(CH2)NN(CH3)2, where nis O, 1, 2, 3 or
4 and each of the abov8- noilBeieamnpeunt i gaimnr| 10 sunreint Rzeds Wubstitoied

21 The consieluleabenBla 3 SHEdE RCASL SRcEM 14 having ene or v
of cl ai m 20 subetitaentsieletteefrbml alkyl. 23. The conpound of

claim 20 wherein Rl is substituted phenyl haying at |east one p, o0 or
m substituent selected from-0CF3, -OCHF2, -CF3, -OCH3, and -COH.

24. The conpound of chgi m 2 WBSHLBLAC Bl clafn 8MRRE&EH H, 19 Wlected Fdrt

jos NN Ao ae
OO ot DT

17.  The compound of claim 10 wherein R; is selected from:

OH OH
/
RS S

H,N N HN .
RS/ >y R/™y H

18.  The compound of claim 10, wherein the compound is:
(R)-1-(3-(3-(trifluoromethoxy)phenyl)imidazo[1,2-b]pyridazin-6-
yloxy)butan-2-amine (Compound 7-18);
(8)-1-(3-(3-(trifluoromethoxy)phenyllimidazo[1,2-b]pyridazin-6-
yloxy)butan-2-amine (Compound 7-19);
6-((1-methylpiperidin-4-yl)methoxy)-3-(3-(trifluoromethoxy)-
phenyl)imidazo|1,2-b]pyridazine (Compound 7-33); or
7-methyl-6-((1-methylpiperidin-4-ylymethoxy)-3-
(3(trifluoromethoxy)-phenyl) imidazo[1,2-b]pyridazine (Compound 7-34).
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25. The conmpound of claim 20 wherein R2 i s substituted

-(CH2) 1, 2-piperid-4-yl or substituted -(CH2)1, 2-pi perazin-1-yl having
one or two_substituents selected from al kyl . 26. The
conpound oV VAP PE wherein R2 is selected from sA r RENES2007/083773
27. The compound of claim 20 wherein R2 is selected from

28. A conposition conprising a conpound of claim20 in conbination

with a pharmaceuti cal l g accept abl e exci pi ent. ) ]
19. A composition comprising a compound of claim 10 in

combination with a pharmaceutically acceptable excipient.

20. A compound having a structure according to structure (I} or
structure (I1) below:

BN RN
) 2\
R N R —
™~y SN xS N
R] Rl

(M an

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein:

Kis S, SO or SOy;

R+ is phenyl or substituted phenyl; and

Rz is 2-butane-1-ol, -(CH)n-cyclopropyl, -(CHj)s-cyclopentyl,
-(CHz)n-cyclohexyl, -S02-CHa, -SO2-(CH3),CHs, -(CHz)-piperonyl,
-(CH)n-piperidyl, -(CHy)s-piperazinyl, -(CHz)p-furyl, -(CH2)y-
thiophene, -(CHy)n-pyridyl, -(CHa)n-pyrimidyl, -(CH2),OCHs;, -
(CH2),OH, or -(CH2)sN(CH3)2, where nis 0, 1, 2, 3 or 4 and each
of the above moieties are optionally substituted with one or more

substituents; or a structure selected from:
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21.  The compound of claim 20 wherein R is hydrogen.

22.  The compound of claim 20 wherein R is methyl.

23.  The compound of claim 20 wherein R, is substituted phenyl
having at least one p, o or m substituent selected from —OCF3, -OCHF;, -CF3,

-OCHs, and -OH.

The compound of claim 20 wherein R, is selected from:

\I} ? CH;0
OCF, CF3 CF;3
T CH;0
OCF, OCF;
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25. The compound of claim 20 wherein Ry is substituted
-(CHz)1,2-piperid-4-y] or substituted -(CHa)y o-piperazin-1-yl having one or two

substituents selected from alkyl.

26. The compound of claim 25 wherein R; is selected from:

oY OY O o
O o ot 0T

27.  The compound of claim 20 wherein R; is selected from:

OH
\ébl
H,N H

OH
/

Y
< S

28. A composition comprising a compound of claim 20 in

combination with a pharmaceutically acceptable excipient.
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