| M DAZJ 1, 2- 13] PYRI DAZI NE AND PYRAZOLJ 1, 5- AWYRI M DI NE DERI VATI VES
AND THEI R USE AS PROTEI N KI NASE | NHI Bl TORS CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application relates to U. S

Provi si onal Patent Application No. 60/864,566, filed Novenber 6,

2006, U.S. Provisional Patent Application No. 60/892,523, filed March
1, 2007, and U.S. Provisional Patent Application No. 60/957, 988,

filed August 24, C ; he | r i

reference int héwggﬁﬂ[ﬁﬁ’g@'%ﬁ%&ﬁﬁ%%wwgﬁ% cal
Field DERIVADMES ANRETIHEHS BISE AS\RROTEIN KEUASEINHIBITORSr al |
to conmpounds that inhibit protein kinase activity, and to
conpositions and nethods related thereto. Description of the Rel ated
Art QROS‘SW&R@N@ETO@EQA’PEB@IPW@%N' | ferative di seases)
is characterized by uncontrolled cell proliferation. This |oss of the
normal control of cel[00gibThis eragplicatioof t refateppéar .80 Bomuisiorssl tRaent

tbr ough t ne PRl HeoNE 6y kR 381 TR NETBRer S 2600 L% ELANbRTE £avert
phase), cel [ApBiisttnONo080/892,838 sfilcl MBAHE),, 20070 AHRNUSY NPRRAdIh PHtests
referred to as gap 1 c2516\)0 and gap The M phase i s conposed of

, 2 (&).
i H)si s fandA@P{"éﬂiioﬁe%é gﬂé\%’:ﬂafﬂ i Gledi fugusho2t.el 0?)7, %tiqh sefepéhichm arke
cell cycle A Fol s of protein
phosphoryla?ﬁ%H&g%%bseJéré&“ﬁgﬁ?ﬁ%g@th%r%ﬁ@%ggg ki nases are invol ved
in carrying out these phosphorylation steps. In addition, the
activity of I I es increases in human tunors conpared
to nor nal t#Q@ﬂé3§§@hﬁ#Egkfﬂgﬁgggﬁﬂqgékivity can be due to nany
factors, including increased |evels of a kinase or changes in

expression of co-activators or inhibitory proteins.

[ 0004] Cel | deblniealdriellei ns t hat govern the transition fromone phase
of the cell cycle to r. For exanple, t cyclins are a famly
of proteins whose con@@ﬁ%ﬁjﬁ BH%SePﬁd?Vg@Bharﬁg"?%cmeﬁ‘%’_éer?{wr%@wunpﬁe
cel | cycl e. tHEhankisE | groteirt lkfﬁés@r'acti@%(ﬁ% a0 RioRitidsitiofs L A methddst Feétted
cycl i n-dependent protein kinases ( s) that phosphoryl ate substrates
essential f8©ergleogressi 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 nBebcrsion offied Refatgdiidt or that orchestrates M phase

activities. However, a nunber of other mtotic protein kinases that

participate in M phaddORaMeanssen @aEnt Pheed, RRTRIRITREVEdediveAtRS) s TBf
the pol o, aghghaeigdd b?'d%oﬁﬁ@ﬂé‘ﬂr Céllﬂ[lirMi Ostiorr Ar higafgédé b}e@eaﬂ]ﬂﬂé!l Bt
inplicated in mtotic Checkpolnts, totic exit, and cytokinesis.

[0005] Pi m &i oelbpwlifaration oftemappkarsalweocdeir ras2thiei reasie of Bierefic kamage)to

are a fam| f gncogepi c serinpe/threonjne kipases, Pim1l_kinase is
known to bex?lﬁ\'i’@ﬂ‘)”@gi ﬁm& q%ﬁrg@pqgre&,& Sl gRel ioMgepaiTifagel g¥clg
downst r eam ghARsts &t - DIPACE n@ifdshis/ ?&f) Phasé), Bel diviBRAEO :l%ﬂééié ® ?H%ﬁg 'raﬁ‘&

of the cell cycle, inhibition of apopt’osis and nodul ation o
si gnal tr anBersynibatip penods wieret faas ggpit € Hvand Gapr21(Q2)ndde Mophakso

D100, ¢ b SRS B hfRhif R Eiee B s8Parefsh B R ohgs Aislspain
expressi on the EiINeykl&k AR genirslceR ahbrééHy SadtadecoBbrIsh §iHopREytiBA

such as fetal liver, thynus, spleen and bone narrow. AdditionalTly,
expr essi on #Rd se¥Rral fapiliest af erefen kinasesprenisvplyedcisl carmpings autkiheae e

Cs bel q . . he .imitiaf : ;o
ol i gnant -t PAsPROIENRt SFtbe, 0, Galibh; e SRl PO SR’ wielt ineees
| ynphoma, pinos=ases inamerean tanmrs canqaredirtd Worhialstissiar ged agik! increased
| ynphomas, 006] Based on their

a ot hers. 0
i nvol verrenta?r{l?(ﬂg Cﬁﬂﬂ‘t‘?efju%fto Hﬂﬂ%faﬁ:&?fﬁgh‘&m* increpsed lpvels qiaekinpse or

changes in expression of co-activators or inhibitory proteins.
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i ncl udi ng stereoi sonmers, prodrugs and pharnaceutically acceptable
salts thereof, wherein R Rl, R2 and X are as defined herein.

[ 0008] These conpounds of the present invention have utility over a
broad range of therapeutic applications, and may be used to treat

di seases, such as cancer, that are nediated at |east in part by
protein kinase activity. Accordingly, in one aspect of the invention,

heceptable compoa ti ofDOAEFELE tBE okt Hiatoodertibfect anstiodgn one
t her eof . phase of the defl082k {0 aABRENCFRB@Fple, I EyRNRD OB fag‘uig of

provides nethods for treating or preventing a prot ei 0 ki nase-ne
di sease, s u@rpta@smconmnmlqmlh@reae@ apd dectsasd thnoug beutithe cel:l)cyx:le

Bount of "o Eepaing .t i 8 AEPlarels BnBn At i Elp S def protei

accept abl e &inzesiCDuB) mhb%mylém slieaReWential f6€ploatdssion through
enbodi nents, the proteln kinase-nedi ated disease is a Pim

ki nasenedi athaicel skdse, A%tlyéh o4 $paCifie DK iah speciix Hmesde rﬂgseaﬁrﬁ!éar both
LOOlO] Anot & iatﬁn?\p&ﬁ:} H%l?ed P?’o?? ﬁotrﬁrcgl.\%nhaﬁ'lﬁs etllO c(l}h PoL &0 e;ﬂéoéﬁkq
i nase acti V yina Ogl ca conpris

contacting usfflmebiMOBbgramhelstamﬁl &yl tdytmton)nmar@ed&atﬁsl Mexhakerattivitienr
a pharmaceutjcally acce ab e cogﬁ?%l tion co risi said copp d.

In certain Ehehidm ﬁ@ piher RiRkRien kig ws(ﬁf%gﬁggyglpate in ‘(\)AUP ase
[0011] Anot hgpe ao%%ﬁ%eﬁ{.fédﬂmbmmd%én%@r%e&f the Mﬁocﬁeétm%ﬁa ggnd NIMA

inhibiting protein kinase activity in a patient,
conpri ses a@ﬁev&rdnd\mrtcms-ﬂt)) fahmlqsaanéritmwecsonppimtbdjersdmtdmd checlgiomts)r

a pharmaceuti. acc t.apl e .conposition conprising said conpound.
In certain é’?‘rﬁ’%ﬁ e WHE“ﬁ?lﬁt ein kinase is a Pim ki nase.

[0012] These and ot he[ooasppm Skt@ésésh?e pNVPEI10Rindsk! FIR-2DRRARINT PRGN
reference to the foll ow ng detai | ed description and attached fi gures.
t

To that endkingeel are apkanaly: ofaacasenisy sermmgmn%m%ies ed’iret diraseois
o e sPect LKo" B fBlohiae! A RnfRRCE Byl SEralE e tlay "

of these docunents i's here I 'hcorporate

entirety. Blabﬁﬁsﬁﬁﬁl%ﬂé“&tdﬂ\l Gifcel btivala eS| k%&é]caﬁswpmgieﬁimvm the
Pim 1 kinase | nhi bitory activity of illustrative conpound

[0014] Fi guFtll svelgoiRhipien ok Aprplosiss ag¢ ﬁ@%ﬁﬂ'ﬂ{?%%ﬁﬁ\?ﬁ&'%aiéra@?ﬁ‘mt@“
VIT) for Segsgg&dayst R RS ofnPABR]-1 Winagl'is EégéooT@icﬁ@md“@ﬁ@&% g%g%@:/vd’fe

ki nases in retric assay ur es
t he resul tstrfaoscrtmlenﬁaommeuﬂa@sswl%ﬁ; pgomm-MVbzlarﬂleepHI sndriehibéon of

V[\)‘EthRﬁ?,-rrrF C&l%%_er;ﬁégh NWEE#M A ar expressng é{glﬁé DETAiIﬁ;se[eg i cells of

general asp@ea@dpdidte BRGHERuch r\aser&talomert Wrﬁu@rﬁalé’érp\énéeﬁloﬁé)mws
useful as protein kinase inhibitors and conpositions and neth

rel ating thédditionallionpareskionfis tseeni v piastae am:l/@raitemthemleselbet Pim-1
forth in (1).ar (LI .beI A . . 001 incl ud .

st er eoi soma}(g'ass r'%égreda‘éecg\reéd OEHRYANAd R i”&%ﬁ'?’\/g‘tk?é'c% plediressidy] Bt malignant
t hereof , whemaAsfoldaid 1eadisg Mimafignnci&Oindiudity Burkztts Ig Aok, Brogatel
- OH, haI o, al kyl, hal oal kyl, al koxy or hal oal koxy Rl is

car bocycl e, Cgﬂ&ﬁﬁPﬁ%ﬁéﬁp%zﬂnﬂdﬂweéargﬁe@@r’m@@asoﬁmgfﬁﬂb gthersit ed
heterocycle; or a strughi]Basi%l & Sflel” M¥bolvement 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.



Rit [0021] where R1' is a p, 0 or msubstitution with
one or nore occurrences of halo, -0CF3, -OCHF2, -CF3, -0OCH3, -NH2,
-NO2, -OH, -COCH3, -NHSQ2CH3 or -N(CH3)2. [0022] R2 is
-(CH2) n-cycl opropyl, -(CH2)n-cycl opentyl, -(CH2)ncycl ohexyl,
-S02- CH3, -802-(CH2)nCH3, -(CH2)n-piperonyl, -(CH2)n-piperidyl, -
(CH2) n- pi perazinyl, -(CH2)n-furyl, -(CH2)n-thiophene,
- (CH2) n- PYr B(%k S Ple m dyl, -(CH2)nOCH3, -(CH2)nOH, or

- (4 -12) nN( E is 0, 1, 2, 3 or 4 and each of the above
noi eties are optional t r
a structure selected ;@g%mmgé%gﬁﬁlﬁhg%fﬁg%gﬁergw elré'%{gért%tggﬁlt%ﬁ&dg’
S, 0, SO or aso)zphﬂma@uami ocompositionyp tdoonuisirgu esid tmnmmdancwhe]elthe

R L I e

following terns used in the specification and cl ains have the

meani ngs di scussed bel ow. R N [0024] "Al N I\{)e;fqers to a
saturated straight or brancfied RydrQcarbon radica n&to Si X
carbon atons, pref erap%x o] toNfo car bonRg\o t hyl ,
et hyl, propyl 2- pr opy -bW¥yl, {so-butyl, N yI, pentyl,

hexyl , and the | i ke, preferably neqnyl ethyI propyl, orr,;2-propyl.
Representative saturated straight chai n aIkyIs i ncl ude nethyl, ethyl,
n-propyl, n-butyl, n-pentyl, n-fexyl, and the like; WH)le saturated
branched al kyl s include isopropyl, sec- butyI i sobutyl, fert-butyl,

i sopentyl, resentativ ted c.al kyl

i ncl ude cyc%ﬁ"@ﬂ@l éteE%Pésfoﬁiﬁtg y|""°§@@Fo§8ﬁ a r’g@gqtﬁ%g%lacceeﬁf_?e salts
cycl ohexyl , tipgrdof, ietdik &, FWHRL Qnﬂmlﬂsaiefﬁeﬁ)f@retﬁ al kyl's ‘i ncl ude
cycl opentenyl, cycl ohexen CH2- cycl ohexenyl , and the Iike. clic
al kyls are al so ref erﬁO@Q fB‘Qﬁ?r@mP%dé ofétﬁp@ép@wnvenmwmt%ﬁover
2 bon oo on 158 g5 a5 dftalroP G AFR RS ALk ARSRLes,
respecti vel gugh Bespraerent bt aee mercbatgtitatdeastnnap‘ait lbyamotmi kirladse nyotisity.

oent enyt, Abcgieinbnin e, GERac) of the iaybn. ey emplndss dessped Heréin
2, 3-di met hy ér@fd}mtﬁéwt 1as%rﬁ@§eut géﬁy atetsedtgbe%n?&ett@e'f&eaéﬁﬁrﬁé@tbn

chain and branched al I's inclu acetyl enyI propynyl, 1-butynyl,
2- butynyl (¢ p(snbpnyin nebdpthatephyl 3- met hyI butynyl and the liKke.

[ 0025] " Al kyl ene" line sat ura di val hydr.ocar b

radical of one to si 3{6@39]3[8”35%% a&peg b EndHEGH g%tﬂ%&tdgﬁ ﬁ%ﬂdénfor
hydr ocar bontreagihg ar plevehti rﬁfat@rcﬁem RiNBSEMEiSBE, digedse, $RhhYL edthcer,
et hyl ene, 2, 2-di net hyl et hyl ene, propyl ene, 2-nethy Ipropylene

but yl ene, péﬁ'ﬂ%ﬁ AthCd-erMPIEes| adpainis @ﬂépébwleméﬂmyeedm@ sahhg treatmergr
propyl ene. a t A
cyclic hydr ocar o%elft'agu% %}%%ﬁ\]’? hr gur?obﬁg i é’?@gnﬁg?‘%mrr%,a gé'gewd‘” a
cycl opropyl phawdtcﬁnmt:ally amebt\abmtcmm;mmtomclcommshg said compound. In
[ 0027] AI koxy" means a radical -0ORa where Ra is an al kyl as_defi ned
above, e. Ceﬁ%’f‘h@%’?‘:’d'&%y"hep?@f%&)}“n%@t@ﬁ?‘aéﬁfhdtsﬁ’és?|'ﬁeﬁ' Pim kinase-

[ 00281 HaI r ferably fluoro
and chl oro. ﬁted’ﬁé&%zsfe'agt@ Cg QPEPAIM{I Qﬁ%iﬁ@é’g % substituted
with one or nore, preﬂOQﬂaMryotbareasnembobthetlhwe:et;orsmiQesrto dhhitfitmge ptotein
hal o atoms

.the |ike,
[0030] e BB AR heina HoPghrL s Rdne ey FamrsdarePeipe te
defi ned abo\é%!ogﬁca@l sarﬁ;mbfdvmraoesmaem deebﬁtté@he?éuhoasya Bhamaceutically
di chl or opr opoxy, and t | i [0 Acyl” neans a
radi cal -C( epwptmerwmaltpmm@@%ng salwwmp@unmall@mktgln ambddimends)
herein, e. Ithe fﬁémk‘gﬁ%é]% i’.—”'&pﬁn.a% | uor oacetyl, butanoyl, and the

like. efers to an all-car bon nonocyclic



[0033] "Heteroaryl" refers to a nonocyclic or fused ring (i.e., rings
whi ch share an adjacent pair of atons) group of 5 to 12 ring atons
contai ning one, two, three or four ring heteroatons selected fromN,
0O, or S, the remaining ring atons being C, and, in addition, having a
conpl etely conjugated pi-electron system Exanples, wthout
limtation, of unsubstituted heteroaryl groups are pyrrole, furan,

t hi ophene, i m dazol e, (ag@ t hi azol e, pyr.azole, pyridine,

pyrim di ne, quinolinel® E’gﬁ?mﬁf igsRectyat thie, inventionorelates dor a /ethod of
triazine, af a e r Y S

unsubsti t ut Q%ISE%Qné?ﬁ%gt H?ﬁtsgdta%ﬁ\ﬂ%" ﬁ]lét gr gﬁﬁeﬁ*{a ‘P’Qﬁ% ?j'i&éb% %&ﬁ
with one or agoriristenibgttd theepatierda ctdmnm)mdrdascsbetéhemdorbebbwmatmuecally
preferably qne even .nore. preferably one

Blbst1 ¢ vent SorepiabB SumbeyiEL cEPRATR i CREPGREL Bdmeiain PDogiments,
al kyl  (wher ehd\pidigininask iSBIPiREiRmd, onal |y substituted with one or

two substi tuents) hal oal kyl , hal o, hydroxy, al koxy, nercapto,
al kyl thi o, cyano, acyl0018] these aed @mekyﬂspehtal Qfdheomntpamtbm apparent

al koxycar bo d m. o

car bocycle o Eﬁe?fgr%@%/ecfd %ﬁ%@ﬁw #%@ﬁ%‘# 9?%%«3{9& Wa th@ @é%%l do

or heterocythat ny, kertapt ipatait! anc udthér tddicaments are cited hereih OR34hore
" Car bocycl e" refers to a saturated, unsaturated or aronmatic ring

syst em havi Fgediically sgt fariyvarious aispactsiel thigiventienn Eagh pbihpee documents
whet her sat coR I so refers to rings that
are opti onaﬁ@érgg thrl tutré{ dIyy ?‘%}%ﬁ%r@ar (;ﬂcry le" includes aryl. The
term "carbocycl e" also includes aliphatic rings that are fused to one

or nore aro ' LC. I h as in a decahydronaphthyl
or tetrahydgﬁggwﬁm@ﬁb%%¢m\yf#&§r poi nt of attachnent is
on the aliphatic ringpoiBprigarlPENENE PihAUBNEZY inhbite éét?vk Pi‘ﬂué’:Fatnv

unsubstituted. Wien substitlted, the carbocycle group 1Is s stl ute
with one or campeuBddstituents as this termis defined bel ow, nore

f er abl f | t
Dlbst1 tuent o i ndependlRiFy UK e By [t e deremiiog oo 7-29
al kyl (wher €Tablé hﬂl)afdﬁysleléw;tmg@mst QN hh¥| §f~'®%ﬁhéﬂ%@é’oﬁﬂ:é kn@Meyrekine

two substituents), hal gal k hal o, hydroxy, al koxy, nercapto,
al kyl t hi o, K§ages ins jadiome #ccasmam oall kyI hal oal koxy, carbo)ry,

al koxycar bonyl, amn A
car bocycl e or heterocﬂcﬁgﬁi{gﬁ&el nq‘{rﬁe ar arlgkﬂlﬁ eroa pg'srg%rg écsit/%?'gg
or het er ocyohdividy1 Deellstréaiad it (Salb]sdsurtdstkds 7-29, and? 31, respeodah}.
"Heterocycle" refers to a saturated, unsaturated or aromati ¢ cyclic
ring systemhaving 3 to 14 ring atons in which one, two or three ring
atoms are h@‘EﬁW@EQWQ@hﬁfﬂ@‘N OFOMBUNOENGIOR(0) m (where mis an
integer fromO to 2), the remaining ring atons being C, where one or
t wo C atons may opti o[ﬁ@ﬂﬁ}ﬁdmrdle@ltacaogdmra aardmbrqﬂthgrpmpent‘l’hwehﬁamm

"het erocycl i n¢l udes het eroar The teroc
optionally %t PE%t%BV'QﬁGeBQWB§HW§/ 'ﬁet'fel, ?te rké”%%osml'k’@gﬁt andg
this term i gofpbsiiess BAY PNethBdLFRARY theRiS, Gd*ﬁ?o@{dst@fr tA8 invention have
substituents selected fromal kyl (wherein the al kyl nmay be optionally

subst i t ut edstiethregrfet frth W)kl belownt s) , hal oal kyl ,
cycl oal kyl am no, cycl oal kyl al kyl, cycl oal kyl am noal kyI ,

cycl oal kyl al kyl am noal kyl , yl, halo, nitr hydr oxy,

al koxy, am no, al kyl am no, m no, hydroxy boxyal kyl ,
am noal kyl , alkylanln%alkyl yt am noal ¥|

het er oar al kyl , aryl rbocycl €, (wherein the
aryl, heteroaryl, carbocycle or he erocycle may be optio IIy

substituted), aralkyl, heteroaral kyl'!, saturated or unsatufated
het erocycl oam no, saturated or gynsaturated heterocycl(ﬁw)am noal kyl , and



enbodiment, is a p, o or msubstitution with one or nore occurrences
of halo. OCF3, -CF3, -OCH3, -OCHF2, NH2, NO2, OH, -COCH3, -NHSO2CH3,
or - N(CH3) 2. [0043] In a nore specific aspect of
structures (I) and (11) above, R2 is 2-butane-1-ol, -302CH3,

- S02CH2CH3, - CH2CH20OCH3, - CH2CH2CH20H, or  CH2CH2N( CH3) 2.

[0044] In a nore specific aspect of structures (I') and (11) above, R2

is optionally substit cIo CH2) n- cycl opent yl
cycl ghexyl y(CHZ) n- J@%%ﬁ&q ?ﬂlsgm ¥ Hg;:,d(rugs and %harnqaceu%cally

- CH2) - pi pesceap@ble satlsGhRRE Winre: - ( CH2) n-t hi ophene,

-(CH2) n-pyridyl, or -(CH2)n pyrlmdyl [0045] In a nore
speci fic aspect of st QQ:MK&SW)S@(SQDTSOabove, R2 has a structure
selected from where L is optional and, if present, NH, S, 0, SO or
802; R3 is one or nor WP Rdsl, -@bealiot akkglt baloalkyl, @jleixy or Hamalkoxy;

car bocycl e, substitut chyc e, cle or substituted
het er ocycl e. ﬁsz‘bﬁ‘ 48]051"5’&0%’(0 r%‘ § fuited jcarbacyele; heferocycle, or

struct ures (s'ubsﬁ’tﬂfédﬁétéro@?&éeer Bgtrﬁiﬁﬁretéﬁeét% \‘rBW ng structure:
Cycli-L wher e is optional and, if present, NH,
S, O, SO or SO2; and Qlcll |s a carboc,eycl e, substituted carbocycle,
het erocycl e or substltut ed heterocycleyyand in a nore specific

enbodi ment Cycli is a 5-6 nenbered satu d, partially unsaturated,
or fully unsaturated nonocyclic ring havi g 0-3 heteroatons, where
the heteroatons are selected from nitrogen, oxygen and sul fur.

0048] | ifd f struct b R2
has a structure sel eclddg il FBRER: s 3550 Fighiedttipn bithlife oF Thor
speci fic enmyppgimeiics ¢ haid, LBCEY, Eé)c:(l-hé2 ave, COOH;, Ais -Nd,amsHREbEH

substituted or unsubstituted phenyl (where Ris as définéd above and
IRl is abseNHS&RCHepmreNE@itig2.0ne or nore substituents), and the

Caapoctively:  (1-a) (1IC22RE, & it EiaboPY. ke flopenty. (oHay
Cpeci 110 embadi ents or (1A aed(TToay, RrarBppiont | Ry =
aﬁd t he co%@%ﬂdé"?ﬁi@@n’('he (& P)ntf‘é\ﬁyg @"i?élt@‘iﬂpé@n?l -’ﬁ%')'h)a'ﬁdf“mal A@Hz)n-
pyrimidyl, -(CHz),OCHs, -(CH2),OH, or -(CH2),N{(CHz)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:



or a stereoisoner, prodrug or pharnaceutically acceptable salt

t her eof . [0051] In nore specific enbodi nents of (I1-A),
(Ir-A), (1-Aa) and (l11Aa), Rl is substituted phenyl having at |east
one p, o or msubstituent selected fromhal o. -0CF3, -OCHF2, -CF3,
-OCH3, -NH2, 4402, -OH, -COCH3, - NHSQ2CH3 and -N(CH3)2, and in an
nore specific enbodinent RL is substituted phenyl having at |east one
p, 0 or msubstidment sehgcted fram- OCF3, -OCHF2, -CF3, -OCH3 and

3
-OH, and in a nmpre specyfic enboﬁl ment, lR1 i s sel ggfed fromiNC
[0052] In nore §pecifife)enbodingnt s of:?;@éi{}f(ll-A)g, i Aa)_as%il%’
(11A3), R2 is~={LH2) Iy 2%Rpi o g NI t 't ut ed
-(CH2) 12- pi perid-4-yl, -(CH2)i, 2- *pi perazin-1-yl, or substituted
-(CH2) 1, 2-pi perazin-1-yl, such as noiety selected fraom [ 00

More specificall i s sel eghed~fg0 -)14 12 @4‘%\"
[0054] In stiigmercm:péc enb nts of_8trdctures (- d
(rr)y, Xis 0 an Is a substituted or unsubstituted phenyl (where R
is as defined above and,Rl1' is absent or represents,one or e
substituents), npoupds have the f tructu@/ﬁ%},@
and (11-B), resge%ﬂiv ly: ([-B)(I[-B) ox_anstereaqjsoner, ug or
phar maceuti cal 'y “acceptabl e~ t thereof [0055] In nore
speci fic enbodinments of (1-B) and (11-B), R is alky, such as nethyl,

and the conpounds have the foll i structu | - d (I11-Bb):
ire: BWs e cdlsc ale Tt

[¢)

0

AT

where L is optional and, if present, NH, S, O, SO or SO;; Rs 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]"Alkyl" 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-propy!, n-butyl, n-pentyl,
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, -CH,-
cyclohexyl, and the like, while unsaturated cyclic alkyls include cyclopentenyl,
cyclohexenyl, -CHs-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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(I-Bb)(I'1-Bb) or a stereoi sonmer, prodrug or pharmaceutically
acceptabl e salt thereof. [0056] In nore specific

enbodi nents of (1-B), (I1-B), (1-Bb) and (11B-b), Rl is substituted
phenyl having at |east one p, o or msubstituent selected from hal o.
-0CF3, -OCHF2, -CF3, -0OCH3, -NH2, -NO2, -0OH, -COCH3, - NHSQ2CH3 and
-N(CH3)2, and in an nore specific enbodinment Rl is substituted phenyl
havi ng at | east_one 0_or ubstituent selected from- OCE3,
Toas, L cretviefiicpBhung 1 B2ty '%O&eéhwé LRBBENHe RrPaRIeRY,
sel ected fraetipiibutenyl, 2-methyl-2-bAR{1, 5 2-dREthyiRaAitE OfH ke, S
of structures (I-B), (IIS{-B), (.|-be) ‘ang’(I'I-B e, y??zeﬂwé hfl, @8 e,
- ( CH2) n- cycvdieolepresentative) straight| ehsdmtapt, brap ) adkyoylshiesiytle acetylenyl,

(&) - pt per Ry CoRTY 2R " BB bl STeBbt by and
(CH2) n- pyri mhellite. - (CF2) NOCH3, - (CH2) nOH, or -(CH2) nN(CH3) 2, where n

is 0, 1, 2, 3 or 4 and each of the above npieties are optionally
substituted with one B02fbrduensstmearnestinasr setwetagcdivalents bydiocadon

f : 5 : | fi ' f (1B,
(17g), (1~ Eealngf PREa R Htbn RERS) & SARAhITRA Sefirated Avatent
substi t ut ed hydfdeaech, Padicedeofitred §d six- ¢4PbBn at@mspeRer aetiyidneglethyéne,
substituted - 2) 1, 2-pi perazin-1-yl ., such as noiety selected from
[0059] ' Mor e 24 BEMTIGITARTR, Faniiiascmehisapviene, bliyions, peryismsopnin
t furth | fai @mﬁg and (Il1), Xis S
ég orursoze;;[]%@%l@’ipg&g S ﬁe%n}d%@%ﬁi%g{@ﬁgﬂ phen§/l %Wnerla R1'

bel ow i s absent or re[P026FBylcatiyl oefare tea sahsaiedusylichydracarbbheadical
conpounds haye, the follow ng structures (I1-C) and (1]:C

Cespect i vel Bt niedoio Biatf dialort citie. BieoablobPPHn sy HEREM. cxlapnivt or
accept abl e gatlbhéRer eof . [0061] In nore specific

enbodi ments of (1-C) and (11-C), Ris alky, such as nmethyl, and the
conpounds have the f ol003wl ‘Adkasyr useansed fadicat -Omaawhere- Ba)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] "Haloalky!" means alkyl substituted with one or more,
preferably one, two or three, same or different halo atoms, e.9., -CH»Cl, -CF3,
-CHoCF3, -CHRCCl3, and the like.

[0030] "Haloalkoxy" means a radical —OR, where R, is an
haloalkyl as defined above, e.g., trifluoromethoxy, trichloroethoxy, 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, triflucroacetyl,
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 aryl groups are phenyl, naphthyl and
anthracenyl. The aryl group may be substituted or unsubstituted. When
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(I-Cc)(Il-Cc) or a stereoi sonmer, prodrug or pharmaceutically
acceptabl e salt thereof. [0062] In nore specific

enbodi nents of (1-C, (I1-C, (1-Cc) and (11-Cc), Rl is substituted
phenyl having at |east one p, o or msubstituent selected from hal o.
-0CF3, -OCHF2, -CF3, -0OCH3, -NO2, -0OH, -COCH3, - NHSQ2CH3 and
-N(CH3)2, and in an nore specific enbodinment Rl is substitut ed phenyl

havi ng at | east  one 0 or msubstituent selected from -

_OCHF2, - cF3ubsiiiad. Hinjatybaroupnis substitutrg wits png ef @Oé%'s%tr?@nts Rs this

selected fr f

S U gé?nz (Bf nezj qelcg mote %@eﬁ%iﬂ ?Bﬁ%é bberP BRI bE& Bl
- (CH2) n- cyclooprmrpbﬂq sulps2ents dydd pEmelehijy sele@f&chIrnnyd'ieOb&)upl consisting of

(Gre) el perls Gieleibg B, S, ey Beb SRoaHAl RurRLieer wIR 0B By two
(CHZ) n- pyrl @hﬂé’tﬁtuemﬁ;pﬁ%}d&q@ﬁq lo,(4d:00 ik R, %@“&f@'@@ H‘éﬁ?ré‘cyp

and each of the above ndi et are optiona

subst i t ut ed rWCt,hpbﬁeOm hetesoaryb s heterearyloxy orhadoalkyl u chaloakeal, ecarbdxy,
fic errbodl ts o

(1170, ¢1- ehpuoent. o SRRt RiBN i ) elicadl oo
- (CH2) 1, 2- pinegdrbélycle )(Whereﬁrﬂﬂ?é Brd; hBlePGARE | darBodyicle oF m@swaéﬂrﬁﬁy be
-(CH2). 1, 2-pi Pgrrlée}lilsrtljbéﬂt}tljted)sucr] as noiety selected from aka)"

[0033] "Heteroaryl" 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, triazole, 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), haloalky!, 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 fo 14 ring carbon atoms. 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 teirahydronaphthyl, where the radical
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[ 0065] More specifically R2 is selected from rottra' 4 2\c)CN

[0066] In nore specific aspects of structure (1) above, the conpound
has a structure set forth in Table Il (Conpounds 2-1 to 2-22).

[0067] In nore specific aspects of structure (I1) above, the conpound
has a structure set forth in Table Il (Conpounds 3-1 to 3-13).

[0068] In nore specific aspects of structure (I11) above, conpounds

are provi ded hayi.n Oq, structures set forth in Table IV (Conpounds 4-1
to 4-22). Of pont of atachgisgdys pR the clirkalicciing.c Thepearbacysie giqupcay de

(1) above, r i haw : r .
Tabl e VI | (%.?%Hﬁﬂi d;l ﬁ"%l{)b%tj{-”géﬂ‘. Wheir sﬁbéﬁ’[&{eﬁr 3%190?&88%%%% n%@uphg't
have the samubstiltecuivith oheroruinarebatbslitidrds asrthishiermas Weined bekgy enscre
of bondi ng of%ftSF%ljr at o or he arran ment of their atons in space

are termed A" X one Fat SRy |mefeﬁ%blﬁrqrﬁn85%ﬁts®ﬁﬁ gets
atons in spagRpRhBchiy %Biécte'i{t ﬁéﬁoth%oggf or%nﬁfn?obisg r’é]%éﬁm HeCalRt

mrror images of one "‘another are ter di aste eome t hose
that are norﬁﬂ@wbérﬁi@ftmﬁbls@bwtutadr witheeyes ooﬂweamlbsthtdwts)ahaloa&ayhﬂthio

t t t
s bonded PN o Iy TaT o oRRyBlo "SERR Aoyt i denlkils hRGaIRoxy,
possi bl e.  Aeaioxp! | dikGMycEAONE SMRToaChRYiaAfSb DY aR?%nﬂﬁémaWIe Heteroaryl

configuration of its aéi’rmetrl c center and is described by t R- and
S- sequenci ngamacysleofor Chrieraeieier evhegeincdhe, anl, heieroney), (Derbtmy@le or

Prel og, V. 4 ; Angew Chem Internat. Ed.
Eng. 5:385- ﬁ%?g\%yf%]ﬁ%gé% 'ﬁ']()ﬁab"g/g?th aﬁg{?‘?ﬁer in which the nol ecul e
rotates the plane of [OORE] Ikﬁdobycgh'trewd td asiatmateR)] upsatdexéd or aloptAicy
or | evorotator [ -)-1soners respectively). A chiral

i.e., as, (+) or
conpound caﬁy@i/ﬁ é’ﬂg S¥stem H%Y'?"Q rﬁﬂci/ﬁﬂdéﬂg aieam inMdichopne stwogomihiee riag
thereof. A L nan; i
cal | e a nr arihd!eRe SiRRtrBaOhIA0BY RIRRP G, B S(Rhr (FeBIA 4 Fighd®
i nvention rr@ympﬁésé&;sihemememmmnw aymaeeing €, cerdrercne @uwb &etqummﬂy
can therefor roduc as,indivi du S st er eoi so,mer
as m xtures f)H%r?ael&fbe %estPHcﬁ gaoegy ogr%é‘}’w @fée '%Té Qfggﬁﬂcyﬁ?l
nami ng of ahB@rbargh! The GRADOEPEYI ﬁhgt %y%%ﬁab%&l%a%@b&lr@bﬁ&n&eﬁ
intended to include both individual enantionmers and m xtures, race

or ot herwi s&ithianeragnoreTsubshtsientsars thisrtermds defirachbelawi preferably one, two

The art (el dreguksifeniaetiadt AR BTG eRel e Sty

edi tion, Masabstitited Jﬂlﬂﬂ hﬂhée}orart@osmmim%wtsyor hal@hlkyl,, l:?&@é:lkylamlno

[ 0072] The conpound resent invention may exhibit the
phenomena ofY% ‘t‘}f‘ﬂﬁiﬂ srﬁyﬁlﬁ’é kylame@@]héh P%‘Eiﬁ@kY@e{FV'aFBFO%anP@ﬂO@H@E
conmpounds d i h Z at

The doubl  hach caviecrrng: { FLgRPh bl Simiflol, SRPhii,” diRyaRhy
noi ety or t hggrowgsikye aaninnxya]ksd oémEloaﬂqrEZalﬂ'ylammoamht iddalkylaminoalky|,
enconpasses _any.ta tomer uctu i sonerjc formand m xtures
t her eof whi @F?q%&srlegg@afﬂ | ?‘Fgﬁf%fy glosyelesiptsrocysiadmhgisin the aryl,
activity anfefesodiph dalruiadyefé bphe?éwcy%@ rﬁa’%}-‘b@”@ﬁtl glj sRb&tHGHeH), aéralkxl
isoneric form 73] It is contenplated that a conpound

of the presb&aterearaliyt | @ﬁtum\‘@ﬂd die uwawekdzdthGWqum [ ﬁaMedod)y

of the orga bei n olit can
modul at o Cnen Ry Rer o RSB B LS EOR & BrtTh Haotn plb 2

within the spepfically tthe plbﬂﬁenhetem(:?@lw Ofhcludes, but s [rﬁﬁ’74}nlt’éd to,
conpound of the present invention or phar maceut i cal | accept abl e

salt t her eofelrabydropyraiyhi drlimethyl-as- @lgzswatle. Rineadine, phmedhitpiperidiad-
be adm ni st gy ed macgl )i on ch egO| ng
materials a l«ré nfoyéé%ﬁ?h sﬁﬁ%‘ﬁ?‘byﬁgﬁ'ﬁ)g% orB x@}dmgent (%}Eh&ﬂ{ Ry
Techni ques tydlogropyinietiylpipemzithoadni nihidmerphoiingf dr thiemomhobiso-fl aixid,

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
acceptabl e salts or prodrugs thereof, with other chem cal conponents,
such as pharnaceutically acceptabl e excipients. The purpose of a
pharmaceutical conposition is to facilitate administration of a
conpound to an organlsn1 [0076] "Pharmaceutically

acceptabl e eXCI pient" refers to an inert substance added to a =
phar maceut i ¢&f 3@8}%@4 ?cm/rFPBd*ﬂew he&roxalmenirgraziagni gtrabydiopyimigin-2ar
conpound. |1 LBAW Vel MhERid 0NN %rtglﬁcbmbsaﬁﬁedtgc Hédﬂeféﬁ&éyclém
carbonate, calci um p osp ate, various sugars and ty of st

cel | ul ose degrowmtis vastionghy aaajoetltutmiganmbbae oor Mammtu&téﬁmcm‘pendently
gl ycol s. 0077] " Phar eutlcall acceptable salt” refers
to those sal¥eEf chP'{‘ P‘%‘Pn qlm oﬂft{,sg %‘if‘@ﬁ?l%ﬁ@@é gplgr. hydroxy,
properties QfikidlRinBar & ognd | 3 e: [
addition salt sfllxlm I(r:]h i Sﬁgugtﬁtggge&”byn%tgﬁt?%n o é@ﬁ%élé‘&hg@baggﬂ%?éﬁ Cor
par ent conpounsdaturaiet heterogyoidaminoalityl, sudhllqlarmpdr ochl oric acid,

h . . oo ; 't
perchl oric aci d and t 199367 RbtiosR \BF 1 3plinale taedts ek ndcsdliseienty
acid, oxali clesefitshd (ddent O CkduriBthhée afhd butehetd @&l Becur, and that the
met hanesul f oni ¢ acid, ethanesulfonic acid, p-toluenesulfonic acid,

salicylic adtegcrintion mciugieacmatanées Mf@f@dhﬂ evant GIr it umStanas: opruUre rang

() “salts 1 oreden B R fidned fior: BP iR “rienelaiiiohie 2pibaak
either is r@pbaﬁmtédbwlta aretadiyl Ig@dSUp“emgans ahatathea bikymeiad bitoReed@mot be
al kaline earth ion, or an alum numion; or coordinates with an

organi c bas®esRY and the@eroripkiem inclugestsiyationsivhere the: katawsyriadrowp is
tromet ham n%uﬁ&f tORW IS AC Al I[‘@ouﬁ%dt Qﬁ.lé(tjlbhg where the hgterog*c@%é?%up-r@e

conpound of the present 1nve on nay a act,

act, as a pmotisuggtituted prithdheglkyt gfoeps to an agent whi ch is converted
into th t d ' d , ft ful b i
e L o, b, B B Ak B CRRL e A o
drug. They R abboQe {BEHRNES:, aﬂyrlbla@ﬁveqb{aéw %r%@,ﬂdmﬁet@ﬂo&wet bfa»r)

wher eas the paren i S not he prodrug may al sO have | nproved
solubility |whqwara’cﬂ%@%tqneahydmmpm grigplaced withea pabsiituerdr diythergase

o csent 1 e Sk 0 RuP cpilin A8, 8 eflef R “SlBstiled”
‘prodrug"), winsHeaésnternefdais inesriRAEheluge hafodn, hydroxy, oxo cyalh@(ﬂ@t}
"Therapeutically effective amunt” refers to that anount of

conpound bela\ﬁ@jn%oﬁ‘l‘kﬂ?‘%‘ﬂr&s sipligraminonalkyl, @&QWV@*QWBQMOQ%Y@MGT@H@'W
more of the yMiBeRull Hh, @ngﬁrsﬁgr{&% B, h&ef il WBEidRd

t he treat nent’ of cancer utica ve anoun ers t
t hat anount hetnroaryharmteﬂmaryiétkﬁcsubﬁt:tut(edl)hetend:awlaigylt hetesmmla)fsubh’muted

t 2 hi bi t t 3
analof (4) FEIRIEBIaK, o hERSPORAIL, matbsHiiad: o BelRrety kT heNReicor
[0080] The gz f0ZDiRR} AR, (AR, RPCLIIRES =N O, UNFIS IR, @J@e,ea@%omas

used herein, nmeans’any di seade Or ot her del et eri ous condition In
whi ch a prolQ(F@)@Re.as@(qQ)N&&wn -QO (D MNRArr 65, -FRe, 80, pBGI@INK,, -

Condi 11 ons. SHaDIERe G E0NHeaSHORREG: BTSN e andreee o R rege o
inhibitor. Sifdlesoasd tmmnueﬁiwl@drdgehhauwl | HeibAlRy!] @nbstmeaeélﬁylwamh

express Pimkinases, particularly ki nase, and
hyper pr ol i f &tBstityiedd; awt, de&%'aﬁwéocﬁl@ﬁ%tﬁd t Brvialkylki ha?éoﬁ)(lpr aybstdnted

In certain %@f@?él@?Me?terotagﬁaiﬁg\ngﬁﬁsthliea @%ﬁ@[é}&ylc%ﬁ%cﬁ %F'bﬁtgﬁed

st omach, pr 0S pancre ovarian
The ter m " Pihetdtotyades -hatetoaydeblkyl nd isUibstitltedhetetoegasgikyl. as used
[0038] Certain illustrative compounds according to structures (I)
and (II), 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 xture of granules, after adding other suitable auxiliaries if
desired, to obtain tablets or dragee cores. Useful excipients are, in
particular, fillers such as sugars, including |actose, sucrose,
mannitol, or sorbitol, cellul ose preparations such as, for exanple,
mai ze starch, wheat s n & | : h
materials such as gel %S%ﬂngefjlr'{]fb?? 3%%5’@%? ) Frgfﬁﬁ&‘é'eﬁgﬁ[}%é@ma%@ Ri
hydr oxypr opy§ reethfl mamberedseatusaied umpadially bursatetatsd, c et | fully aseaturated

may be added KGRI B HERRG, &% AickeroplorfF AUSIR P T Rl gl s

al gi ni ¢ aci fromAnrapensugigeasndadifum al gi nate may al so be used.
[ 0090] Dragee cores are provided with suitable coatings. For this
pur pose, concentr at ed[(d4QHN Bolord Bpecificagpdee of steaktineisql) anay(1l) above, R,

optionally contain gu abic, talc, polyvinyl pyrrolidone, carbopol
gel, pol yet I{/PehEr g Vmﬂ%{m%%ahwyit‘f’%ﬁﬂﬁﬁf m%ﬁio&@,l"@'é\?@ﬁtfér'k:suphtcgns,

and suit abl apctH.SebYENND.Or. entai xt : es f 3
pi gnent s m?ﬁgagjﬁf'tg¥§htgﬁ%zébrg§b%5'r %Fﬁgwggé?%gs%érézd*zc%'
i denti fi cat CEHCds, -COQ@HaCILNGH| ZBH iSO AN tSCHyiperhzioaor oforphdlines

conmpound doses. 0091] Phar maceuti.cal conpositions which
can be used orally i n@loﬁaiblnrﬂl&ﬁf?? e‘ﬂé"p@%ﬁe&(go t'é‘ﬁsgﬁlaé‘fji(h), abveni1|
as soft, seq of SRMHIGSsUBRIRIE pYPARNINFAAD tRioPh&sE,| FIrEA, iy
glycerol or sorbitol. The push-fiptg capys'uIL(fallglr car?acont’a?*]@%epggﬁi yé%r
i ngr edi ent sindehd@muiture with a filler such as |actose, a binder such
as starch, and/or a |ubrLgant ch talc or nesi St te and,
optionally, stabili zefré@.‘iéﬁﬁ %E@Fe 3%%@%% ,ecfﬂfes 5'8?5"\?8%6]&9‘8381;%20%%1
be di ssol veHaothesstpypipeded in suitable liquids, such as fatty oils,
liquid paraffin, or liquid polyethylene glycols. Stabilizers may be
added in these fornul ations, al so. Phéarnaceutical conpositions which
may al so be used include hard gelatin pﬁéules. The capsules or pills
may be packaged into brown glass or pl FC bottles to protect the
active compound fromlight. The contai ner 8t cont ai ni ng the active
conpound capsul e formul ation are preferably stored at controlled room
tenperature 5 1.0l Strafi b .

i nhal ati on, “&%gb go%gﬂ%s snt§ gpel?srem%réeggr %&E@%St?ﬁ%ﬂt%rozs@n% nﬁ’cﬂ\% teP'gﬁ
may be convenmbedinhgntdizl a weoeast mrsubbtitufion Mithf oreoar1ods ebcwpsres Wiihath. a
pressuri zed k or_a nebylize nd syjtable propellant, e.qg.,
without i m‘csgﬁi"roh(,sﬁdi'M’g?’oﬂ)éwﬁaowghe#‘féheqw r 'd&ofNIﬂJ%pacgﬁbhﬁrne,
di chl or ot et flyor oet hane or carbon dioxide. In the case of a

pressuri zed aerosSol, the dosage unit may be controlled by providing a
val ve to deliver a nefé48dnanmare speCiffzsadpest ahstrictnres i(faed (Bf abdver R;

exanpl e, gelatin for useJd i phal.er rﬁmr

formul ated Boft it':‘fﬂeﬁ&'o "p%g&?gﬂ’ nggz{;ﬁz(t:ﬁé [ @%d@};é}ﬁpg@?@ or

powder base_@;quHf’Ns(dF@?t_ ose or starch. [ 0093] The

conpounds may al so be fornulated for parenteral admnistration, e.
rrfaif

by bol us injection orl086Hk!Insubare spedifisi anpectol sttucures i3 andr(l) abavet ge'@’n
b ol . o | ;
Tl 1< dose BordEliohdnt "destRad® (CRLR o Bidbrondy’ JEPSeEBoBRRNE i
may take sucyclbltexyl AEHNSHPEDNGNS(CHR)LHiperits/, OL(CGHI-pibertiny oidHk)Or
as

aqueous vehicles, and na ntain fornulating materials such

t
suspendi ng, f@'aﬁpﬁflbi'th'ﬁpﬁﬁgl‘gdfc'd?)s’ﬁé'i@('r@ -HgBripPyrimidyl. [ 0094]

Phar maceuti cal comospbidns of &ﬂ@c t’;\gfn%' i i i IHQ%
aqueous sol utions of s[g V\gt era @é‘l' ual e g%%lecsuc tﬂlgﬁl?ré%?(l’t)%ggt(ﬁ‘)cé - Re

| i mtation, has salructues séleeteddtanve conpound. Additionally, suspensions
of the active conpounds may be prepared in a lipophilic vehicle.

11



sust ai ned-rel ease system such as sem perneable matrices of solid
hydr ophobi ¢ pol yners containing the therapeutic agent. Various
sust ai ned-rel ease materials have been established and are well known
by those skilled in the art. Sustained-rel ease capsul es my,
depending on their chem cal nature, release the conpounds for a few
weeks up to over 100 days. Depending on the chem cal nature and the
bi ol ogi cal stabidggty of ghe theif) eutic reagent, additional

strategies for protein gtabiliz on nay, be enpl oygd. [0102kThe

phar maceuti cal gonposi®.jons heggin al SESZWH S& g{ abl ’e_jm

or gel phase yer R CW | Bs” of s arrie or

exci pients include, but ate not lifmted to, calcium carbonate,

cal ci um phosphate, various sugars, starches, cellul ose deri vat‘igij
r'ded

gelatin, and polyners, such a th gl ycols. 03] Many| of | tHe
protein Ki nasg:@ﬁti@g;—@ unds the i nvepty may be™pr
as physi ol ogi ca accept abl &3Salts wherein the clainmed conpound may

formthe negatively or the positively charged specigs. Exanples  of
salts in which t nd f t posi ti ged noifety ™

i ncl ude, wi thout| | ijm tlation, [ quhte hary am m(defined;[e ere
herein), salts”s as™.he -h ochhkqride, sultate, “earbonate,

| actate, tartrate, malate, maleate, succinate wherein the nitrogen
atom of the quaternary amoniu [P iS niy rogen of .the sel ected
conpound of this At on whi as reafcted ' th t@e%a‘propr
acid. Salts in acon;p/o\ t hi s- ention f t he
negatively charged speci e,s\’\i,t:r]cl ude, without limtation, the sodium
pot assi um cal ¢ghum and magnesi um salts forned by the reaction of a
carboxylic acid group in the conmpound with an appropriate base (e.g.
sodi um hydr oxi de (NaOH), potassium hydroxide (KOH), cal cium hydroxide
(Ca(OH)2), etc.). [ 0104] Pharnaceutical conpositions
sui tabl e fowhese Li 8 dgtionBr 85¢NiF preveRntNIINS] 11| SOeCSOROR] i 8RS or more
wherein the active ingredients are contained in an anount sufficient
to achi eve PREOR&{ éWéﬁ%@J%ﬁp@@é, Gycl. is hearbepygleat sdhstibtedr earbpeycle,
ki nase acti yj prevention of a protein

ki nase-r el apg?@%@%ggdd@ﬁ%%@%ﬁ@g&;ﬁ fically, a therapeutically
effective anount mean@048] lareomote spedifanpspact obfthuttiies €l)tamd(lipsisnie, R,
all evi ate Obegﬁﬁ* rate s tons of di sease or prolong the survival

of the subj gwingesitusgre: [0106] Deternination of a
t herapeutically effective amount is wel pAhi.n the capability of
those skilled in the art, especially i ght of the detailed

di scl osure provided herein. [010@cket;any conpound used in the

met hods of the invent the therapeutically effective anpunt or

(cjiose can be es]Ei mat edff}ff))ﬁ?lwwﬁyt 5 B Bndull PrieeishibBly £ G, ore$fez
osage can Bl eydllehathrbOtychts SubiHd BArERIL S nSRdS cle” o SlIb &N el

circul ating concentration range Inclu a eterm ne
in cell cul hetezogycles. and lire ac omre népegificoembbdintent t @gdly ¢ rap Sebh dnevhberad

A R ki R 0
doses 11 NUHBRFoatbREIRINEAX tié hiktetbatoliRea@PEELEd THdh (REYGEH, dxPen and

conpounds described herein can be determ ned by standar
phar maceut i difurpr ocedures in cell cultures or experimental aninals,

G Sciussbd ol owner o HOPEPHIT A mRRE st Ret Attt b SBallf Bheve: Rea

fromthese tash fhulctute ecRs&RYForand ani mal studi es can be used in
formul ating a range of dosage for use in humans. The dosage may var

dependi ng upon the dd§888 nderhengnesificeaberdimeats %ﬁféu%*ﬁfeg (1) and (I1),
adm ni strat jORHULhG IREEE 2 {Mssttas tor [ HsTHs el phd Wih&h R is as defined
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m nimal effective concentrations (MECs). The MEC will vary for each
conmpound but can be estimated fromin vitro data, e.g., the
concentration necessary to achi eve 50-90% i nhi bition of a kinase nmay
be ascertained using the assays descri bed herein. Dosages necessary
to achieve the MEG wi |l depend on individual characteristics and
route of admnistration. HPLC assays or bioassays can be used to
determ ne plasma concentrations. [0110] Dosage intervals can al so be

det er mi ned @8P¥R avécﬁrai%ébseiisn?fotﬂm@s%mr@ Be rramm W@ﬁl@t@@éﬁ)ugnﬁgha
th f th
PO L tofBolhal Raup SRRy SRR A BRI P%g%&w% o e

[0111] At present, the ther apeutl cal | y effectl ve anmpbunts of conpounds

of the present i nvent i on may paRge i om a m matel g/ 2 to
1500 ng/ n2 per day. Addltlonra anoung e from
0.2-1000 ng/qgid, 2-500 /qu and(ZD g/ Q In cases of

| ocal adninistration or. ctive gQ/dke tgiﬁ/ ive | ocal
concentration of the drug may not be’rel ated I asma concentrati on,
the correct dosage anount a _ayount of a
conposition admnistered w | dent on the subject
being treated, the sevekRi {\IJH affli (ﬁ%g >hEsfmanner of

adm ni stration, the judgméht of the prescriBing phykician, etc.
[0114] The conpositions may, if R’ a pack or

di spenser device, such as an FDA\g it, i pray contai n one
or nore unit dosage forns containi ng the active |ngred| ent. The pack
may for exanple conprise nmetall-Ar plastic foil, sudl-fds a blister

pack. The pack or dispenser device nmay be acconpanied by instructions
for adm ni ser atsterroistmer, paoﬁrugrordjl’@puawrticaﬁuyara:t@mam sald:thmmfni ed by

a notice associ at ed he_caont ai cribed
governnental agency r QEPQF.%@W&C nﬂ?g%cfl {S ?lfp{i%granga é{\)o?Q is alky,
phar maceut i eatisas Wteyl, &8 teecdripdiutidsarive e ﬂiuoa.mg Striadturey (LAS) &SLORY
of the formof the conpositions or of human or veterinary

admi ni strat A@%. Such notice, for exanple, may be of the labeling
approved by the U S. Food and Drug Adm nistration for prescription

drugs or of an approved® _iNgosert . Co% gn@l conprising a
conpound of the inventjion fjormll a i i
carrier may al so be pr%?qu ,NfBI ‘

| abel ed for treatnent of Han i ndi cated condi i tabl e conditions
i ndi cated on the |abel may incl ¢ Bat nent of a t i i
of angi ogenesis, treatnment of fibrgogis, diabetes,

[ 0115] As nentioned above, the corrpunds and corrp05|t| ons of the
invention will find utility i(kAa) broad range of didkaAsks and
conditions nedi ated by protein kinases, including diseases and

condi ti ons pedistaredisbmeaprodiagdriinasnaceifically dtcopdalds saththareafl ude by

(nonsmal | Ger1 1 ung O8REIp Ao Ebeef SreaBE RS AL AR (AD) are (-

pancreati c AaNGR{ is RUsHUERNERENY! ABUIRB AR 1444 OPR IS U8 AF AUbdBREADSelected
cancer of the"head and neck, cutaneous or intraocul ar nel anons,

ut eri ne canfrem halar r—@@chaanFz:oﬁlﬁaec-tQﬂ?HmaH&Hz,, -N@ncePHof -GBGHanal

region, sto ncer breas an n Lo ic
tunmors (e. gw?e hé Wy cgﬁ(ch) %ﬁgl r?ﬁ’ C#'O%h %E‘é'f? %m§§8ﬂ?g‘és
carci noma otubét&ut@ﬂqﬂmw hwmg GAlNeadtase pf ot&enﬁ@&wtmem%wmomf
t he vagl na or_carcinoma of Vul va in's D sease

hepat ocel | uR&Fse et @é:ncé?cﬂi ai‘%e&@sé%ﬁbﬁ@m@éﬁ@@’f ic gmbodinentdRiis
intestine, cacRy fimthe endocrine system (e.g., cancer of the
thyroi d, pancreas, parathyroid or adrenal gl ands), sarcomas of soft
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can be carried out in conmbination with include, without Iimtation,
fluorouracil (5- FU alone or in further conbination wth | eukovorin;
ot her pyrim di ne anal ogs such as UFT, capecitabine, gentitabine and
cytarabi ne, the alkyl sulfonates, e.g., busulfan (used in the
treatment of chronic granulocytic | eukem a), inprosulfan and

pi posul fan; aziridines, e.g., benzodepa, carboquone, neturedepa and
ur edepa; ethyl enei m nes d net hyl nel as nes, e.g.,~al tretam ne,
triethyl enenel am ne, trigthyl enephas i

triethyl enet hi ophosphor e and tri | ol mel a and the
nitrogen nustards, e.dg., Qebuci | »-qain t he eat ment of
chroni c | ynphocytic | eukem a, primary macrogl obul i nem a and

non- Hodgki n' s | ynphoma) , ~&ycl ophosphanj.de (used i he treatment of

Hodgki n' s di sease, nultiple nyel ong, neurobl agi,gne,| breast cancer,
ovari an cancer, lung ca , Wlims t )

estranusti ne, ifosfam dey,_Hovenbri chilg, ¢
mustard (used in the treatnent of prinary‘%ﬁ?onbocytos? 7

non- Hodgki n' s | ynphoma, H&igki n's di sease and ovarian cancer); and
triazines, e.g., dacarbazine (used in the treatnent of soft tissue

sarcomm). [0118] Exanpl es of antinmetabolite chenotherapeutic agents
that the above met hodlQ92R] Bemets spasificoembedimentmnPh@)otil-MM. tthARhand dk,

w thout |imgatign.. fahig acid. analo _ ot | used in
the treat rrerﬁ ‘ofF%a(':Sut géﬁ'@hﬁﬁ!?%%a i’?&-{;t[ gsa‘iygrﬁnmge,d cﬁ%&lgbééﬁéﬁﬁ%ng: @@8%@ S
fungi odes, hipaatinclayicer subsfiidteandChigk k-pipnagn-1ayild sosh @egebdiety selected
sar comm) an?ﬁg&eropterin; and the purine anal ogs such as

mer capt opur Y and t hi oguani ne which find use in the treatment of

acute granul ocytic, acute |lyrnphocytic and chronic granul ocytic

| eukem as. [0119] Exa Bhat ur al cf3Pased chem 2
agents that the abovglmnet og can be c i
include, without |im f'on, the vinca

bd "dut in comk ion with

al oi ds, e. g7, ¥inbl astine
(used in the treatnent of breast and testicular cancer), vincristine
and vi ndesi ne; the epi podophyl | otoxins, e.g.,-etoposide and
agents,

t eni posi de, both of m%iitﬁgﬁ%fusefuw/rﬂN at men

cancer and Kaposi's sarcoim; ‘t he an&LﬂL?tic chenot helr apdut i

e.g., daunorubiciﬁ}Td ubi cin, epi icin, nitonyéW used. to treat
stomach, cervix, coljon, breast, bladder and pancreatic cancer),
dact i nomyci n, tenozol om de, plicamnmycin, bleonycin (used in the

treatment of skin, esophagus and genitourina ract cancer); and the
enzymati ¢ chenot her apeuti c.agegts such gE;Efggﬁgraginas TSN
[ 0120] Exanpl es of uspf ul -1 i nhiYyy 1 ncl ude Vio%Z;;gEt REX
(cel ecoxi b), val i partacoxi b, rofecoxib, and Cox g

[0121] Exanples of useful matm™ x net oproteinase inhibitors are
described in WO 96/ 33172 (published . 24, 1996), WD 96/ 27583 .
(published Mar. 7, 1996), European Patent Application No. 97304971.1
(filed Jul. 8, 1997), ean Paten plicat, No. 99308617. 2
(filed Oct. 29, 1999)LO%@%WC@B&@E&%@%@EWG, 1998), WO

98/ 03516 (published Jan. 29, 1998), WD 98/34918 (published Aug. 13,

1998), WD 98/ 349 upl i shed ~33, 1998~ V0B, 98/ 33768~ ptblshed
Aug. 6, 1998), W%e %’W Jul. ), Euan Pat ent
Publ i cati on 606 (publ i shed 30l . 13, fg§4 " Eur opean Patent

Publ i cation 931, 788 (published Jul. 28, 1999), WO 90/05719 (published

May 31, 1990), WD 99152910 (publisheg Cct.

(published Cct. , 99729667 (p

InternationaLv, cation\ﬁo. PE€T/ 1B98/ 0 (filed Jul . ~"1998).,
on

Eur opean Pat ent plicati No. 99302232.1 Mar. 25, 1999),
Great Britain patent application nunber 9912961.1 (filed Jun. 3,

21, 1999), WO 9
i un. 17,1 1999)} PCT

N
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aci dhydr oxyam de; ( 2R, 3R) 1-[ 4- (4-f | uor o- 2- net hyl benzyl oxy) -

benzenesul f ony1] - 3- hydr oxy- 3- net hyl - pi peri di ne- 2- car boxyl i caci d

hydr oxyam de; 3-[[ (4- (4-f | uor o- phenoxy) - benzenesul fony1] - (1-

hydr oxycar banoyl--1- met hyl - et hyl ) - am nol - pr opi oni caci d; 31[ 4- (4-f | uor o-
phenoxy) - be nzenesul f onyl ] - (4- hydr oxycar banoyl -tetra

hydr o- pyran-4-yl)-amno]- prop ionic acid; 3-exo-344-(4-chlo ro-ph
enoxy) - benzenesul f onyl am nol- 8- oxabi cycl o[ 3. 2. 1] octane- 3-carboxylic
aC| d hydr o>cyam de [0054] In still further specific embodiments of structures (1) and

1] gg?gnglg g(ﬂi boxyl | c acl dy%\fd%éﬁﬁﬁéw frogﬁﬂ?tﬁi?uq‘l’d 8ph%)'(“a" P‘A’ﬁé/re ]Q['S as

344- (4-f| uor@fﬁé@myédnﬁmﬁr@abéérﬁw|rémds@hiseéﬁ@BV@Hd?efs‘t!:b@ﬂuénﬁ?ré?ﬂx
ylic acid hydroxyam de; and pharmaceutically acceptable salts and

sol vates of th®&e@PEURTIREsthefollovdnestueturas (B sgrdidhetsspeatieht s,

other COX-I1 inhibitors and _other MW inhibitors, can al so be used in
the present invention. R _N [ 0124] AR vert i ve conpound can
al so be used with other signhal ray sduction i | bf\'t ods, such as
agents that can inhi bi tR: epider mal gk of receptor)
responses, such as EGFR anti bodi e§, EGF anti od| es, and nol ecul es

that are EGFR i nhibitors; VEG ( 4
inhibitors; and erbB2 receptor i bl tors, such as Wrgani ¢ nol ecul es
or antibodies that bind to the erbB2 receptor, such a$ HERCEPTI N
(Genentech, Inc., South San FyleBici sco, CA). EGFR inhifgitors are
descri bed in, for exanple in WD 95/19970 (publi shed Jul . 27, 1995),
WO 98/ 14451 of puitreslzeth rodfug dr3BmaéuttH 1P 34 tétﬂé&hlt&ﬁ@éof]an 22,
1998), and U.S. Pat. eﬁppé 747 498 (i ssued I\/g b 98), and such
subst ances can be usetPOBR] iHBoks: sRagHfic ﬁ”ﬁb@ﬁ#fﬂﬂﬂ*ﬁ a%(ic@sﬁﬂd BleR), e iseally,

[ 0125] EGFR-i a %&%E

nonocl onal aspl'l? I:1 Egté‘:’ée}gy'cg@@i%nﬁé I - (@e Zt%/b%%ﬂ'%g{)ﬂﬁéeﬁ%ys@gn%gﬁd (I
I nc., New Y&, NY), the conpounds ZD 1839 (AstraZeneca), BIBX-1382
(Boehringer Ingel heim, MDX-447 (Medarex Inc., Annandale, NJ), and
OLX-103 (Merck & Co., Wiitseh e pt ati on, T and G- fusion toxin
(Seragen Inc., Hopki nt on, WO} 6] These an erSh EGFR-1 nhi bi ting
agents can be used in the 'S i nvent i n o AEGE Fhi bitors, for
exanpl e SU-5416 and SU- 6668 (Sugen_lnc., South San Branci sco, CA),
can al so be conbined with an inve 8, conpound. VF {-Rhi bitors are
described in, for exanple, WO 01 214 A3 (published Aug. 23, 2001),
WO 99/ 24440 (publ i shed May 20, 1999), PCT International Application
PCT/ 1B99/ 00797 (filed May 3, (kBbb) , WO 95/ 21613 (pllbBbkhed Aug. 17,
1995), WO 99/ 61422 (published Dec. 2, 1999), U S Pat. No. 5,834,504
(i ssued Nov Or aGleregisemer \WodLOBTSharmage dRAl) 36Epahle sl Hetetloy. 12,

5, 866,020 (i seued Nar 0095 ey SPEHES diffoaitnsShiey dyy, (Ehpy R

Aug. 11, 1998-b) VR, 98/sUb34Qitdd phehpheavidgrat Bastl8R8)p, ¥dOH %Bﬁﬁﬁuent
(publ i shed Segp 12, 1997), WD 97/ 22596 ubl i shed Jun 26, 1997 V\D

98/ 54093 (pﬁﬁ @@J&P@é@'o 306G sPCHip 8730 288l e, r¥PedQanC
1998 | 9 8
(publ)l shed %—l(%@ Isngﬁ_ﬁg‘f wﬁi rﬁag?ém?%g% %\OQF% é@%ﬁglﬁ'\eenﬁ Bh s

their enti reulbﬁﬂutb;i pfm‘rg[f bading ditleast encappbesr of ssttua eeidcied Yor—
i nhibitors ul jn.th re t invention are | MB62 tranlnc

Ki r kI and, v&sceg 2R PR Fhoricnoaad -G ?B%m/amor@éﬁ@ﬁ'f g @mnbodiraent Rig
angi ozyme, gepyddirRimhc ribozyme from Ri bozynme (Boul der, CO and
Chiron (Eneryville, CA). These and ot her VEGF i nhi bi tors can be used
in the present invention as described herein. pErbB2 receptor

i nhibitors, such as GWM 282974 (d axo Wl lcone plc), and the
nonocl onal anti bodi es AR-209 (Aronex Pharmaceuticals Inc., The

Rar endot heli g h factor)
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conbination with radiation therapy, wherein the anount of an

i nventive conpound in conmbination with the radiation therapy is
effective in treating the above di seases. [0129] Techni ques for

adm nistering radiation therapy are known in the art, and these
techni ques can be used in the conbination therapy described herein.
The adm ni stration of the conpound of the invention in this

conbi nati on therapy can be-determ ned descri be erein. [0130] The
invention will be furtheriyndersto upon corskalerati on of the
followi ng non-limting .
COVPUTATI ONAL- BASED LEADSLBENEEFI CATI 31 Vir cpCr eeni ng
calcul ations (Friesner et al. J. Med. Chem 47, 1739- 1749 2004;
Schrodinger. L. L. C, NewYork (http:dww. schr odiwaci er . con;

Schr odi nger LLC. FirstD|very Tegbni gal Not@sgo._ Sghr odi nger Press:
Portl and, 2003) were per d based he cryst btructure of

Pl M1 kinase in conplex Wth AVP- PNP dgipl ate . et al., J.
Bi ol . Chem 280, 6130-6137,/.2005; Jacobs et al., J. Biol. Chem 280
13728, 2005; Kumar et al. j MoL Bi oL 348, 183 2005; Bul | ock et

3\'0 203)4/ 3/2?189gheTerg8 00%9?2}\ Z]%;%a?g(gﬁ(gﬁ ca | on ?/\%lerUgt%%%Py%g) ﬁ?%%

conput at i oneBb)scander(IIer))prg 1is5 (ﬂ:Hﬁ);,—epclf)pmpyled ({@Mh)Peyciipeatse -(THg,-
i ke corrpoundsfromll raries of Life Chem cals, Maybridge, Tinflec

Bi oFocus CorfEERBEXAndSiatiy v erSPeC 'f‘t)ﬂ(t: He s@'@rp’ﬁﬁrwf 63(%91&'8%@"

d B b 246
Nesbachuset t CHEpeYeaifty] P ekl o R RIBhEe. £ cferypyriav
N e_compoun(@Hglepyifishlyd(21d:)2CH5 {0k 0k, be- (mwmmceigm aherean g0, 1,

8- 10 d dt hi bi t <8 tiLVity |
‘((:Ii rect pI\P/? IV?% Ig‘l ‘Ha é”gﬁ%‘&ﬁeﬁé?‘a 5@"9 Wcﬁ)’ée X'r?ﬁlsalrleé’(PpPU %m%%w}ttgronpr@

i dentifi cat iggreQubBTuBHt! afar's@getgﬂ@sé@aea%m for specific Pim1l
ki nase activity belong to the class of both imdazo[1,2-b]pyridazines

(Beswi ck et al.,olPCT Pubbscati on W1996/ 9631509; Rab0| sson et al .
Tet rahedron 59, (5869-587/8, 2003) and pfyqqazol o[ 1, Sual pysip dHee.,

(WIlianson et al., Bifegrgani cH& Med. L tters VH 63
2005) . As destfrdgd th’axfg?oun ePect ed mvirt ua
screening were filtered based on Bi nding node, Q kProp (Schrodi nger

L. L. C, New York (http: //www schrodi ngercon) Scﬁg\%nger LL 3
Q kProp Technic S; /n ger Portlan 122003
(solubility, B abf | |‘EY§}1)—’~ nski - cri teryél Li pi n Adv.
Drug Del. Rev. 3, 1997). &nd the presence of desired

phar macophor e groups These cl asses of conpounds segrved as@ﬁz\?te
structures for | i zatd t hesi sran 1 ki nas '
screening. 1. Pmw Ql/doc ssi ng hr e-Di meQsi i gand se
[0132] The external source database wn the formof sdf format files
fromLife Chemcals (16173), Maybridge (H tfinder and screening

col | ection; 16000, 58855) Ti mT ti ol ctiopy 0),
Bi oFocus (45842) nex and Anpi nf ét (55@ “hd thW

t hr ee- di nensi @ ordin le n mae foft was generated foreach
of sdf files u;Xng the Li p nodul e wi t hi n t he Schrodi nger software
package. The f coordinates were stored in a multi rmae file.

Li gPrep uses special caution regarding the protonation state of

i oni zabl e groups (e.g., amnes, am dines, carboylic acids) of all the
| i gands sel ected are assuned to be ionized at a physiol ogi cal pH of
7.4. Separate nulti niR@58binmaoref $pesificsermbedimentsoof (QB{PﬁbB) a(hElbﬁamdjéll-

virtual scr re r.at ed of t es to r th a
final Iibr a(raﬁ?f’r)]’o 21154 2)th'&‘?[!5 W&Sﬁ%ﬁﬁa@@iﬁwwe r4[ al"mHZ)"'
screeni ng. ipdraARanal bpBubdtitiied! SCA,)Cpipdraahasyl28dciPaki MbfetyoBelgéted

from:
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[0134] Typically each nulti nmae file nol ecules were submtted for

Q kProp cal cul ations. The Taninoto coefficient, as criteria for
selection of simlar conpounds within the databases was i npl enented
and this has led to the selection of final nolecules of 9267, 26593,
16394, 29394, 13258 and 3964 from each dat abase for virtual
screening. 4. Postprocessing and Conpound Selection Criteria.

[ 0135] Conmpounds having desired dide scores,, hydrogen bond f.Qrmati on
and hydr ophobi c i nter atheng re esti 1 interatg dijt ances
for further anal ysi sygyThel conformational stability Qf candi date
was al so estinmated by fce field endrgy difference betwsen the
conpl exed conformation and freely mnimzed conformation, and the
t op-scoring candi dates fromthis category wer E
anal ysis. Conpounds i n-€actsf the t C
i nspected to elim naté, candi atesuﬁ$iggyt
geonetry, hydropthWC ecul ar s aef€s, a
resulting 236 structiures were further anal yzed using QkPro to

calculate log S, perneability, MWand Lipinski like criteria. This
further reduced the nunber of _conpounds hese candi dates were
pool ed, and redundant eqtries~w th the

ame| cHéni cal st tdDssver e
represented by a sin entrly. SiXx , 2-b] pyri dgdzi n¢
derivatives and \ , 5-a] pyrim di ne derivatixe re

sel ected and evaluated for their abiliNy to inhibit PIM1 kinase
activity in an in-vitro assay. 5. Results. .

[ 0136] I m dazo[ 1, 2- b] pyri dazi nesandpyrazol o[ 1, 5- a] pyri m di nes of the
Bi oFocus library are ized in TabLe.l an ble I'll. The binding
node of these scaffol @?ggf’g'ﬂf"t%%e‘%@ﬁ‘?ﬁg '%?338%85?@% reveal ed t hat
the i mdazo[ 1, 2-b] pyridazine noiety positioned simlar to that @f
adeni ne and i nt ecactsw th the A regi on rthfes GludZ ;
and Prol23. The a': at’l ¢ graup the R ion with
substitutions af 3§i position seens nore flavorabl e and "exhi bit nore
stable conformation with in the PIM1 kinase pocket. The C 8
substitutions are _nore favorabke C-6 substitutions. r/\
Comput ati onal dgtaTJfor”these [t scaf f ol d§” suUgge&sted tthNB;Jan R2
substitution Lbit stro ndi ng ener en_conpared to
pyrazol o[ 1, 5- a] pyri mdine. !Based on these anal ysés, we have

optim zed the conpounds identified in the BioFocus |ibrary and

devel oped new conpounds set forth in Tables Il and IV. Table |

Il lustrative | mnm dazol [D020p DRt Further spesifig/embridinaards ohbirbdturesy!) and (1),

Conmpound No. %t§,u§bu5|g S -glan%4R1O isch 'SubSHitdted or unsubstituted phenyl (where Ry’

Q

below is absent or represents one or more substituents), and the compounds

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

R R
oS >
> N Y R = e
R2\5(0)0,1,z N 2\3(0)0,1,2 N
Ry R
(I-C) (I-C)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.
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0 1-2 CLNX:r: NN 1-3 HI), 1-4 #Hb 1-5 1-6 # ' H Table I
I[llustrative | mdazorl, 2-blPvridazine Pim1 Ki nase | nhibitors.
Conmpound No. Structure 2-1

[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 (ll-

Cc):
e
/ Rz\

802 S(0do,12

(I-Ce) (1-Cc)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

[0062] In more specific embodiments of (I-C), (lI-C), (I-Cc) and (I!-
Cc), Ry is substituted phenyl having at least one p, o or m substituent selected
from halo. ~OCF;, -OCHF;, -CF3, -OCHj; -NH; -NO; -OH, -COCHs, -
NHSO,CH; and -N(CHs)2, and in an more specific embodiment Ry is
substituted phenyl having at least one p, 0 or m substituent selected from —
OCF3, -OCHF», -CF3, -OCH3; and -OH, and in a more specific embodiment Ry is

selected from:
\]f T CH;0. %
OCF; CF,
\Iﬂ CHa0. %
OCF; OCF;

[0063] In more specific embodiments of structures (I-C), (II-C), (I-
Cec) and (lI-Cc), Ry is -(CHy)n-cyclopropyl, -(CHgz)s-cyclopentyl, -(CHz)q-
cyclohexyl, -S02-CHs, -SO02-(CH2),CHs, -(CHy)s-piperonyl, -(CHz),-piperidyl,
-(CHz)q-piperazinyl, -(CHgz)n-furyl, -(CH2)n-thiophene, ~(CHa)n-pyridyl,
-(CH2)p-pyrimidyl, ~(CH32),OCHas, -(CH2),OH, or -(CH2),N(CH3)2, where nis 0, 1,

OCF;



HO, NH, 2-2 HOj.,,,,NNH2-3 HO.."-.-N."",, mN*0,),/, NOH2-4
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2, 3 or 4 and each of the above moieties are optionally substituted with one or

more substituents; or a structure selected from:

o oH OH H;N
- / H,N H;N ) 2 hS
T, \ H,“.l‘::’ RS H R/ u H
RS R \/S\ﬁ,s‘
o
12 1.2
RsA@/wl CY"'I""M@/\/ HNOX\)?, - UHY ~

[0064] In more specific embodiments of (I-C), (lI-C), (I-Cc¢) and {(lI-
Cc), Ry is -(CHg)yz-piperid-4-yl, substituted -(CHa)-piperid-4-yl, -(CHz)12-

piperazin-1-yl, or substituted -(CHa)1 2-piperazin-1-yl, such as moiety selected
1,2 1,2
HN _N
SLAFe:
1,2
0. _N
~N I ~

from:

2

Q

~

Q)
;;%
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[0065] More specifically R; is selected from:

joalNea NGl o ae
Lo ot OTC

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

[0087]In more specific aspects of structure (I} above, the
compound has a structure set forth in Table 11l (Compounds 3-1 {o 3-13).

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

[0069] In more specific aspects of structure (I) above, compounds
are provided having structures set forth in Table VII (Compounds 7-1 io 7-561).

[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". Isomers 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 dextrorofatory 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 stereoisomers 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 protein
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 administered as such to a human patient or can
be administered in phammaceutical compositions in which the foregoing
materials are mixed with suitable carriers or excipieni(s). Techniques 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 chemicali components, such as
pharmaceutically acceptable excipients. The purpose of a pharmaceutical
composition is to facilitate adminisiration 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 polyethylene glycols.

[0077]"Pharmaceutically acceptable salf" refers to those salts
which retain the biological effectiveness and properties of the parent
compound. Such salts may include: (1) acid addition sait 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, methanesulifonic 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, fromethamine, 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,

[0080] 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 play 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, tfransmucosal or intestinal administration or intramuscular,
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subcutaneous, intramedullary, intrathecal, direct intraventricular, intravenous,
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 iocal
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 cne
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 injecticn, the compounds of the invention may be
formulated in aqueous 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 suitable 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  carboxymethyicellulose, 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 aiginate 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, polyethyiene
glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents
or solvent mixtures. Dyestuffs or pigments may be added to the tablets 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
capsuies 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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f0092] 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, dichlorodiflucromethane,
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 aqueous 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
sait, of the active compound. Additionally, suspensions of the active
compounds may be prepared in a lipophilic vehicle. Suitable lipophilic vehicles
include fatty oils such as sesame oil, synthetic fatty acid esters such as ethyl
oleate and triglycerides, or materials such as liposomes. Aqueous 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.

[0085] 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 emuision with a
pharmacologically acceptable oil), with ion exchange resins, or as a sparingly
soluble derivative such as, without limitation, a sparingly scluble sait.

[0098] 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%
w/v polyethylene glycol 300, made up to volume in absolute ethanol. The VPD
cosolvent system (VPD:D5W) consists of VPD diluted 1:1 with a 5% dextrose in
water solution. This cosolvent system dissolves hydrophobic compounds well,
and itself proeduces 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

27



-. | Table IV Illustrative Pvrazol oll.5-al Pvrimdine Pim1l Kinase
I nhi bitors Conpound No. Structure 4-1 HO? ""NH .1?NI-N --)4 NH2
Conmpound No. Structure

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 hydrochioride, 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. Salis 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), calcium 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.

[01068] 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
moedels so as to achieve a circulating concentration range that includes the 1Cs
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 1Csp and the LDsp
{both of which are discussed eisewhere herein) for a subject compound. The
data obtained from these cell culture assays and animal 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 administration
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, 1996,
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 50-80% 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 bicassays can be used to determine plasma concentrations.

[0110] Dosage intervals can also 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/qgid.

[0112] In cases of local administration or selective uptake, the
effective local concentration of the drug may not be related to plasma
conceniration, 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 compositions may, if desired, be presented 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
manufaciure, 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 (nhon small cell lung cancer),
oat-cell cancer, bone cancer, pancreatic cancer, skin cancer,
dermatofibrosarcoma protuberans, cancer of the head and neck, cutaneous or
infraocular 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, carcinaoma 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), Barreit's esophagus {(pre-malignant
syndrome), neoplastic cutaneous disease, psoriasis, mycoses fungoides, and
benign prostatic hypertrophy, 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-g 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 propicnate, 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, carbogquone,
meturedepa and uredepa; ethyleneimines and methylmelamines, e.g.,
altretamine, triethylenemelamine, triethylenephosphoramide,
triethylenethiophosphoramide and trimethyloimelamine; and the nitrogen
mustards, e.g., chlorambucil (used in the treatment of chronic lymphocytic
leukemia, primary macroglobulinemia and non-Hodgkin's lymphoma),
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 uracil mustard (used in the treatment 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 can be carried out in combination with include, without
limitation, folic acid analogs, e.g., 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 granulocytic
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), vincristine and vindesine; the
epipodophyliotoxins, e.g., etoposide and teniposide, both of which are useful 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),
dactinomygin, 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,
1899), WO 98/07697 (published Feb. 26, 1998), WO 98/03516 (published Jan.
29, 1998), WO 98/34918 (published Aug. 13, 19898), WO 98/34915 (published
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Aug. 13, 1998), WO 098/33768 (published Aug. 6, 1998), WO 98/30566
(published Jul. 16, 1998}, European Patent Publication 606,046 (published Jul.
13, 1994), European Patent Publication 931,788 (published Jul. 28, 1999), WO
90/05719 (published May 31, 1890), WO 99/52810 (published Oct. 21, 1999),
WO 99/52889 (published Oct. 21, 1999), WO 99/29667 (published Jun. 17,
1999), PCT International Application No. PCT/IB98/01113 (filed Jul. 21, 1998),
European Patent Application No. 99302232.1 (filed Mar. 25, 1999), Great
Britain patent application number 9912961.1 (filed Jun. 3, 1999), U.S. Pat. No.
5,863,949 (issued Jan. 26, 1999), U.S. Pat. No. 5,861,510 (issued Jan. 19,
1999), and European Patent Publication 780,386 (published Jun. 25, 1997), all
of which are incorporated herein in their entireties by reference. Preferred
MMP-2 and MMP-8 inhibitors are those that have little or no activity inhibiting
MMP-1. More preferred are those that selectively inhibit MMP-2 and/or MMP-9
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-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyl-
cyclopentyl)- amino]-propionic acid; 3-ex0-3-[4-(4-fluoro-phenoxy)-
benzenesulfonylamino]-8-oxa-bicyclo[3.2.1]Joctane-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)-benzenesulfonylaminc]-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-chloro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-3-carboxylic

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

hydroxycarbamoyi-1-methyl-ethyl)-amino]-propionic acid; 3-[[4-(4-fluoro-
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phenoxy)-benzenesulfonyl]-(4-hydroxycarbamoyl-tetrahydro-pyran-4-yl)-amino}-
propionic  acid; 3-exo-3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-8-oxa-
bicyclo[3.2.1]octane-3-carboxylic acid hydroxyamide; 3-endo-3-[4-(4-fluoro-
phenoxy)-benzenesuifonylamino]-8-oxa-bicyclo[3.2. 1]octane-3-carboxylic  acid
hydroxyamide, and (R) 3-{4-(4-fluoro-phenoxy)-benzenesulfonylamino]-
tetrahydro-furan-3-carboxylic acid hydroxyamide; and pharmaceutically
acceptable salts and solvates of these compounds.

[0123]  Other anti-angiogenesis agents, other COX-l! inhibitors
and other MMP inhibitors, can also be used in the present invention.

[0124] 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 85/19970 (published Jul. 27, 1995), WO 98/14451 (published Apr. 9,
1998), WO 88/02434 (published Jan. 22, 1998), and U.S. Pat. No. 5,747,498
(issued May 5, 1998), and such substances can be used in the present
invention as described herein.

[0125] EGFR-inhibiting agents include, but are not limited to,
the monoclonal antibodies €225 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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01 EXAMPLE 2 SYNTHESIS OF | M DAZ(Q 1, 2- B] PYRI DAZI NE COVPOUNDS.

[0137] Certain illustrative conpounds of the invention were nade as
set forth in the follow ng reaction schenes and detail ed synthetic
exanpl es. Schene 1 1. Preparation of Brono acetal dehyde (2) BrWBr
03) TPPO 12 H [0138]1, 4-di brono-trans-2-butene (1) (10g, 0.046 nol)
was dissolved in dry CH2A 2 (100 mM) and cooled to -78C and ozone gas
was bubbl ed until the blue color persisted (-30 min). A nitrogen
stream was pateswdional Apglicatine RGTABIYAOTM ililed Hdayp |3, el 998),0W0O 95/21613

gl Sigprer&r )ed\XBlg('); ha@ Gl ﬂ:?:, gﬁw g& g@B%J%ﬁbjﬁKe@‘ %{,“15@%};[}899’6\{

reaction m mwr&esmsodo(:mm\p RC1808), lve@towsnme vwefgg/smsat @ublfished
15 hrs. The solvent (CH2C12) was renoved fromthe reaction m Xture

(wi thout appiayi A, 1828huk)Sanat: Nee 5iFi% k1 GesuadeMans! &i1990).1bL8. Rat.Abc

d h r f.d-Ng_receivin
ok ot 7BC oy BsudPhfhed, PHobTLBTFAP Ab Bo2 e e REAIG "1,
mai ntain a dgby), Moeggldbswkmibhshled MHE. 40199900 QW@%BO(@bhshed Sep.
acet al dehyde ( was obtained as a |i éel | ow

liquid, whidR aég%.vgﬁl @ﬁgg@&ﬁmg@w Jan. 26, 1997), WO 98/5 05 oblishod
6- Cnl or o-i miglaz of 11308y, P d8@baL3d 4bubisHaCIghN-BUt 28y 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 IM862
(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 monaoclonal antibodies AR-209 (Aronex
Pharmaceuticals Inc., The Woodlands, TX) and 2B-1 (Chiron), can furthermore
be combined with an inventive compound, for example, those indicated in WO
98/02434 (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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N--N 34 [0139] 3- Ami no-6-chl oro pyridazine (1.5g, 0.0116 nol) was

di ssolved in n-butanol (12 m), cooled to OC and bronpacet al dehyde
(2.8g, 0.023 nol) was added. The reaction was refluxed for 20 hrs and
n- but anol was renoved under reduced pressure. To the reaction

m xture, water was added and extracted with EtOAc (5 x 20 ml). The
conbi ned organic |layers were dried (Na2SO4), concentrated under

reduced pressure and esi due was purified by columm
chr omat ogr aphy (Et OACH:;?imef\”t H‘VSPU‘@pGQGE’PHF‘@ Gam alsooba used with other

bl pyri dazin ) 0
3- Bl oo 6. CRor 0| dag o i oo Seace e, pug ngt iteg (g, sgprie ey
[ 0140] The 6-cDhRbeEidg amtﬂﬂmar[zmnmrte] negponks], nech 43 CIEBM (m:gtot(ﬁ)cuﬁ)@@ﬂmmyt)e

added ot ow R8T S BBRYEY At BiveRaBehtsSernain ph Blockipi GTLA4: Shd ant:

preci pi t at egroliferafing td sLiéterzRdethEh am@siidp asin WRs{1aesta ke tiRhiskdie! 7dr3
Xx 15 m) and dried under air to give

3- Br onp- 6- cléxapple Hedtasagsy! quiqsrpyrar@é&ramir(hﬂylto(ra@leaq,lbeﬁ inl therefsDefces

ol ) and coLeq 8 S0 BebRRe iseP e | SR EATNE SrisheBa S (1 o

n). Argon was bubbl efd128] oughet koleasidthod Mt UaRof We léhreMULES in
6- chl oro-i m dazo[ 1, 2-b] pyri dazine (5) followed by

and then 3- Br
Bor oni ¢ aci @O{R?g’é”aé@aeﬂ”thTﬁ%j'?@btth%fﬁpﬁi MWhareinndhe rampude@f ra ipeentive

hours. Sol v

pressur o TROMPYRRg IS ERHBARA T el GRSt L SRR L G4 ECs
celite. Theabnpedtsease_ms concentrat ed under reduced pressure to
(NEOH G212yt o fur rifane) 4. TBSEHHER. Pl SpBelody radatan  thefapy are
b] pyri dazi n@ndwh feae SEHTTY |

5.243- (4-Di ngtgwy%ﬁlﬁ&]ngrgﬁéeﬁm%l %é%ﬂ%e{%%aﬁq@%epgrl daztlhﬁe- _in'?t?)@lﬁerapy

am noThut andeseglibedr7herefro14h¢ ladministrationeckibe cavaprlingoot ihasdvdrtimakin this

Pd2( dba) 3 t - but 0.02g, 0.256
mml() :Z]d ffaagﬁﬁ%i“éigéfgﬁggygg%%fje%{ﬁ] ea?%q{g’ﬁg)i}?réﬂgydrogs PhCH3.
Argon was passed thrombo} heTh@aqhmmom XM €bé OFuriHErM WHePstosdd LpBRN

[4-(6-chl oro-im dazo[1
considerafion of the following non-limiting Examples.
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b] pyri dazi ne- 3-y1) - phenyl ] - di net hyl ami ne (6) (0.05 g, 0.18mmol) and
()-2- am no-1-butanol (0.02 g, 0.22 mvol) was added. The reaction was
refluxed for 24 hrs. Toluene was renoved fromthe reaction m xture
under reduced pressure, and the residue was taken in EtOAc (25 m),
filtered through celite. The filtrate was concentrated under reduced
pressure and the residue was purified by colum chronat ography

(MeOH CH2C12) to give 2-1344-

Di net hyl am nophenyl) -i m dazo[ 1, 2- b] pyri dazi ne- 6-y1() - 2- am no] but an- 1-

ol (7) (15% 31% HPLC purity = 97% . 6.CGeneral schene and

procedures f nt hesi s of conpounds 9 and 10. Schene3 OH 13,

OH ---' <hc-- ?2 Cl,---t--,N N/ Pd(PPh3)4 /Na2C 03 Br 5 R =
-N(CH3) 2, 3-F, 4-F, 3-CF3, 4-CF3 3-0CF3, 4-0CF3, 3- NHSO2CH3
4- NHSOR CH3, LE4 Nop,  4-NO2, 3-0CH3, 4-0CH3, 3-Cl 4-C [0143]In a

two necked r&ym@ ﬁ%ﬂm"'é’&ﬁ%@ @Agﬁ?%ﬂglé@p@@wml) and CsF

(0.0020 nol )" was ta I n an rous ). Argon was bubbl ed
t hrough the reaction [(181ur e irtual strearming esloutsdions qf ridsiiroginalb-J. Med.

1 e LB e o s o
pressur o, TR SPRUEHGT QY | SehERINAG) (G SR Ren g TeRRea),
cel i te. The Nates;rSaheodingerdtneseritortiaidt] 2008 were pederthgur lessedran the crystal
O e SR o Pl MRS ML Wl B e SRS e e,
chl oro-i m daz glidh.Ghed. 280, €330:8233; ¥805; 2RO bt 81, "B AWM, VA SBoand7iE)-
2005; Kumar et al.,, J. Mol. Biol. 348, 183, 2005; Bullock et al., J. Med. Chem.
48, 7604-7614, 2005; Ryan et al., PCT Publication WO 2004/024895; Jeremy
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 library
(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 pyM) 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
Pubilication W0O1996/9631509; Raboisson et al.,, Tetrahedron 59, 5869-5878,
2003) and pyrazolo[1,5-ajpyrimidine (Williamson et al.,, Bioorganic & Med.
Chem. Lefters 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,

1897). and the presence of desired pharmacophore groups. These classes of
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7.Schenme for the synthesis of 24343-
(trifluoromethoxy)phenyflimdazo[ 1, 2- bl pyri dazi n-6-y1()-2-am no)-buta
nl-01 (Compound 7-17). Scherme 4 pH 13\ OH F3C0 Cl ThYN<Pd( PPh3) 4

/ Na2CO3 Br 3-brono-6-chl oroi m dazo[ 1, 2- bl pyri dazi ne a. Synt hesi s of
6-chl oro-3-(3-(trifluoromethoxv)phenyi)im dazof 1, 2- bi pyridazi ne

(Conpounds 7-12, 7- 13)) [0144] To a ((Jlegased 0 430
MeOH Tol uene (1:4, 5 sol vent and 2M of Na2CC3 (0.215 ni,
mol ) under #@W sseé‘tﬁ?eas ﬁefﬁplatﬁ)ste-lctfémd‘pbIe(ﬂdﬁzttﬂpl;atprb]swﬂwa@zqnde

(100 my, 0. 45 onet hoxyphenyl boronic acid (98 ng,
0. 430 mmol) and’mg{(%sﬁg élf'l w% ng, 7.74 uM 0.018 eq). The resulting
reaction mxture was heated to reflux overnight (12 h). TLC

(5%veoH DCM , Rf =Q, 2 mat eri al
3-bromo- 6- chl or &R qlensiogagk, 085Bonal two new

spots with strong fl UEU@?”Sﬁ'he@&&e%@ﬂ%dr@é&%’té&%ﬁéé%‘@ﬁé f&ﬂ?S@Q&Ff@%ﬁ@”

and the crude product was purified by Co Conpani on usI ng
70 % Et 0Ac/ Higsgarfeom0 Life n Chemigpls nb‘rﬁﬂﬁB) phidaybridgdi Seitfiféiests land olsareening

br oauct o as PRI 08 ol b i BBt S8BT B, Aidorys

7-13 13 ng ((B588%9 ComGenex (4573) and Ambinter (5534), and their three-dimensional

coordinates in mae format, was generated for each of sdf files using the

LigPrep module within the Schrodinger software package. The final coordinates
were stored in a mulii mae file. LigPrep uses special caution regarding the
protonation state of ionizable groups (e.g., amines, amidines, carboylic acids) of
all the ligands selected are assumed to be ionized at a physiological pH of 7.4.
Separate muiti mae format files suitable for QikProp and Glide virtual screen
were generated. Each of the databases together with a final library of 1,54122

molecules were considered for virtual screening.

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 siructure 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]  Typicaily each multi mae file molecules were submitted

for QikProp calculations. The Tanimoto coefficient, as criteria for selection of
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b. Synthesis of 2-(3-(3-(trifluoromethoxy)phenyl)im dazo(1, 2-

bi pyri dazi n- 6-yl am no) - but an- 1- ol (Conmpound 7-17). [0145]To the

tol uene sol vent was added 7-12 (30 ng), 2- am no-1-butanol (18.08 uM
2 eq), ligand (5.65 ng, 0.15 eq), Pd2(dba)3 (6.57, 0.05 eq) and
NaQxBu (13.05 ng, 1.42 eq). The resulting reaction m xture was
degassed for 10 m n under argon and then was heated to refl ux
overnight (12 h). The crude product was concentration and preparative
TLC was permﬂmfcbmmpwm%iﬂﬁﬁ)mmmbeemwmmmﬂ(Hmﬂethﬁslﬂas@dolb

racemc 8.5 chene for e of np. S 7-217
tnd 708 ShEReRion o JasipietyioRios beS7, 26308 Fo fpaeo BhL AR anti 6
Pd2(dba) 3/  fhéaCkReH 4BRBasdVforvirfial 683nRRCHBOCF3. CF3COOH

10. Synthesis of tert-butyl 443-(3-(trifluoronmethoxy)phenyflim dazot 1
, 2- bThyri dazi n- 6-yl am no) net hyI Thi perl di ne- 1- car boxyl at e ( Conpound
7- 27) . T _was added 7-12 (100
ng, 0.319 mf‘bl) 66+3 ng, 0.319

mmol ), ligand (18.8 rrgme] 048;daﬁ¢ﬂmdsPﬁla\ézd@aa§saﬁa@ @lidedscered, Ndkdden

(1.5 eq). The resulting reaction mxture was degassed for 10 min
under ar gon P2RE ToRBAtiGh andehydraphebie dhteiactigne rerghestimated) by feratomige

product was fQRCEI Rt erathili€ PHHRL ddformational stability of each candidate

was also estimated by force field energy difference between the complexed

conformation and freely minimized conformation, and the top-scoring
candidates from this category were selected for further analysis. Compounds in
each of the three categories were visually inspected to eliminate candidates
without ideal hydrogen bond geometry, hydrophobic molecular surfaces, or
torsion angles. The resuiting 236 structures were further analyzed using
QikPro to calculate log S, permeability, MW and Lipinski like criteria. This
further reduced the number of compounds to 69. These candidates were
pooled, and redundant entries with the same chemical structure were
represented by a single entry. Six imidazo[1,2-b]pyridazine derivatives and 13
pyrazolof1,5-alpyrimidine derivatives were selected and evaluated for their

ability to inhibit PIM-1 kinase activity in an in-vitro assay.

5. Results.

[0136] Imidazo[1,2-blpyridazines and pyrazolo[1,5-
alpyrimidines of the BioFocus library are summarized in Table | and Table Il
The binding mode of these scaffolds from the docking predictions revealed that
the imidazo[1,2-b]pyridazine moiety positioned similar to that of adenine and
interacts with the hinge region residues Glu121, Arg122 and Pro123. The
aromatic groups at the R; position with various substitutions at 3" position
seems more favorable and exhibit more stable conformation with in the PiM-1
kinase pocket. The C-8 substitutions are more favorable than C-6 substitutions.

Computational data for these two scaffolds suggested that R1 and R2
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TLC was performed with 10% MeOH DCM sol vent system af forded 84 ngy of
7- 27 (53.6 % . 11. Synthesis of

N-(pi peridin-4-ylmethyl)-3-(3-(trifluoronethoxy) phenyl)imdazo

(1, 2- bl pyridazi n-6-an ne 2,2, 2-tdfl uoroacetate (Conmpound 7-28).

[0147] 1 nL of DCM and 1 nL of TFA (0.098 mmol) was added sequenci aly
to 7-27 (48 ng, 0.0). The reaction conpleted in |lh at rt. TLC (20%
MeOH DCM Rf =0.1. The concentration to renove TEA conpletely

provi ded t hSubslifylions sxhibit ssteoior blrldfraosnarfgvahw@qnzm@wommm!oﬁaﬁre
48 mg (97% | 883080 e

Schere 6 13T E@%ls ]ea bih Ghesk? andfyRESBWE Ohald BpihPelefieS c@hpdur:
N- al - ot hyl pdgrdifiediin-the Biakodusl brary 8rd tdevéloped arext bomppungdeal forth in

i mdazol | ia%llegsyfl dazi n-6-am ne (Conpound 7-29): [0148]To the

tol uene (5 o was added 7-12 (40 ng, 0.128 mmol),

(1- net hyl pi peri di n-4-yl)met hanam ne (24.53 0.191 nmmol ), ligand (7.53
ng, 0.019 mmol), Pd2(dba)3 (8.76, 9.56 nmmol) and NaGBu (17.40 ny,
0.181 mmol). The resulting reactlon nilable b was degassed for 10 mn
under argon and th a d . (12 h). _The crude
product was conceficra o 53 e : £ HRHOIR th 10%
MeOH DCM sol vent system afforded 17.6 ng of 7- 23 (50% 14. Schene
for the synthesis of mpound—7-31.—15:

N- ( 2- (4- et hyl pi per azi p- 9@@9@9@1‘@(3- Structure
(trifluoronethoxy)phenynimidazo 11, 2-H7pyrT dazi - 6-amne—{ Conpound 7-
31) . [0149] To the toluene (§.qmL) soljvent %s added 7-12; (40 ny,
0.128 mml ), () 2-(4-nethyl pi perazi n-1-lyl ) butgde izani ne (0; 191 mol ),
ligand (0.019 nmol), Pg2(dba)3 (9.56 nnol) and Bu (0.181 mmol).
The resulting reaction m'xture was degassed for m n ungder argon
and then was heat ed tofreftux—overnght—(3t&h)=Hfe—<rude; product was
concentration and preparativeqbLC was perfm th 10% MeOH DCM

sol vent system afforded 22 ng of 7- 31 . EXAMPLE M 1 KI NASE
ACTIVITY ASSAYS A. Pim L Kinase I|nhibit|ion Assay [0150]' One

illustrative manner inwhrchPnri—krmase m canmbe| det er m ned
is by quantifying the anount gf3 ATP renai nr;}g‘ % ol ution

15 ?%g‘
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after an in vitro Pim1l kinase reaction
W) allows this.

(Promega, Inc.

Madi son,

The Ki nase-G o0 Assay Kit
The amount of ATP remai ni ng

in the solution after the kinase reaction serves as a substrate for
the luciferase to catalyze luciferin to oxyluciferin plus one photon
read by the Lum noskan Ascent

of light. Thus,

I nstrunent (Therno El ectron Corp.,

t he | um nescent signa
MIlford, MA) correlates with the

anount of ATP present after the kinase reaction and inversely

correlates with the anount of ki nase Eﬁhkiblty Thi s assay is

efficient at det i
the Piml klnaseqh“‘t'

flat bottom 96 mell

plates.

I nhibitors are added to the

in white,

sol ution of 1X kinase puffer, TOUM ATH, IO0UM Pt I-Speci
substrate, 50ng of act|v&ompeundASy e and %H‘éﬁuf?n ser |
rangi ng from m cronol af” To nanonol ar goncen ra Thi 3
i ncubated at 30 degrees Celsipg at 360rpn1?§\ ours.

the incubation, 50ul of Kinase-Q o redgent [i 4 alided_to ez
including all positive|and negative cgntrol wells§ gnd in
roomtenperature for 1b ninutes. The plate IS then gad k
Lum noskan Ascent i nst rurent—andthe resultgdi &
Ascent Software version 2.6. % e | C50 |val ues -aiQ Lpen be
for each inhibitor tested. [0TI51] Al ter|nativel y 'Pip1 kir
can be determ ned by quantifying the phosphoryl ati of &

substrate in another i

N vitro assay. T

he Z-Lyte Propein H

Kit (lInvitrogen, Madis
Resonance Energy Trans
substrate (Serine-Thre
two fluorophores at op
incubated with Pim1l e

bn W.) allows t
fer (FREE) proceg

posi ng ends (cou

bni ne Substrate |7 f

hi $0._uUs nFI uor esd
dure ay
o | hvi
marin and
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i n)

fic

al dilutions
solution is
Fol | owi ng

ich wel |,

cubat ed at

y the

th the

cal cul at ed
ase activity

. known Pim1
(i nase Assay
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is
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added. This reagent, a
substrate, separating

FRET whi ch can occur b
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anﬁggﬁd l
}
dnd re

cle
ore e

T can then @

spect rophot oneter, suc
reduction in FRET is

Pim 1 Ki nase | nhibitor
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reagent contains both
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Conpound No. ICso PM 1-1 4.47 1-3 5.35 3-13 52.07 7-1 3.99 MP-392 ND
Table VI Cell-based activity of illustrative conpounds. Conpound No.
1(562 Cells PC-3 Cells 1-1

Compound No. Structure

HO e /N
2-10 (\LN ,(NT p
H
F
HG N
2-11 ')\N ,CNT p
H

Cl

HO AN
2-12 (\LN ,(NT )
H

CF;

HO 2N
213 g\ﬁ,@f 2?
LFy
)

HO N
2-14 %u,ﬁn\( /

]
HO AN
2-15 %N J:N\Nr p
H

2-16 o
H

2-17 v/\N \N,N
H

2-18 oy

o} e
2-19 7 /(NT {
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>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
EXAMPLE 4 SYNTHESI S OF | M DAZ( 1, 2- 13} PYRI DAZI NE COVPOUNDS.

[0156] O her conpounds of the invention, including illustrative
conpounds set forth in Table VI, were made according to the

foll owi ng synthetic exanples. 1.Preparation of Bronb acetal dehyde (2)

Compound No. Structure
o P
2-20 ~8 LT
0y
0
HO N
2-21 }N/g;!z’ /
" S
N C
H
HO N
222 ‘lﬂgg
0
HN-g'_/
Ol.l
Table lii

Hustrative Pyrazolo[1.5-a]Pyrimidine PiM-1 Kinase Inhibitors

Compound No. Structure
N\ i
3-1 "
rl/\OH
3-2 (Nj
HO:
v
3-3

3

G,
3-4 N

HH

3-6 ’qm

HH
o=5=°

LT
3-8 ey M

O-CF,
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03n-PP 0 2 1

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

0. 046 nol )

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

was bubbled till the blue color persisted (-30 mns). A nitrogen
stream was passed through the solution until the blue color
di sappeared giving colorless solution. Triphenyl phosphine (12.9g,
0.046 nol) was added port| on w se over a perl od of 1 hr. The reaction
m xture was brought to fB€Candkept—ntherefrigerator—for 15 hrs.
The sol vent (CH2Q 2) was GempoundMNwmm|t he reStructurem xt urie (wit hout
appl yi ng vacuun) and t he—thick—restdug—wasdistt+t+ted—at—=40C under
vacuum (1mm Hg) nmi ntaijlning the tenperiature of the receivjing flask at
-78C. [Note: During thedrstittattom; bpcbl aken to
maintain a cold water urculagl—pn (-0C .5@},. e bronp
acet al dehyde (2) (2.8g,] yield = 50% was ob Ai ned «a lijght yellow
i quid, which was highlly lachrymatory
6- Chl or o-i m dazot 1, 2- Npy+daz-re—{4)—Br-cH2E .\ﬁ N-But-ared 4
3 N
3-8 ST ij\E
0“5(“ fu(i"\
3-9 Jegaey E
N4 i N'N‘
3-10 Y H’(\? o
3-11 Oﬁf%
,:::'s\=°
N\
3-12 "o
(,:N
Hl:bd:
3-13

T

N
i

Table IV

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

Compound No.

Structure

4-1

HO B
o
N7 NS
H
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[ 0158] 3- Ami no- 6-chl oro pyridazi ne (1.5g,

n- butanol (12 m),

was renoved under red

| ayers were dried (Na

uced pressure.

2504),

0.0116 nol) was di

cooled to OC and bronpacet al dehyde (2. 8g,
nol ) was added. The reaction was refl uxed for

20 hrs and n-

To the reaction m xture,
was added and extracted with EtOAc (5 x 20 m).

ssolved in
0. 023
but anol
wat er

The conbi ned organic
concentrated under reduced pressure and

the residue was purifi m bIIUHuLug EtUHLII xane) to
afford 6-Chloro-im du.._&‘ .L:%Uhg] ;?I +egaztne \ Wu&ul?%", y'i el-d 40%

3. 3-Brono-6-chl oro-im dazof 1 ,2- Npyriidazi ne ( ) 0159]Tre

6- Chl oro-i m dazo[ 1, 2-b] pyri dazi ne (4)] (500 ,ﬁON 2 mol) {was taken
in glacial acetic acid (5 mM) and bramne (0.4 m) s adde¢d slowy
at roomtenperature. After 20 mns sdlid precipitat out whi ch was
filtered. The solid s washed with dther (3 x 15 nb# and dried under
air to furnish 3-Bronp-6-chloro-imdazo[1, M3 b] kdazi ne (%) (400ng,
yield = 60%. 4. Ceneral pr%@edure tlo nakilh N

6- chl or o- 3-substituted-i m dazo(1, 2- bl pyridazin | %A reaction

m xture cont ai ni ng 3-prono-6-chl oro- ji m dazo[ 1, 2- pyir P dazilne (0.43
mol ), Boronic acid ([0.43 mmol), Pd(FhP3)4ﬁ% ytipol , 0.018 eq) and
NaC3 (2M 0.43 mmol )| in 5 m-4dof tol Uene- we was dedassed with
Ar for 10 min. The reaction was refl uxed over |gh The m Xture was
filtered through MgS4_and concentr atied under vac NEThe nesi due was

purified by conbiflash (0%to 70 EtOAc/Fbﬁ -gi ve desi|red
products. 5. General procedu#® to nmake I tuted-
i m dazot 1, 2- bl pyri daz|j n [0161 reac n m xture
cont ai ni ng 6-chl oro- 3 substitutedi m dazo[ 1, 2 b]pyr in (( 096
mmol ), am ne (0.191 n nd-(0.{1014 . eq}—Pd2(dba) 3
(7.17 unol, 0.075 eq)| and Na®x Bu (0. 136 nnn mL of
t ol uene was degassed with Ar*ior 10 nin. The f | uxed
overni ght. Concentrat| on and prepar atii \f f or ded
desired products.
12- (3- ( 3- (di net hyl am rerphenviim-daz AHam no) but a
n-1-ol (Compound 7-4); [0162 y+NM% m 2H),
7.65(s, 1H), 7.30 (m} 2H), 6794(d, J=s , 4.26(m
1H), 4.20(m 1H), 3.01(s, 6H), 1.04 ( nz: 326.1,
255. 2.
4-8
4“9 g\N
H
O~cF,
HO o N’N\
4-10 El\ S A
NN
H
F
HO Z N‘N
4-11 L\ /

Cl
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2-(3-(4-fluorophenvQ m dazorl 2-blpyridazin-6-ylam no)butan-1-01
(Conpound 7-10) [0163]1H NVR (400MHz, CD300) 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 (t, J=7.5Hz, 3H).
2-(3-(3-fluorophenvQ m dazol 1,2-ffipyridazin-6-ylam no)butan-I-ol
(Compound 7-1/) [0164] 1H NVR (400MHz, CD30D) 7. 96(m 3H), 7.88(d,
J=7
1

.8Hz, 1H), 7.50(m [@hinpolmdNEL_1H 700 —SHz—tH), 4.50(m
4.23(m 1H), 3.21%;“ THy, 17Ot —tHs $ﬁ'!‘“"i‘r'@'c“"—ﬂ—l)——l—06 (t,

— P -

J=7.6HZ, 3H) 4-12

N-cycl opent y1- 3-(3-fljuorophenyni m dazol | N pyrTdazi n- 6- am ne
(Compound 7- [0165] 1H NVR (400 MHz, CD30D) 17(*6:11 3Hz, 1H),
7.90(d, J=6.8Hz, 1H), —~82(s—iH)+—F61(d, 19 S5Hz Zl4(m 1H),
7.03(m 1H), 6.72(d, P=9.5 .16( T\NIN 7(m 4H|, 1.66 (m
4H) . 2-(3-(3-(trifluoronet héx phenv() md?;w

2- bl pyri dazi n- 6- vi am no) but an- 1- ol (Corrpo nd! 7-17 [OJ.FB ] 1H- NVR
(400MHz, CD30D) 8.24(is, 1H), 8.04(s, 7.97(m 57(t,
J=6.2Hz, 1H), 7.27(d,! J=8.2Hz, 1IH), UZ(ddm JT=S jl,HZ, JA 9. 6Hz, 1H),

4.78(d, J=10.91-1z, 1H), 4. 254, J=8.9Hz, 1 B4¥m 2H); 1.08(t,
J=7.6Hz, 3H). (R)-1-(]3-(3-(trifl uororfet hoxyypRenVfiin dazol 1

, 2- Mpyri dazi n- 6- Wxy)|but an- 2- am ne (Corrpound 7-18 [0167] 1H NMR
(400MHz, CD30D) 8.24(ls, 1H), 8.02(s, |1H), 7.98(t, .57Hz| 2H),

7.58(t, J=7.8Hz, 1H),| 7.27(d, J=9 57H7z 1H), 7 02(dk” J=9 57Hz, 1H),
4.48(m 1H), 4.25(m [1H), 1.71-1. 56(m ZI—W? 1. 3H).
(S)-1-(3-(3-(trifluorjonet hor@p%nvm m|dazof 1, b i dazi n- 6- vl oxv) but
an-2- am ne (Conpound 7-19) [0168] 1k NWVR (4G0MHz, 0D) 8.22(s,

1H), 8.02(s, 1H),

4“‘16 v/\N N
H
HN-¢
i
0
oy
4-17 o NP
H
F
L5
4-18 e Sy
H
F
e
—
4-19 oS
H
F
F 0
iy
4-20 gy NP N
0
H
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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-(cycl opropyl met hyl ) -3-(3-(trifluoronmethoMhenvG m dazol 1, 2-blpyri da
zin-6- amne (Conmpound 7-20) [0169]1H NWVR (400 WMHz, CD300) 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, J=7.5Hz, lH) 6. 75(d, J=9. 3Hz, lH) 3.21(d,

J=6.8Hz, 2H), 1.2 (m &L n—2H)—6-28 2

N (3-(6-(1-hydroxybut Eﬂ%—a@ﬂﬁ,: ez gh s §wu§}u'@,daz A—3
vOnnenyOnet hanesul f onam de Q%pound 7 23%[ 100 MHz,
CD300) 8.29(s, 1H), 7} 95(s, . 71.92( N, .8Hz, 1H),
7.44(t, J=7.8Hz, 1H),; 7.18(m 1H), 6.|9 , 4.36(m
1H), 3.24(m 1H), 3.00(s, 3H), 1.74(m J05(t,
J=7.5Hz, 3H).

2-(3-(3-(trifluoronethyl)phanzdfi m da | am no) but
an-1-ol (Conpound 7-24) [0171] 1H NWVH (s, 1H),
8.22(s, 1H), 8.06(s, IH), 7.94(m 1H) J=9. 9Hz,
1H), 4.45(m 1H), 4.19(t, J=8.2Hz, 1H n 2H),
1.04(t, J=8.5Hz, 3H)

N- (cycl opr opyl net hyl ) 3-(3-(trifluoronethyl)phenvO m dazorl , 2- Npyri da
zi n-6- am ne (Conpound 7-25) [0172] 1H NWR (400 MHz, CD30D)
8.82(s, 1H), 8.19(s, 1H), 7.86(s, 1EHXAMPLE 2

SYNTHESIS OF IMIDAZO[1,2-B]JPYRIDAZINE COMPOUNDS.
[0137] Certain illustrative compounds of the invention were
made as set forth in the following reaction schemes and detailed synthetic
examples.

Scheme 1

NH?_r =N
/(\f By, AcOH Pd(PPhs),,C sF, PhCH; < Nt
=N NButami SN NJ N N\\) cl” N
/
\

Scheme 2 /Nh...
O4/TPP o)
B, Bf\)J\H

1 2

1. Preparation of Bromo acetaldehyde (2)

PP

Bra_ Ry~ s 2
Br Br.
1 2 H

[0138]  1,4-dibromo-trans-2-butene (1) (10g, 0.046 mol} was
dissolved in dry CHzCl, (100 mi) 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.

Triphenyl phosphine (12.9g, 0.046 mol) was added portion wise over a period
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7.60(m 3H), 6.74(m 1H), 3.20(m 2H), 1.18(m 1H), 0.55(m 2H),
0.26(m 2H). tett-butyl

44(3-(3-(trifluoronet hoxv)phenyni m dazon, 2- bl pyri dazi n- 6-yl am no)
met hvl Thi peri di ne- 1- car boxyl ate Conpound (7-27) [0173] 1H NWR
(400MHz, CD30D) 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, 2'6)’,1 K. 4!2(esrea8ﬂrd)n mikteré(vias Bidught to 0°C and kept in the refrigerator for
N- (pi peridin-4-vipethyl)- (éHgét rifl uoromethoxy) g@h}enyffl m dazol | . 2- bl

pyri dazi n6- ar5| s, T0Brash(and ) weg Temoeyed N (W|thout

D s 3o aphly W fpoctih, 258 tng it 7 BALS, yed sy ok ol i taotth

ﬁm S(Bif( me t ﬁHI) (;Iri’m?frlglr)nnmilﬁlazmﬂagﬁﬁé rterihb&rgture 0fftl|1e recelw?% flask at -78°]E') (ciurlcl;lg

o1 5 2 bty AHafh, GPaRaHET ¢ classake o B AN FSTA AN ARDERBO (FEC 6

CDB0D) 8. 38(59¢))Lhthe HioMB(dbetaldehyde (2) (2.8, yield = 50%) was obtained as a light
yellow liquid, which was highly lachrymatory.

2. 6-Chloro-imidazof1,2-b]pyridazine (4)

BrCH,CHO

I\(“H N-Butanol m
c- NN SN
3

[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
(Na280.), concentrated under reduced pressure and the residue was purified
by column chromatography (EtOAc/hexane) to give 6-Chloro-imidazo[1,2-
blpyridazine (4) (690mg, vyield = 40%).

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

= :N) Bl’z, AcOH fYN
o Nt Y
N ci \N’N‘g
4 5 Br

[0140] The 6-Chloro-imidazo[1,2-b]pyridazine (4} (500 mg,
0.0032 mol) was taken in glacial acetic acid (5 ml) and bromine (0.4 mi) was
added slowly at room temperature. After 20 minutes, solid precipitated out and
was filiered. 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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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,
31-1), 1.90(d, J=12.6Hz, 3H), 1.38(m 2H)2.20(t, J=11.6Hz, 2H).
N-(2-(pyrrolidin-1-ynethy0-3-(3-(trifluoronethoxy)phenvoi m dazot 1,2-
bl pvri dazi n- 6- am ne Conpound (7-30) [0176] 1H NMR (400MHz, CD300):
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, : m 7. 22(d J =8. 4Hz 1H)

J=9. 6Hz, 1H¢4. 3. Fh(G-chla 8hl/]-aiph

4H), 1.81(m 4H). EXAMPLE 5 SYNTHESI S GF 1 M DA2q1 2- 13] PYRI DAZI NE
COMPOUNDS AND 7- METHYL-1 M DAZJ 1, 2- B] PYRI DAZI NE GEVREINDS

[0177] Addi tional conpoun N t hePd(men@qung:Hsl nehadhiytg{i | l ustrative
conmpounds set forth i n.t wer e nmade accordl ng t he

foll owi ng synthetic exarrpl Brl n t\hege ex Conpoun®l 7-12 was
prepared as descri bed above I n Ex ‘.2' Ie compound 11 was

prepared as follows: 6-chloro-5-nethyl pyridazin-3-am ne’ 77 NH 2 NR4OH
Et hanol ClI reflux under7 6pressure 110C for 48 h.

[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-blpyridazine (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 ml) and filtered through celite. The filtrate was concentrated under
reduced pressure to obtain the residue which was purified by column
chromatography  (MeOH/CH,Cl;) to  furnish  [4-(6-chloro-imidazo[1,2-
blpyridazine-3-yl)-phenyl}-dimethylamine (8) (50mg, vield = 30%).

aminolbutan-1-ol (7)

J OV "

¢ L

a Sy NH, NS N
Pdj(dba)s, NaOtBu, L

PhCHy

7
§  N- Ne_

pCYz
! NMe,

[0142] In a itwo necked round-bottomed flask, Pdy(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

L=

through the reaction mixture for 10 minutes and then [4-(6-chloro-imidazof1,2-
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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 nlL). The resulting
reaction mxture was sealed in a pressure bottle and heated to 100 C
for 48 hours. The reaction mxture is cooled and the solvents were
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 nL/mn) gave 0.640 g (72.7 %9 of 7 as yellow

?0| i g?—l) [(I;él’t’@dyltidak\'}v{B-figL %lgﬂwét?yf] -SiRM)lamin@s (6)s.(0.08) g, 40.78mbwol) 2, (B-27
S - n z

6- chl oro- 7- ﬁﬁi'ﬁ?ﬂ *?Hfa'a@dpﬁzg,\@? MBgh wasgddeg. ﬁb?éﬂ%ﬁt@PN"%ﬂPiﬁﬁd foro

De8 6h [O01 h

was di ssol v%g] [ F]&n*rgl&@ggo %1%"%3({6 an h'Pt %?@ggg @%&geﬂ?%é?)%%&d
4.18 muol ) passsadeleshd Fecraszhet was tatan meEﬂOAmedza‘ mf) Giltares threligh celite.
n- but anol r ved under duced pressure. The crude oduc was
puri 11 ed by 061 UHALE: HASeRNSPLEpRg s feokse P@W@)a% ¢'Was
conmpound 8 8 0 QD?@ -
8. 66(s. 1) Qaggﬁ%d; %g écﬁbrﬂn &\%ﬁl}a?@ rapﬁrgyl g\k G @0 M"Zgw @2(458
(s, 3H), ESIDlmethyAmnineﬁh@yﬂ)Nmﬂazo[BQBﬂWtﬁiaamkﬁﬁK:b)-Zan'&mﬂbmamHalzoﬂf)

2- bl pyri daz i(%emg': yidl% a9 HRTL Sul) =y n G

6. General scheme and procedures for the synthesis of compounds 9 and
10.
Scheme3
O oy o
p& oH C!/Q: ¢ - N SN
> N\e Pd(PPhy), /Na,CO, 7 R'// 7
9 = 10 ==

R =-N(CHy,, 3-F, 4-F, 3-CF, 4CF,
3-OCF.) 4-OCF,, 3-NHSO,CH,
4-NHSO,CHs, 2NO, 3-NO,,
4-NO,, 3-0CHs, 4-OCH,, 3.
4-Cl

[0143] In a two necked round bottomed flask Pd(PPhs)4 (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 boronic acids
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
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Br 9 [0182] The 6-chl oro-7-nethyli m dazo[ 1, 2-b] pyridazine 8 (0.230 g,
1.372 mmol ) was taken in glacial acetic acid (10 ml) and brom ne
(0.070 M, 1.372 mmol) was added slowy at roomtenperature. After 20
m ns the sol vents were evaporated the obtained brown solid was washed
with ether (3 x 15 m) and dried under air to furnish conpound 9
(0.236 g, yield 69.8 0/() [0183] 1H NVR (300MHz, CD30D) 7.79(d, J =
7.32 Hz, 1H), 6.93(s, 1H), 2.64 (s, 3H), ESI-M5 mz 247.9 (MtH) +

6- chl or o- 7- Braraatogaphyt (MePHEE Heibh &xyyigHe Y matimAd[ ar A-(substituiedy(Gre

11:

[0184] 3- bro(r?r%‘iloéo Rida7eL2- ﬁ%’é’hd?z‘ﬂ‘?éay PV B IMAR SP Y Ny,
0.406 mmol) was dissolved in 1, 4-dioxane (10 nL) and was added 3-
Fl uor onet hox borom C aC| d 10 s 84 ny, 0.406 mmol), Pd(PPh3)4 (9.38

ng, 8.11 an@chgaeda Qﬁ@ﬂ@,_@?a%@hm The reaction mixture

was heated usi ”gg‘FTJE&BW%Yﬁo 95073 %- hﬁa%?n- Die)-08R0L
showed the ¢
(6% MeOH DCM af ﬁmlg!édmgmamzll [ 0185] 1H NMR( 300MHz, CDCI 3)

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 lH),S"Qe."B’Q‘(s, 311). 1.54(s, 3H). 19F-NVR(300M+Hz, CDCl3)

-59.08. (S)-2-(3-(3-(trifl mePHovv) phenyni m dazor |
2- bl pyri dazi n- 6- vl am no) but B, f_),l (Co nd 7- 32) AN
Pas F3CO %N SN V4
o Ay
N PA{(PPhs), /Na,CO;
Br
3-bromo-6-chloraimidazo- OCFs  ocr, OCFs

[1,2-b]pyridazine 7-13
OH | Pdy(dba),

\/E NaOtBu/L G
NH, |PHCHs PCy,

£)-2- Aming- NM
1-butanol ©2

ff

717

OCF,

a. Synthesis of 6-chloro-3-(3-(trifluoromethoxy)phenyflimidazof1, 2-

b]pyridazine (Compounds 7-12, 7-13)).

[0144] To a degased MeOH/Toluene (1:4, 5 ml) solvent and
2M of NapCO3 (0.215 mL, 0.430 mmol) under Argon was added 3-bromo-6-
chloroimidazo[1,2-blpyridazine (100 mg, 0.430 mmol), 3-flucromethoxyphenyl
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). TL.C
(5%MeoH/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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011 G NM 7-12 [0186] To the toluene (10 nL) sol vent
was added Conpound 7-12 (100 ng, 0.319 mmol),

N-Boc-(S)-(+)-2-am no-1-butanol 12 (121 ng, 0.630mmvl), |ligand (18.82
ng, 0.048 mmol), NaQBu (43.5 ng, 0.453 mmol) and Pd2(dba)3 (21. 90,
0.024 mml ). The resulting reaction m xture was degassed for 10 mn
under argon and then was m crowave for 1h at 165 C. Concentration and
preparative TLC (10% MeOH DCM af f orded Conpound 13 and Conpound
7-32. NWVR i marmak pUasdﬁﬁedVS@FlaShacqimmdumth wiflowy B anl/enim) sdlveifthsystem
crude product oncent rat ed . and ar at TLC erf W|th
10% NEOH DORIRUTSRLIE Separation AT fp BEofusts ag alpropddne Kcombound (A2
(23.12% . | H: SRR 1H), 8.02(d, J=7. 8Hz
1H), 7.84( s%@?% %N%{?(d J= 9%&2@%@%—3%%{@“ J=8. 2Hz, 1H), 7.21(d,
J=8. 5Hz, 111) 6 78(d, J=9.6Hz, 1H), 3.93(t, J=5.8Hz, 1H) 3.76(m

%21)7 12 ?ﬁ/ﬁm) +1H) b. 1. 7§£/:q3hes of22{30@((}rifluorometﬁtzjkz)BQngngljlmrdazot1@, z

64( 1- net hyl pi peri di n- Apf}HRaA1A6Y ari bltdn-1low @wm envO m dazo
ft2- bl pyridazi ne (Conpoun 3 NaQt Bu/ L
PhOH3 OCF3110 0 7-121M145]  To the to uqmsewerrbwaSeaNﬁdjanB (80 g, 2-

(1 ot iyl i AL ot A 0F il Al Toas g SRERR. Dt ey Poefdog 657

(9.41 ng, 0.008Heqyahd NaGBURI30BImGs1 48, ed). 2R6 resuiing m‘aﬂ:tlﬁ’di’lﬁldﬂuaé Fras
(10.95, 0.012 mol ), The resulting reactjon m xture was degassed far
10 nin’ underdegAgess fond OrimEnUNGSS HHaeR A (then was hedtes 1o aflux overnioht (12

Comouna.7- 5 " (AFEBIRUA Padstnd BN 1t il

7.97(m 3H) wifh. 8¢ tMeQHHO@UROIVEH] sysdedaiftbrded-90 etgzof raeamlca-m((as 5 %
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-M5 nmz 407.18 (M+H).

7- et hyl - 6- (g 1- msfch&h@lfaﬁmedé@ﬂfbswmfsgauﬁds(ﬁwahalwm onet hoxv) phen
VI) imdazon , I pyri dazi né npoun

Scheme 5

Boc:—-N
SN Sy N / CF4COQH Sy N
T Pdabayy O/\ oom O/\
NaDiBu/l.  pog F H
OCF» PhCH3 OGCF; LFC00 OCF;

-28

<:§

10.  Synthesis of tert-butyl 4-{(3-(3-(trifluocromethoxy)phenyl)imidazo[1,2-
bloyridazin-6-ylamino)methyvl)piperidine-1-carboxylate (Compound 7-27).
[0146] To the toluene solvent was added 7-12 (100 mg, 0.319
mmol), 4-Aminomethyl-1-Boc-piperidine (68.3 mg, 0.319 mmol), ligand (18.8
mg, 0.048 mmol), Pdx(dba); (0.05 eq) and NaOfBu (1.5 eq). 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
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1114L=7-34 [0190] To the toluene (5 nmL) solvent was added Conpound 11
(80mg, 0.224 mmol ), (1-nethyl piperidine-4-yl)methanol 14 (47.3ny,
0.366 mml ), ligand (14.41 ng, 0.037 mmol), NaQBu (33.3 ng, 0.347
nmol ) and Pd2(dba)3 (16.77, 0.018 mol ). The resulting reaction

m xture was degassed for 10 mn under argon and then was heated with
m crowave at 165 C. Concentration and preparative TLC (10% MeOH DCM
afforded 111.5 ng (11.2 9% of Conpound 7-34. [0191] 1H NMR ( 300MHz,
CD30D) 8. 27(13,C wap perfogeetnwitp-h0% MM Cgojvent spstem affegdddHB4 mgHpf 7-
6. 76(s, 1H) 274@11;%(%)_{22 2.96(d, J=11.7Hz, 1H), 2.56(s, 3H), 2.31(s,
3H), 2.11(t, 1.88(d, J:12.3Hz, 4H), 1.44(d, J=12.6Hz,
2H). ESI-Ms mlz 421.18 (|\/H—|)+

NA(1-1i soprop%ll pi peri di n-4- arreth I)-3 (3(tr|fl uoronet hoxy) phenyffimd
azon 2bl pyrildaziSynHiesss ¢fd I dyimetiny)-3-(Syiflugromethopy) 5 [ 0192] To
t he tol uene (10 1 j L 319
mmol ), (1- |soproghén§p@¥%r@@sb@?%nm arn ﬁ%%%‘r‘g{i&o 478,
mol ), ligand (13C8&poupd@-28B mmol ), NaOH (43.5 ng, 0.453 mml) and

Pd2(dba)3 (21.90, 0.0 he | t t t

deggssgzj fE)r 10 min uﬁﬁ'@mr g}oﬁ"-{aﬁﬁrqeqsﬂ@na{lg% [’i’g'gtcc@:j %‘%TP)@%%LWW} was
12h. Co t 0

(56 oy ot Aot aBanRiinl & 7l (46nd, of T RERIHEMpIlean dat 1 T

7.18(d, J=9.(26t, NEGDHIDJCMY(F@‘ —QJ—’H) The 80(1clentr]at|9n3mz rerblye A Jampletely

5 meraaed i cngde 728 TF A R, prentitiye TiC(30% MaBlioEM gl 48
2CH3) ESI - Mpngn( 97 A B4 spldridsk)sbiid.

—

12. Scheme for the Synthesis of 7-29 .

Scheme 6
Pd2{dba)3/ O/\
NaOtBu/L
OCF, PhCHS OCF,
L= ‘N 7-29
PO

e

13.  Synthesis of N-({1-methyipiperidin-4-yllmethyl)-3-(3-(trifluoromethoxy)
phenyl imidazof1, 2-blpyridazin-6-amine (Compound 7-29):
[0148]  To the toluene (5 mL) solvent was added 7-12 (40 mg,
0.128 mmoal), (1-methyipiperidin-4-yl)methanamine (24.53 0.191 mmaol), ligand
(7.53 mg, 0.019 mmol), Pdx(dba)s; (8.76, 9.56 mmol)} and NaOtBu (17.40 mg,

0.181 mmol). The resuiting 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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Cycl opropyl (443-(3-(trifluoronethoxv)PhenvQ m dazo(1, 2- bl pyri dazi n- 6-
vl am no) met hvOpi peri di n- 1- Onet hanone ( Conpound 7-36): 7-1216
[0194] To the toluene (10 nm.) solvent was added Conpound 7-12 (10ng ,
0.319 mmo I), (1-cycl opropyl carbonyl pi peri di ne-4-yl) et hanam ne 16
(69.7 ng, 0.383. Mol ), rac-BINAP (7.94 ng, 0.013 mml) and Pd2(dba)3
(5.84, 6.38 DM. The resulting reaction m xture was degassed for 10
m n under argon and then was heated to reflux for 12h. Concentration
and pr epar atcovéenttatiot 1 afd Mareblafadivg: "ﬁltO'JOwdedpéf%rWﬂad( #9th8 1986 dfleOH/DCM
Conpound 7- 36, 5)0195& H—NI\/R((BOOM—IZ CD30D) 7.59(s,
1H), 7. 16(dsolyent sygemafforded bafangd 9E623150%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)74. ESISch&mel for theGsyPtheslgidNGompound 7-31 .

7- Met hyl - NA( 1- met hyl pi peri di n-4-vOret hO) - 3-(3-(trifluoronet hoxy) pheny
ni m dazo (1, 2- Npy3d¢laane iT- 6- am h,@ Conpound 7-37): Pd2(dba)3

NaQ:Bu/L PhCH3 O N:P 70 [0196] To the toluene (5nl)

sol vent was added Conpound 11 ng, 0.174mmol),

(1- et hyl pi peri di ng ) met hanam 17 TR 0.
}., Nact Bu uz?néhq 6\14

(10.27 ngy, 0.026

pl ), |igand
d/ Pd2( dba) 3

(11.95, 0.013 resu on m Wis degassed for
10 m n under argon and then was d wwth m rowave at /T50 C for
1h. Concentration and roaéFi PEC (10% MeOH DCM af f 2eoBr3 N
(7.26% of Conpound 7-3F L e
712 = T 7-31
my PO

15.  iN-(2-(4-methyipiperazin-1-yl)butyl)-3-(3-
(trifluoromethoxylphenyl)imidazo 1, 2-bjpyridazin-6-amine (Compound 7-
31).
[0149] To the toluene (5 mL) solvent was added 7-12 (40 mg,
0.128 mmo}), (x)2-(4-methylpiperazin-1-yl)butan-1-amine (0.191 mmol), ligand
(0.019 mmol), Pdz{dba)s (9.56 mmol) and NaOfBu (0.181 mmol). The resuiting

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 soivent system afforded 22 mg of 7-

3.
EXAMPLE 3
PIM-1 KINASE ACTIVITY ASSAYS
A Pim-1 Kinase Inhibition 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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[0197] 1H NVR (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-NWR (300Hz, CD30D)
-56. 456, FTMS+p MALDI: 420.20113 (M+H) +, Theory Exact WMass:

420. 20112.

N41- et hyl pi peri di n-4-0) et hyl )-7-nethyl -3-(arifl uoronet hoxy)pherw )im
i dazo 11, 2- kifter iatain wire-Rim-h&ifaBenteaction. 77138 Kinase- G[COAQQENI' Kltt(l%omega

| 5 dd .Q) d 11 0
(L ather DTt S Radidpn VIR ARYS dniso T hs nssing oY A seraiing (h Daiplgion:
ng, 0.023 nmype} thé\lél’(ﬂa@é r@%@tlo'}ffsgﬁes(bszé%ﬂﬁéhbteam tﬁgzl(léﬁ%?%é“’e Qé—%aﬂa@ze

0.011 mmol ). The resulting reaction m xture was degassed
under ar gon légigrinHe roxylusifada pss ona hhatoorofviight a“thuamedm@:nespest htgnal

(17 90 ot "eadbl i DBELKE dsvenr Repbburtim ety . sasn o

1H), 7. 99(d,Mﬂ)—&o;8él§tesl\|V&h the &i{otint bH)ﬂ\,TP7 ekt aﬂef7th%|'|7einaé’é‘|}eac?oﬁjdnﬂl
1H . 3.34(m. 2H), 3.00(d, J=11.1Hz, P aa(m ar), 2 26(s 3

1.91(m 4H) inversgly gprrelajes w'ﬂoﬁﬁamgwei Cgﬁmasg@cmvmp eIPGHoff czle_z?st at
CD30D) - 56. 42frnfid; P/EJ’tﬂeM‘tL | valdek? of Gtfnsel WMiHibitors TRt &I YBRRase.

433. 20895.

N4( 1- et hyl pleesewsaayb an@ﬁth@n%ﬂea{t&rﬁm volumestih eehitephatniyotiormrod avedl(
éorzmgzngvgl %@azt jgg‘gborsogqagggcfﬁ;&g t%aotutlon of[1X k%]aéest?l.lfflétrl ?8uh$l)fATP

(1-ethylpip I o8 e 9 )

t ol uene (10q?it_)gW\/\/apfs}n'?;llld%fj%:§ sodi um[%t e?@@oﬁéﬁt{\%xrggzl( énif}%igé ?Adﬂlw %esr in
mrol ), rac- BeNaAPd{@ico80ragging. 0dd micrbincdardtoPdanaibalsd qobceipatipns0. RS

nmol ) and the, m xture at _100¢C.for. .Quernight. After h
The Teoul t1 moBanie bsRRGR I Sreites Calulects RERFR.AMR G008 Fofloing
concent r at egha itRibafiésl BTA o KRsReLGlo rbagefis! adedStol eddhNRell, nuéauamgqbu
by using conbifl ash chr omat ogr aphy é‘g g colum), eluent: 5% TEA i

ethyl acet atbesiiug and negptive@pnirehwels andeinpuhaled at seomiampesatms ﬁon 15

S i T Rk AR Do S e o
results displayed with the Ascent Software version 2.6. The 1Csp 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 fluorophores 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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.9 Hz, 1H), 7.57 (t, J = 7.8 Hz, 1H),

: : .9 Hz, 1H), 3.35 (m 2H), 3.16 (m 2H),
2.87 (d J =99 Hz, 2H), 2.27 (m 2H), 1.76 (m 4H), 1.22 (m 1H),
0.97 (t, J=6.9 Hz, 3H. ESI-M5 nlz 420.2 (MtH)+. [0202] Conpounds
7-40 through 7-51 were prepared according to the foll ow ng general
met hod: [ 0203] Toasol uti onof 6- Chl or o- 3- ( 2- met hoxy- 5-
(trifluoronethoxyft-phenyl fim dazo[ 1, 2-b] pyri dazi ne or

6- Chl or o- 3- - netGatEased Pim—’l Kinase Inhibitor Assays:

a1 0200 1), B e T o
mrol ) and ami ne

tertiary bUtanm(tj}de Eampbgn@g 5f the Qwéﬁ@omliﬂhzblf 8he %rmﬁ’re( el dhtivities,
0.013 mml ) and Pd2(dba)3 (0.016 nmol ) and the m xture was

heated at 16GUch facsrcacwer aﬁfb@mowtmangllor :ozerwait Aimerous caneerdelilings ean be

e Lot RO TR AR A SRR A LS

g colum): @riefip} cells%rd Béetiat Rtd96-watctissLRL PN Be4tbE; dEHYuet Whiteepaies
t he |rrpur|t|es and 5% TEA in ethyl acetate/ CH3CH (90 10) to elute

the desired (Meem¥k{Flgsirgayu¥antaa, Finland), at betgeen pOGH andel0RER wells BapWaks

removed by dj YaclfiO 0.; ),

G ohl or omet HeReng igh (1 sPRed BecamRRegion® i “HofRr appfy AR G,
at -78C, andnadiumr{deterainedoipntiieeNPECHL Qells avethnrgéotposéﬂttelthéép;bmptldate
resulting dark brown sal uti on was enched w HCC3,,. HPLL.C an Si S
i cat ed ¢ RapeeHEa R 6h Aherad mount ol AMES [RGLETR G ke
and dryi ng, téfbffo@%n@&isré@%ﬁc@lféﬂ 5 JP% YdidGhirfg é.”l of Cell-Titer-Glo
chr omat ogr aphy, eluent, nethanol/ Eth Acetate (5% T

5-50% Rf =reags3t (Ewm@mwhcammm( M)Tﬂﬁﬂeﬁﬂmeac?meeﬂst Plﬂeeuaea then

f d b tr
37 (2 et hox enaker i 2, VatES Ay TR HOBSHLS: (E Alae fop o5l bsis,3nc, inpubated
VOphenyi fi mf@lamhﬂmae@Iaw(sdrﬁaémﬁe@tlﬁ@ta%téﬁﬂmmmnmnﬁreé@ént signal. Similar
[0205]1H—NNR (CD30DY 400 MHz): 8. 3@(id J=21 1H. 779 (s 1H).
7.68 (s, 1Hfo thegdinase-Glejassay saagem frgm Bromegs, ﬁhﬁzreagﬂpt centginenpot

2::3 ' g gg Esfucn%}z%se %%?%éf s#tr%té@ggé@ lbéﬁé’ag%o %vate%i%?ﬁ\'#’ in

3- (2- Hydr oxth&cal |]3feiaﬂf§>,r<§am§(msl thmema@rs&b(ﬂbf(idelfmhhml cﬁuypmifalm na Teédtioan

VO m dazol |, 2- bi pw dazi n- 6- am ne d 7-4 c?
‘which produces Itght The a |ght produced is proportionate to the

o ©

amount of ATP in the cell lysate, which is itself proportional to cell number and
gives an index of cellular proliferation.

[0153] 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 1]
[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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Thl ThN N BBr3/DCMN./ NN Nr.t116 hr H31% HO C F3 7-407-41

[ 0206] 1H NVR ( DMSO-d61400 MHz): 9.28 (s, 1H), 8.29 (d, J = 2.1 Hz,
i1H), 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-M5 (ES+, mz): 469.3 (M1, 10.0).
3-(2-met hoxy-5-(trifluoronethoxy)phenvl)-NAl- et hyl pi peridin-4-vil met
hYO- i m dazddd2ohthsy pidib preieis- isna reubsatep tarndint14 Measuringl'the Nigo@tt of

- 0,
AN Pel2( CE) %g;%ér?fé%ﬁ at Bis ggt%ﬂr%ﬁ c%aﬂg %%L%d hp>rr0\-r|}8£|e %er?lgar:;’sZ b/i)/ which to

evaluate the efficacy of our Pim-1 inhibitors.

C. Pim-1 Kinase Specific Activity Data:

[0154] Using procedures essentially as described above,
illustrative compounds were tested for inhibition of Pim-1 kinase activity. Figure
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, ICs; values were determined for illustrative
compounds against Pim-1 kinase, using the Promega Kinase-Glo assay, the
results 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 uM 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. | IC5 uM)
1-1 4.47
1-3 5.35
3-13 52.07
7-1 3.99
MP-392 ND
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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, Jr 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+, mlz): 436.2 (M+1, 100.0).

3-(2-hydroxv-5-(trifluoronet hoxy)phenvO N-(f1-methyl pi peridin-4-0) net
hVQ m dazol[ 1, 2- bl pyri dazi n-6-am ne ( d 7-43): 7-427-43
[0208] 1H NVR ( CD30DY 4004 : 8 04(s, 1H),
7.74 (d, J= 9.9 Hz, 1H= . S8:7.04(d, J
8.9 Hz, 1H), 672(d J-96Hz 1H) 313(t J= 6.5 Hz, 4H) 2.75
(d, J=11.3 Hz, 2H), 2 (3, h J= 120 Hz, , 1.72 (d,
1= 12.0 Hz, 2H), 1.60 ,q-‘.orgpwch 9. I Celﬂ}:,l-l@:@ﬁ@ells M z): 422.2
(M++1, 100.0).
3-(2-met hoxv-5-(trifl u3rorret1r6l\/phemL1) N-330Q 1- mgt hyTCEQQJeri di n-4-vl | et
h4- i m dazorl, 2- Mpyri dazin-6-am ne {conmpound 7~ 0209] 1H NVR
(DVSO- d6/ 300 MHz): 8.58 (d, 3= 2.7|Hz, 8% 7. c3 (§901H) 7.75 (d, J
= 9.6 Hz, 1H), 7.30 (dg,”J =8.7, 3|0 Rz, _IHA, 7. & = 9.3 Hz,
1H), 6.97(t, J= 5.1 Hz| 1H),38.77 (d§, J1=28863 Hz, 1H)1,-03. 9.L (s, 3H),
2.81 (d, J=11.7 Hz, 2H), Z2.48 (S, 8H, L. 89 (U, J=II 71z, 2H),
1.52 (d, J= 12.3 Hz, 2H), 1398 (m 1H), 2987 (m| 2H2.7®.84 (m 4H).
ESI - M5 (ES+, mlz): 4502 (W+1, 20707
3- (2- Hydr oxv1- 5- (t nf | upr omet fdxv) pheny1) 6R( 2- (1- m%32 pi per i di n- 4- vO
et hvO m dazoll, 2- Wyr i dazin-6-am ne (Conpound 7-45)"

EXAMPLE 4
SYNTHESIS OF IMIDAZO[1,2-B]PYRIDAZINE COMPOUNDS.
[0156]  Other compounds of the invention, including illustrative
compounds set forth in Table Vil, were made according to the following

synthetic examples.

1. Preparation of Bromo acetaldehyde (2}

Q4/TPP O
Br o~ Br Br

1 2

[0157]  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

(1mm Hg) maintaining the temperature of the receiving flask at -78°C. [Note:
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0210] 1H NWVR (CD30D+CDC13/300 MHz): 8.01 (d, J= 3.1 Hz, 1H), 7.88 (s,
.63 (d, J= 9.6 Hz, 1H), 7.07 (dd, Jr 8.9, 1.7 Hz, 1H), 6.97 (d,

8.7 Hz, 1H), 6.70 (d, J =9.6 Hz, 1H), 3.34 (s, 3H), 2.90 (t, J =

Hz, 2H), 2.37 (t, J = 11.2 Hz, 2H), 1.69 (d, Jr 12.3 Hz, 2H),

5(m 1H, 1.28 (m 2H), 0.93 (m 4H). ESI-M5 (ES+, mz): 436.3

1, 20.0).

N41- et hyl pi peri di n-4-0) et hyl ) -3-(2-net hoxy-5-(trifl uoronet hoxy) pheny

1)- i mi dazofDuringWtye idiatﬂiatiel&- apeciel (oatmpmmdai?em&)): maintaih7 a otel @later

(DNS, 45/ 400 RO G5 {00 iy TheybE doctadhvad 0g (eips! YEld: sopp was
éH)Z HZ 3§H§ %béa’i%@a@ah?htﬁé%wl?qtﬁ@ v(ll_ii)ﬂch %ragé?u&lﬁ?ach%ato 51(5t(t:J J ; o
Hz, 4H), 2.88 (d, J = 11.3 Hz, 2H), 2.30 (q, J =7 2 Hz, 2H), 1.82
t,J=10. Hz, ; 1.65 (m 1H), 0.99
EtJ %M@%@%@Z(Wl 2((30)H)

NA(1- et hyI pi peri di n-4- 0net hy0- 3- &2 hy gleaxwo5- (trlfl uor oret hoxv) phent i
|'i m dazo(1, 2- bl pyridazi n- 6- Conpeuad 7- 47) : #~aN1- - N --- N

/ BBr3/ DCM N T | Ny
Cl N Cl N”

3 4

[
1H),
J =
6.5
1.4
(Mt

[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
(NaS0,), concentrated under reduced pressure and the residue was purified
by column chromatography (EtOAc/hexane) to afford 8-Chloro-imidazo[1,2-
b]pyridazine (4) (690mg, yield = 40%).

3. 3-Bromo-6-chloro-imidazo[1, 2-b]pyridazine (5)

/(/\F‘N Brz AcOH
/ Jf\‘

4

[0169] The 6-Chloro-imidazo[1,2-b]pyridazine (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 mins solid precipitated out which
was filtered. The solid was washed with ether (3 x 15 mi} and dried under air to
furnish 3-Bromao-6-chloro-imidazof1,2-b]pyridazine (5) (400mg, vield = 60%).
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N,,,,,,N/ IN"."...-Hr.t./16 hr( H98%N,..,..."...-HO OCF3
7-467-47 [0212] 1H NVR (DVMSO-d6/ 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, 314). ESI-M5 (ES+,
mz): 436.2 (M+1, 100Q,

N41-i sopropyl pi per dln- tth) w t hoxv- r|quororr£fh~p’%)p
hemd) - i i dazoEl !2“ i NOB- am n nd—?—&éi—}?———-% %, N~

[ 0213] 1H NVR: /399,,,, CH 2 Pop(dpapy, Na‘i‘ﬁ) 788 (s
7.66 (d, J = 1.7 2544)

1H), 7. HZ o £r9.0 Hz\ 1H), 7.14 (d
= 13.7 Hz, 114), 7.04 (t, J—52Hz 1H) 6.68 ( Q):9.4Hz 1H) R,
3.84 (s, 3H), 3.06 (t, J = 5.9 H, 4H), 2.71 (d .9 Hz, 2H),
2.55 (t, J = 6.5 Hz, 2H), 1.99 (t, J = 9.2 Hz, 2 68 (d, J = 13.3

Hz, 1H), 1.53 (m 1H), 0.84 (d, J = 7.2 Hz, 6H). ESI-I\/IS (ES+, mz):
464.2 (M++1, 50.0).
N((1-i sopropyl pi Peri di n-4-yOret hvl) - 3- (2- hydroxv-5-(trifl uoronet hoxv)
phenyl)- im dazo(1, 2- bl pyri dazi n-6-am ne (Conpound 7-49):
[0214] 1H- N . 4 Hz,
M”S?/?dw%%é d Betlitelidmichzorr?
J 6.8 Hz, 1H), bpyiidati, J:78Hz 1H) 313(m4H) 287(m
2 98dJ—68Hz 6 ESI - M5

(ZE)S; 2n12 g)(m450H)2 (M,Lfoﬂeﬁﬂ‘o 33 reactlon (mlxture containing H)3 bromo-6-chloro-
N- (2- (1- et hyhRiae[1, slhfbnAiciQ)iRk Qr33rr§ oiER %‘) PappNeRIe
nVQ m dazol | 2- tq|[oyr| gjgﬁl n-I -321 ne %ogg BW%%g d&é%ﬁgﬁ‘s Mgﬁﬁ

(7.74 umol, 0.018 eq) and NaCQ3 (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 MgSQO, and concentrated under vacuum. The
residue was purified by combiflash (0% to 70 EtOAc/Hexane) to give desired

products.

e General procedure to make 3, 6-disubstituted- imidazo[1.2-bloyridazin

[0161] A reaction mixture containing 6-chloro-3-substituted-
imidazo[1,2-bipyridazin (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)phenyllimidazof1, 2-blpyridazin-6-ylamino)butan-1-ol
(Compound 7-4}

[0162]  'H-NMR: (400 MHz, CD;0OD) 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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1H), 7.76 (d, Jr 9.7 Hz, 1H), 7.30 (dd, Jr 8.5, 2.
Jr 9.3 Hz, 1H), 6.98 (t, Jr 5.2 Hz, 1H), 6.77 (d, J= 9. :
3.91 (s, 3H), 3.22 (m 2H), 2.82 (m 2H), 2.29 (t, 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-M5 (ES+, niz): 464.2 (M+1, 20.0).

N4( 1-i sopropyl pi peridi n-4-Mret hyl)-3-(4-arifl uoronet hoxv)PhenYO-

i m dazo(1, 2-29&3964%113:bfnetﬁ‘l)MBmMQabﬂbaﬂafatiﬂ-sgﬂémino)bdtm-ﬂ@diIGONWBund
(DI\/SOdG/BOOZH’%jz 8.32 (dt, J =9.8, 2.4 Hz, 2H), 7.93 (s, 1H), 7.75
(d, J =9.3 7.44 (d, J = 8.3 Hz, 2H), 7.19 (t, J = 5.4 Hz,
1H), 6.74 (d, Jr98 H) 1 7

0y Yot 2 es mttbl H;l HﬁNlﬂqﬁ momﬁziodaﬁ)b?sdﬁrﬂn 229 ?9%% QH)
1.23 (m 1H7.28(, 911=8(€d-lz ;&t)eesanw J=€£H}Hz EBH), WQ(E&#H)MZZ)HMM)@H?W

Mi+1, 40.0 LE STRATI V B] PYRI DAZI NE Pl M 1
§<| NASE 1 NH ?&W%W 1, 1520R, 7 ’Rf%z&&? Tﬂ%%u%ﬁhr!&s of additional

Pim 1 kinase inhibitors identified according to the invention and

synt hesi zed accordlng t he synthetic procedures detalled herein are
set forth i -1 hemw)inidazeli 2-boyidazin-Brdammo) hudan-1-of (Compound

| m dazol 1, 2- ﬁ'}f}\’) ri da2| ne Pim 1 Kinase |Inhibitors Conpound Structure

[ 0215] 1H NVR (DVBO- d6/ 300 MHz): 8.58 (d, J = 2.7 Hz,
0
J

[0164] 'H-NMR (400MHz, CD:;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, TH), 3.21(m, 1H), 1.70(m, 1H), 1.54(m, 1H), 1.06 (&, J=7.6Hz, 3H).

N-cyclopentyl-3-(3-fluorophenvilimidazof 1 2-blpvridazin-6-amine (Compound 7-

15)

[0165] 'H-NMR (400 MHz, CD;OD) 8.17(d, J=11.3Hz, 1H),
7.90(d, J=6.8Mz, 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).

ridazin-6-viamino)butan-1-of

{Compound 7-17}

[0166] 'H-NMR (400MHz, CDsOD) 8.24(s, 1H), 8.04(s, 1H),
7.97(m, 2H), 7.57(1, J=6.2Hz, 1H), 7.27(d, J=8.2Hz, 1H), 7.02(dd, J1=1.4Hz,
Jo=9.6Hz, 1H), 4.78(d, J=10.9Hz, 1H), 4.25(1, J=8.9Hz, 1H), 1.64(m, 2H),
1.08(t, J=7.6Hz, 3H).

(R)-1-(3-(3-{trifluoromethoxy)phenvyillimidazof 1, 2-bJoyridazin-6-vioxylbutan-2-

amine (Compound 7-18)

[0167] 'H-NMR (400MHz, CDs0OD) 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=9.57Hz, 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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7-1 al (01--N1 H Al -- Chem cal Pernmute: C181-123N50 Mckocul ar Wi ght
325.41 Conpound Structure 7-2 /[ ..... , N r * N C B Chem cal
Formul a: Cl4li12erCI Nd Mol ecul ar Weight: 351.63 7-3 N Chem cal
FermLMe C141113CI N4 Mol ecul ar Wi ght: 272.73

(8)-1-(3-(3-{trifluoromethoxy)phenyl)imidazof1, 2-blpyridazin-6-yloxy)butan-2-

amine (Compound 7-19)

[0168] 'H-NMR (400MHz, CD;OD) 8.22(s, 1H), 8.02(s, 1H),
7.95(m, 2H), 7.55(, J=B.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-(cyclopropvimethyi)-3-(3-(trifluoromethoxy)phenyllimidazof 1. 2-bJpyridazin-6-

amine {Compound 7-20)

[0169] 'H-NMR (400 MHz, CDs;OD) 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,
J=7.5Hz, 1H), 8.75(d, J=9.3Hz, 1H), 3.21(d, J=6.8Hz, 2H), 1.2 {m, 1H), 0.55(m,
2H), 0.28 (m, 2H).

ridazin-3-

yllphenylimethanesulfonamide (Compound 7-23)

[0170] 'H-NMR (400 MHz, CDs0OD) 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-(triffuoromethyl)phenyllimidazof1, 2-b]pyridazin-6-ylamino)butan-1-ol
(Compound 7-24)

[0171] 'H-NMR (400 MHz, CD30OD) 8.64(s, 1H), 8.22(s, 1H),
8.06(s, 1H), 7.94(m, 1H), 7.65(s, 2H), 7.00(d, J=8.9Hz, 1H), 4.45(m, 1H), 4.19(i,
J=8.2Hz, 1H), 3.20(m, 1H), 1.60(m, 2H), 1.04(t, J=8.5Hz, 3H).

N-{cvelopropvimethvi)-3-(3-(trifluoromethyl)phenvl)imidazo/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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7-4
N
Che

Nl

-N\ Chem cal Fornmula: Cel1231450 Mol ecul ar Wi ght 325.41 7-5
02N Chem cal Formul a Clel | eCl NAO2 noi ecul ar Weight: 274.66 7-6 F
m el | F onnut a: 00, 01f Nu Mal et Var Wei ght 247.66 7-7

tert-butyl 4-((3-(3-(trifluoromethoxy)phenyllimidazol1,2-blpvridazin-6-ylamino)

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

[0173] 'H-NMR (400MHz, CD,OD) 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-vimethvl)-3-(3-(trifluoromethoxy)phenvl)imidazof1, 2-blpyridazin-

6-amine (Compound 7-28)

[0174] 'H-NMR (400MHz, CD:OD) 8.37(s, 1H), 7.99(d,
J=8.2Hz, 1H), 7.88(s, 1H), 7.66(d, J=9.2Hz, 1H), 7.54(t, J=8.2Hz, 1H), 7.24(d,
J=7.24Hz, 1H), 6.75(d, J=9.5Hz, TH), 2.84 {m, 4H), 2.04(m, 4H), 1.44(m,1H).

N-({1-methvipiperidin-4-yimethyl)-3-(3-(trifluoromethoxyv)phenyllimidazo[1,2-

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), 1.80(d, J=12.6Hz,
3H), 1.38(m, 2H)2.20(t, J=11.6Hz, 2H).

N-(2-(pyrrolidin-1-yl)ethyl)-3-(3-(trifluoromethoxylphenyl)imidazo[1, 2-
blpyridazin-6-amine Compound (7-30)

[0176] 'H-NMR (400MHz, CDs;OD): 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(1,
J=6.8Hz, 2H), 2.63(s, 4H), 1.81(m, 4H).
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N * Chem cal Formula: 6161111F2N3 Mol ocubr Wi ght 307.30 7-8
.4(5.15r44N A N F Chem cal Fornula: Cl12HeCl FN3 Ml ecul ar Wi ght
247.85 7-9 N * F Chem cal Formul a: CleHi | F2Ne Mol ecubr Wi ght 307. 30
Conmpound

EXAMPLE S
SYNTHESIS OF IMIDAZO[1,2-BJPYRIDAZINE COMPOUNDS AND 7-
METHYL-IMIDAZO[1,2-B]JPYRIDAZINE COMPQUNDS
[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-chloro-5-methyipyridazin-3-amine 7:

NH
Ci = 2
o NH,OH |
=N Ethanol al 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-methylimidazol 1, 2-bloyridazine 8:

NH Q
e NN e /
7 8

N-Butanol
Reflux 110 %
6 h
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Structure 7-10 NN H F Chem cal Fornula: 0151117E1440 Mbgcul ar

Vgai ght: 30133 7-11 ..,....c ' N Ft F Chem cal Fornula: C, 6FI NFN4O
Macul ar Wei ght: 30033 7- 12 Cl hr OCF3 Chem Cal Fornul a: C13H7CI F3N30
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[0180]  ©-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-butanol 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, CD;OD) 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-chloro-7-methyiimidazo[1,2-blpyridazine 9:

=N
Bry, AcOH

RT20min Cl
Br

9

[0182]  The 6-chloro-7-methylimidazof1,2-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) 7.79(d, J = 7.32 Hz, 1H),
6.93(s, 1H), 2.64 (s, 3H), ESI-MS m/z 247.9 (M+H)".

B-chloro-7-methyl-3-(3-(trifluoromethoxylphenylimidazof1,2-blpyridazine 11:

AN BfOH Pd(PPha)s IT/
o \N,N\% * OH  NaCO;
Br  FsCO
OCF;

9 10

[0184]  3-bromo-6-chloro-7-methylimidazo[1,2-b]pyridazine 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), {9.38 mg, 8.11
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7-13 N OFl " OCFCLCCF, Chem cal Fornmula: C20li 01F6N302 Mol ecul ar
Weight:4 39.31 7-14 ciN * 0 Chem cal Formula: ChtlieCNaO Ml ecul ar
Weight: 271.70 7-15 N Chem cal Fornmula: OrlitrFN. Mol ecul ar Wahl
hi: 2 00.34

OM) and NaxCOj (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 TL.C (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). 1T9F-NMR(300MHz, CDCI3) -59.08.

{(S)-2-(3-(3-{trifluoromethoxylphenylimidazo[ 1, 2-blovridazin-6-vlamino)bufan-1-

ol {(Compound 7-32):
ﬁ N/ \/(OH Pu2(dbay3 ﬁ\\; p: CH ﬂ P

oI N * : NaOtBuiL H SN : \H}\ =N’
: "NHBas o]
H PhCH3 Lﬁ;oc OCF; sk OCF,

OCFs (SH#) Q
13
7412 12 L= :70 2

[0186] To the toiuene (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 Pdy(dba); (21.80, 0.024 mmol). The resulting reaction mixture was
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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7-16 Chem cal Fennul NC ul 4aCi al a02-5 Mol ecul ar M ght 322.77 7-17 OHN
a OCF Chem cal Fornula:C 17hl 07F3N402 Mbl ecul ar Weight:3 65.34 7-18
i1zhi RH OCF3 Conpound Structure 7-19 OCFs 7-20

6-((1-methylpiperidin-4-ylimethoxy)-3-(3-(trifluoromethoxy)phenyl)imidazof1, 2-
blpyridazine (Compound 7-33):

\ /N
Pd2(dba)3 N /4 [
SN N OCF
NaOtBu/L g N 3
PhCHS
OCF, 3
0

[0188] To the toluene (5 mL) solvent was added Compound 7-
12 (50mg, 0.159mmol}, (1-methylpiperidine-4-yl)methanol 14 (30.9 mg,
0.239mmol), ligand (9.41 mg, 0.024 mmol), NaOtBu (21.75 mg, 0.226 mmol)
and Pds(dba)s (10.85, 0.012 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% MeOH/DCM) afforded 17.6 mg of
Compound 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-methvyil-6-((1-methvipiperidin-4-yl)methoxy}-3-(3(friffuoromethoxyviphenyl}

imidazo[1,2-bjpyridazine (Compound 7-34):

N Z =N
YY' OH Pd2(dba)3 < N
sy Nt . 07N

¢l N NaOtBu/L
_N
PhCH3

OCF,

OCF, N
11 | L= P}% 7-34
14 O N
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Mol ecul ar Weight: 4 07.31 7-23 0

[0190]  To the toluene (5 mL} solvent was added Compound 11
(80mg, 0.224 mmol), (1-methylpiperidine-4-yi)methanol 14 (47.3mg, 0.366
. mmol), ligand (14.41 mg, 0.037 mmol), NaOtBu (33.3 mg, 0.347 mmol) and
Pdz(dba)sz (16.77, 0.018 mmol). The resulting reaction mixiure was degassed
for 10 min under argon and then was heated with microwave at 165 °C.
Concentration and preparative TLC (10% MeOH/DCM) afforded 111.5 mg (11.2
%) of Compound 7-34.
[0191] 'H-NMR (300MHz, CD5OD) 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-isopropvipiperidin-4-yl)methyl)-3-(3(trifluoromethoxy)phenvlimidazof1,2b]

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

Z N ks Pd2(dba)3 f\FN
x N (dba) N \N’N Y
NaOtBuiL A H

PhCH3
OCF; )N\ ® Q \r OCF4
7-12 15 L= :D 7-35

[0192] To the toluene {10 mL) sclvent was added Compound

o
=z
+

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 Pdy(dba); (21.90, 0.024 mmol). The resuliing 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 11 mg (7.96
%) of Compound 7-35.

[0193] 'H-NMR (300MHz, CD;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,
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NNHO9 a N- 0 Chemical Formula: C eHrhl/403% Mol ecul ar Wi ght:
375.45 7-24 HO.." " r-Ha CF3 Chem cal Formula: C171-117F3N40
Mol ecul ar Weight: 350.34 7-25 N VNri 41 CF3 Chem cal Fornul a:

C eHleF3184 Mbl ecular M ght: 332.32 7-26 N

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, 2CHz) ESI-MS m/z 434.23 (M+H)".

Cyelopropyi{4-((3-(3-(trifluoromethoxy)phenvl)imidazof1, 2-b]pyridazin-6-
yvlamino) methylipiperidin-1-ylimethanone {Compound 7-36):

L
_ Pd(dba)s N7 SN~
Sy N o N H
PhCH3 I OCF,
OCF, rac-BiNAP

7-36

[0194] To the toluene (10 mL) solvent was added Compound
7-12 (10mg, 0.319 mmol), (1-cyclopropylcarbonylpiperidine-4-ylymethanamine
16 (69.7 mg, 0.383 mmol), rac-BINAP (7.94 mg, 0.013 mmol) and Pdx(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, CDs;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-Methyl-N-((1-methylpiperidin-4-yl)methvi}-3-(3-(trifluoromethoxy)phenyi)-
imidazo [1.2-blpyridazin-6-amine (Compound 7-37):

N N
7 NH; Pd2(dba)3 P
> LN Vs N \N, N
cI” °N * NaOtBu/l N H
-~

PhCH3 ocE
OCF N O Q 3
| I :P
L:
11 17 O A ] 7-37
N
~
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Weight: 357.93 7-27 BeeN N "Il N OCF3 Citem carF anul et
C23H20F3N503 Mol ecul ar Wei ght 491.51 Conpound Structure 7-28

[0196] To the toluene (5mL) solvent was added Compound 11
(67 mg, 0.174mmol), (1-methylpiperidine-4-ylymethanamine 17 (26.8 mg, 0.209
. mmol}), ligand (10.27 mg, 0.026 mmol), NaOiBu (23.40 mg, 0.244 mmol) and
Pd,(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(, 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).. T9F-NMR (300Hz, CD30D) -56.456,
FTMS+p MALDI: 420.20113 (M+H)*, Theory Exact Mass: 420.20112.

N-((1-ethyipiperidin-4-yllmethyl)-7-methyil-3-((trifluoromethoxy)phenyl)imidazo

['1.2-bjpyridazin-6-amine {Compound 7-38).

NaOiBu/L N H
PhCH3
QCF;
18

[ OCF,
N\O 7.38

[0188] To the toluene (bmL) solvent was added Compound 11
(60 mg, 0.153 mmol), (1-ethylpiperidine-4-yl)methanamine 18 (26 mg,
0.183mmol), ligand 9.01 mg, 0.023 mmol}, NaOtBu (20.53 mg, 0.214mmol)
and Pdy(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{, J=7.8Hz, 2H), 7.21(m, 1H), 3.34(m, 2H),
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N c¢714 * OCF3 NH Chem cal Formul a: C131.120F3N50 Mol ecul ar Wi ght :
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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). 1°F-NMR (300Hz, CD30D) -56.423, FTMS+p MALDI:
434.36365 (M+H)*, Theory Exact Mass: 433.20895.

N-{(1-ethvipiperidin-4-ylymethyl}-3-(3-(frifluoromethoxy)phenvl)imidazo[1,2-b]
pyridazin-6-amine (Compound 7-39):

or ~
==
x Nt Pd,(dba)y'BuONa /(Y
o N + \_ND_\ rac-BINAP O/\N Syt~
A
NH 100°C/16 br N
OCF, 2 ~
792

Toluene OCFs

o
18 89% 7-39

[0200] A solution of Compound 7-12 (0.250 g, 0.797 mmol)
and (1-ethylpiperidin-4-ylymethanamine 18 (0.113 g, 0.797 mmol) in toluene (10
mlL) 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 ovemight. 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/ CH2OH (90:10) fo 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 {, 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 solution 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-b]pyridazine (0.149 g, 0.434 mmol) and
amine (0.434 mmol) in toluene (5 mL) was added sodium tertiary butoxide
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OH/ ...iii.41 0 OCF3 Chenical Formula: Ol 7HL7F3N402 WMol ecul ar

Wei ght :
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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/ CH30H (90:10) to 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
guenched with NaHCO;. 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% Ethy| acetate(5% TEA)/CHsOH; The structure is
confirmed by'"H-NMR and mass spectrometry (MS).

3-(2-methoxy-5-(trifluoromethyl)phenyl)-N-(4-(4-methyipiperazin-1-

vlphenylimidazof 1, 2-blpvridazin-6-amine (Compound 7-40}:

— ~
—N N—@-NHZ N/\
/@4’\' \_/ K/N =N
20

cl Pda(dba)s/'BUONa NTON
/O rac-BINAP 0
CF, 100°C/16 hr / oF
Toluene 3
19 25% 7-40

[0205] 'H-NMR (CDsOD/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 (t, 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-(trifluoromethyl)phenyl)-N-(4-{4-methyipiperazin-1 ~vi\phenvl)~

imidazo[1, 2-bjpyridazin-6-amine (Compound 7-41):

K/N\Q f\I"N BBry/DCM K/”\@\ fﬁo“’
N \N'N ¢ rt./16 hr N \N’N 7
§ o 3% ; HO
4 CF, CFs
7-40 741

[0206] 'H-NMR (DMSO-de/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-methyipiperidin-4-yiimethy!)-

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

—{_)— :
AN NH, f\[’ p
\N’N Y. 21 N \N,N

Pdy(dba)sBUONa N H
rac-BINAP - R

Cl

o)
7 OCF, 100°C/6 hr OCFs
Toluene
742
19 32%

[0207] "H-NMR (CD3;0D/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-8-(trifluoromethoxy)phenvl)-N-((1-methyipiperidin-4-yl) methyi)-

imidazof1, 2-bjpyridazin-6-amine (Compound 7-43):

=N A N=N
« Ns BBryDCM g p
O/\H N r£/16 hr O/\ N M
~N 0 s0% N HO
OCF, OCF;
7-42 7-43

[0208] 'H-NMR (CD3;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 = 9.8 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+, m/z): 422.2 (M*+1, 100.0).

3-(2-methoxvy-8-(trifluoromethoxy)phenvil-N-(2-( 1-methvipiperidin-4-vDethyi)-

imidazof1. 2-bjovridazin-6-amine {Compound 7-44):

WNQ-—\;
= _,N NHZ = /N
22 = _N Vi
SN Y HN

N
Ci Pd,(dba)s'BuONa o
0 rac-BINAP s
s 100°C/16 hr OCF3
OCF,
Foluene
19 79% N 7-44

[0209] 'H-NMR (DMSO-de/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 (1, 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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...... ,..14 0 4 CF3 Chemi cal Fornula: C2aHTF3NOO Mol ecul ar Wi ght:
482.5 7-41 1...",..N 0O O #C 3 Chem cal Fornul a: C24H23F3NOO Mol ecul ar
Wei ght 468.47 7-42 ----N NNa "CDW OCF, Chem cal Fornula:
C21H74F3N502 Mbl ecul ar Wei ght 435.44 7-43 , NHO

3-(2-Hydroxyl-5-(triffluoromethoxy)phenvi)-N-(2-( 1-methyipiperidin-4-yi)ethyi)-

imidazof1 2-blpyridazin-6-amine (Compound 7-45):
Y BBrs/DCM ~ Nt/
N ~HN" "N
HN™ N r4/16 hr o
0 o
(g / ocF, 2% OCF,

N 7-44 N 7-45
| !

[0210]  'H-NMR (CDsOD+CDCl,/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-viimethyl)-3-(2-methoxy-5-(triflucromethoxy)phenyi)-

imidazof1,2-blpyridazin-6-amine (Compound 7-46);

e
p—//N NH; AN
Y/ 18 Y,
o SN O/\ﬁ 3N
0 Pd,(dba)s/'BuONa —_N o

4
% 100°C/16 hr 8
19 Toluene 7-46

81%

[0211] 'H-NMR (DMSO-dg/400 MHz): 8.27 (s, 1H), 7.98 (s,
1H), 7.78 (d, J = 9.9 Hz, 1H), 7.33 (d, J = 8.9 Hz, 1H), 7.25 (d, J = 9.2 Hz, 1H),
7.15 (t, J = 5.2 Hz, 1H), 6.77 (d, J = 9.6 Hz, 1H), 3.95 (s, 3H), 3.15 (t, J = 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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OCF3 Chem cal Formul a: 020HuFi NsO2 Mol ecul ar Wei ght 421.42 7-44
...,-NHNs. OCF3 NI Chem cal Formula: C22H26F, NsO7 Mol ecul ar Wi ght:
449.47 7-45 ....- NMNM 4 OCP3 N | Chem cal Fornula: 0211124F3N502

Mol ecul ar Wi ght 935. 99

N-{(1-ethvipiperidin-4-ylymethyl)-3-(2-hydroxy-5-(trifluoromethoxyv)phenyl)-

imidazo[1.2-blpyridazin-6-amine (Compound 7-47):

AN N BBryDCM /G: P
O/\ H /16 hr O/\ NN
Is 0 98% N HO

OCF4 // OCF3

746 7-47

[0212] 'H-NMR (DMSO-d¢/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-isopropylpiperidin-4-yllmethyil-3-{ 2-methoxy-5-(trifluoromethoxy)phenyl)-

imidazof1,2-blpyridazin-6-amine (Compound 7-48):

jevIRa Vs LR
/ NH x Nt
Cl \N,N 15 2 O/\H N
~ N
0 Pdy(dba)y/BuONa O

e /7
OCF3  rac-BINAP 7/ OCF;
100°C/16 hr 7-48
19 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 Mz, 1H), 7.04 (&, 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 ¢,
J = 9.2 Hz, 2H), 1.68 (d, J = 13.3 Hz, 1H), 1.53 (m, 1H), 0.84 (d, J = 7.2 Hz,
BH). ESI-MS (ES+, m/z): 464.2 (M*+1, 50.0).
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Compound Structure 7-46 M' A P * OCF3 Chem cal Formul a:
C 2H28F3N502 Mol ecul ar Wei ght 449.47 7-47 - . NHO * OCF3 Chem cal
Fornmul a: C311- 124F3N302 Mol ecul ar Wi ght: 435.44

N-({1-isopropvipiperidin-4-vl)methyl)-3-(2-hydroxy-5-(trifluoromethoxy)phenyl)-

imidazof1.2-blpyridazin-6-amine (Compound 7-49):

AN @ )
< N BBryDCM AN
O/\H N r.t/16 hr r(j/\ e
0 71%
e 4 OCFq e OCFs
748 7-49

[0214]  "H-NMR (DMSO-ds/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 = 6.8 Hz, 6H). ESI-MS (ES+, m/z): 450.2 (M*+1, 40.0).

N-(2-(1-ethylpineridin-4-yl)ethvi)-3-(2-methoxy-5-(triflucromethoxyl}phenvi)-

imidazofl1,2-blpyridazin-6-amine (Compound 7-50) :

M

N
Jor D H
o SN
9] sz(dba)gﬂBUONa
4 rac-BINAP OCFs
7-50

QOCF,
100°C/16 hr
19 Toluene
89%

[0215] 'H-NMR (DMSO-dg/300 MHz): 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), 8.98 (t, J = 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 (t, 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+,
miz): 464.2 (M*+1, 20.0).
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7-48 |/ ..' * OCF3 Chem cal Fornula: &.3H2aF3N302 Mol ecul ar M ght:
483.5 7-49 ...,-N NN Al OCF Chem cal Fornula: Ca2H2GF3N502 Mol ecul ar
Wi ght 449.47 7-50 HN 'N N O 40, ocF, )

N-({1-isopropyipiperidin-4-yi)methyi)-3-(4-(triffuoromethoxv)phenvl)-

imidazol1, 2-blovridazin-6-amine {Compound 7-51):

ND_\
cr, NH,
/ 15
ot SN - ,O/\ N

Pd,(dba)sBuONa \r
rac-BINAP

100°C/16 hr

24 OCF5 Toluene 7-51
76%

OCF5

[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 (¢, 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), 2.63 (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 VIi
lllustrative Imidazo[1,2-b]Pyridazine Pim-1 Kinase Inhibitors

Compound Structure
$t W{?
N N%N b
H
7-1
P
Chemical Formula: GygHaaNsO
Molecutar Woeight 325.41
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Chem cal Formul a: C231173F, N302 Mol ecul ar Wi ght 483.5 7-51 OCF3
Chem cal Formula: C22H2GF3N50 Mol ecul ar Wei ght 433.47 EXAVPLE 7

Pl M1 KI NASE ACTI VITY ASSAYS [0218] 1 C50 val ues were determ ned for
illustrative conmpounds (e.g., fromTable VII) using the Pronmega

Ki nase-d o assay, the results for which are summarized in Table VII
below. In addition, illustrative conpounds mere eval uated for

cell -based acti S,

ILy III L.UI

representing the Gmeetndar

50% of untreate
mul tipl e assays
inhibitors of P
growt h. Tabl e VI
Compounds Conpo

) CAPTTSITIY rl Ty J.

ions required tStruehirgit cel |

o .|
HE50—vat tHeS-

growt h 1

T, are prov
these il
m 1 ki nase

Il &Pnase
ind 1 C50( Ki

de in L. IMin
ustrative conpoun
and are capab'é
I nhi bitory Asa

nase) 7-1

Tabt

ds
hi biting tunor c
y of Representative

Chemical Formula: C4Hy2BrGIN,
Maolecular Weighl: 351.63

e X 0e|0m1 Thus,

ENI esent active

ClQN/%D
™

Chemical Formula: CyH3CIN,
Malkcular Weight: 272,73

7-4

L
N
_§:>\

Chemical Formula:

CiaHzs0
Molocutar Waight: 32541

7-5

Chamica

CyaHyCl
Molacuiar Welght:
274.65

ON

| Formula;
IN,O,

7-6

=]

%

ChemicalF ormita: CyzHyGIFNG
Molceular Weight; 247 66

N,

£

7-7

F

Chamical Form

&,
4
F

Molocular Welight: 307.30

ula; SygHyqFaNy

7-8

o

£ >
Y
\N'N

F

Chamizal Farmula: € zH;GIFN,
Molacular Weight; 247,65

N

7-9

Chemical Form

i
&
F SN S
F

Molecular Weight: 307.30

N,

ula: CygH 4 FalNy
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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 481M 7-19 293nM

Compound Structure

S,

7-10
Ghemical Formula: CygHpFNLO
Molacular Weight: 300.33
H N
S
ﬁ N
7-11
E

Chemical Formula: CygHyFNGD
Maolacutar Weight: 300.33

=
oSN~
7-12 OCF,

Chemical Formula: Cq4H;CiF3N,O
MolecularW eight: 313.66

e,
\a

Q/(N\Nr/
713 der, ; Loc&

Chemical Formula: CogHy4FgNaCs
Molewular Weight:4 39.31

o SN {
7-14

o

Chetriical Formula:
CraHpCRN30
Melecular Weight: 271.70

/N i
e Frhor

Chernical Formula:

CarbhsFNy
Malacular Weighl: 266,34

7-16 o

Q

Chamical FormulniG 3Hy CINGQ;S
Malecular Waight: 322.77

7-17 H OCF

Chemical Formuda:C 17Hy;FaNgOp
Molecular Weight:3 66.34

118 fof%




7-20 2. 68uM 7-23 8. 23uM 7-24 519nM 7-25 798nM 7-27 7. 49uM 7-28
7-29 7.4nM/ 138.6nM 7-30 761M Conpound

127nM

Compound

Structure

7-19

7-20

N,

|
vy
H OCFa

Chemical Formula: CqzHssF3NL0
Molecuiar Waight: 348,32

7-21

L
v
\N,N

CI

CFy

Chemical Formula: CyaH7CIFNy
Malecular Weight: 297.66

7-22

CFy CFs

Chemical Formula: CaphyFgNy
Molecular Welght:4 07.31

7-23

o N
pre
§ y e
Wog
]

Chemical Formula: CypHa Ns038
Molecular Waight: 375.45

7-24

N
HO =
K\L [N
W N
H CF3

Chemical Formula: CypHy7FaN4O
Molecutar Weight: 350,34

7-25

Chemical Formula; CyzHysFaN,
Molacular Walght; 332,32

7-26

N

| :.:N 4
vy i
a

Chemical Formula: Cy7H ;5N50,58
Melesular Weight: 357,43

7-27

B
Gﬂh _ NI
Q Wl ocF;
nH

ChamicalF amula: CyHusFalNeOy
Malpcular Waight 434.51
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| C50( Ki nase) 7-31 267nM 7-32 1.55uM/ 95 nM 7-33 405nM/ 282 nM 7-34
272 nM7-35 79 nM7-36 73 nM7-37 13 nM 7-39 111nM/ 18 nM

Compound Structure

NR
7-28 HQF

Chamical Formula: CigHzgFaNsO
Molecular Waight: 361,38

Y d
7-29 Qﬁ/ N]D‘

Chemical Formula: CaaHFaNsO
Molacidar Weight; 40542

C}VT =N
‘uf\ri
QCFy

Chamical Formufa: CgHzgFaNsC
Molecular Weight: 381,39

2

Chemical Formuln:C ,HzFaNgO
Molecufar Weight:4 45.48

N
792 \H?g;ﬁ;:%—ocs

Chemicaf Formula: CyoHzFaNGy
Motacular Waight: 366.34

\ N
7-33 Qp : t),ocF

Chemical Formula: CagHayFaNJO;
Molecdar Waight: 406.4

7-30

7-31

N,
7-34 /@/\om’
OCFy

Chemical Formula: CayHaaFaN.O2
Molecutar Waight: 420,43

=N
SN
QCFy

Chemica! Formul®; CxHagFaNsO
Malecular Weight: 432354:7 i

Qe
#
7-36 o
[ )
I ocr,
Chemical Formulas CasHzaFaNsOy
Melecular Weight: 459,46
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7-43 1.10 uM 7-47 310 nM 7-49 312nM Table I X Cell -Based Activity of
Represent ati ve Conpounds. Conmpound Name | C50 (K562) 1C50 (PC-3) 7-1
67. LuM 29. 22uM 7-4 13. 55uM 54. 59uM

Compound Structure
7-37 y W
AT
OCFs
Chemical Fommula: CaqbyFaNgQ
Molesular Weight: 419.44

7-38 Oﬁﬁf\ra
r CCFy

Chemical Formtala: CaaHagF3NsO
Molacular Weight: 433.47

=N
7-39 - @ﬂuﬁé’
DCFy

Chemical Formula; CzyHaaFalNsO
Molacular Weight: 19,44

O

N =N,

7-40 @” e,
~

CFs

Chemical Formula: CagHasFyNgO
Molacular Weight: 482.5

\O e N
7-41 @n,f”\.ﬂ’:%
HO:
CFy

Chemical Formula: CyyHmFsN,O
Molacular Weight: 468.57

L5
7-42 . PO/\H N‘:"&
4 OCF;

Chomical Fommula;: CyyHzsF 3N,
Molecular V\Mghl:!nia;.gd =02

@,
7-43 o,

Chemical Formula: CagHaaFaNsO;
Molecular Wolght 425,42

f\*’”
I
7-44 (é /0,5 o

N

t
Chemical Farmula: CpHagFaNg
Mnlnmlar%lg%“g‘g? O

f\f‘?
N N'IN‘I ¢
7-45 5 .

¥
Chemical Formula: CaHyFaNsQ;
Molecular Welght: 435.44
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7-7 270.84uM 87. 25uM 7-9 6. 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- 15
20. 83uM 70. 20uM 7- 17

Compound Structure

=N,
7-46 _ UH’Z{{ ‘é
‘ OCFy

Chemical Formufa: CpsHagFalsOs
Melscular Waight: 449.47

7-47 . U\“ ot

OCF;

Chemicat Formula: CoiHauFalNsOz
Molecular Waight: 435,44

7-48 . }Of‘p{ :0
OCFy

Chaemical Formula: CagHaaFaNsOy
Motecular Weight: 483.5

7-49 Nﬁh‘\ﬁ
YU\ oo
OCF;

Chemical Formula: CagtogFalNeOs
Molacular Weight 449.47

7-50 5 AV

N

Cherleal Formula: CoqHopFaNsQy
Melocular Weight 483 5

e
7-51 Y,O” o
OCF,

Chemical Formula: CxHagFaNsO
Molecular Weight: 433.47

EXAMPLE 7
PIM-1 KINASE ACTIVITY ASSAYS
[0218] ICsp values were determined for illustrative compounds
(e.g., from Table Vil) using the Promega Kinase-Glo assay, the resuits for
which are summarized in Table VIl below. [n addition, Hlustrative compounds
were evaluated for cell-based aclivity in cells expressing Pim-1. 1Csp values,
representing the concentrations required to inhibit cell growth to 50% of

untreated, are provide in uM in Table IX below. Thus, by multiple assays, these
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5.38uM 9. 37uM 7-18 5.82uM ---  Conpound Nanme 1050 (K562) 1050 (PG 3)
7-19 5.84uM 7-20 7.79uM 20. 75uM 7- 23 23. 19uM

illustrative compounds represent active inhibitors of Pim-1 kinase and are

capable of inhibiting tumor cell growth.

Table Vill
Kinase Inhibitory Activity of Representative Compounds

Compound | IC50(Kinase)
7-1 3.98uM
7-4 1.81uM
7-7 9.76uM
7-9 86.60uM

7-10 3.96uM
7-11 3.05uM
7-18 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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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

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
7-39 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 6.76uM 21.18uM

7-10 37.48uM / 25.76uM 69.56uM

7-11 7.31uM / 8.05uM 18.41uM
7-13 19.07uM 63.25uM
7-16 20.83uM 70.20uM
7-17 5.38uM 9.37uM
7-18 5.82uM -
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7-30 9. 14uM 9. 26uM 7-32 25.32 / 19.99uM 29. OuM 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

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 e
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
7-39 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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3. 89uM 8. 95uM 7-38 1. 41uM 5. 68uM 7-39 1. 66uM 5. 82uM 7-42 9. 6uM 8. 96uM
7-43 4. QUM N A 7-44 5. 7uM 17. 7uM 7-45 14. 9uM

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 Fl{3,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 9
[0220] This example demonstrates Pim-1 kinase inhibitory
activity for the HCI salts of illustrative Compounds 7-19, 7-29 and 7-31.

7-19 7-29 -31

[0221]  One illusirative 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 (§112) (phospho-Bad or pBad).
Pim-1 is known to cause the phosphorylation of Bad at S112 in order to
inactivate the protein and inhibit its association with anti-apoptotic Bcl-2 family
members, thereby allowing these Bcl-2 family members fo 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/m! 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 fo individual flasks.

Treatment with the Pim-1 inhibitors continued for a duration of 1hr. Cells were
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52. 0uM 7-46 5. 3uM 10. 6uM 7-47 11.3uM 57. 4uM 7-48 5. 7uM 17. 7uM
EXAMPLE 8 SELECTIVITY OF COVPOUND 7-29 FOR PARTI CULAR PROTEI N

KI NASES [0219] Conpound 7-29 (Table VII) was eval uated
for selectivity against a panel of Ser/Thr and Tyrosine kinases in
the radionetric assay at 1 mM The results are sumarized in Figure
2. Against the SerfThr kinases tested, conpound 7-29 exhibited Pim
ki nase selectivity >100-fold over other kinases tested. Conpound
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[ 0221] m@rimamgnm@@mf@r MﬁﬁmﬁB@cb(SiéEb@ﬂllrfegmaheg dietlgwiognfs) Riasruged to probe

i nhi bi t orgg, g lé@@lsa&t bles#JE{o -Bhd t(@?lﬁ' i) %rci%'r Ngs&idufatd @3[)“ 6F 1ﬁ}ﬁ§itors on

phosphoryl ation | eve he protéin_ Bad at_ serine resi

(S112) (phespneidion ef Bagacpl 12)pithe deyeds phdai! dirdcmigtan torae dctermined. To
phosphor ylcadrmslishahisPad oaiguﬁlL Westean Ol &Fasts@igpRact laﬁﬁaﬁcﬁhés%dpé%ﬂiea vaing

DL RO SR b 2 SRR BEL R b L RS o
apopt ot i ghs plgmahwylation state of the protein. Densitometry was used to quantitate the levels of
each band on the Western blots and used to determine the ECsy of the Pim-1 inhibitors to
alter the phospho-Bad protein levels.
[00223] Figures 3-5 show the results for the phospho-Bad staining on MV-4-
11 cells treated with Compounds 7-19, 7-29, and 7-31, respectively. After the 1 hr treatment
with the Pim-1 inhibitors, the levels of pBad decreased in a dose-dependent manner,
showing a near complete absence of pBad at the highest levels. Levels of total Bad were
similar across the treatment groups. The ECs; values for Compounds 7-19, 7-29 and 7-31
were determined to be 635 nM, 7.9 nM, and 57.4 nM, respectively.
[00224] In various embodiments, there is provided a compound having a

structure according to structure (I) or structure (II) below:

R N
Rz\X \N/N\% Ro /f\/ke
R
(0 {mn

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 R,
is -(CHj)|s-piperid-4-yl, substituted -(CH)ip-piperid-4-yl, -(CHj),s-piperazin-1-yl, or
substituted -(CH») »-piperazin-1-yl.

[00225] In some embodiments, R may be hydrogen. In other embodiments, R
may be a methyl.

[00226] In some embodiments, R; may be a substituted phenyl having at least
one p, 0 or m substituent selected from -OCF;, -OCHF,, -CF;, -OCHj3, and —OH. In specific

embodiments, R, is selected from:
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[0222] Briefly, M-4-11 (bi phenotypic B nyel onobnocytic | eukem a) cells
were plated into T25 flasks in serumfree nedia (SFM at 1.5 x 10 5
cells/m and allowed to grow for 24hrs. After 24hrs Pim1 inhibitors
at 10, 5, 1, 0.5, 0.1, or 0.01pMconcentrations were added to

i ndi vidual flasks. Treatment with the Pim1 inhibitors continued for
a duration of 1lhr. Cells were harvested after the | hr treatnent and
cell lysates were made from each sanple. Equal anmounts of tota
protein fromthe |ysates were | oaded.gnto a 10% Trdys- gl yci ne gel
(I'nvitrogen) for SDS-PAGE anal ysigg. After theypsoteins had been

separ ated by SDS- PAGF py were tran gel | ul ose

menbr anes (1 nvitrogen  Western ry antibody for
phospho- Bad (S112) (Cell SP¢naling Technoflegi es) was ué€d to probe
for the | evels of phospho-Bad (S112). In order to cal culate the EC50
of inhibitors on phosptforylation of Bad (S112), thet4evels of total
Bad protein were deterr“ned. To awconpli sh t €O original Wstern

bl ot was stripped of bodi es and pr obed usi nti bodi es t hat
recogni ze the Bad prote (Cell Sigmaling Fchnol ocF

i ndi scrimnate of the phosphoryl ation st aP&of the proteih.
Densitonetry was used 6Tquantitate the | evels of each band. on the
Western blots and used to determ ne the EC50 of the Pim1 inhibitors
to alter the phospho-Bad protein |evels. [00223] Figures 3-5 show the
results for tHA&0%3MbspholBeatioss smhpdigieats, Ramay be subsiinited « CHab ettingrig4-yl

Conmpoundsr éutk#tutett 2@H,)NPipéradih- 1-HESERBG dn¥ @k Ywo AldsBfuchtd Seldetd from alkyl. In
t r eat ment ML%Q t e.PIﬁ}%{thlbltO s, the levels of pBad decreased’in
2

a dose- déBEH WPQWQHWEF, RIS B ear conpl ete absence of pBad at

t he highest levels, .Levels gkl total Bad Em il ar r oss_*he
t r eat nent grogg§I§iﬁe EC50 1=' es for Cq@?éﬁggi 7-19, 7429 and 7-31
were determ.n o be 635~AM7.9 nhd\zﬁ 7.4 nM respectively.

10022411 n various enbodi nents, there i s provided a conpound having a

structure according to structure £l) or structyure (I11) A XN
RI  or a stergohsOwer* or a eutica tabl e | t§ t hereof,
wher ei n: i - Ris , hal o, ] kyl, [ hal oal kyT',™al ko or

hal oal koxy; Rl is phenyl|or substituted phenyl™» and R2 is

-(CH2)1, 2-piperid-4-yl, substituted -(CH2) 1, 2-pi perid-4-Y1, :

- (CH2) 1, 2- pi pgot228h- | - yIn v&dous ehdbdiehed the(GHbhnd? op ilRefraghNmientlon can
[00225]Inesone enbodi ments, R may be hydrogen. In other enbodi nents,
R may be @ nethyl. [00226]1n sone enbodi nents, Rl nmay be a

subst i t ued1phethylpiphadinrigyitnethghSt(3-(trifluoromethoxy)-

phenyl)imidazo[ 1,2b]pyridazin-6-amine (Compound 7-29);

N-(2-(4-methylpiperazin- 1 -yD)butyl)-3-(3-(trifluoromethoxy)-phenyl)imidazo[ 1,2-
bJpyridazin-6-amine (Compound 7-31);
7-methyl-N-((1-methylpiperidin-4-yl)methyl)-3-(3-trifluoromethoxy)-phenyl)imidazo[1,2-
b]pyridazin-6-amine (Compound 7-37); or
N-((1-ethylpiperidin-4-yl)methyl)-3-(3-(trifluoromethoxy)-phenyl)imidazo[ 1,2-bJpyridazin-
6-amine (Compound 7-39).

[00229] In various embodiments, there is provided a composition comprising
a compound having a structure according to structure (I) or structure (If) below:
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one p, o or in substituent selected from-0CF3, -OCHF2, -CF3, -OCH3,
and -OH. In specific enbodinents, Rl is selected from OCF3

[ 00227] I n various enbodi nents, R2 may be substituted

-(Cl-12)1, 2-piperid-4-yl or substituted -(CH2)1, 2-pi perazin- 1-yl
having one or two substituents selected fromalkyl. In specific
enbodi nents, 1(2 is selected from [00228] I n various enbodi nents,
t he conmpound of the present invention can be

N- (0- net hyl pi peri di n-4-yOmrt hyl ) - 3- (3- (trlfluoroRethox%%
phenypi m dazo[ 1, 21) ] pyri da i ne (Conpound

N (2-(4- nethylplperaﬁ_n 1- 1)73-(3- (tg_fluorone hox ) - phenyflim
dazo[ 1, 2- b] pyridazi n2 ound 7

7-met hyl - N- (( 1- et hyl pi peri di n-4-y] ) nmethyl) - 3 (3 trlflu
enyl )i m dazo[ 1, 2- b]pyridazin-6 arttlne (Conpound 7-37);
N-((I-ethyl piperidin-4-yl)nethyl % 3-(3- (tr|fIuoronetgﬂry)-phenyl)inid
azo[ 1, 2-b] p dazi n6-am ne (Cbnpoé d 7-39). [00229]In i ous

enmbodi merdirg, sterpripandrr phayagedically eegspieble solt theyaqst wbesg: X soNHpBrid H, -
having a Ol S Wi, 26 Ha AL, Bkok§ of hiAkSHE R lid ploay PO d4BLilhEd bhnyt; and R,

bel ow

lomathoxy)-ph

8 —(CH2)12~p1per1d 4-yl, substituted -(CH,),-piperid-4-yl, -(CHy),-piperazin-1-yl, or
substituted -(CHy);p-piperazin-1-ylclaim 1, in combination with a pharmaceutically
acceptable excipient.

[00230] [n some embodiments, there is provided a compound having a
structure according to structure (I) or structure (II) below:

R N p N’N
/f\ )
RZ\X \N/N / RZ\X \N =
R] Ry
(h n

or a stereoisomer or pharmaceutically acceptable salt thereof, wherein: X is O; R is H,
-OH, halo, alkyl, haloalkyl, alkoxy or haloatkoxy; R; is phenyl or substituted phenyl; and R,
is -(CHp)n-cyclopropyl, -(CHz),-cyclopentyl, -(CHp)p-cyclohexyl, -SO,-CH;, -SO;-
(CH2).CH;, -(CHp)p-piperonyl, -(CHa)y-piperidyl, -(CHy),-piperazinyl, -(CHa).-furyl,
-(CHy)qp-thiophene, -(CHz),-pyridyl, -(CHz)p-pyrimidyl, -(CH),OCHi, -(CH;),OH, or
-(CH2),N(CHs)z, where n is 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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(1)(rr) or a stereoi sonmer or pharmaceutically acceptable salt

t hereof, wherein: Xis NH Ris H - OH halo, alkyl, haloalkyl,

al koxy or hal oal koxy; Rl is phenyl or substituted phenyl; and R2 is
-(CH2) 1, 2-pi perid-4-yl, substituted -(CH2) 1, 2-pi perid-4-yl,
-(CH2) 1, 2-pi perazin-1 or substituted -(CH2)1, 2-Pi perazin-|-ylclaiml1,
in conbination with a pharmaceutically acceptabl e excipient.
1002301l n sone enbodi nents, there is provided a conpound havi ng a
structure accordiggg to sgﬁucture 1) or structure (I1) bel ow (I) or

a stereoi soner of phar ceut i calf aq&gptable sald. thereoky, in:
Xis 0; Ris H \OH Halo, alky( haloqs al koxy-.gr¥ hal MO y; Rl
is phenyl or s Ftu i -(CH2 — -cycl opropyl ,

-(CH2) 11-cycl opentyl (CH2) cyclohexyl - S02- CH3, - SQ2- (CH2)"CH3

-(CH2) . - pi peronyl, (CH2)11 plperldyl CHArpl i.nyl, m
-(CH2) 11-furyl, 1- PYW
-(CH2) n-pyrim B CH%'O 10H or” CH2) " N( CH3) 2, where

nis 0, 1, 2, 3 or 4 and each of the above noieties are optlonally

substituted with e_r re substifuents ruct ur @ sefect ed
from [00231]ngﬁfﬁfgggggggggﬁfxqzzth|§\/ di ment , e

hydr ogen. | n ot her~enbodi - Rlymy be™nethyl .~ 00232] I n sone
enbodi ments, Rl can be substituted phenyl having at | east one p, o or
in substituent selected from - Q@ - %**f , an . In
speci fic enbodi ne W ois seiaﬂ ed frjom; ' 3(@8%%%3]I@§§A§§
enbodi nents, R2 e suqﬁ:l uted (eﬁhyf,z pi perid-4-yl o

[00231] Within the context of this embodiment, R may be hydrogen. In other
embodiments, R may be methyl.

[00232] In some embodiments, R; can be substituted phenyl having at least
one p, o or m substituent selected from -OCFs, -OCHF,, -CF3, -OCHs3, and -OH. In specific
embodiments, R, is selected from

% T CH;0. %
OCF; CF3
T CH;0. %
OCF; OCF;

[00233] In some embodiments, R, may be substituted -(CHj), »-piperid-4-yl or
substituted -(CHy); p-piperazin-1-yl having one or two substituents selected from alkyl. In

OCF;3

specific embodiments, R; is selected from
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substituted -(CH2) 1, 2-pi perazin- 1-yl having one or two substituents
selected fromalkyl. In specific enbodinents, R2 is selected from

[ 00234] I n sone enbodi nents, R2 is selected from [ 00235] I n sone
enbodi ments, the conpound of the present invention can be:

(R -1-(3-(3-(trifluoronethoxy)phenyflimdazo[1, 2-b] pyri dazi n-6-yl oxy)
but an- 2- am ne (Conpound 7-18);
(S)-1-(3-(3-(trifluoronethoxy)phenyl)im dazo[ 1, 2-b] pyri dazi n-6-yl oxy)

but an- 2- am ne (Conmpound 7-19).:
6- (( 1- met hyl pifpeni d¥n- 4-y! ) rfet Hox )-3-(3-moromstho v) “phenyei mi
dazo[ 1, 2- b] azi ne (Conpound 7-33) -

7- met hyl- 641- net hyl pi peri di n-4-yOret hoxy)-3-(3(trifl uoronet hoxy)-phen

yflimdazo[1l ,2- b]pyridazine (Compound 7-34). ,J00236]1n-s0
npos A risingla ¢conpound
0 struct l){or struct (1

enbodi nent s,
having a s
bel ow Eﬁiz

tere0|soner “or phar eutically acceptable
salt thereof, wherein: is 0; Ris H,
[00234] In some embodiments, R, is selected from:
OH OH OH
4
H,}
R.S \\“’/E\};
H,N H,N _;Lf:ﬁ\Eg
o< 47/\’
[00235] In some embodiments, the compound of the present invention can be:

(R)-1-(3-(3-(trifluoromethoxy)phenyl)imidazo[ 1,2-b]pyridazin-6-yloxy)butan-2-amine
(Compound 7-18);
(8)-1-(3-(3-(trifluoromethoxy)phenyl)imidazo[ I,2-b]pyridazin-6-yloxy)butan-2-amine
(Compound 7-19);
6-((1-methylpiperidin-4-yl)methoxy)-3-(3-(trifluoromethoxy)-phenyl)imidazo[ 1,2-
blpyridazine (Compound 7-33); or
7-methyl-6-((1-methylpiperidin-4-yl)methoxy)-3-(3(trifluoromethoxy)-phenyl)imidazo[ 1 ,2-
b]pyridazine (Compound 7-34).

(00236} In some embodiments, there is provided a composition comprising a

compound having a structure according to structure (I) or structure (II) below:

R _N B N-N
f\ \
RZ\X \N/N / RZ\X S
Ry R,
(H {n

or a stereoisomer or pharmaceutically acceptable salt thereof, wherein: X is O; R is H,

-OH, halo, alkyl, haloalkyl, alkoxy or haloalkoxy; R; is phenyl or substituted phenyl; and R,
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-OH, hal o, alkyl, haloal kyl, al koxy or hal oal koxy; Rl is phenyl or
substituted phenyl; and R2 is -(CH2), 1-cycl opropyl,

-(CH2) - cycl opentyl, -(CH2)11-cycl ohexyl, -502-CH3, -S02- (CH2)11CH3,

- (CH2) - pi peronyl, -(CH2)n-piperidyl, -(CH2)11-piperazinyl,
-(CH2)"-furyl, -(CH2)-thiopbene, -(Cl112).-PYridYl, 4CH2)n-pyrimdyl,
-(CH2)110CH3, -(CH2)00H, or -(CH2)"N(CH3)2, where nis 0, 1, 2, 3 or
4 and each of the above noieties are optionally substituted with one
or nore Ssbs{CHRGckprapyl,a SCHYCCIepemalleCY ], f fe@Blohéxyl,n -SO,-CH;,  -SO,-

conbi nat i | a rmaceut | cal acce bl e i pient. [00237]1.nn

vari Ious g@é%@’ntge%ﬁ?ﬁp@% Lpr'&@ﬁ@@ﬁlpﬁgé‘amégﬁgﬁﬁé‘irﬁnﬂ’[ sf(ﬁgéﬂf‘lﬂ"gl’

accor di ng(€1d:)sthiemdens, e -(AH2)eryrsiyl, ueiCitp-Girinidpe | ¢GH,),ORHRL -(CHL)dPHA or
; . ol e P

s 5 50 e AR OHLR TREEL R £, 3UPLAELEASE ho bR Sollondly

2- but ane-subgituted pithipyie oberESEPHIMANLS; ACHSYUEre ssfedteshisrmy | |

-(CH2) n-cycl oheﬁ%g , -502-CH3, -S02-(CH2),CH3, -(CH2)-piperonyl,

-(CH2) 11- pi perydyl, -(CH2)-pi %‘faziﬁl |, -(CH2) furYl, wmnN,

- (CH2) - t hi ophenk, - (GLA2) n- PYgLdY1, -ﬁWYﬂW-(W, i
(CH2) OH, or - 1 2, ' n i 1, 2; r 4 each of
the above noieties are optionally substituted with one or nore
substituents; or a structure selected from [00238]1n sone 3
enbodi nents, R hydr ~F N 12 rrboa@“?\é, R rra'
met hyl . [0023% some &y nt s,"RY may besubstit ut ed phieny!

havi ng at | east one p, o or msubstituent selected from -0CF3,
- OCHF2, - CF3, C‘pjs and - OH. Insecifiants, Wbe
selected from

/N\) /O/\f R \r

SO 5O O oY o

[00237] In various embodiments, there is provided a compound having a

;in

combination with a pharmaceutically acceptable excipient.

structure according to structure (I} or structure (IT) below

RN R N
/ f )
R N R S
xIN xN
R, R,
(1 (i

or a stereoisomer or pharmaceutically acceptable salt thereof, wherein: X is S, SO or SO»;
Ry is phenyl or substituted phenyl; and R, is 2-butane-1-ol, -(CH;),-cyclopropyl, -(CHz),-
cyclopentyl, -(CHz)n-cyclohexyl, -SO,-CHjs, -SO,-(CH;),CH;, -(CHp)y-piperonyl, ~(CHz)p-
piperidyl, -(CHa)n-piperazinyl, -(CHa)p-furyl, -(CH;),-thiophene, -(CHz)y-pyridyl, -(CHa),-
pyrimidyl, -(CH,),OCHj, - (CH,),OH, or -(CH,),N(CH3),, where n is 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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OCF3 [00240]In sonme enbodi ments, R2 may be substituted
-(CH2) 1, 2-piperid-4-yl or substituted -(CH2)i, 2-pi perazin-I-yl having
one or two substituents selected fromalkyl. In specific enbodi nents,
R2 can be selected from % /1 1?/-m NC) [00241]1n ot her

enbodi ments, R2 can be selected from [ 00242] I n vari ous

enbodi ments, there is provided a conposition conprising a conpound
havi ng a structure according to structure (lI) or structure (II) bel ow
RL (1) or a sterfB

i sonmerPor phanwaceutlcally accept abl e s t her eof ,
wherein: Xis S{ SO oq{ 02; s ph ub§¥W y peﬁfﬂﬁénd
R2 is 2-butane- s ok, > Woﬁiﬁ(mz -"Hycl o t@l

- (CH2) n- cyclohexyl, -SOf S0 11CH3 (CH2)n pi peronyl

-(CH2) 11- plperldyl -(CH2) n-pi perazinyl, -(CH2)"-furyl,

- (CH2) n-t hi ophen (CH2) n- P dY, - PYriwrdyl , - (CHR) :
- (CH2) 110H, ag 14NCG @ mm 0,4, J2, 3 or~# each
of the above noreties are opttonally substituted with one or nore

substituents; or a strucgture selected from &::Ik*f
OC OC ~

ol SO O oY o

[60238] In some embodiments, R may be hydrogen. In other embodiments, R
may be methyl.
[00239] In some embodiments, R; may be substituted phenyl having at least

one p, o or m substituent selected from -OCF;, -OCHF,, -CF3, -OCHj, and -OH. In specific

embodiments, Rj may be selected from
% CH;0. %
CF3
T CH;0. %
OCF; OCF;3

[00240] In some embodiments, R, may be substituted -(CHy), »-piperid-4-yl or

A,
2

OCF;

substituted -(CHjy);2-piperazin-1-yl having one or two substituents selected from alkyl. In
specific embodiments, R, can be selected from
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cr(\ionvy ; In conmbination with a pharmaceutically acceptable
excipient. [00243]1In various enbodi ments, there is provided a nethod
for treating a protein kinase-nedi ated di sease conpri sing

adm nistering to a subject in need thereof a therapeutically
effective anount of a conposition conprising a conmpound having a
structure according to structure (1) or structure (Il) below. X N
N1'R2 XN R1 (I') or a stereoisoner or

pharmaceutically acceptable salt ereof , wherei,n: X is NH. R4 s H,
OH, hal o, algﬁgiJﬁgﬁBalkyl, | Koxy’ or hal pal kox¥: Rl i§ phenyl "or
substituted | ; and R~ -(CH2)1,21p|e4rid-4-yI¢f stituted

-(CH2) 1, 2-pi perid-4-yl, -(CH2)1, 2-piperazin- 1 -yl, or substituted
-(CH2) 1, 2-pi perazin-l-ylclaim1l, if conbination with a

phar maceuti ca t abl ptent . 4] Mt hin thé cdnt éxt ™ of
this enbodLV/ the pr NQ-Ki nase ned ¢d (i sease ca alRkiml
ki nase- expr &ssing cancer.| 100245] I n vafi ols enbodi ments, there iIs
provided a nethod for treating a protein kinase-nedi ated di sease
conpri si ng adrf0éR4df er i nfn btheenshddjR&tdts, IR caebssddrerdeadm a

t herapeutically effective anount of a coegfsition conprising a
conpound having a structu according to ructure (1) structure
(I') bel ow » /

\/"N

H,N H,N HzN;...
W ﬁ H

[00242] In various embodiments, there is provided a composition comprising

R,S

a compound having a structure according to structure (I) or structure (I} below

BN RN
) O
R ~ _N R =
Py TIN N N
RI R-l

0 ()

or a stereoisomer or pharmaceutically acceptable salt thereof, wherein: X is S, SO or SOy;
R is phenyl or substituted phenyl; and R, is 2-butane-1-ol, -(CH;),-cyclopropyl, -(CH;)q-
cyclopentyl, -(CHz)n-cyclohexyl, -SO»-CHj, -S02-(CH,),,CHs, -(CHa),-piperonyl, -(CHa)y-
pipenidyl, -(CHa)y-piperazinyl, -(CHa)n-furyl, -(CHz)p-thiophene, -(CHy)y-pyridyl, -(CHj).-
pyrimidyl, -(CH,),OCHs, - (CH3),OH, or ~(CH;),N(CH3),, where n is 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:

97



RIRL (O(H) or a stereoisoner or pharmaceutically acceptable salt

t hereof, wherein: Xis O; Ris H -OH halo, alkyl, haloalkyl, alkoxy
or hal oal koxy; R, is phenyl or substituted phenyl; and R2 is

-(CH2) 11-cycl opropyl, -(CH2).-cyclopentyl, -(CH2)"-cycl ohexyl,
-S02-CH3, -S02- (CH2)"CH3, -(CH2), 1-piperonyl, -(CH2),, -piperazinyl,
-(CH2)"-furyl, -(CH2)"-thiophene, -(CH2).-PYridYl, -(CH2),-pyrimdyl,
-(CH2) QOH3, 4CH2)"OH, or -(CH2)11N(CH3)2, where nis 0, 1, 2, 3 or 4

and each of thePbove eties@re optionally substitutqumjth one or
nore substituefts; or, tructdire sefsct r oM 1j¥ﬁ”\g

Ox1. 22, ¢) i A3, 15 i n_Eohbi nati e8/wi th a pHdrmeceutidaliy
accept abl e excfprent " [

t he protein-kinase nedi ated di sease can be a Pim1 ki nase-expressing

246T"Wethi n t'he context of this enbodi nent,
cancer [00247]1n various enmhodinent s.~there i Wsded a Ifet for
treating a eri NS et, afed i skase co si ng adwi-fist ering
to a subject 1mvrieed there a thera euticalry effective anount of a
conposition conprising a conpound having a structiure aczzigqu to

structure (1) o re | ). bek ow r a stler doi*somer or
pharnaceuticathyvgcc pt abl |t [thereaf., '
Rl i s phenyl o6r Substrtuted enyt;, and R2 is 2-

X PT' SO or SO2;
-(CH2).-cycl opropyl, -(CH2)ncycl gpentyl, -(CH2)n-cycl ohexyl,

ﬁtane | -ol,
-S02- CH3, - S02- (CH2)mal 3, - ( pi perenyh.s - ( s peri dyl
-(mz),-piperazi@ﬁﬂ‘?(m v, -g;gii)ﬁ-thi ere, &
|

S

- (CH2) 0- pyri : CH2) n- - (T OCH3, - (CH2)OH, or

-(CH2) N(CH3) 2, Awhere n 's™0, 1, 2, 3 or 4 and each of the above

noi eties are ionally substituted with one or nore substituents; or
a structure selected from > 1N

combination with a pharmaceutically acceptable excipient.

[00243] In various embodiments, there is provided a method for treating a
protein kinase-mediated disease comprising administering to a subject in need thereof a
therapeutically effective amount of a composition comprising a compound having a

structure according to structure (I) or structure (II) below:

R N p ~N
= /t?\ \
RZ\X \N/N / RZ\X \.N T
Ry R,
(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 R,
is -(CHz)12-piperid-4-yl, substituted -(CHj),z-piperid-4-yl, -(CH,);a-piperazin-1-yl, or
substituted -(CHy); »-piperazin-1-ylclaim 1, in combination with a pharmaceutically
acceptable excipient.

[00244] Within the context of this embodiment, the protein-kinase mediated
disease can be a Pim-1 kinase-expressing cancer.

[00245] In various embodiments, there is provided a method for treating a
protein kinase-mediated disease comprising administering to a subject in need thercof a
therapeutically effective amount of a composition comprising a compound having a

structure according to structure (I} or structure (II) below:
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OHOH 1 E2 Cycl 3- ra(111 YN A CrellY ; In combination with a
pharmaceutically acceptabl e excipient. 1002481Wthin the context of
this enbodi nent, the protein-kinase nedi ated di sease can be a Pim1l
ki nase- expressi ng cancer.

RN Sy
RZ\X \N/N / R.z\x \N I
R; Rl
() (i

or a stereoisomer or pharmaceutically acceptable salt thereof, wherein: X is O; R is H,
-OH, halo, alkyl, haloalkyl, alkoxy or haloalkoxy; R, is phenyl or substituted phenyl; and R,
is -(CHp),-cyclopropyl, -(CH:)s-cyclopentyl, -(CHj)s-cyclohexyl, -SO,-CH;, -SO,-
(CH2)sCH3, -(CH)q-piperonyl, -(CHj),-piperidyl, -(CHa)s-piperazinyl, -(CHy),-furyl,
-(CHp)n-thiophene, -(CHa)s-pyridyl, -(CHa)n-pyrimidyl, -(CH,),OCHs, -(CH,),0H, or
-(CH2)aN(CH3),, where n is 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:

combination with a pharmaceutically acceptable excipient.

[00246] Within the context of this embodiment, the protein-kinase mediated
disease can be a Pim-1 kinase-expressing cancer

[00247] In various embodiments, there is provided a method for treating a
protein kinase-mediated disease comprising administering to a subject in need thereof a
therapeutically effective amount of a composition comprising a compound having a

structure according to structure (1) or structure (II) below
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1. A conmpound having a structure according to structure (1) or
structure (11) below (1) i ncl udi ng stereoi soners, prodrugs
and pharnmaceutically acceptable salts thereof, where: Xis NH, S, 0,
SO or S2; Ris H -0OH halo, alkyl, haloal kyl, alkoxy or hal oal koxy;
Rl is carbocycle, substituted carbocycle, heterocycle, or substituted

het erocycl e; or a structure selected from css where R1' is a p,
0o or msubstitution with one or nore occurrences of halo, -0CF3,
-OCHF2, -CF3, -0OCH3, -NH2,_-NO2, -0OH, -COCH3, -_NHSO2CH3 or R2

502- CH3, -S02-(CH2) 11CH3, [{CHP)O0-yi peronyl, -
-(CH2) " - pi perazinyl Ry n-WarX1, -(CHR®,11-thio
-(CH2) - Pridyl, -(CH2)Opyri mMyl, } (CH2) nOCH3X - (G¥2)
-(CH2)ON(CH3) 2, where nis 0, 1, B 3 or 4 and each of Rfhe above
noieties are optionally substityted with one or nore substituents; or
a structure selected from where Li is optioﬁlait)l and, if
present, NH .S .0, SO or 502: R 3 isS one or re optional, . )
D Lbot 1t udhiseRepitpesy o Phpnigi oty adkeplbledfl dbiase BB oty 50 or SO

het er ocy dlieis phesyl vs sibstitieet! plengt; aoy dzas 2Zbutabizel -clo Riadlnetyofopsdpai, MOH,),-

wherein X r ng.of } I erei . .S

The. compotrigPaysty @i tey eS8l BIANEIS!. 8L RUM S Gh. Rpkonlt, it

m subst i thiRarighl wiGHe)opigeigringe r e firyle €dE)nahionhtns, -(BERIyodYL OFH)n-
pyrimidyl, -(CH3),OCHs, - (CH,),OH, or -(CH,),N(CH3),, where n is 0, 1, 2, 3 or 4 and

each of the above moieties are optionally substituted with one or more substituents; or a

is -(CH2)0-cycl opropyl, -( 11xcycl opentyl, )%42 "acycl ohexyl , -
(B2 . :

structure selected from:
OH OH OH

OC o OC I

combination with a pharmaceutically acceptable excipient.
[00248] Within the context of this embodiment, the protein-kinase mediated

disease can be a Pim-1 kinase-expressing cancer.
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5. The compound of claim| wherein R is: 6. The
compound of claim1l wherein R2 is -(CH2)cycl opentyl,

-(CH2) 11-cycl ohexyl, -(CH2)"OH, or -(CH2)"-piperidyl, where nis O,
1, 2, 3 or 4 and each of the above noieties are optionally
substituted with one or nore substituents; or where R2 is the

foll owi ng structure: 7. The conpound of claim1 wherein
R2 is -(CH2).-cycl ohexyl, where nis O, optionally substituted with
one or novbatsypaimadignt s. 8. A conpound having a

structure according to structure (1) or structure (11) bel ow (/1)
i ncl udi ng stereoi soners, prodrugs and pharnmaceutically acceptable
salts thereof, where: Xis NHL Ris H Rl is: cssc 1 where R1'

is ap, oor msubstitution with one,or nore occurrences of hal o,
-oc:F3|,O - OCHF2, - CF3, o@m Spgaipounghaving prichirg pesordnaNASEPTEHS or
-N(CH3) 2;  and (1) or structurB4IT) Below CH2) n- cycl ohexyl, where n is O,
optionally substituted with one or nore substituents. 9. The conpound
of claim8 wherein RL isR N

R
- N— N
A\
Ry

X~ N7

@ )

including stereoisomers, prodrugs and pharmaceutically acceptable
salts thereof, where:

X isNH, 8, O, SO or SOy;

R is H, -OH, halo, alkyl, haloalkyl, alkoxy or haloalkoxy;

R, is carbocycle, substituted carbocycle, heterocycle, or substituted

heterocycle; or a structure selected from:

where R;’ is a p, o or m substitution with one or more occurrences of
halo, —OCF;, -OCHF,, -CF;, -OCHj;, -NH,, -NO,, -OH, -COCH;, -
NHSO,CHj or -N(CHs)z;

R3is -(CHy)s-cyclopropyl, -(CHa)a-cyclopentyl, -(CH,)y-cyclohexyl, -
SO,-CHs, -SOy-(CH3),CH;, -(CHy)y-piperonyl, -(CHy),-piperidyl, -(CHj),-
piperazinyl, -(CHp),-furyl, -(CHa)y-thiophene, -(CHa),-pyridyl, -(CHj).-
pyrimidyl, -(CH3),OCHjs, -(CH3),OH, or -(CH3)},N(CHj3),, where nis 0, 1, 2,
3 or 4 and each of the above moicties are optionally substituted with one or

more substituents; or a structure selected from:
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where RI' is -0CF3, CF3 or d. 10. A conposition
conprising a conmpound of any one of clainms 1 or 8 in conbination with
a pharmaceutically acceptabl e excipient. 11. Use of a
conmpound of claim1l or 8 in the nmanufacture of a nedi canent for
treating a Pim1 ki nase-expressing cancer to a subject in need

t her eof

OH

OH
{ HyN - HN HN.,
H. 2 s
il H.,"}L RS H R ™ H H
RS SOy

1
5 12 O/Hy
RTEEKY CYCII—Lr@/\" HN -~ ~

¢ o 0T I

OH
IR

where L; is optional and, if present, NH, S, O, SO or SO3; R; is one or
more optional substituents; and Cycl; is a carbocycle, substituted carbocycle,

heterocycle or substituted heterocycle.

2. The compound of claim 1 wherein X is NH or O.

3. The compound of claim 1 wherein R is H.
4. The compound of claim 1 wherein R, is:
& ~
Az
Ry

where R’ is a p, 0 or m substitution with one or more occurrences of
halo, -OCF; or -CFj3.

5. The compound of claim 1 wherein R is:

& OCF,
o
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6. The compound of claim 1 wherein R, is -(CHjy),-
cyclopentyl, -(CHz)q-cyclohexyl, -(CHa2),OH, or -(CH,),-piperidyl, wherenis 0, 1, 2,
3 or 4 and each of the above moieties are optionally substituted with one or more

substituents; or where R, is the following structure:
o

7. The compound of claim 1 wherein R; is -(CHy)y-cyclohexyl,

where n is 0, optionally substituted with one or more substituents.

8. A compound having a structure according to structure (I) or

structure (1I) below:

R
R N N
R >~ N R ~ —
>SxTSNT >SxTN
RI RI
(D) (1)

including stereoisomers, prodrugs and pharmaceutically acceptable
salts thereof, where:

X is NH;

RisH;

R, is:

where R,’ is a p, 0 or m substitution with one or more occurrences of
halo, —OCF;, -OCHF,, -CFs;, -OCHi, -NH,, -NO,, -OH, -COCH,, -
NHSO,CHj; or -N{CH3);; and
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R, is -(CHy),-cyclohexyl, where n is 0, optionally substituted with one

or more substituents,

9, The compound of claim 8 wherein R, is:

B Ry
o

where R;’ is —OCF;, CF; or Cl.

10. A composition comprising a compound of any one of claims 1 or 8 in

combination with a pharmaceutically acceptable excipient.

11.  Use of a compound of claim 1 or 8 in the manufacture of a

medicament for treating a Pim-[ kinase-expressing cancer to a subject in need thereof,
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