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CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This
application relates to U S. Provisional Patent
Application No. 60/864,566, filed Novenber 6, 2006,
u. S II\WFDWZ@HOMJP?NIIAZINBMIDWRRZON@H B0A IM@)INE
filed March 007, and U.S. Provisional Pa
AppDERIMATHVES. AND) DHE|R SISE AS BRONE) NSKINASE :I_NH’VBITORS
each of which are incorporated herein by reference in
their entireties. BACKGROUND OF THE | NVENTI ON
JROYE- R@FE?REN@EW@Q@ELZWEDPAPPETCATI@WM i on rel ates,
In general, to compounds that inhibit protein kinase
activity, [aﬁm]t'ﬂusorqp@hcatlamsrelatésrreﬂohot!sﬁrePa:tvmionaI Patent
her et.o. SCILPLI ) Rel at [,0Q03
Arkisabio YO rgHebh 081 flecNovemsies Gasdlds. 148, Provisinal Patent
R;%tﬁfcéﬁ@ﬁﬂ] &.55b/892 89 §°ﬂfeH°Ma‘?9qq IZbP?r%P l?@%t‘?ﬂns@ﬁﬁl%atent
e norrm contro cel er at
A;fnlleatlerppbl@r £019570@88)r fiksl t Aegusts @4t 200Pereddhc sfavegeh are
cell pathways that control progress through the
'e%cprpoaﬁeqi @erqtn@yd@ferreewrbt efsHydirelies. of DNA synt hesi s
(S phase), cell division or mtosis (M phase), and
non-synt hetic periods referred to as gap 1 (Gl) and
BROKBRGOND OFeTIVENRYENTION conmposed of nitosis and
cytokinesis (separation into two cells). Al steps in
the cell cycle are controlled by an orderly cascade of

RS t e ne rf sphoryl ation and several famlies of
Mases are involved in carrying out these
phosphor yI[gb0o2ITHe RSsent nd&hdr %latésh‘in a?édéfb!f YoO&ompounds
many protein Kinases increases in human Tunors

tbahpeniliti proteirokinaiset activity, and tohtempnsitioas eahd awtheds yelated

Ean be due to many factors, including increased |evels
°kinase or changes in expression of co-activators

or inhibitory proteins. 1 WO 2008/058126

PCT/ US2007/ 083773 [0004] Cells have proteins that

Desceiptioh loé the Rekbted dnt f rom one phase of the cell cycle

t o anot her (gor exan‘pl the cyclins are _a famly, of

pr ot ei ns uR® %]Qﬁﬂﬁ,eént oﬁ’éh rnch¥8§@r%||‘f@rad'é{€re9§§ases) is
ShAFQUERALY bf RACBRIrbIEY EEf proliferation. This loss of the normal control

of cell proliferation often appears to occur as the result of genetic damage to

cell pathways that control progress through the cell cycle. The cell cycle
consists of DNA synthesis (S phase), cell division or mitosis (M phase), and
non-synthetic periods referred to as gap 1 (G1) and gap 2 (G2). The M-phase
is composed of mitosis and cytokinesis (separation into two cells). All steps in
the cell cycle are controlled by an orderly cascade of protein phosphorylation
and several families of protein kinases are involved in carrying out these
phosphorylation steps. In addition, the activity of many protein kinases
increases in human tumors compared to normal tissue and this increased
activity can be due to many factors, including increased levels of a kinase or

changes in expression of co-activators or inhibitory proteins.
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The cyclins turn on, at the appropriate tine,
different cyclin-dependent protein kinases (CDKs)

wa bas/ogias phor yl at e substrates essential for PCT/US2007/083773
progression through the cell cycle. Activity of
specific CDKs at specific tines is essential for both
initiation and coordinated progress through the cell
cycle. Fooeofaeir, h&Iprotding hﬁaﬂ%?Vem ®he tRdHsiti from one
cycl e regul ator that orchestrat es phase activities.
phaaevefr theacelliside tof ancther. Miaroexampleoths eyeliinsases a family of

Rxma indVhiss sBRcsntiolishre2Ese AR geiisass froughoitimcell cycle.
nfélmkr’[um bﬁshﬁth@ abPrIpriaks tiffed dﬁ'fé"r@ﬁﬁéyéli’ﬁpdiéﬁ@{o%%t protein

totic checkpoints, mtotic'exit, and
kmasrelm ﬁlﬁ}{ss) th{at)ﬁlﬁ)&]pharyl‘ate slmntésaegsential fnrprkgmsmn through

the Bl Mol o GiotHby B SRSEE0 GRS Bhaheste frhes s SasoRtal er both
||’1|ﬂ¥f?<l)rY Qﬂd'dbo"f'dlﬂﬁgae{)rogresgfh%u 1 ORkLY @8 ICF”&rhé’i@ﬁ?’pIés’CDK1

downstream e | vat ed, Im1l kin

mmsemostrmgmmtmellcﬂyctdmagmabr thaatodrehestrdteb|M4p<bnasefact|vut|es.
apoptosi s and nodul ati on of other signal transductjon

Hewenaly 3, nureer,efi offer mytadigrprotsinkinagen dat pastigipgte in M-phase
085a L, B T b ETSF HE, dEH g

(Neber-m-MitobisaR) ifithilieoana! kinasee Seiphicatetl M mifotici BRSEKpoints,
is seen in cells of hematopoietic origin, such as

rhitatig exit, wed,cytokinesis. spl een and bone marrow.

Addi ti onal ssion is see)) rosta . .
epi t hel i allbﬁg?]%gb ﬁseskl(ﬂgs '{;elf)p%%db%?%gq%@ Pim-3
Kirkd) V48 & rfaitnh9 dfnbAdcYent) s@ﬁné’/ﬂ%bﬁﬁ@ mﬁaeés MepigNadhase is
transforrmtl on’ |l eadi ng to mal i gnanci es i ncl udi ng

kBow to' ke | pnplvedain @ ovinaher of acydekine osighalingh qathways as a

%ﬁegﬁhg g Cem%g&&%tna(?nPgunﬂ o her Os rrqgréssmn of the

dgﬂ' éé)%ll%ﬁflhﬁ)?tioﬁ B%pggﬁas?s %ﬁagrnlbgﬁlahﬁﬁ 6f36th8ﬂ§tgd1\¢?tl‘a91§duction

Ic and se tive Itors for
gateways rinclatlingaite ewnan@linotl Hénasmisdalso dmswinhtet effeat activation of

medi ated _and/ or assomatedvvl h Pi m Ki roteins, ..
trenscHplR fctprs aveh 88 LAY 19D kb apdasandnangrnBibdion of

o 58135 837 ROARERigRRaA DA *Base o sogn n oot o

heﬁWﬁ@bb@ﬁcl (Srl?ﬁneuaﬂﬂa/s fetabdived thgmesmeplowts andaWe marrow
arnaceuti ca conposi ti ons conpri sing sal d conpou
&Qﬂ@&"ﬁe eXPERRSAINdS Se8Mein RECStale oA nerayapithglial Ce"S " Pim-1

k|rt1arsuecgsu[) Ise\&-:'ld) to Bg |F1 R/eg ei‘n We initiation or progression of malignant

transformation leading to malignancies including Burkitt's lymphoma, prostate

'\

cancer, oral cancer and diffuse large cell ymphomas, among others.

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

needs and offers other related advantages.



RNRNN R- NR2, XNXNRLRL (1) (Il)

i ncl udi ng stereoi soners, prodrugs and pharnaceutically
W@ewepssabd e salts thereof, wherein R Rl, R2 BCTUX0AT/EB83773

as defined herein. [0008] These conpounds of the

present invention have utility over a broad range of

t herapeutic applications, and may be used to treat

BREFRSEMMARYCh as cancer, that are nedi ated at | east

in part by protein kinase activity. Accordingly, in

one aspect[0007}Fee prasent inuentiohds @@mpcaﬂyd@ir@med o weghpounds,

herein are formnul ated phar maceut i C. acce tabI e
oS BrTRGRuIRY  CalhRIas SATDRTSNY. 890, SPBROU S nutere the
< ov&g{ réé{éﬁr;hg fbfb\ﬁiﬁgtd?e‘ﬁ"erélss‘ﬁ%‘&iure& Zﬁ a'nElV(ﬂgbébe

or tTreating or venting a protein
i sease, such as cancerR whi ch met hod

to a patient in _Of such a

ki nase- nedi at ed
conpri ses adm ni

treatment a thdr Ically effective |a a
conpound dRSC | harei/i or a phar mageyt |
accept abl e cOoXposiNi on &onpri sing sakKd cd¥pouny. In

certain enbodi ments, theprotein kinase-nedi at gy

di sease is a Pimkinase- nediated di sease, such as a
Pim 1 ki nase-express{lhg cancer. [0010] Anof(ler aspect
of the invention relates to inhibiting protein kinase

'S%h'g%biéé%eamomwﬁﬁgérﬁﬁ@ '%cﬁgwa“%'mc%s%fsgl&m qqeeptable  salts
RO AFTR KoK, BRE S tire 8K aBnAbRRERASUL [ cal |y

accept a on conprising sald conmpound. In

certain ertbodﬂfﬁ’fdse, corhpeurisodiethe presarseinventidmhave utility over
ki nase. 3 WD 2008/ 058126 PCT/ US2007/ 083773 [0011]
anherask rangspelkthesapauicsarrlications randcmayeke used tadiga diseases,

e A sabhsts YRl Al LR RESLI b By frltin Kilase gotiviy.

ASTROREN, e el dgsbdiasfehs mvmmhanmamlsl described herein
acceptable conposi tion conprising said conpound. In

arerfornulateth ediphanmaceuticadly @oseptabla icampositions fer administration

ki na [.0012], . These and ot her aspects of the
A aieeHn et e par ent

[0009] In another aspect, the invention provides methods for
treating or preventing a protein kinase-mediated disease, such as cancer,
which method comprises administering to a patient in need of such a treatment
a therapeutically effective amount of a compound described herein or a
pharmaceutically acceptable composition comprising said compound. In
certain embodiments, the protein kinase-mediated disease is a Pim kinase-
mediated disease, such as a Pim-1 kinase-expressing cancer.

[0010] Another aspect of the invention relates to inhibiting protein
kinase activity in a biological sample, which method comprises contacting the
biological sample with a compound described herein, or a pharmaceutically
acceptable composition comprising said compound. In certain embodiments,

the protein kinase is Pim kinase.



upon reference to the follow ng detail ed description

and attached figures. To that end, certain patent and
w@rdmenssdocunents are cited herein to nore speRCT/USADT/§83773

set forth various aspects of this invention. Each of

t hese docunents is hereby incorporated by reference

inits entirety. BRI EF DESCRI PTI ON OF THE DRAW NGS

[0013] Fi qooe1jARdtABE a‘gbﬁbtlo\“tﬁiésﬁwbﬂﬁbrb'r’e%"té!s atstavmtethod of

of illustrative conpounds. [0014] Figure 2 shows t

inkibilings prdtedn r kisase g activiyound a7 -pEdient, Tavdieh Vtﬂe)hcbd)r compnses

asfﬁ]lu'e I 4 tfé ﬁ%s%agls%nﬁ% anel%@?&&fb& /Thél%F%I@TETarmaceutlcally
eﬁﬂo@ldfaeb‘?e %o r{ﬁfé@ﬂ’&nt Egmg?%?llﬁ"lg@al& Yo cﬁlﬁjrﬂﬂogglégrtgﬁpembodlments

st al ni ng -4-11 treate npound
the Pootein Ribasaiwda Pidkinassspecti vel y. DETAI LED

DESCRI PTI HE | NVENTI ON [ 0016] . According t
39“@% esenan P@%%’n@éﬁ%ﬁf ’”eﬁl'nVe{‘H@PéN'Erb@ apparent

gener al
Lgfo%vfé?&%nggﬁ??ﬂg%gfbllli\gﬂﬁg{i%@g dﬁ%@ ﬁtncg‘\ Qﬂéf%rtéyﬁbg fifllrds. To
tﬁaﬁmnmdeemémt batentvamnd i othehadscuraémtec e edtegiethetsint fo more

%f r&‘below RNRNON R~ NR2-,, X NXN
an,ec ally |S§t forthyvaripup@speots ofdbisdpventionudzadrebibese glocuments

ey D ERRY BB ERhRE an et ool wher e

[0018] X is NH, 'S, O SOor SC®; [0019] Ris H -OH,

hal o, al kyl, hal oal kyl , al koxy or hal oal koxy; [0020]
EFalEFsDE&(ﬁ%JWdON Oku ElDRl/é\‘él:lKl&ﬁ bocycl e, heterocycle,

O o Do bH) SHOEEH SRYEA Bt shaRTHShHLS RFh RE R ustatve
d@Cdem or nmore occurrences of halo, -OCF3, -OCHF2,
-NH2, -NO2, -OH, -COCH3, -NHSO2CH3 or

- N( CH3) 2. [Pbtl)ﬂ;ﬁigtﬁ& Rsshqv@zhe -regalto of geyening compound 7-29
(TSEIL'ZVW) er seP tIVXy agagnst g panel of Serine/Threonine and Tyrosine
kinases in a radiometric assay.

[0015] Figures 3-5 show the results for the phospho-Bad staining
on MV-4-11 celis treated with Compounds 7-19, 7-29, and 7-31, respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0016] According to a general aspect of the present invention,
there are provided compounds useful as protein kinase inhibitors and
compositions and methods relating thereto. Compounds of the invention have

structures set forth in (1) or (Il) below:
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cycl ohexyl, -S02-CH3, -S02-(CH2)nCHS,
- (CH2) n- pi peronyl, -(CH2)n-piperidyl, -
w@ agpssipd per azi nyl, -(CH2)n-furyl, -(CH2)n-t hPOpHL087/083773
-(CH2) n-pyridyl, -(CH2)n- pyrimdyl, -(CH2)nOCHS3,
-(CH2) nOH, or -(CH2)nN(CH3)2, where nis 0, 1, 2, 3 or
4 and each of the above noieties are optionally
subst i t ut gd0wWrtiRcRamg stérebRonatss torbd %S an@' pRarmaceutically
structure selected from 5 WO 2008/ 0581
Fuceplatie salts dxTect, whereH OH H2N H2N HN H RSHRH

N1z N M 8 S O a2 '2 ot

where L is ogtlonal and, if present

soe: R3 i 408h8 Rris Hpr@H, Bﬁlq e, "ﬁﬂﬁlkﬂt@'@ﬁi‘%or aal@alkoxy,
Cycli is I

et er ocyci QOB RG S Frodd e ORBEEYTs. etesggyote. or
mﬂsafumediheﬁérabﬁﬂeté‘r% wolittand sglettedfForised in the

speci fication and cl ai rs have the neani ngs di scussed

bel ow. [0024] "Alkyl" refegs to a saturated straight

or branched hydrocarbon radjcall of one to six carbon
atons, preferably one to f;EE:;Erbon atons, e.g.,

met hyl , ethyl, propyl, 2-propylRi n-butyl, iso-butyl,
tert-butyl, pentyl, hexyl, and the like, preferably

nmet hyl , et his propyl, or 2- propyl. Representative
sat T ot ed 190241 WReTeL Ry JF i Ry1osot mm@ét%pnywﬂhe@mﬁﬂor more

|
r%’ﬁ}ﬂe O?h?}e%x'kg)r%ﬁ ﬁ%%’ﬁ(y?ﬁ&l ??’IH%{e |§0p'q®f)y|d§Iq -COCH;,

e sat ura ro
wtsogmmybr -N@Hpsyl, tent-butyl, isopentyl, and the

i ke. Representative saturated

[0022] Rz is -(CHy)n-cyclopropyl, -(CHy)s,-cyclopentyl, -(CHa)n-
cyclohexyl, -SO2-CH3j, -SO2-(CH2),CHs, -(CHy)n-piperonyl, -(CHz),-piperidyl, -
(CHo)n-piperazinyl, -(CHaz)n-furyl, -(CHy),-thiophene, -(CHy),-pyridyl, -(CHz),-
pyrimidyl, -(CH2),OCHj3, -(CH>),OH, or -(CH2),N(CH3)2, where nis 0, 1,2, 3or4
and each of the above moieties are optionally substituted with one or more

substituents; or a structure selected from:



cyclic al kyls include cyclopropyl, cyclobutyl,
cycl opentyl, cycl ohexyl, -CH2- cycl ohexyl, and the
WO 200805846 | e unsaturated cyclic al kyls incl udePCT/US2007/083773

cycl opentenyl, cycl ohexenyl, -CH2-cycl ohexenyl, and
t he Iike. Cyclic alkyls are also referred to herein
as a "cycloal kyl." Unsaturated al kyls contain at | east

Bubl e oOH ri pl e ObIond betvveen adj acent car bog

(ref rredtoa an "aHRepyI _er "abkyaylly, 7w
2\) .Repr sent atlveR i ght ch5 fiHand H
Is [ 2008/ 05

PCT/ US2007/ 083773 et hyI enyI propyl enyl , 1 but enyl ,

2-butenyl, isobutyl enyI pent nyl -(\Zi/pgpyl O/Hy
3- etk -buten th -B tenyl
ZRW otthy Crh= b e Iike""wile -

represSentative stralght chaln and branched alkynyls
i ncl ude acetyl enyl, propynyl, butynyl 2- butyn
1-peﬁfy penty 3 nethyl yI and

| i ken 025] " Al k\ means ~a_IN MUrMe

di val &nt hydth ocaf be dji cal of one to Si X car on
atons or a branched saturated dival ent hydrocarbon

radi cal of three to si ar bon_at e. g, t.hyl ene,
et hyl 22, 2-d i V@(Et hyl ﬁﬁ%opw @NX{%‘ &@h’
2- |_propyl qn/e\,N yl ene,/Bem]yI ene, a the |ike;
preferably mst)m;d/éne, et hyl ene, or propyl ene. [0026]

"Cyo] oal kyl" refers to a saturated cyclic hydrocarbon
radical of three to eight carbon atons, e.g.,

cyclopropyl cycl obut yI cyclopentyl or cycl ohexyl.

[0027] "Al koxy means a radical - vvhere Ra is an
I
\ﬁ#}é&'\é&? ogﬂ?ﬁélnﬁﬁjd 3?%@5?&‘,“ [%‘998%@/ ﬁa XF(% is one or more

dptionab, suusltumshts bragD Cyel; ii9da, careicgcleD! subsitltuied ocartdcycle,
chloro. [0029] "Hal oal kyl" neans al kyl substituted
haterpcyple arsubstibited petereeyalg.y one, two or three, same

“orpon 5, aRTodeRt Rfended stoteh e folsiio e Uped in the
sfp%‘éifﬁ:éhon ahl aMigisehdve the radaniRgs Gﬁﬁd@}zéedibew i ned

above, e.qg., trifluoronethoxy, trichloroethoxy, 2,2-
di chl or opriBP24)/'Alleiid tefersi i tee. a[ Gedulated\c gtraightaes dranched

haFuSiRon Tadtabel ARk ThaPe PATOR. GOM GrapFaBlY ar o four carbon
dtbirs! '€5.0a%hYll ethyl, propyl, 2-propyl, n-butyl, iso-butyl, tert-butyl, pentyl,
hexyl, and the like, preferably methyl, ethyl, propyl, or 2-propyl. Representative
saturated straight chain alkyls include methyl, ethyl, n-propyl, n-butyl, n-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, -CH;-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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but anoyl, and the like. [0032] "Aryl" refers to an
al | -carbon nonocyclic or fused-ring polycyclic (i.e
WO 2008958406 ch share adj acent pairs of carbon atReEYS2007/083773

groups of 6 to 12 carbon atons having a conpletely
conjugated pi-electron system Exanples, w thout
[imtation, of aryl groups are phenyl, naphthyl and
éthyleh lery emwé T 2Rt iBebyRYI, HUbERkeAYl, 2-pentenyl
ungubgltc?{wu%yed i '/)gV\D 200 0581ZZ Yl o 2-p v
3?m|e/tlu382‘0bwemwla723netﬁub3{huteméd2 3-dimethyl-2utenyli and the like;
subst i tuted tho or nor e bst it S 3s .thi

Tt Eatlh s EndlR et Braichsf AlkisS ingude acetyienyl,
rB |, SURAYART 2-UtEhAr akient byMy1, SSURRthyILEBLE/nyl, and
F?ndgﬁg)){andent r)W/Snsel ecfﬁ)g f%ﬂo yrﬂ); ?{)eﬂpw@/onmst Pg Pﬁyny an
thelike. (wherein the al kyl nay be optionally substltut ed

ith b hal
\r,]myfjr 023? ngé%'Al r}slegb%ggﬂt@aiypg% gatug%Iggodlvglgw hydrocarbon
rﬁﬂfc'a PRSP, sh?t@érﬁaflylatorﬂgt EF ogr Néﬂ&)ﬁedh@aﬂ%@d divalent

oxy car box koxycar bo

faidkytarbonaadical Iojltlam'enm s ;zdarbolmeatammrab,, mett’qdme;lahylene
or heterocycle (wherein the aryl, heteroar

2 rlimelBehgenRe PEIRNGTS 2 ﬁwhwerown%rmtvéné pentylene, and
(UARE! hitiedhy bRRFHIn SRR HproR ERLS O @

nmonocycl € o rin o RIPR whi ch share an

adj acent [e02610Tyetca)" @férdo @f sdtutsted Lyélidydbeamon radical
containing one, two, three or four ring heteroatons

ofciheee da eigbincarban atems, eigie ayslerrenyhg Cyelpbdtyht @yatopentyl or

bejn . and, in addition, having a conpletely
nglﬁk%égted pi-el ectron system Exanples, w thout

l'i m tatiooo2f] "ANIKS trhéshe G h@d@élOémRL \MﬁéﬁépRa%ean alkyl as
pyrrole, furan, thiophene, im dazole, oxazole,

ctelﬁnazlcﬂb@vepg:gazmbmoxpyeimumeproppyy,l tmtdxyn and qm ks i ne
i soqui nol ne, triazole, trazole, triazi
and " car bADBPa AR s BRoTS. £t dapri. of 1646, preferably

Eb?étahatgh%}oor unsubstituted. Wien substituted, the
teroaryl group is substituted with one or nore

substi t uerf062@is'Haldalkylt ensans alkyli BeUsﬂuateninﬁfDrcme or more,
one, two or three, en rm referab

b |
Fgﬁérg{’ 3t , JWBR] tlhﬂ%@wt%am‘ﬁd’ér?éf%ﬂém g 05%'10 » &9 £ r@ﬁzCl, -CFs,
EJF‘F tsi % P,Séﬁa #Héghl%f al kyl (wherein the al kyl nay

onaf Ty

substituted with one or two

SubStltuer{DSSO] "Rl sskdoyl’, niedns, dﬁyﬂéﬂwa}/ —GHgomhere R, is an
nmer capt o, al kylthi o, cyano, nitro, hal oal ky

o3y Gy deesoxgbovE, k6xcaiRiametentio. Tiahiojohbis 2.2
PRl BRI he aryl, ' heteroaryl, carbocycl e

or het er oqpos €] "PRY!" baeanti QNRidical SIBIENRL Ubigshe: R, is hydrogen,
alkyl, or haloalkyl as defined herein, e.g., formyl, acetyl, trifluoroacetyl,
butanoyl, and the like.

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

anthracenyl. The aryl group may be substituted or unsubstituted. When
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[0034] "Carbocycle" refers to a saturated, unsaturated

or aromatic ring systemhaving 3 to 14 ring carbon
W@rwa®s81Ihe term "carbocycl e, whether sat ur aR@&HUS007/083773

partially unsaturated, also refers to rings that are

optionally substituted. The term "car bocycl e"

includes aryl. The term "carbocycle” also includes

alusatiaéd cthel P gkdit isasibstitied vith BRE M mBRY SulBstRIits Gas this
or nonaromati ¢ rings, such as in a decahydronapht hyl

termtie defingd betaw Hnarg prefierably ohe, twadorcthree,vap more preferably
2008/ Q5812 S2007/ 08 t of attach

G o, Wi hstlents andenenisly s&i%%@f S e stnpomisting of
SRS (Wheichd Gl Wbﬁw %tee%pt.wg itdted e%tht BRe or two

carbocycle group I's substitute one or nor
sulpstitlientsn haloatkyl, ado t rydrokg, aibbxy;edemaptryy allnyjtmo cyano, acyl,

B e ? .”ﬁ%f@%@“%yl" | heiBBRYAH y heBRnhc ﬁwfa?éeﬁﬁa'wyvmiﬁgrboxy,

&HQ: t a
egrr()tl or?ai i § st I't ut ec[]ﬁ é] a‘?‘hﬂo ! h tr?? ent g§ocycle or

Hetemlykhel (wHiErbm th&ﬁylpkn&temh@%yarb&ycl&pbo heterocycle may be
al kyl thi o, cyano, acyl, nitro, haloal kyl, hal oal koxy,
Qﬁpﬁéﬂysuﬁﬂﬂﬁﬁ@@ar bonyl , anino, al kyl ani no

di al kyl
0 L o 8P oo TR o A FEIAREYF P el v - s
Vohich las @ﬁya‘djécéfﬁ)péiﬁopéidnﬁé)aé roMp SdﬂBStd 1 DtrRg) atohwa&}tammg

"Heterocycl e" refers to a saturated, unsaturated or
@nenmuo; three pe fowr rmgrigetgmt@msrs@beqﬁgd FomN1LO, ar iy the semaining
two, or ree at ons,_are heter

iy BRFEIoFRG: e T ahOBE) fnile eI EIE ¢511BRGE S Biectron

dysBh0 ERambles! MAtHRABinfitaNdNn! 'oF%rBUBQﬁtu&Q! H@té?oa%@"r@hps are
one or two C atoms may optionally be replaced by

pyardienurag; oliniophEne, tioridazdlet enaezgle, ethiazale u@gmzole pyridine,
heterparyl .. The heterocyclyl rjng

RYFpRiIA e, anpl péS@&]élH‘t ipe; ngrweontéla%pf) Erazglr?e trl)ézme and
c,sérfg,éiéléuemé h@ r gﬁ gtﬁgwa}eﬁéféd%ﬁtﬁ% Wurﬁhﬁgfﬁﬁjﬁfﬂ Y When

or t ts se ecte from
fublstitited, thbehaérk)xaryl YU & sx.ptis'tlmted Ivmth sndb st hiare esdbstmmnts as
one or two substi | tuents), ﬁ*oal k ycl oal k%/I am no,
t@gscﬁ%rg] R§,|dég Wp gl)p(\g\{ Orgprgwpg ykgne two or three, even more

&é%rgeikahgl s lt\%1 E%thﬂéntsCM@Bg?h@(ﬁt ly 8 sBRcPed MdrhOthe group

r oxy
dbr%iskmbacmél I (vme@lélﬂnhalﬁw may?llbbodp’[ﬁiriaw ,submltlm@ai lwith, one or
al kyl am noal kyl , di al kyl am noal kyl , aral k

tn@twbﬁma@n@) haleglkyl, h@tOerftercyxy, ailsq%m%ncapto alkylthio, cyano,

c cy
U540 ST BIRG, Bt "B GERR RS Blfamin
darllaiino, Reylerasalm! caﬁ@éwcﬂi@l RéterbGRIa! N (@hReFein the aryl,
het erocycl oam no, saturated
heteroaryl, carbocycle or heterocycle may be optionally substituted).

[0034] "Carbocycle" refers to a saturated, unsaturated or aromatic
ring system having 3 to 14 ring carbon 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 decahydronaphthyi or tetrahydronaphthyl, where the radical
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unsat ur at ed heterocycl oam noal kyl, and -CORd (where Rd
is alkyl). Mire specifically the term heterocyclyl
WO poBroskagq but is not limted to, tetra hydr oRyr/ESR0D7/083773
2, 2-di net hyl - 1, 3- di oxol ane, pi peridi no,
N- et hyl pi peri din-3- yl, piperazino,
N- et hyl pyrrolidin-3-yl, pyrrolidino, norpholino, 4-

cﬂylﬁélﬁpbﬂéﬁbﬁmhbﬁi c Qﬁftﬁéldﬁ?haﬁdﬂhﬁ@“'ﬂﬁ@'céfﬁbcxcle group may be
t hi onor phol i no-1 -oxid hi onor phol i no-1

sudnstjtut@é o -unshibstitiutachr bWiyerplfmbsamtm the carbocycle group is

SRR NS or iR, FrRSTGRES 25 Bk b Peltied Relow, more
ﬂréﬁrébl?ygﬁé’pwd B dhfee? - e e m@r@dplte'?@raﬁg buat ¥ ﬁﬁo substituents

t hereo I'n certain enbodi ments, the terocyc
igdepandentlypselectal| I’y'omuﬁrﬂ gtaupe donsistingrod alkylt (mherein the alkyl

subtitu nts, i ndepen sel ected from hal o, . aJ kyl
RPEIE SHERPAI LRI ithuaRs o St sUbRYPRLEy, haloslkyl, halo,

@dfdi;ﬁralg&&afr Srﬁéwagi&dalﬂ{élgﬂﬁ,et %@; ! grﬁ}ulirﬁg‘?\%@ﬁlgﬂgb%alkoxy,

aturate unsat dr at
adirbbkyy | alkiompcarb0B6] athd, i afiglamion ‘digikylamind, y aryredngeroaryl,
t hat the subsequently descri bed event or circunstance
GAEOBNFle nakdhelsroqyela r (Wherain Hie tatyl, betarpapt.i qarbocycle or

Hé?&ogg ,JHQ}?» %gné@?ggb%ﬁﬁgayent or circunstance

occur I'nstanc it does not. For

exanpl e, "TDe8S|"BRYGIoCyCleY Fufersopid Sakaratid, Gnditiidted 8faromatic
w th an al kyl group" nmeans that the al ky1 may but need

qystic heg syséermnbaviagd thd4déng ﬁtcpmson whigh enes two or three ring

P T e T
fisth € QLG kige %rﬁé‘diﬁlrigsnn?1 atorfis ‘b’éHQt Gt #feYé bhe (drews! (i%'toms may

group. [0037] Last]| he term bstituted" as used
apdiopaty Mamlmeﬁ by a cad)oa\!ybgmtgr oJ;b\e {eemg’heteiloeytle” includes

B aihe Sataronianyid ubnba enonel sppstufedindepandently
vﬁHpélﬁé g\" Aire suBsflﬂ&%nF@é@th|€gecrgﬂls‘a%n%kitlﬁlé\k Usiaterabyéne, two,

rogen atonms are re ubstituents”
cmthl'een substltuenﬂsesrélectbdtfmm alhyleévthemml el alﬂgl hwlyo@@mptlonally
nitro,

ﬁ@% é;loor él"%@ox?ubqtﬁvq;gp)mhay %kb‘al ;@yploalkylamlno
| ]
@uﬁ%ﬁ%ﬂ%ﬂﬁ EYC'?E&WH?%?‘X* oL Rk AR - oyanoalkyl,

Hadd er vitroy | ,cyhﬁtb er hydnplka) kalkoxﬁubammdﬂ e@lkylamlno, dialkylamino,

het eroaryl al kyl, heterocycle, substitute ) _
hysreryaliot ecarl exsealbsdycaaramqkq)kyl sauxytantnueetl;yl dialkylaminoalkyl,

J?Sﬁ(ﬁ&@%{&é?%g&l %r%le agegparyl C%Eﬁg&é% ?g;%ro%R@?jBQ%ﬁ I%tne aryl,
hﬁ%rﬁg}WR@R‘bocyQ@( 5ChRaBEycle Shay -BeRdptiodai§Bsubstituted), aralkyl,
heteroaralkyl saturated or unsaturated heterocycloamino, saturated or
unsaturated heterocycloaminoalkyl, and —CORy (where Ry is alkyl). More
specifically the term heterocyclyl includes, but is not Ilimited to,
tetrahydropyranyl, 2,2-dimethyl-1,3-dioxolane, piperidino, N-methylpiperidin-3-
yl,  piperazino, = N-methylpyrrolidin-3-yl,  pyrrolidino,  morpholino, 4-
cyclopropyimethylpiperazino, thiomorpholino, thiomorpholino-1-oxide,

thiomorpholino-1,1-dioxide, 4-ethyloxycarbonylpiperazino, 3-oxopiperazino, 2-

9



S(=0) 2Re, -0OS(=0)2Rei -S(=0)20Re, wherein Re and Rf

are the sane or different and i ndependently hydrogen,
w@bdoghssibal oal kyl, substituted al kyl, aryl, PCT/US2007/083773

substituted aryl, arylal kyl, substituted aryl al kyl,

heteroaryl, substituted heteroaryl, heteroarylal kyl,

substituted heteroarylal kyl, heterocycle, substituted

irfdSZSNeBREE 2€9Frﬁrdlﬁdﬁé eg- 5X6h&h0|§lrbbﬁdiuﬁé“ @8trahydropyrimidin-2-
het er ocycl eal 0038] Certain illustrative

wpathdbe aderuaﬂlwﬁg ther@tfr udn wegtain |e)mb@d1meots )thef beterocycle

$358, R h0e e PuBSHElE kS 78] o6 shbafiin® independently
SHEQEET FroAsRRAs, Hikyd! rél!{;yﬁl U§ @Sstitditbda Mth( 'cla}béﬁ/ovéstgﬁlglydroxy,

I's a 5-6 nenbered saturated, partially unsaturated,
éllqylamlmmsa‘s,amaated cumnunyathraiedl niogeteendyctpadnifo, saturated or

het wh th at | ected f
isaugiar ReleyoRi camingalky Lot SEUGHBITIGY o ror e spect f1c
aspect of [@bﬁ?ﬁ?ﬁtﬁ)ﬁa ol by ¢ Qﬂ)tl@héﬂy"aﬁ%’ﬁs Hat e Iossuli%equently

or m substitu one 'or nore occurrence

ddscribed- Elent- 6F3c;|rcun6§f§Bce I@@b‘Bbut(ﬁe@d INGE , oed\(rCId%\)dZ that the
- NH2, - NHSO2CH3, - NHSO2 COCH3, - COCH
dngzlnpgn inglpdes g@tgpqges vgt@qg thg, ggglgzphézlrgpms{ance occurs and

BGRERL 85O HochTh. T2t SRR, oBRESHIE oy, optoraly

ﬁlﬂ%ﬁtdté@t\ﬁlﬂw @aw akg| Yroug"umdanst twaonhsrmkylpmbydwut, need not be
pyrim dyl, i ndol yI roup. [0042] In nor e

rrpeent |a@datbpe§tﬂ80t1ptl®l dﬂSestL(atlpnarvme(reltyleatmr@cym group is

uct ur ere

I Stlbﬂ%ﬁis\@ gpleilgygrﬁrgu&an% ﬁltléa reseE ﬂ? ge[erocyc‘?e group is

rrotReBsiRidd with the g|kypgﬂ;rupm substitution with one or
nmore occurrences of -OCF3, -CF3, -0OCH3, -0OCHF2,

NH2, N2, [%37}Ica3ﬂly131he Mﬂmmtltutﬂd” as\ugB hereip m0eB)s any of
tbso%é NaRGTOURS ko8, SRE. Frdh helelesls CarbasyPRp deroc)dle, elc)

0
In a m)re spec%gr%&_g%ct oF S r%ﬁl@ tu rﬁ 4€1he case
aftary exo Rbstittieap (=OTaltvy rydbsden atomas are replaced “Substituents”

&wpg g)p;:q%%ﬁ%ﬁglpdn]ﬁ@%w;]uc Y é’h@%‘ty' ddéh%éz)?on_cyano nitro,
%@qg)a yﬁrﬂ@r ﬁéHeWIaTEfQZCWW alfdgg% Ithloalkyl haloalkyl, hydroxyalkyt,
ar@%b&ti&ﬁédﬁadm arylalkyl, substituted arylalkyl heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, heterocycle, substituted
heterocycle, heterocyclealkyl, substituted heterocyclealkyl, -NReR;,
NR:C(=0O)R¢, -NR:C(=O)NReR; , -NR.C(=O)OR; —-NRSO2Ry, -OR¢, -C(=O)R¢ -
C(=0)OR., -C(=O)NRcR;, -OC(=O)NRcR;, -SH, -SRs, -SOR., -S(=O)NH,, -
S(=0)2Re, -OS(=0)2Re, -S(=0)20Re, wherein Re and Rrare the same or
different and independently hydrogen, alkyl, haloalkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, heterocycle, substituted

heterocycle, heterocyclealkyl or substituted heterocyclealkyl.
[0038] Certain illustrative compounds according to structures (l)

and (Il), for use as described herein, are set forth below.
10



[0045] In a nore specific aspect of structures (1) and
(I'l) above, R2 has a structure selected from 11 WO

WQROB8NSESHL26 PCT/ US2007/ 083773 OH OH OH HZN HQU/BB2007/083773

H- RSHSH RS1,2 1,2 R3 Cycli-Lt 1,2 NN/NJ/
~Nt,z Nt,zi,zi vit.2 ON,vahereLis

opt i onal and if present, NH, S, O SO o

one or norlB03@pidmere snesific agpeetof sawgtt@a(h) a|n§ (H) above, R;

iga bggy %@ bebs ¢ éétHFﬁqu CEH@E@%V | BrsatdrSledl °&Y %ffy YUnsaturated

ustltute het er oc I'n"a nore’ speci
raspeycliofringt hamngr(bs Héteramtaing)| Wheed thve hetetoatoass e selected

foII structur cl1-Li [0047] where L is
”gt eq‘aﬁéyg‘?’? aﬁgéé‘gﬁ NH S, O SO or soz and
QICI 1is a_car bocycl e, substltut ed carbocy
het er ocyc|[8049] 18 gyore gpegific ﬁépwtdﬁﬂnw@turaﬁ&l) iand{lIyabave, R

|§§eS'Jr' il dcﬁgp ¥ ﬁﬁe 9l it oﬁeaorgng e?(?{gﬂflre%@eﬁ Of 1 =L 4CFs -

t urat unsat urate Iy U

QORYCYBCHg, FCHEg, h@é nyI(CH3),, hRHE ORHSTB,CHNer-RHI®,CH,CH;, -

het eroat ons are selected from nitrogen, oxygen and

GQCHsr -COOTh 8CHNHz, rdie-S@=NI4,i-SChkp piperagine or marpheline.

Fo0as] 1 n 1904 THBE gk sprfic AsfatiE auRupSs {7 Bl L 8Bbve. r,
i§ |dn @ptiohhlly . sulSstn’du%ed\”(ﬁy%Eblﬁl fug, atrﬁfgg?é el ?y‘?ﬁiyprpynmldyl or

unsubsti tut'ed phenyl (where IS as
indolyl group.

[0042] In a more specific aspect of structures (I) and (Il) above, R,

has the structure:

where R¢’ represents one or more optional substituents or, in a more specific
embodiment, is a p, o or m substitution with one or more occurrences of halo.
-OCF3, -CF3, -OCHs, -OCHF2, NH,, NO,, OH, -COCHjz, -NHSO,CHs;, or -
N(CHs)a.

[0043] In a more specific aspect of structures (I) and (1) above, R;
is 2-butane-1-ol, -SO,CHs, -SO,CH,CH3;, -CH,CH,OCHs;, -CH,CH,CH,OH, or
-CH2CH2N(CHj3)a.

[0044] In a more specific aspect of structures (I) and (Il) above, Ry
is optionally substituted -(CHgz),-cyclopropyl, -(CHa),-cyclopentyl, -(CHa),-
cyclohexyl, -(CHy)q-piperonyl, -(CHz),-piperidyl, -(CHy)s-piperazinyl, -(CHy),-
furyl, -(CHgz)s-thiophene, -(CHy),-pyridyl, or -(CHz),-pyrimidyl.

[0045] In a more specific aspect of structures (1) and (ll) above, R,

has a structure selected from:

11



12 WO 2008/ 058126 PCT/ US2007/083773 above and R' is
absent or represents one or nore substituents), and

waQ b@ws/ossanpounds have the foll owi ng structures BCFB$208TI0B3773
(I'1-A), respectively: ~NI NI / 8 RR R~ NR2 /N
NN HNHNR" R" (I-A (Il -A or a stereoisoner,
prod rug or pharmaceutically acceptable salt thereof.

H In m)rQJ,d SpeCIfIOH enbodi ments of (1-A) and

A, Rj aI Ky, quch asHpet h andi:tke ?E%(\;
the f n Is't,; uct ur esw, and {f 'H *Aa) :
H'N N RL (1-Aa)

(II-Aa) or a stere0| sorrer prodrug or

phar maceutical l'y accept abl e sal t there@}{?ﬂ] In @/Hy
2 X ’ AV 12|

enyl Ieast one

fromhalo -
OCH3, -NH2
-N( |n an e|f|c
: su stltuted halng at
tue sel ected from-
- OCHF2, and -OH, and in a nore speC|f|c

enbodi rrent Rl is se d fro WD 2008 %126
PCT/ 83773 N ¥OCF3 1y

X

where L is optional and, if present, NH, S, O, SO or SO;; R3 is one or more
optional substituents; and Cycly is a carbocycle, substituted carbocycle,
heterocycle or substituted heterocycle.

[0046] In a more specific aspect of structures (l) and (Il) above, R;

CYCl1_Lm

[0047]where L is optional and, if present, NH, S, O, SO or SOy;

and Cycly is a carbocycle, substituted carbocycle, heterocycle or substituted

has the following structure:

heterocycle, and in a more specific embodiment Cycly is a 5-6 membered
saturated, partially unsaturated, or fully unsaturated monocyclic ring having 0-3
heteroatoms, where the heteroatoms are selected from nitrogen, oxygen and
sulfur.

[0048] In a more specific aspect of structures (I) and (ll) above, R;
has a structure selected from:

[0049] In further specific embodiments of structures (I) and (Il), X

is NH and R, is a substituted or unsubstituted phenyl (where R is as defined

12



HO CH30 & OCF3 OCF3 OCF3 [0052] In nore specific
enbodi nents of (I1-A), (I1-A, (I-Aa) and (I11- Aa), R2

WO 2008088129 1, 2- pi peri d-4-yl, substituted PCT/US2007/083773
-(CH2) 1, 2-piperid-4-yl, -(CH2)1,2- piperazin-1-yl, or
substituted -(CH2)1, 2-pi perazin-1-yl, such as noiety
selected from J"(1,2 1,2 12 HN/N\/N 12 /NJ N
above &h&V'Ry'2Z6 Absdrii0&3ledrBsEntsPEse fdrCrlory é@%shﬁJentS) and the
sel ected from 14 WO 2008/ 058126 PCT/ US2007/ 083773
qomasayndsrhayei the folowingstreicres (leArand di-Aemespectively:
structures (1) and (Il), Xis O and RL is a

substituted or unsu t| ut ed phenyI (where R is as
def i ned above and [ bse eprese ong or
more substitu ékhe ounds Qia he

follow ng str res( (II- spéctively: R
-N R NN F€2"\le><lﬂ’I -, OO N R1' (IQB) (11-B)
or a stereoi soner, prodrug or pha eutically

acceptabl e salt tlhereof [ 0055] In 1grore specific

enbodi nents of (I and (11-B), , such as
nmet hyl , and the onpdunys have the foI ovOr ng
structures (% grﬂd 11- Bo)Re NN Rz~O

~NN RZ~-ON R'HR"

(I-A) (I-A)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

[0050] In more specific embodiments of (I-A) and (lI-A), R is alky,
such as methyl, and the compounds have the following structures (I-Aa) and (lI-
Aa):

Y, R S
2\N \N/N Z\N \N
H H
R/ Ry
(-Aa) (Il-Aa)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

[0051] In more specific embodiments of (I-A), (II-A), (I-Aa) and (lI-
Aa), R4 is substituted phenyl having at least one p, o or m substituent selected
from halo. —~OCF3, -OCHF;, -CFi;, -OCHs, -NH;, -NO,, -OH, -COCHgs, -
NHSO,CH; and -N(CHs);, and in an more specific embodiment R; is
substituted phenyl having at least one p, o or m substituent selected from —
OCF3;, -OCHF,, -CF3, -OCH3; and -OH, and in a more specific embodiment R4 is

selected from:

13



(I-Bb) (11-Bb) or a stereoisonmer, prodrug or

phar maceutically acceptable salt thereof. [0056] In
worenogosgieci fi ¢ enbodi ments of (1-B), (11-B), (®ecBBy20aTie83773

(I''B-b), R 1is substituted phenyl having at |east one

p, 0 or msubstituent selected from halo. -OCF3,

-OCHF2, -CF3, -0OCH3, -NH2, -NO2, -OH -COCH3, -

NHSQ2CH3 and {N( CH3) 2, ]@d Ifn an ]I[I% specific

enbodi nment subst eth pheny at | east

one p, 0 or bstltuent ected fro 3,

- OCHF2, -CF3, s and -0 aslnarme§590|f|c

enmbodiment R is selected from 15 WD 2008/ 058126

PCT/ US2007/ 08%¥73 |/ HO / O/ \ OCF

/ CH3O \ COCF OCF3 Ogk 057] FKHsQspre.specific

enbodi nent s Bt ruct ures ), (11-B)

(11-Bb), R2 (CH2) n-cyc BYE,» OCF;
- (CH2) n-cycl ogptyl - (CH2) n- cyclohexyl, -S02-CH3,
- S02- (CH2) nC (CH2)n pi peronyl, -(CH2)n-piperidyl,

- (CH2) n- pi pera2| nyl, -(CH2)n- furyl - (CH2) n-t hi ophene,

(Go) ﬂozioéggl't‘@@%ﬂ%é@ ém h%'ﬁ%%ﬁtﬁ'q(f% "GAS 51-Ag) and (I-
R8), JRANG. SR oL oBRI0OY oo MRIAIIEES (@16 OBOPBRALLY, -(CHy:

ne or nore Ssu

pipéraeingi qll sel sahstiutedoCHIH . Pibéidzm- Hyl l-&l)éHHaH?rhbidW Selected
1:H RSR1z 12 12 R3 C Cycle-L1 HNr\~/ 12
rom:
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N\ "'NO(Y-12 / ~~JN1zz ,N_121 N\ [0058] In
nore specific enbodi nents of (I-B) (11-B), (I1-Bb) and
W@ Rdos/oBre R2 is -(CH2) 1, 2-piperid-4-yl, substPCUUSH07/083773
-(CH2) 1, 2-piperid-4-yl, -(CH2)1,2- piperazin-1-yl, or
substituted -(CH2)1, 2-pi perazin-1-yl, such as noiety
selected from 16 WO 2008/ 058126 PCT/ US2007/083773

12 1,2 12 \
Na 1N (904 g, ek, qhdcinty Smebdimells’of Srycfirds () and
(ﬂlo).OKO]s Ona!uétRac usteheubstnetedf oc uaa‘obstltmatdt phefiyl (where R is as

uct é@& (Iry)y, Xis S, SO or SO2 and

defigheabain apd & mewt.qrdﬁeaemwe(%@pee RPbSt'tuentS) and

I
e BRI A RNAGSBUEAAES () R ALy desessivsy
structures (I-C)gand (I -C) respecgively: RR N 11
NN NRR2\ 21-1 v 1,2 N S(0)O, WRL RL (1-0
(I1-© or a ste e0|sor prod rug| or D
phar maceut i Baty Epfabl e saft~gHeng
2008/ 058126 PCT/ US2007A083773 [0061]
enbodi ments of (1-C) @

17 WO

In pre specific

Ri'-C), Ris al

(I-B) (II-B)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

[0055] In more specific embodiments of (I-B) and (1I-B), R is alky,
such as methyl, and the compounds have the following structures (I-Bb) and (lI-
Bb):

Ry

CH
CH3]\/\‘//N 3r\N/N\
N Y R ~ =~
™o SN 07N
Ry

(I-Bb) (Il-Bb)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

[0056] In more specific embodiments of (I-B), (lI-B), (I-Bb) and
(IIB-b), R¢ is substituted phenyl having at least one p, o or m substituent
selected from halo. —OCF3, -OCHF,, -CF3, -OCHs, -NH>, -NO,, -OH, -COCHj, -
NHSO,CHs and -N(CHs);, and in an more specific embodiment R; is
substituted phenyl having at least one p, o or m substituent selected from —
OCFj3;, -OCHF,, -CF3, -OCHj3 and -OH, and in a more specific embodiment R; is

selected from:
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such as nethyl, and the conpounds have the follow ng

structures (1-Cc) and (11- Cc): CH3 NCH3 / NON NR
WOR008083125 1,2 N Z~S(O o0 12 N R11 R1, (I-Cc) (®CFT8007/083773

or a stereoi sonmer, prodrug or pharmaceutically

acceptable salt thereof. [0062] In nore specific

enbodi nents of (I-C, (II- (I-Cc) and (11- Cc), R

i's substitute phenyl having at |e one p, o0 or m

@

substituent gélgcted f 0. - F2, -CF3,
- OCH3, - NH2, -H, - , - NHS and
-N(CH3) 2, and i'n 8FFsnor e speCi T¢e enbodifent™R1 is
substituted phenyl havi ng at Ieast one p, 0 or m
substit uent ct ed from OCHFZ2}™ - CF3, - OCH3
and - OH, and nor e §9 c enﬁ’éﬁé? R is
selected fro / CH3O \ CF3 \ HO / CH3O \
\ OCF3 \ OCF3 3 [0063] Crg Speci¥i COCF;

enbodi ments ofogiructures (I- (rr-©, (I- Cc) and

(I'1-Cc), R2is -(CH2)n-cycl opropyl

: é 8242% gH%’[@p}gﬁﬂthre s&&&"ﬁé %‘mtﬁr‘%ﬁ%ehﬁxw §tru§%sﬁ)l (I1-B), (I-

pl pero

Big)CHanh- (l-Bb),aRnyis, (QHHZ)CNGbPFQﬁyl ~(CHR)woytlopeptybne (CHo).-

cychHZ)n pyéé %ﬂx@ﬁ%ﬂ@yé%wﬁz@f@zmger@%yh -(Clp)wgiperidyl,
?ﬁg%\gﬁ@e oI étl es@? " rgﬁalﬁ?c é’ﬁgd;? %deac{%ﬁ@ﬁgw'dyl

-@Hzmglna&gsf_(gwsm OJ(CBIZ);‘».OI-uQiru(GHgﬁNe(CH@)g Wwhere nis 0, 1,
2, 3 or 4 and each of the abové m0|et|es are optlonally substituted with one or

more substituents; or a structure selected from:

OH OH OH

[0058] In more specific embodiments of (I-B), (11-B), (I-Bb) and (lI-
Bb), Rz is -(CHgy)12-piperid-4-yl, substituted -(CH>)-piperid-4-yl, -(CH2)12-
piperazin-1-yl, or substituted -(CH;) 2-piperazin-1-yl, such as moiety selected

from:
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HRSRvS S tt2 RCclt-Lt IINl.\"~ /N12 JNN
r N2 Nt,zt,zINvit'2 ,k,,) [0064] In nore

WG pmsihsaize enbodi nents of (1-C), (11-C, (I-Cc)PErusS3op1/683773
Cc), RRis -(CH2)1, 2-piperid-4-yl, substituted
-(CH2) 1, 2-pi perid-4-yl, -(CH2)1,2- piperazin-1-yl, or
substituted -(CH2)1, 2-pi perazin-1-yl, such as noiety

sel ected f 1,2 1,2 NI N 1 N
1'z N/ No 19*W0O 2008/ 05/812d PCT/ US2007/ 083778
[ 0065] ecifically RNus“sel ected t

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

speci fic agpecyst strucfture’ (I above,
conpourd bh®s structurenget fortlhh in Tablne |
(Corrpo%?s 371 to 3-13)7 [0068] |n~ore dpecific
aspects of structure (11) above, conmpounds are
provi ded having structures set forth in Table IV

(Conpounds 4-1 to 4-22). [O >ore specific
aspects o (1) Oabo , ¢onpounds 'AN 12
~ N I /N\)

[0059] More specifically R; is selected from:

JoaliN G AN GRS Cag
ot o 0T

[0060] In yet further specific embodiments of structures (1) and (ll),
X is S, SO or SO, and R; is a substituted or unsubstituted phenyl (where Ry’
below is absent or represents one or more substituents), and the compounds

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

R R

R. N /N / RZ N =
™s0)r, N RECOYER
R/’ Ry
(I-C) (I-C)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.
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are provided having structures set forth in Table VII
(Conpounds 7-1 to 7-51). [0070] Conpounds that have

W@ b@sessres nol ecul ar fornula but differ in thePCEUSRBT/083773
or sequence of bonding of their atonms or the
arrangerrent of their atons in space are terned
"isoners". lIsoners that differ in the arrangenent of

their at or{eosm] mnﬁéré %&lﬁ@éﬁ%dlrﬁéﬁ%%l(ﬁ@?%“n‘d (1-C), R is alky,
Stereoi soners that are not mrror inmages one

sueht aremeding, ang t’r@dcomuomseh@mrﬁ\esfollawmgt stosatunesI-Ca) and (lI-
(Sén-superi nposable mrror imges of each other are

rmed "enantioners”. When a conpound has an
asymmetric center, for exanple, it _js bonded to four

di fferent gH a_pair of enantio S~ npdissi bl e.
An enanti omer an e aracterized by the a
confi ggsation ~Ntg/asymet ri Bagent

descri beﬁS(l@oltzheNR- and S—sequenm ﬁ@’)(rlal es of \ Cahn
and Prelog (Cahn, R %9 and Prel og,
Angew. Chem 78:413 66; Angew Chem |

Ed. Eng. 5:385-415, 1966), or by the nma in
whi ch the nol ecul e, rotates the plane of po rlzed
light and desi gneﬂg Sas dext ror ot atory @'rba)

| evorotatory (i (+) f\ -1 S0

Qre%ﬁf@é@q"%ﬂnﬂ prgdmg ‘PraQ’haJ’H}ﬁ?GH %?'b’aﬁ?céﬁ@ﬁe galt dharpet:

v Ul R R enrBBHRARIHDS5 R0 (0 anc (1

@@)nml isisnpstated ppempaidvirenat lebst bee ?W@rtbn preuLstitient selected
led a "racem c mxture”. [0071] The ounds of

al
fomshBIWenQiQﬁs mYCHbsseSE2.0neChs, mividz, MNPemeOH.c-COCHs, -

ERICGE 3G ry MG siorf dn . BTc b ool “RbBGdEnt mo s

Jumstieéd pLHaJn%ﬁavmgl &tafeggt ehB&s Wb 7. m SURtIERSRIdmdted from —

or namn a particular conmp ound in the

QpEei ﬂ@Iale oﬁ:FanfDCblb angsQH, armt iBraigwre speaific embaskhment R4 is
|nd|v QUaI enantioners and m xtures, racemc or

% 'S8 thereof. The methods for the deternination

of stereoche stry and the, separation

stereoi soners pre well-know) in thggart i((see

di scussion i Gh. 4 of A D ORCA EM STRY,
4t h edition, lgh , Jo Iey and éF New Yor k
Cty, 1992). [OO7QFF3The conpoundd of the pre&sent

invention may exhibit the phenonena of tautomerism
and structural|isonmerism Fof exarr%% t e conpounds
descri bed hergi™, may adHB E or & {f i guration
about the c@ bond con| ng the doI i none
noi ety to the pyrrol e noi et ¥ oro¢hey OCF;

OCF;

[0063] In more specific embodiments of structures (I-C), (lI-C), (I-
Cc) and (lI-Cc), Rz is -(CHaz),-cyclopropyl, -(CH)s,-cyclopentyl, -(CHa)n-
cyclohexyl, -SO2-CHs, -SO,-(CH2)sCH3, -(CHy)s-piperonyl, -(CHy)s-piperidyl,
-(CHg)n-piperazinyl, -(CHa)p-furyl, -(CHy)n-thiophene, -(CHy)n-pyridyl,
-(CHy)n-pyrimidyl, -(CH2),OCH3, -(CH2),OH, or -(CH2),N(CHa)2, where nis 0, 1,
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may be a mxture of E and Z. This invention
enconpasses any tautonmeric or structural isoneric

WO 2008038126 m xt ures t hereof which possess the aRiT/D$2001/¢83773
nodul ate aurora-2 kinase activity and is not limted
to, any one tautoneric or structural isomeric form
[0073] It is contenplated that a conpound of the
Z’@%ﬁﬂtaﬁd‘éﬁéﬁ loPhe WBBVE! nitfietidy ér@bbﬁ&r{éll ysu%@ﬁﬁ(ﬂ@& with one or
the body of the organi smsuch as human eing t
ereesabsditeents} abmbirueturéaelectad fnardul at e t he act | vity

of the protein Kkinases. Such netabolites are within

t he SHope of athe presemt i nvention. [0074] A conpound

he preseft i nvent/ on orﬁgq h ceUbNGalhy s "2,

t abl_efs, | 't theHe@f can n.s{:§;622§ suchS

ma at ent n b dm ni ster in

pharnaceutlcal conp05|t|ons in which the foregoing

materlals are mxed with suitable carriers
exci plept(;s). Technigues f Iat@/gﬁ%
ad t rat i%h—b ey foundV/W exanple\\f

RE ON S PHARI “co CEICAL SCI ENCES, WMack Publ i shi ng
Co., Easton, PA latest edition. 21 WO 2 08/ 05812
PCT/ 773 00¢5] %A "phar

Tﬂg refefs fo m xt
conﬁo crib erein, or pharnmaceu 'caIIy
acceptable salts or prodrugs thereof, with other

chem cal conponents, such as pha ceutlcal
acceptabl€xgxci pi erme purpode @ eut | 1,2
coC;rp onis [t/\rf itate ni strat of a
coround to an nism [0076] "Pharmaceutically
acggétable ex0|p|ent" refers to an inert substance

ad to a pharmaceutical conposition to further
facilitate admnistration of a conpound. Exanpl es,
without limtation, of excipients include calcium

R e e e e

@ghSRgng P Hrz %Ip%ﬁe@ ye t§st1t+t@g77(bH2)1z?lge{lﬂ 4yl, «(CHz)1z-

ar imaceu accept abl e sa refers

[Epétazin- VMyll,chr sebstitatedh< Chl,pl .epiperzire fyd,csuiche e smoatyl selected
oFerties of the parent conpound. Such salts may

QB ude: (1) acid addition salt which is obtained by

reaction of the free base of the parent conpound with

I nor gani c h as hy c acid,
hydrobroqégigafg%gﬁltrlc acl, d, pho phoric acid,
sul furic i and perch acid and fhe/h
wi th organic acids such as acetic acid, oxalic

LY OC O
O IW Q”*‘
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acid, (D)- or (L)-malic acid, maleic acid,
nmet hanesul foni ¢ acid, ethanesulfonic acid,
w@2a8hssanesul fonic acid, salicylic acid, tartar¢oUus®dT(83773
citric acid, succinic acid or malonic acid and the
i ke, preferably hydrochloric acid or (L)-malic acid,
or (2) salts forned when an acidic proton present in

the par ent[OG@@]ﬂ@Hfédsr%cﬁﬂlfé'lly'l'\% |s"sél@c?é‘cﬁﬁ‘om’ a netal

ion, e.g., an alkali netal ion, an alkaline earth ion,

or an alumnumion; or coordinates with an organic
base such~as et hanolam di et fanot"and ne,
tri eoI am ne, \tr ham ne, hyl gl ucamgnge,’ and

the” [0078] The conpound f the present

I nventi on may al so act or designed to act,

prodrug. A "prodru refe to an agents which i

Wo t hd pdaren rug i VP. "Prodru iﬂ;ﬂ
ef ul in  someNsituat kons, they

easier to adm nibkter than the parent drug. They may,
for instance, be bioavail able by oral adm nistration
whereas the parent drug is not. The prodrug may al so

have i npr qoegepal whrei tspecmcpta@paa@etdﬂ Gﬁhcture () above, the
conposi tions over the rent dr u% m@gﬁg W t hout
gampeund bas astrugtuse set Egth ip2T ajyte 2-110 2-22).

PCT/ US2007. 773 WO a_co oun

Cvent o ORRTOA° moRsheffic afeaRg s 8E Shudl T 8Bbve, the

cathPslintBhas aRheeRiteset foHH i@terabtétlbwahsoghdy BERto 3-13).

[ 0079] Ther apeutically effective anount" refers to

t hat anmour{0068] Intrherecspauifimalspasitsgf stdudtuies(lpraboventenpounds
will reli ext r r of the
%’ﬁﬁf%'ﬁ@di\avﬂges"ﬁi' Greseet Rt et?@s{@d&m?%pér 41 i 4-22).
to the tr GG I

ef fecti veqabggﬂh rﬁé¥ee§8 to ?ﬁﬁétgﬂéﬁgew?c a‘bove compounds
arefprovideti:haiing steutioiescset fartts iz Ballée \tlh(s()ctmpouunds( 291 to 7-51).

|nh|b|t|n tunor metastasi s; i nhi bitin
gr owt h; P&P1 Campprndeihak r&g@ Hie same @%ﬁ?ﬁ'ﬁﬁ formula but

@ﬁ%lo o tﬂ%qgaltﬁ’l\tet% éélﬁjg%@@co? rbonhf?\%s&] thg,?%t&%é rBr tﬁé %gr%'nﬁement of

ase-nedi at'e

thelreafoms&eianspady dresetaﬂﬂe@r"mrhers"delhbmereumat dlffer in the
condition in which a protein kinase is known to
arrangesmentheof ethgir pad@@En IR nSRACEe AL égrm%ndﬁqr%somers

oo SPENRE, pBl S PR HIMIESE e SR O omer

g ASIR ot P h@ ftho s Bat GRe ¢ion-suerinfisdgabie mitkbk eages of each

[Tmtation, cancers which express PimKkinases,
cpihet ateuteitn'teyi "enantiomersiad¥heamcanpeynd has an asymmetric center,

Q}/pr%%ner prpatla,l fltelrsa%l\wlgecfj 't5 %ﬂre "SRRt %'rgl}pesd WIptalr ot‘ enantiomers is

possible. An enantiomer can be characterized by the absolute configuration of

its asymmetric center and is described by the R- and S-sequencing rules of
Cahn and Prelog (Cahn, R,, Ingold, C., and Prelog, V. Angew. Chem. 78:413-
47, 1966; Angew. Chem. Internat. Ed. Eng. 5:385-415, 511, 1966), or by the
manner in which the molecule rotates the plane of polarized light and
designated as dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers

respectively). A chiral compound can exist as either individual enantiomer or as
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expression. In certain enbodi nents, the cancer is a

cancer of colon, breast, stomach, prostate, pancreas,
WwW@ro0odMwssiz@an ti ssue. [0081] The term"Pim PCT/US2007/083773

ki nase-nedi ated condition" or "disease", as used

herei n, nmeans any di sease or other del eterious

condition in which Pim1 kinase, Pim2 Kinase and/or

ePMB(t@ré(tm#éﬁf | A RN doRtdIfing SRfURS PRSpHISHLPET leddharftiomers is

role. The term " Pi mki nase-nedi ated condi ti on" or
calleden’s ecemicsmlml@ﬁs t hose di seases or conditions

that are ted nt.wth an PimKkinase
i nhi bi tor aljok)% QHBS |§]m\ﬁeggm1 A& RPSSEss one or more
a%g%atrﬁ:t ééﬂté@“ sug nit%d%dsté% fHerétorE ¥erodlced as,individual

tive conpoun a pharmaceutically accep
(%Jr br (Epsteredisomers oa gshavixtessuthecsof. cUntexssnhdmated otherwise,
alnjn an inventive conpound

HSRETRIEN Call NIMing & 12 PREICUAR coRBpURd B fthersRecification and
élé‘l\‘ﬁsnfs' iRndRdaB |H£I?é‘é"b%'fﬂ F{d%dﬁé]%n%%g%?s Shd ixtures, racemic

prevention or t rotelrn Kinase-re

@h sthedgise, tHE¥183f. Sunet aridtleodsatdremeoaetedmmehrc&ft sterecuhgmistry
i ncl ude, WIthOUt limtation, oral, rect
andinensrpasalionef stereaisomars agveli-snewp .Irbtheaarf (see discussion in

Cfi ST ARRANEE QGRS 7 1 pebRAMERH g Wiley and

SoMi, wewtyrdr@@l,t?r 1997t ravenous, intravitreal,
[ ntraper| t one I ntranasal, or intraocul ar

i nj ecti onsl007 2] the campousas oefi t’f@np&esenhm\mr@permem exhibit the

oS IS SR i B B e, e
wmeour%sabesérﬂaéaeheutefmnéw%asm SnrEres 7 BORTQUFAMPA Sbout the

via injection of the conpound directly intoa solid
daubie bornﬂtmnnemtlag dbe@-indiolisore anciety toetheagwrole moiety or they

for latio ernore,, one adm ni st.er
% B AgNTTS G GOl U NEONiP) EpORiaseR arytautomeric or
I S
of isbfiefic TR AME FRGLIE Werdof WHRKH JRRSEES Bhe abilty to
rmodalatt bakea-2iginasel @n:tl\ntyednd Bynéthiémitednte,. amy@86]tautomeric or

Phar maceut i cal conpositions of the present invention
tungbisREIRTICIOtMr ed by processes wel | known in the

art, e.g. g[OBgrgEﬁﬁn&{rﬁémp Qawt'é)&gﬁwﬁ%ﬁt{i %gthe E)resent invention

di ssol vi ng, I'ng, dragee-na

Wwouldid MetaholizeddnsshAimegin that b@cﬁpbﬁ@eodirgbyi&nh sbcli aBthuman
processes. [0087] Pharmaceutical conpositions for use )
heingdecgenaiate @ metahalite thalsean medwats Hie agljvibeof the protein

kn?ase it aé&cdn eta0itéS Q?’eev%hfm% S%BBQ of th%sb%%eﬂp fvention.

[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 pharmaceutical compositions in which the foregoing
materials are mixed with suitable carriers or excipient(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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or nore physiologically acceptable carriers conprising
excipients and auxiliaries which facilitate

wpewsessaeang of the active conpounds into prepalP@r/UsRe87/083773
whi ch can be used pharmaceutically. Proper formulation

i s dependent upon the route of adm nistration chosen.

[ 0088] For injection, the conpounds of the invention

may be fqoopbpA egharrmmaylsc@mbuéutn@ﬁsref@fsefoeaahixmrerbf one
physi ol ogi cally conpatible buffers such as Hanks'

Fomare o the cmepoww dawmed bergimyei phagnaceutisally meceptable
osal enet rants

ffer. gr tr a}ﬁ n| S h
e a5 iprpBues” e - vt e Urs g R Secpuch as
ﬂﬂhrmet'ﬁéd]ﬁe%b%ab@u%%@% r amp,é BlPodensr @l barmaceutical

known in art For oral admi nistration, the
amnmmnmwssctarfaubtat@admlmstmhorbgf a catnipound to lae ciganism.

ool K oar By R PRES el e eP I8 At I o an e
éiﬂibg%ﬁédsa&qqcf he 'é‘v RhHREC Célﬂlcapeccgrﬂ Hyih?ﬁ e¢o 2further facilitate
tablets, pills, Ioze ges, dragees psu es, |1 quids,

apirhimjstragipnupf ,a compduasl, sEosamplespmatrmmd linhitatlonk eof ERrcipients

oral ingestion by a patient 24 WO 2008/ 058126
lp@vﬂ@sm%wmgsmat@ha@%%LmO@ahaﬁﬁr SfRaioNE; Baare And types of

'?éhc)na |38/§é]gp|gﬁ aﬁﬁ% ' él'aﬂﬂs\??qse%blg rpﬁléfd&r?i e;%lgetgylene glycols.

pr ocessi NqObIE 'mwatmeee@tfcaugramémableaéaw'r réfedd g those salts
other suitable auxiliaries If desired, to obtain

whishetretair ther aty@l@gml esffeciengss epprpinsepertigs e of j the parent

gt Sueh sabS I (f S8Ranqit SHEbien i obtained by

reaefich af 'tr%‘ﬁeél{ﬁi%ea@f thef;%reﬁ‘?(é‘émt)éun@%ﬂ\elnéfg’ﬁrﬁ@ acids such as
wheat starch, rice starch and ato starch and ot her

hystrechlatis asist; tysisokyonic |a¢Jd gutnCt acidaphesphorigeadig) sulfuric acid,

& eI ani B LES it Prashis sUHR shen oi T ari. oxalic
AdiYPip)-dr @ Z%efl i%lg MieHAd,| matRRUFoMBYadke, aMdREsulfonic

such as cro yV|ny pyrrolidone, agar, or
adidj pitaluaneslilfoficsatid, salcdyllaamds datitano aclg; nMceamdysad:tsmc acid

gffmggglﬁceaéoogglr% “ﬁgoi’r W@Eﬁ/ @ﬁa@gg% ggﬁcc\érmym%@ acid; or (2)
sséigaforr?\%%hgﬁ‘sabr{rﬁéﬁdfb PHJ?&‘? g}?@éérﬁ lﬁW Fﬁf‘@br‘r%ound either is
yvi nyl pyrro

contain gumara I done

replavenioby aenetaidoyeélay| armenlkﬂﬂ yetd!,ioanan aikadlineagarthmion, or an
di oxi de, | acquer sol utions, and suitable organic
almirmsiongorsepwrdinates With @8, organis bess 6w3b|ag%n§m@olamme

cﬁ@%a*ﬂ%laqﬂﬂgfj lé’thtaHSIamRé,e'ir%n‘ljéthamlne, 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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dragee coatings for identification or to characterize
di fferent conbinations of active conpound doses.
WO 0®8381Rhar naceut i cal conpositions whi ch can BE/USWA7/083773
orally include push-fit capsules nmade of gelatin, as
wel | as soft, sealed capsules nmade of gelatin and a
pl asticizer, such as glycerol or sorbitol. The

wouslt-ie ta corapsune of ahd presdrii invémtoracihice is,ngdmiHistetesd as an
in adm xture with a filler such as Iactose a bi nder

afiem(ths "rrodrug), riegpbatea amige.i cashematror e al ¢ or

ot capsuPBLST e RbRATR dmoRhd Teterd T dnpd pount of

tﬁé c% %lh@ aaH‘IlﬁlQ@r@d WHigH Wﬂl’ reﬁé@@t@%ﬁétéﬂerﬂ'dn% or more
ui paraffin, i qui d pol yet hyl ene gl ycol s.

Qittbe|swnmé®msmyh©dlmd@dbemgttm@é@d irorefetextcedoshe dteadment of

Ph t

REED % Terpae ialy et rachS arodint FAETE Yo HatCamguitiich has the

L, ORIy TS 1o RO o2 bl RS Ribtastasis:

(Bpinthébitimy sturmort gyrawity Bhd/cac(4)v eebaripgpuode capsmbes  symptoms

formJIa iop.are preferably stored at controlled room
tBt Pesaners) 25 WO 2008/ 058126

PCT/ U5200768$§]7I7I% térﬂp%&e‘f 9 kirfAd il rﬂéafafég)t bQﬁ‘cglﬁMn" or "disease",

i nhal ati o use accor

gy aseditheréive Maams amwdh;eaeerb«thenﬁleletd&bwyeoﬁdntuon i (vghich a
formof an aerosol spray using a pressurized pack or
ROl Nin3ssr isakBowWNstid Playi 8 rolg.opENe 4atm "grefein Kinaggunediated

Pl 8F BB L et Mol Uscmses, of cnslions phat are

Aevkeed 8l ardatPent WithREprotéinekindseinpilisUISuthctcomsitisig include,
the dosage unit may be controlled by providing a

withars timitation,v éaneersewdichy expsest . Pitagdnases, am’ucularly Pim-1

e o okt erb Tt afre, AFURRT AsShell i Rim, kinase
HYNERior th BértdiRCernBABiMEHIs 2Me Barfdertisty %aﬁ@éﬂ@f cBRHE breast,

such as |actose or starch. [0093] The conpounds may
sabmacbeprfosta’tel marmﬂeasgrormlaeanélsaUe adm ni str at| on,

Forimul ot | dRRETLHTE faim B0 kingse mertSies el br gisease”, as
RSl norrﬂ%aﬁs Eny(/a dléé 'épé’rué)tﬁér AEIdtSrid &r%rédlﬁlﬁ% which Pim 1

cont ai ner's, ed preservative.
kiroangz Hitni ZJKmmyamﬂber Glkindsw issknasvrstospeaspressed and/or play
sol utions or emul sions in gily or agueous vehicles,

afgle. ke & afims b'nﬁﬁ%w%teﬁat:@mqhﬂv@, SnicHisggse” also means
tRYse 8%@'&1993 oﬂzamjlltlbﬁé ﬂ%t%‘?g aféviated 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, transmucosal or intestinal administration or intramuscular,
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di spersing agents. [0094] Pharmaceutical conpositions

for parenteral adm nistration include aqueous
waeuosnsapns of a water soluble form such as, WE&TE$2007/083773

l[imtation, a salt, of the active conmpound.

Addi tional ly, suspensions of the active conpounds may

be prepared in a lipophilic vehicle. Suitable

dubeafdridous, \retraraedsllary nitratieedalt direot rtraventricadars steaenous,
ojl, synthetic fatty acid esters such as ethyl ol eate

'atﬁav'trea@ prapetitapeab, Int@nasall or dikkapadan inectnnss. In certain
é&ﬂﬂgﬁﬁﬂtgjtﬁggr%rreﬁ%ﬂfa& c%fgefbgrfl Hﬁra%ﬂta‘?é Bra) %%tlﬁﬂﬁ\? ous.

I'ncr'eas € VI SCOsSI suspensti on,

as sodi um[oes ]leéfﬁ‘amélﬁc@hé s admirnster tied coﬁfpound in a local
dextran. Optionall e suspension may al so contain

ratherathas sysiemic z@aanahdfomremnles vig higjectinn r ek dlee t¢pmpound

b f.th d | f
Gl itpiel sl hnfarg R R Bkt & adbtaimifir BRse fommdagon
Al ter nat i eDg5] Rutthefiodrd € oh8 Hhagi fithinister Bfs 'd'ﬂuj’%‘@?rtargeted
form for constltutlon with a stitable vehicle, g

@ugrdielwer;pysys@en for eaxamepler jn befiposome satah With tLimor-specmc
8/ 058 PCT/ US2Q07/.083773 009 The CO
4bodyog | Bethf'%rw e PROGTRS almAYoBE o IR BAN T N daken up

M%' uMor'’ etention enenmas, usi ng, e.g.
conventl ona SUppOSI tory bases SUCh as CocCoa butter or

ot her gl yde08elesharjrezetlicaincamiposifians dbthehpresent invention may
f or rru%lzftl ons descri bed preV| ously, the conpounds may
g Joamdaciuirad Eﬂﬂ'oﬁ%s%plﬂe IpKROWP i s arbuesy. QMgmea"S of

oM 98 P 0B ki, v

emulsﬁymgcelh@adsxa)atmg bmtrapplngwmdmrzunmpmbsgés A
conpound of this invention nay be fornmulated for this
route of d@ﬂﬁ?ﬁ%ﬂarmacgﬁtwlt sorsppsitigne fopaseniar pecyance with

tﬁx%r@ g égl f?)ﬁ%lgééé% prflgﬁf goﬁvgrﬁ%n%%%ngp using one

&X%af&eph?ﬁblﬁglcaﬂy decéptabfy | Balrérs Sebmprisingeréxciiiente and
such as, wthout Iimtation, a sparingly soluble salt.
qm«dwqesmmglmfamlﬁate n@cgwngloé thg aatl\pﬁmma@emis g preparations

car ier for t dro Co oD und of t

Wilsh san e Ve Prarrieat o GReL tatany's Hraengent upon the
,@hf@@pédmﬁ"giggﬂ,gglcq\{osgwfact ant a vvat er-mscible

organi ¢ polyner and an aqueous phase such as the VPD
cosol vent [6088)dmr Wextion, atheokcamponnd$ GP/dhev/mvemimylmay be
al coh |, 8% w v of tr\e nonpol af sbl]lrfact ? é/s"orbate
fggnug gBoaqueous solutions,” preterably in p ysuo ogically 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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w v pol yet hyl ene gl ycol 300, made up to volune in
absol ute ethanol. The VPD cosol vent system (VPD: DSW

weonshstige of VPD diluted 1:1 with a 5% dext r osRCT/HS2007/083773

wat er solution. This cosol vent system di ssol ves
hydr ophobi ¢ conpounds well, and itself produces |ow
toxicity upon system c adm nistration. Naturally, the

PhaPIJEUBBS] Sepakiidng 6P SPAIMBRE caY bberﬁhH@XlshﬁJt Mfﬁdllﬁdexmplent
consi derably wthout destroying its solubility and

opticnaily ygdhdingc the i resutiing Poixtuner ramde, probessing nthiet ymiafure  of
t he cosol.vent, co nent Baggabe var i for

Q)rtaﬂg Sy after addmng Uxjligrigs grﬂess"ﬁﬂy agfplglgaablets or
E@aﬁor‘ég PRhgETQr Q%ﬂgé‘?@s drBe uﬁdﬁ’é}g I?é?rsoéuch 3s, sugars,

yet I'ene gl ycol e varie |ocon'pat|
|po|uy!mg Iactusys, seq:rbae;emapoltglebhy;bﬁtmel gje}iukmlse preparations such as,

5(‘)% rroI [ done and ot her sugars
%@ a s Wheat starehy d&cedgﬂ%@@d potegp starch and
CﬁhEPr mtbrﬁsy s@éhheﬁsd NG Y @frﬁt e@%é%ntﬁydmg'&llulose,

ar maceut 1 cal npoun may b Lip

qurprbpyln@hy@lrc@llumbl k sodiune x amakissxypietiglceMdose,  and/or
vehicles or carriers for hydrophobic drugs. In 27 WO

@@n\enﬁmmdpw(ﬁéffboﬂfmm disjategrafing agents may be added,

oA ErSIRRL AV IR B 5, SRRl ABaitSich s

dotiidi dlyinatOHadlaifsiBe usegal | y, the conpounds may be
delivered using a sustained-rel ease system such as

seni per nedf080hkragecesores aselpravided avidpsidtable poatjngs: sFor this
dpeSte chileaniaibd “HRE helHOR sy 55 el WA AY joptionally
d‘d?ﬁ&‘iﬂ BYind ré?ﬁﬁlcs Khld! e[S’oly\ﬂnylt E?rr@f&onesuééﬁl‘ioﬁéﬂ de@' PBRRthylene

capsu es may, e end on"théir chem cal natudr
glgd:@iaaedﬁph éltamumodmxilslef @cqaef solutiens sang stitalde eargamo solvents

O SPBT iR eptdfe SRR, B] Be Sishio the tablets or
A b 1 Bitnos ERLGGHRRGH A1 @rhé}a‘%fe?ﬂ%b'dlﬁéFérﬂrdenQﬁons of

ep armaceutica COﬁpOSI I ons

dietivel conapamaddysesc onpr i se sw table solid or gel phase
carriers or_excipients. npl es of such, carriers or
exci pi ent slOPHE] P'@I%”“Qﬁﬁ““ﬁ?'e caatp0§|t\9n§ewht%1 cap| beyysed orally

BRLBRBNSH AERRGSYE, HASRURbEa0NAEbS SRR, sealed capsties

cel er| vat ¥ves el a

PatE N Gelatic arks applgtdiron, euehchy @q}cérol[ &L 83ibityhnyTHe push-fit
t he protein kinase-nodul ati ng conpounds of the

Gapseies 6an reeptaie tbe @Adtivednaredianfs iv|asgnixire yith a filler such as
Iggﬁfégf gbt;irff‘der ch% as g{a(?ch éno%r 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).

25



cl ai med conmpound may formthe negatively or the
positively charged species. Exanples of salts in
waknoshssibe conmpound forns the positively char ged/ieioe1/§83773
include, without limtation, quaternary ammoni um

(defined el sewhere herein), salts such as the

hydrochl ori de, sulfate, carbonate, |lactate, tartrate,

mal ate, n@oe2]For adenisiratonvbyr inhaldtion, thé rcwmmmdsrrfor use
of the guaternar anmoni um group is a nltrogen of th
agqosding do doenpeeaant davantios mawbﬁtquemnﬁh dleageredéadh@cﬁorm of

35, OO B P ek ol SRR TR ot

prepeilas, | nclede, W Wiidut | | M Rith@sh, t he d&Qﬂbr@mﬂuoromethane
potassi um calcium and magnesium salts formed by the

trlebl@f¢fbmr@mea1afwr bdighlorafetradiugregtbane ior cawonodmxidel In the

t?9-§ f%‘lt% r‘lﬂxﬁwteﬁ‘iﬁb 35?3’8389@%" I"éjé\nY gdroﬁgﬂﬂwg@wdmga
\feﬂ:é’é Q")d%]lvereé Cméteréc@’a%urﬁ hat apsifed ahal caﬁﬁm@@gl il %}Sexample

suitable for use in the present 1 nvention i'ncl ud
gfdawms‘ot iuses invaer @ihalarher ansuffiaor mgay diee fersnudated contalmng a

ai ned in an amount, sufficie to gchieve th
RaasTaBiK Bl s SeMPaUgd aritha SuEblRoPOwaSs bss AHeh as lactose or
hUS2007/ 083773 nodul ation of protein kinase
activity and/or the treatnent or prevention of a
protein ki[0898} T agoeapalirsisr dexy. alsdl B fdr‘hn&ated for parenteral

%ggm fically, a therapeutl cally effecti ve anoun
iisteationnBieht Y)P%l?rﬂﬁlﬁ?ﬁ@“ S Foptinyeus B lﬂﬁlgqerﬁormulatlons for

A3y TSI PRI, Lo Mg o i

e surviva

ddxEOEIntaIRlees, Wittehh @idded meséwaw@ utThe aompaitiorst rha?z take such
anount is vvel |l within the capability of those skille

foRms 1as SusPensignse Balumyns PrIErgiisiops in {Rlly afeaauaous vehlcles and

SaBbARUEE SrEVRIE Bl SRI0% SRRoBRInG Wiy anor

d|l:;1 reRRLA dgé?rﬂgly effective anount or dose can be
estl mated initially fromcell culture assays. Then,
t he dosagd0684] %Ieammqwklaale@bmpcsme@s ifor panemigral adonnistration

FRLEE Artien SOl i @ Walr sOIISAIEY SHin s MIEGR mitation, a
ddit, €of thle a%ﬂVéeEbﬁ\%bhﬁ& of ABARiohSRHY, SOSPHEIhabChhe active

achi eves a hal f-nmaxi mal inhibition of the protein
dampaundsciniayibtey prep@oedin a hipophitic |veh|odEanSuhabieU¢>ophmd vehicles

DOYIE] 13 S oA SERAP Ryl BT (Ecis SpieaS Such as ety
SI85RCHAY Striglycerides, 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.

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

use.
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descri bed herein can be determ ned by standard

phar maceuti cal procedures in cell cultures or
wexpsnsarent al ani mals, e.g., by determ ning theCtT/CS®07/083773

and the LD50 (both of which are discussed el sewhere

herein) for a subject conpound. The data obtained

fromthese cell culture assays and ani nal studies can

be used i M0066)y ThE atbipoandengsaypf agesasse farmukstedi Mn  rectal
humans. The dosage may vary dependi ng upon the dosage

qanpesitignoysuchanas t Buppesitosiest aidreiengipnatenemas, using, e.g.,
utilifed.I Theeactbforrmlﬁtion, rqute of id
vehfiStal PBRSITY bases FUcB i Booa ibEL T ey glvcerides.
i ndi vi dualjopyphchdditibn t6l e rmidIstidt Westritled previously, the
condition. (See, e.g., GOODVAN & G LMAN S THE
GRIARMKCISL DBl GAs 0 BESfaEMOiatEHERABER AL [@8patdtions, Juth long acting
d. d. by Hardman, J., apd Linpard, L., GayH Il
ReababPRs O T 1666, SpingleredorBe) IRYaNEtao HPr arkrample
Vi : e
BlatRoudhoPRirRfELEAl) oF By thitaRskuish ifiediErt! A compound
cfuthisi iovemtiort mayrze faraiutatet dokihisa smutewd ddatinistratidm edthssuitable

These plasma | evels are referred.to as 29 WO . .
pﬂﬂmﬁﬂg8‘1"2d‘YﬁCqPrl@z@d?Ptﬁs'@ﬁs(fOFm"?ﬁt%@,emémi%u's'on with a
SERECRITIC acckbidble ol tifEforsidnatle rodiis, 3053 a sparingly

svlgble deheathansect agtwithoutniadetionr & sparidglhiseitb|®8aR0%
inhibition of a kinase may be ascertained using the
assays ded8PPBIA nearlimiing mxeande aicx pbaangcewicat spwigs for the

Eolfnt damnd GRELET de ' Mt dtt &, 7€ UBEAVER sTLGE Blfprising
Behzy B 8Roh6l, GehEHpBlaes it Rsiamt, @Qﬂé@ﬂ#ﬁi@éib%{gagﬂ:ﬁgﬁé&mer and an

Dosage intervals can al so be determ ned usinc .
aquegyis agsosunts as ibe MPBeosdlvent sysieau W&Lhe a solution of 3%

. Basnl | ner
Wb alsShel Bek Wy BE thd paRERar S Tadaib ST st b o by aane 65%
m%ou@étﬁ?l%ha |;Vc6?%m,9€r!fbo%0u;9%/om94eflﬂ=ﬂ %kgéoh@t%eéﬁﬁﬁ?l. m;k VPD

therapeutically effective anmounts o npounds o
qosebent systeem(\FD: DtYY) cangjstsfof R R pliuted tdtweittya % dextrose in

n2 to 1500 ng/ er day. Additionagl illustrative
il sllidgn ot EaspbeBt syam digelves Phdimhobly epapoyds wel
[ i 0 : 110 -St gt

40 18P0 o ) Bk b8 sl et kL, e
proporiohs adfi suchofa thsolventgsysigmnntaybbe nedrigide donsidgrlabdmithout
concentration, and other procedures known in the art .
qp@rqyg\gelﬁ%pgwbwltx gnd toxicity characteristics. Furthermore, the identity of
the cosolvent components may be varied: for example, other low-toxicity
nonpolar surfactants may be used instead of polysorbate 80, the fraction size of
polyethylene glycol may be varied, other biocompatible polymers may replace
polyethylene glycol, e.g., polyvinyl pyrrolidone, and other sugars or
polysaccharides may substitute for dextrose.

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

well known examples of delivery vehicles or carriers for hydrophobic drugs. In
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determi ne the correct dosage anmount and interval.

[0113] The anpbunt of a conposition admnistered will,
woR00sossIeGce, be dependent on the subject bei ngP@T/ESR08TI(83773

the severity of the affliction, the manner of

adm ni stration, the judgnment of the prescribing

physi cian, etc. [0114] The conpositions may, if

s&ﬁtuéredcehanpbw esbiventd s kasOdiefHysRKIdEe wlsee may be

such as an FDA a Pproved Kit, which may contain one or

eroployadi alt anoattbecost af aieatertasiciy i ve
exa le, co

or o st doAgT PRGESRE, e, &BPB A b8 Sielivefi using a

éils‘fﬁﬁ@é—%leﬁ%' Gy stEmM b§u&?°%§pa§érﬁ$eﬁhebﬁféwﬂtﬂlé§§s of solid
for administration. The pack or di spenser may al so be

hyetropipabic gzbloners nontauungstbecirmmeUMct agemte \zoiouai suatained-

telbabe RIS RSV ash Setahigheq Ba e augl LW by those skilled in
tﬂgaérfra@%gg ﬁ@t#]?eleé‘é‘% E:ngl?]ét o )# girerr?feh#iﬁq]bﬂ & chemical nature,

approva e agenc € conpositions

refeaske ﬂtnenmmpmundsefoera few weeksi up $6 roaer dG0 diaysh Depending on
noti ce, for exanple be of the |abelijng

tbgonlhobisebarern Badote biskaice! SEDIIS/AT Wy thrdbpdic reagent,
SR B RTRY ] SR AR LB, O oS o

an appr I 'NSEer

conpri si nqoaozﬁnpcrh@d philarfhBeeutioa ecémpositionsuheteisl aBo may
a conpati bl e pharnmaceutical carrier nmay al so be

garepigeayitaghlacetidiar gal Phase arTieRseorcexgipients. | Exaaples of such

it SRR ETHECR i R o AL ES SR thegyPonatgelciom

pHSphaRt v@hoast 4084érs, | Sfardhdd, OBeMilose Y HBAPARRSS, gelatin, and
treatnment of fibrosis, diabetes, and the |like. [0115]

polyners susteds ablyeta‘]ylenﬂeglyonipounds and conpositions of
the i t find | t b
d ieAQZE”thSBéﬁ”ndMariyﬂef iy Mg BB TR erdiounds of

' ' % It herein th
tggﬁb@tz | n se. E%@??%%geasyg‘s&?gg [ nc?ée(?q sa v W erein the
claiamgal eompdundtmay forim ¢e aergatiwely er sha lp)olsltlaelyl u;hajged species.

EXaTBRles oralisnnubeh Thasontpaund Bime dhe AdsitveBaragied moiety
IHSIQHBF %ﬂh@ﬁf’%ﬁﬂt%ﬂgﬁ QDQfeHh’ﬁr& o?ﬁﬂﬁeqde%ea rlﬁsé\ﬁﬁé’re herein),
and neck, it aocul

cut aneous’ anonmm, uteri

saiiscsuich @satheahydichRirides Guifates ddaabomatec dactates aanmte ofnalate
the anal region, stomach cancer, col on cancer, breast
waleste. suepjrteovbgrein theoiiiogen gtomy, ek the duaigragpa@mmonium

&r%[lﬁ' i'goganl?lfoggneoif %é %@'I&?e& Uc%?\’?‘pound of this invention which has

reacted with the appropriate acid. Salts in which a compound of this invention
forms the negatively charged species include, without limitation, the sodium,
potassium, calcium and magnesium salts formed by the reaction of a carboxylic
acid group in the compound with an appropriate base (e.g. sodium hydroxide
(NaOH), potassium hydroxide (KOH), 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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carci noma of the endonetrium carcinoma of the cervix,

carci noma of the vagina or carcinoma of the vulva),
wokwghksis2ze Di sease, hepatocel | ul ar cancer, caPCEUS29D7/083773

t he esophagus, cancer of the small intestine, cancer

of the endocrine system(e.g., cancer of the thyroid,

pancreas, parathyroid or adrenal glands), sarconas of

rﬁeaﬁlaflbﬁsd{eﬁotéiﬁ%ﬁéséjfacf\Vlf;/r Hh&fo‘i”tﬁ tF@éiﬁ%rnt r préfention of a

enl's, prostate cancer ticul ar
p'rotemkmalsefrehatecbdpbrderhrom c or acut e | eukem a, sol id

o o (AR ke YESLRINS bR e amoun
I .
T s A—

syentoasaf di$eddecorgaoiong theeuvvival ofswesabjebtebemg treated

primry CNS l%{h nphoma, spinal axis tunor
madul | obl 918 Disterminatienoa @J?%@P@Ht'%'%?ﬁf%ﬁtve amount is

56 ne R256PA Pr AR ARYR A Ga B S, ot of the

dBtairscbdistiendrd prvidedterelteni gn prostatic hypertr ophy,
di abetes rel ated di seases such as di abetic

reti nopat HP107kt i Far asyheemgouaddusedi il the methods of the

B30 B O SR, e o8 it i
ﬁ&ﬁ@eﬂ‘@ﬁﬁk& Qéséé’lsseﬁ% SHE @o@é AthRRSeHAURES for use in animal

I mmunol ogi cal sease such as aut oi mmune di sease and
medalls s a% tos achif0d BaGjircltadingrocmeentratic rapgentthat incluges the 1Cso

n. conbi nati on i th,one or e 0f her .
4 ansrmEea B e culje . tradarceatiaion of e test epmpund which
J i 0 d e
RS Bty ST o Y B (IBSEREhI. e
infrenatiod darpthdérhdegusap tc ansies Bragratdly rdettetnioe useful doses in
inhibitors, alkylating agents, anti-netabolites, cell
R4BaRs.i nhi bitors, enzymes, topoi somerase inhibitors

such as HE{P:%?ARng({Ch OL&§ ﬁ{l@er#&ﬁfco gi‘fﬁ:%lc& eé Sﬂ‘?g Bgtﬁmpounds

nmodi fiers hor m)n logenic a

dsschibBd hereibErObe ddtdPmingd bwyténdardqmaambbeamw pyecedures in
pl ati num coordi nati on conpl exes (cisplatin

tc.),
calibatliures @dem@a@e@@tﬁn@salﬁy@gowlﬁ%armmm%qaﬁo )aaii ifee LDso

(i, MG are s 4P BRPNRERE Fien @ BT BHRIEf fgmpound. The

Jb}érﬂb?ﬁnéﬂ‘i'rdhﬁ”tﬁgﬁéecémélﬂﬂﬁéla%héyéf HA8 aafmbhstuditd can be used in
renocorticosteriods (e.g., prednisone), progestins

foemylatinpyalrranger ofgdesage fer Ll@aplnohUEDanSesfthQdﬂSage may vary

di et hy] sti,l best roI) ns_suc
dSiidnd PonL e Jgseae Teny SmRBLES TS Bt 1By pPb AdmUnstraton
lggiée 8" OTRL Aadt TBHALEAOH; r&%hoﬁﬁdnﬁﬂé‘tfﬁéﬁ&?‘éha dé¥be can be

SI N (exenest ane
chosen by the individual phy3|0|an 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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[0117] Exanples of al kylating agents that the above
met hod can be carried out in conbination with

WO p@BOs26 Wi t hout |imtation, fluorouracil (5-PELAS2007/083773
alone or in further conbination with | eukovorin; other
pyri m di ne anal ogs such as UFT, capecitabi ne,
genti tabi ne and cytarabine, the al kyl sul fonates,

rﬁirﬂna' %&flénc&mr%ﬂ%ngh% t”Bfﬁe ofEC Rl ?/]ag/ for each

granul ocytic | eukem 1 fan and pi posul
compovhdésii cangbe éanﬂatéelpﬁomczm hatepi atata, erge! Meedmpaentratlon
and uredepa; .ethyl enei mi nes. and net hyl nel am nes, g.
raqqqsggré[rﬁongchlqua éprm%ﬁ@h—@ﬂ tion afa kinase may be ascertalned using

b} oy CRERIPRR kB cReshoss, Repetsay o, aftirs, g MEC wil

dapéridhén mmﬁlégﬁlfbhafﬂﬂ@tbﬁétﬁ& afd goute(‘d?'afdnﬂﬁ’rstr@tlbn( TS assays
in the treatnment of chronic |ynphocytic |eukeni a,

prhigassaysweandig usrd tm@@ﬁeanmla@mamganwa@onsjnphona)

cycl ophos used i.n th treat nt. _of .Hod

i sease.  MOFTOET . DeRGEp dRie e Bh PR BantetbREREH using MEC
ENIE e Compauhas sHSEbe bamqn@tér&frusuy bniéglmbﬁrmbt #dintains
r habdomyosar coma), estranusti ne am de,

plasraatevelniaboveadhe\WIELD S/ 1580 %60POE WBR0pRfesdy Between 30-
dni ustj ne,_an S d (used in the

éﬁ%?{%ﬂ?sb‘?reﬁr?ﬁjﬂ% ?ﬁp%%@;@t ogi s, non- Hodgkin's

| ynphonm, [b"?‘i’gf“ Nag HHe%@ﬁPetr%”Qhé’%ﬁ ﬁ&%ugc%ﬂ‘%@ﬁ\)e' a’%ﬂ9¥nts of

triazi nes, dacarbazi'ne (use treatnment o
mﬁpoundssufethesmesen‘abnvehﬂdﬂ&}aﬁmtgel fesmoéipproximately 2.5 mg/m?
ant i met abol,i te chenot herapeuti c a%ent s that the abOé% 1000

tRel #UY ma(m’ Rercary-i Addiienal Hluralive AMennts BRgenEemae2-

i d anal ogs, e.g.,
rﬁ@{kg’?r gggt@@uéega 20- ?ép ﬁ}q?@gt ment of acute
I yrrphocyt i{o1h2ukem aas@ehof loeahadmiristratiory opsélective uptake, the

cgl odes breast cancer head and neck cancer and
¥gelacal seanseptmtion dofhtte oiusr mayamm Pee relatachdo plasma

RHRaRHauSHp R ot SRKRAMES MPoBRT it SHEHT RS o¥effBioyed to

dirRineAB Refett Gostyt aMbant @ncgrrﬁéwbpcyt I c |eukenias.
[0119] Exanpl es of natural product-based

chenot her 40448} c Tageﬁmpttrﬁa@f taw@oﬂmlqmtamnlﬁﬁfedewm of

ST 5 BRSO il 8150 R0 atictin,
theSREnAdt df%rﬁlﬁ%ﬂ*aﬂ@mthefjud@'héﬁﬁéf tﬂ@‘i‘)ré@cgrtﬂlrﬁ‘gibﬁ{/swlan etc.

cancer), vincristine and "vi ndesi ne;

epi podophy{Dn d4bxi Mbe eorgppsmowanayjelfadﬁiamdn|hﬁoprQEnted in a
pactk orO IS[\)AQI‘IISCGEI] daeilﬁzeugsz:# Ias, Ian FDA approved kit, which may contain one
or more unit dosage forms containing the active ingredient. The pack may for
example comprise metal or plastic foil, such as a blister pack. The pack or
dispenser device may be accompanied by instructions for administration. The
pack or dispenser may also be accompanied by a notice associated with the
container in a form prescribed by a governmental agency regulating the
manufacture, use or sale of pharmaceuticals, which notice is reflective of
approval by the agency of the form of the compositions or of human or

veterinary administration. Such notice, for example, may be of the labeling
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the treatnent of testicular cancer and Kaposi's

sarconma; the antibiotic chenotherapeutic agents,
w@2@s/0ssd2aainor ubi ci n, doxorubi cin, epirubicin, PCT/UNYET/OB3773

(used to treat stonmach, cervix, colon, breast, bladder

and pancreatic cancer), dactinonycin, tenpzol om de,

plicanmycin, bleonycin (used in the treatnent of skin,

A59180ed vy A serbetawdr@mg Aammlst?émﬁﬁfo} préd@HptiBe drugs or of

enzymati C chenot herapeuti ¢ agents such as

an appaover aeduct] bsed] Bompositionst cosyfrisingCe@xcbmpound of the

DEPHAT, AP ENUBIE, 15, 7 OO BRURIE, PR st el £ @13y also be

i
SEEATE R M e B B S1€ RB38 AR of an
|m§méled ‘ﬁ@wéﬁbﬁ?SS&ltabbubbm&hms \idicated @96, IaEer omeatnclude

Pat ent Application 304971.1 (filed Jul
tegiment g, ?laoﬁb'% Fﬂé‘ﬂ@%‘?n angicgenss J\Bea@%'ﬁﬁﬁ’f@s's diabetes,
%d h%q t. 1999), WO 98/07697 (published Feb.

V\D 98/ 03516 (published Jan. 29, 1998), WO

98/ 34918 ’([DUbB] shed rAagtioristl aBO&s )the \bONHYUBES kEnd compositions
fpubl i shed 33 WD 2008/ 058126 PCT/US2007/083773 Aug
afsthe; tnygntiomewit fingk wilty (ipud| hropd rangg. ofsdisegses | arw;condltlons

BRARE Bycbrih R8s, dheudtm diviAses BCRGRISR fbdiated by

FornearinBsé eBuchubliseasés Qﬁa?&ﬂaclﬂ&% b U\bbysdifeéxd#iple and not
28, 1999), WO 90/ 05719 (published May 31, 1990),

Imlﬁeﬂmu@a@patﬂ sutleasdung cancen g48CLC nosmal 8y Iung cancer),

égublm shed Oct. 21, 1999 WO 99/ 29667 (published.Jun,
cell gg@nceher QoM NCEhal PRETSRG | orRNggT  skin — cancer,

& dtERAt08arebAhd bidtgerdns; cadcerlsilRe . hea@uéﬁ’d’ﬁ@ﬁk PaitsRéous or
Application No. 99302232.1 (filed Mar. 99),

idtrgaculaBrieinomeat atannepplancelt.l ovanamtrmnceelzetﬁmettal cancer
flled 3, 1999 U S. 863,949 (i ss
J’%i}?erz%f] “1%9%5}3' igown, P%‘Pm%%‘ Cé”%%rl %ﬁ%”(?@ﬁ%d(bj%@ﬁ cancer,

%ﬁvecoli’agﬁcg dunju (ézzg Qgg@% ,gagcﬁﬁﬁa d;@ mﬁlﬁ?ﬁ'lagpg #®0alBPian tubes,

carcioopta aifettiehendad)metrmnn hearciroma reft thes deyvix etarcimaraa of the
Preferred MwP-2 fa MVP-9 inhibhitors are those that
VagiRa (of qargingmangf the VUW@RA Hadaldn's Ialgeamphqpatggelgxlar cancer,

ng:}e ?%Pégﬁpﬁ%%%t céH@c{r o?qhé%ﬁ-ﬁleihi/es‘tuﬂg' BhfcdF e endocrine

Ive

mtémX(ergE!: ghhear oft tentsesid( paRcreabVpadathdidt 3r ddkéhal,glands),
MVP-6, MWP-7, MWP-8, MWP-10, MWP-11, MWP-12

%ﬁi@orma qsgoﬂ p@qtzez;} cepRer oh#he trethesasces ofthamenis, prostate
RSB eSS FrorkoreeraBRE bt E SH, SBE Teukemia,  soli
tumors of childhood, hypereosinophilia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter (e.g., renal cell carcinoma, carcinoma of
the renal pelvis), pediatric malignancy, neoplasms of the central nervous
system (e.g., primary CNS lymphoma, spinal axis tumors, medulloblastoma,
brain stem gliomas or pituitary adenomas), Barrett's esophagus (pre-malignant
syndrome), neoplastic cutaneous disease, psoriasis, mycoses fungoides, and
benign prostatic hypertrophy, diabetes related diseases such as diabetic

retinopathy, retinal ischemia, and retinal neovascularization, hepatic cirrhosis,
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sel ected from
3-[[4-(4-fl uoro-phenoxy) - benzenesul fonyl ] - (1- hydroxyca

WO bwso§d126 cycl opentyl ) - ami no] - propi oni ¢ aci d; PCT/US2007/083773
3-ex0-3-[4-(4-fluoro-phenoxy) -
benzenesul f onyl am no] - 8- oxa- bi cycl of 3. 2.
1] oct ane- 3-carboxylic acid hydroxyam de; (2R, 3R)
dndidgdresid)| cir@ictabiuar dideaBeydushy és Qﬁlﬁ@r@@@l&%s{" & Nivhrhusological
hydr oxy- 3- nmet hyl - pi peri di ne-2-carboxylic acid
digemssxydgh ae auipimmune- diseaseand renal disease.

phenoxy) - .b@%ﬁﬂ 'Jiqf onylaatrr\}encéljmtpeo%ghé/ T DePtiséd in comt?lnatlon

oxylic ac

witth bfte(dt- r’ﬁb#@b@re?f&ﬁ@ﬁ?&‘fﬁér’éﬁ@ﬁﬁ@ﬁgé’ﬁt@)%d dééad‘é’ 8f e/ lentive

rbamoyl - cycl obutyl)- am no]-propironic acid
czbr{ualm(rﬂisohﬂaqrtm pHpsted/jor any drug-drug reaction. In one embodiment,

| t et b |
gglné]eneaﬁg] ﬁong @g]ag% )isgserlgct)ég f?o#\ytrhaengroucparcogéxs/tlrlmg of mitotic
Iﬁ ‘bté sChéI ?ﬂﬁég s), DRfir56Yites, 8el)|(yciyic!:e inhibitors, enzymes,

am no ydr o- pyr an- 3-car

tbpdlsomaseielnr(tﬁthrgR)such as CAMPTOSAR (irinotecan), biological
1-[4-(4-1fluyoro-2-nethyl benzyl oxy)
BERORIR JUPHIHAKH, | ardi-hoimenas. @Wge@wpage@it% sughcas JYMP-2,

W/tFi ? ﬁw&éﬁ)@u%ﬁ%ﬁé @n@ogﬁ akr;gﬁo ens, BI 'gHy fo?rihnatlon complexes
(bbs@lam/ cetchanoybstitutagt fmyéaﬁtélwh) a%mr?@}owm Ommhéthylhydrazine

acid; 3-[[ (4 fluoro 34 WO 2008/ 05812
qaTivatiges 08/D8 prgcarbazine; adrenocortical suppressants, e.g., mitotane,

SRS SRR D AFsy SSHBORYs | SLERME e
é’dréﬁ@cé’mfzéstéﬂo&é‘ (©50-EERSSNeY; *é%ljégﬂi% L{bng nW(ﬂkambggsterone

oxa- bicyclo[3.2.1]oct ane- 3- car boxyli c
dapdoatey centehgens (e odistiylstibbstenoby entlestrogens such as tamoxifen,

rgﬁnox - benzgn Sl{llfonyl am. noJ. - 8- oxa- bi cex
TEHPIEES 22 Gar PIONS L PPPIFAIR o 204 AR "%’F&%‘tm such as
a"ﬁa{s‘ﬂrb%é[ﬁ gH VAQRGWS]W)exE %heeéu' fonyl am nO]

t et rahy - uran-3-car oxy I d hydroxyam de; and
phar maceut[D¢4Y] y Exaompiesaliof eallgddattr@ agdnisothahttbe alfove method

e SR e e htE e, TR BeRER, fuorouracil (5-

Ftlggé%nteo{)lsm e‘?"&ﬁ‘n&ﬁaﬁéﬁgwh{‘leﬂﬂ VOl S6thkr g?Y%uh@%nalogs

AN I nventlve conpound can a SO Be us

sucheas UFT n@épetdtabméugbnw‘tabm@ bhdl @ytarabinel tlas alige sutfonates,
that can inhibit EGR (epidermal growh factor

§.8ceptsmifan dupedsis, th@uaﬁaﬁaem ghfoniso dIraguloedic  leukemia),

REATORC ana MRBRVRE | Fia ' SoacroviZbiefiey  Eiaauone,

rﬂéﬂlr@dé&? bﬂﬁenhﬁﬂepﬁhl éﬂhélﬁafn‘éimm@%h & Ohﬁall?{)lmelamlnes eJg.,
mol ecul es or antibodies that bind to the er

al'@et@mlae,, such aticHBr@mEPTElMiGenent ech, triethdenepbosphoramide,
B ER S ol Bl S e? S iroger
MEsBRdsl 44 9L CRIBPAMBOSH (A®&d 8 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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1998), WO 98/02434 (published Jan. 22, 1998), and U.S.

Pat. No. 5,747,498 (issued May 5, 1998), and such
wausnaizes can be used in the present i nventPGHUSZ07/083773

descri bed herein. [0125] EGFR-inhibiting agents

include, but are not |imted to, the nonocl onal

anti bodi es C225 and anti -EGFR 22Mab (I nCl one Systens,

dr@@mmﬁ!ﬁ?HeYoﬁﬂﬂ OPAcil trhEstardP |§Dtﬂ1§39reatment of primary
AstraZeneca BI BX-1382 (Boehringer 1ngel heim,

twmmudéthMdaTwqudgkln sAlyrapliama, Hﬂdgklaedd@eXseoand ovarian
(l\/br k Co. , . Wi t ehous tatio GF fusi
P O K2incene O CPeRIBaringn (UseR) I 11 FeFmeed SHtutissue

. aFGFR-inhi biting agents can be used in the
present” invention. VEG- inhibitors, for exanple

SU-5416 ar{01%8} 66&xanpheget animetaBoliteh cBamoHIierapéstdm agents
CA can al so be combined with an inventive nd.
g ﬁh@‘t‘ﬁ’ n&tbo@\p@nd&éﬁr@@doutnm (fQﬂ‘b'@ﬁB%IV‘éth 'V@Ude without

AR o e Ry i 4 ot e

8&@9%@8&3@3 cHdﬂlo@éftﬁrﬁcbrﬁaa|m id dahyietdes, breast cancer,
/1B99/ 00797 (filed May 3, 1999 WO 957 21613

rqqadoan% neek pagcerand astesgeniveasmnealant pieientesReandihe purine

1999 U.S. Pat d
RS SHoho 2Rs T2 B g 50 s T GHicRond Tyse in the
198/ t qral@ 8 @!A}ﬁw N,
R Sétéfsfi%&é 2 sséocggg (alcgsuclad NBr 93 dlgchgaméf? Bhulocytic

lPakemias. 5, 792, 783 (issued Aug. 11, 1998), V\o

93%??;‘36&%2@ Sh%d% ”‘P.*«)%%)Abf f\‘%%g"?}/ﬁvgyet-% Lbemptherapeutic
%%}g%%@% @%9%90\/&\9 Qﬁ%e( Al SARGn dﬁﬁolngtloﬂ-m) include,

ubl I she 22, 1998), WD 99/1
WithduitilistitedioApthe 8mcé§:ﬂl§3loldanel g\/\ﬂlﬁlslbémé%?us{qmiml ﬂweftmﬂatment of

Jan. 22, 1998), all of which are jncorporafed hereJn
brgaghei ANGnt ,tgg{qu@r byCRNACEL en ¥ICTELIAE Y eﬁ{}&f‘rpl yindegine;  the

V .
TARHORII D 5T, SRPGIO 5 YaRbeii ARy pA s wsetu i
taet itredpEnhosfodestivalararbhbodyaref Kapesiseshredme. the aantibiotic

angi ozyme, a synthetic ribozynme from R bozyne

¢rRsnotherapecty agentis 9 oﬁlaur(lwbmudqmrum? epirejging Atitomycin

@nere: oot 408lathy PRRICRYIAT BRAR il A pRreatic cancer)

dé&ﬁnbhmirs temt»l@ﬁud@\%ﬁsé&ayém bfaowcmué@@mﬁ tié teatment of

and the nonocl onal anti bodi es AR- 209 (Aronex
$Himr nesapitaigual sAandchcgenifinasydiragts canogr),amngBthe  enzymatic

n:(hceiﬂ'nkcr)t%g?'apecu?‘ agen&s sucgp as L-asparaginase.

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

[0121] Examples of useful matrix metalloproteinase inhibitors
are described in WO 96/33172 (published Oct. 24, 1996), WO 96/27583
(published Mar. 7, 1996), European Patent Application No. 97304971.1 (filed
Jul. 8, 1997), European Patent Application No. 99308617.2 (filed Oct. 29,
1999), WO 98/07697 (published Feb. 26, 1998), WO 98/03516 (published Jan.
29, 1998), WO 98/34918 (published Aug. 13, 1998), WO 98/34915 (published
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be conmbined with an inventive conpound, for exanple,
those indicated in WO 98/02434 (published Jan. 22,
wa 285810 99/ 35146 (published Jul. 15, 1999), PCEAIS2007/083773
99/ 35132 (published Jul. 15, 1999), WD 98/02437
(published Jan. 22, 1998), WD 97/13760 (published
Apr. 17, 1997), WD 95/19970 (published Jul. 27,
/-1[9@5)13 Lﬂ%S)PaNO MB/357@7(pdabﬁsl'(ech¢\L@ Bec1998}, WQE®8/30566
gﬁ#‘ 305 &ssued Mar .
@M eodféulaﬂﬁ ﬁ%?@b)EWFQRQﬁTbB? né P ublieation 696 Q4ﬁe6ppbhshed Jul.

i §e1'f9:ﬁ%t)'l‘:9§ro%\éahq5§[5ﬁ ﬁﬁbl.@tu%ﬁ?géﬁ%é’k bli'sﬂgéitfl'uf 1999), WO

esen I nventi on are escn

90/6671:911(pu5‘ﬂ%he6 M8y .3164 9005 sl 9812914, (p2Bfished Oct 21 1999),
|ncorporated inits entlretﬁ herein by reference. The

& B9/5258h (Riblished Petor21, ¢ uide 8¥a96ahsipahlished Jun. 17,

R85! B it RASIEERG N hC BBl A 13 RE w21, 1998),

F&obedf Phftat A@ﬁﬂ&HBHSNoa%S‘@Q%Qqn‘%ﬂédtm*r 2Bhi4999), Great

the erbB2 receptor, can be used an inventive
Britapropatent anpb@at@ndwmbew\%‘rﬂﬁaﬂe1 mﬁleéehm iBnV&AB),dn.S. Fat. No.

%%’ﬁ%%%ﬁéf)%i%%iﬂé’g 284888 W, Ratndo. 58T S 1L LR Heq Fan. 10,

19989! hRY ERROSEAn Pafit ¥libhgatidh 780 286! ('gﬁbﬁ@rﬂeot Yun 228 nf@?) all

capable of ‘enhancing antitunor |mune responses, such
afswhitbAdreg indooparated Ihengihoioytheir entiregies b)) referermedi deferred

-2 e, huirs '@iﬁ?faesb%?r?é'r s Ville S it ety inibiting
VNG ansfé}ké’d LAY os%iqbat §é‘1 8oy thgmf ﬁ/ﬂ\h‘ﬁ%yénd/or MMP-9

proteln ase 1 n ors Inth

reﬁtﬁeetbcm omeﬁ'eﬁlatrix-mbtalloﬁaﬂkmagwcb e.$ MMPon, NWIP13 MMP-4,
Pat 258 824 Bl. [0128] The above nethod can

MMFU%MM%@ MMP oL, M-8 MM 18 MBMPviits MMBf] 2 @ngrMMP-13).

- conb naPTa w SR e ke dRids AP FridRFRZRRL in the

présémtetveRton e ABOYMEI RERSE35950 1R8] 1308801 @an@scdrpounds
adm nistering radiation therapy are known in the art,

seiected fsamy éc[hfﬂm(‘hﬂugrQ:alnerwwr@eazemesuif@nul}rﬁhhydmmarbamoyl-
thera descri bed her.ein. The .gdm nistr t he
OTRERof - tHETOTPEIBRR 1 n S0 cORBIORERA LRk Bpgnony)-
Héﬁehésmﬁirﬁ/ﬂéﬁmﬁm%qi83&<eﬂ8§9élb@9ﬂ 1St ehéL3-ddBkliicThe acid
i nvention W | further understood upon
hysinexydenide; c(ﬁRoiﬂR) he[4-(2-Cblnrorg-fhmmnobiemzy iony)- Esraeriessifonyl]-3-
h:%roxy-3-methyl-piperidine-2-carboxylic acid hydroxyamide; 4-[4-(4-fluoro-
phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-4-carboxylic acid
hydroxyamide; 3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyl-
cyclobutyl)- amino]-propionic acid; 4-[4-(4-chloro-phenoxy)-
benzenesulfonylamino]-tetrahydro-pyran-4-carboxylic acid hydroxyamide; (R) 3-

[4-(4-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-

hydroxycarbamoyl-1-methyl-ethyl)-amino]-propionic acid; 3-[[4-(4-fluoro-
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WD 2008/ 058126 PCT/ US2007/ 083773 EXAMPLES EXAMPLE |

COVPUTATI ONAL- BASED LEAD | DENTI FI CATI ON [ 0131] Virtual
wameestlng cal cul ati ons (Friesner et al. J. MRCT/UEhHeTV83773

47, 1739-1749, 2004; Schrodinger. L. L. C, New York

(http://ww. schrodi nger.com; Schrodinger LLC

FirstD scovery Technical Notes; Schrodi nger Press:

Wﬁdx@pdeni&%ulmy (Mwﬂfxvedrb@mtamm I\gwai alyl) ammo]

structure of i nase in conplex with AMP-PNP a

Rrepjsinig e acd; arB-@xoékH (4-chlomi- @menméhenzeimesmgwameol -8-0xa-

Rtelp Lo peteres 3 Fportie o1, B arbiesc Y i el B uoro-

%
SR e T s

fmhibxyamlden V@\dOO4R()58136[9«)(4-fl’ulmoqmqmma)—bemménesuIfonylamlno]-

d di
BB Qoo has ARt bRk cdy é?o%/a?rﬁ 1o afle o pBarmackltically
A6epro 2and TSP OFPLSe CRHBRARYS2NT ATDI nter | ed

ectlon 0 candi te conpounds

excl usi veI[iMﬂBbm Btbénant-ahglogengsis (&Y eafte cother 240411 inhibitors
etts Avenue, Canbridge, MA 02140, USA,
%MSAP x/ﬁ\éﬁén'alé rs, mﬁ@'m%ﬂw W@r@eﬁ@nwaverail%

active in oW,

them were [Pounjd é\ng\xrﬁ/reglﬂ?é ac{g;rﬁpﬁ%%[ %\g/Ptl%sgll\Q}e gw% other
Sy haltrdrisdastomn |llﬂdblﬂﬂ's assety as Hyenttiat @ahiinieibit mERr(épldermal
for the identification of nolecul ar regions inportant

9rowts fREIPF recepion 1esAANSSS, aueh \aStE;GFBearmb@dueﬁ tEeF antibodies,

i FouguB it Bbe B S RbBPSG 1868 Mashbel dyffbiar grow

faktor) Tﬂﬁlﬁlﬂﬁ@dé@@ ePB2 5§§8pt587rﬂ1|blt&90§élcr@%§ organic molecules or

pyrazol o[ 1 ML pyrimdine (WIIlianson et
o

aittb@dmtftat&l theoReaB2 I L@mmes sugh @setMszsgaenentech

bel
198 D SRR RG Che FAT HOER BB R B a RPN fokigxample
@\NES %/15&93@(;51%@68& -Juk- 2# 1§95) '\ﬁg ¥8/14451 1, (ublished Apr. 9,
p: // ww. schrodi nger. com; Schrodi nger
9&9& YO T258/624 M (piidished Jarh224i1998), Qndaibs Pat.t Nan8,747,498

03.) solub per ab|I| |nsk|-I|
éwg @9&31@@# SUERy tﬁﬁg@ caipehe @?J‘ i the present
r e of deS|red pharnacophore
'“'?%ﬁ pe. é’éllﬂgé(g}ﬁ) RIER ' 38 Vi0 2008/ 058126

PCT/ USZOO?[D@BS]??SEGI-H?HuﬁumdagSayer@ irdudesnipliteare not limited to,
tﬁérr%%tng&%%alf %?\tli)gc%gso 5|25m azn%t Ia%’[} EG Ir'«]’t ng/lla% apn%lone 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. VEGEF 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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PIM 1 kinase screening. 1. Preprocessing of
Thr ee- Di nensi onal Ligand Database. [0132] The external

W@ eBos812at abase in the formof sdf format fiPEBUS200TI83773
Life Chemcals (16173), Maybridge (H tfinder and
screening collection; 16000, 58855) Ti nTec (Acti nol
Col I ection; 82000), BioFocus (45842), Contenex (4573)

|ﬁﬂé}n§!|m+eﬂt/%5plk'éﬁéﬁ)Pcﬁnﬁgé,‘%'m?t@e%FMH %'9@@?' L WO 95/21613

coordinates in nae format, was ner at for ea
(pdblishddeAugsniig 1968), WO;]BB&EiMQﬁoKpUbhshadﬁDect Be 1999), U.S. Pat.
Schr odi nger _sof t war e {Jacka The final coordi nates

Nere 83t 0ddisswied Ney-110, g8y WO Oif@ﬁﬂépV\(Q%/m @ublished
N&Pt12’rﬁ(d9%gabd$ ”fﬁlatI 'f\?o EPé%ﬁ ‘?'i‘§t(ls8[]e%tl\ﬁ’z}re 18! 19393 le‘f@ Pat. No.

nes,  car

aBBG joze Q|$31®dd5’|a$ elZBCtl egg)arle SABAtTEND. t5)792 ,78Gn{ig@ddanug. 11,
ysi o i cal pH of . Separate nul ti mae for mat
FodtL W e Batishest diorada 180BHAMD OF (32856 ipoblished Sep.

PR B 7750 tatyshed LB 38235521 M0 RBfaiolfBotisnec

be¢. 8l r1988), SPICEEY8/09438 - (PRibisRedt Ja 2D, Prggegl WO 99/16755
Coordi nates and Definition of Active Sites

(Rébhﬁhﬁdcéppr&t éQW)c@@dMQtQ@éOWd(ﬁL@ISGBd dlaanQt 0398) all of
eni n were .t en fr.o Str Cture

RERA S MearBhated RErein i Thpl bdiasPibiaTsiene ﬁxpésher Examples

et She "B S5 %G\erlﬁhﬁ)h&% USSRy ¢4 tﬁ@&anSnt Hventiod are IM862

bond order and geonetries were edite dr ogen at ons
(\@EyltranalddeKIrklam WVIi8); cotiy beH mon@d:lenalsantlbodwoé Gexentech, Inc;

U PYSIPEIMRR SrMete dEBoTeH: &b [NROANPS HRBURST <5 e) @nd Chiron
ﬁ?%‘é'ﬁ?{,@g W*é%tatrﬁgotbg l\/g:c-%l‘laI gﬂﬁ‘ﬂgw& Q:tahorfb LSedHi tHepresent

ite as t am no aci ds

mm@{htmmaab desdrivedehdr2ild pBriBSresebtordnkieitde; sdcloast@Gh/-282974
bound |igand. 3. Virtual Screening of the Q kPr ﬁlﬁ:
(ﬁlwecér\é\@"ppmearnl@s 8¢ n¢heq mgaoclopab sAantibpgiasa| Af-Z208c HAronex

é&ﬁcélkl Iﬁq.gglhgrc\}%ga a\f‘@EeTgr BﬁhtiE’fq (thc%nﬂm fifthermore

ca CU atlrons. ani ITD coetficren as Cr

Beo comBirget With =0f mvéﬁtlm&&ﬁ%ﬁ&8fb2@x8ﬁiﬂl@3&@@é/uﬁkﬁ83téa in WO
simlar conpounds within the databases was inplenen

26102434 {puklisheddlan 22, P98l VR i3 4G (m&:hsmd eleli By 1999),
B0 e e ished iy 307 degk g S0243E vl - 22
FIU8) CNO B3 50 Bsbli8Re@Apreni7a1997), 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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[ 0135] Conpounds having desired G ide scores, hydrogen

bond formati on and hydrophobic interactions were
w@gaosmstiezd by interatom c di stances for furthBCT/US2007/083773

anal ysis. The conformational stability of each

candidate was also estimated by force field energy

di fference between the conpl exed confornmation and

freely m nioMRzed eenimimtivé wompdithd ant 8Bo Sis®rised with other

candi dates fromthis category were selected for

aganth el in remting conp inslding, ledaiptdimitestta, lgeats capable of

i Rt U oo o B AL RReRgric wmphooyte

AP B GhITIE S Cat R otHel SRS caphblet &F l§|b@|’€in§r©1'l§ﬁz4 and anti-
The resultl ng 236 structures were further analyz

prolitegative lapeotst suchalasubtites faopss preteire dtanisiergse Nmmutdrs for
Li pinski I.ike crit This fu er reduced th

SRR e alsiLlden drastedseubhibls HESEBahaRe references
@Rl iRdhe 2BSCKAEURGIESEtRA! 5f 6%, VP"éthNBh% 5541824 *Be1m cal
structure were represenfe y aS|ng e entry IX

i m dazo[ 1,[2188pyr iThaziabovee rmetitodv esamnals®3 be carried out in
ne deriyatives were sel ected

1 d . .
DBkt avin” HYakan. theragys | WhgTaib  ihen sneuy @ 181 inventive

S B, i3 SIS Ttogy s BBl veatng o

ajquer diseaBeses of the BioFocus library are summarized
in Table I _and Table I1l1. The bindi ng node of these
scaf f ol ds [PA@% t hdegbRikMAg Eﬁfetﬁdm'n'étﬁf'ﬁge\fédlaélént thgrapy are

I{A?)‘Wr“ﬂ ﬁllo ” a(]]ar%’ Me%rtgg'%g{f S Hgﬁ %teyu%j%slbtthgrb%glbbzhgwrﬂherapy

eni ne an racts w

de@ribBd reseinl eShédadhdidistrafigd o the oRipdlidd. of the invention in this
aromatic ﬁ@zups at the Rl position with various
eaipkination fsiapycanibe gateinined assia,s@ﬁbﬁ@h@relavor abl e

d hi bi bl f h
i nace podRddd! ThahBosPuEREITT it 078 ahlthes, dinderdiobl upon

éc?l\éitfeﬁlﬁil& bR @H&Nﬁ?tﬁ‘dd -firitin@ Bxamgiegput at i onal ~dat a
for these two scaffolds suggeSted that RL and R2 40

WD 2008/ 058126 PCT/U82007/083773 substitutions

exhi bit strong binding energy when conpared to
pyrazol o[ 1, 5- a] pyrimdine. Based on these anal yses,
we have optim zed the conpounds identified in the

Bi oFocus |ibrary and devel oped new conpounds set forth
in Tables Il and IV. Table | Illustrative

| m dazo[ 1, 2-b] Pyri dazine PIM1 Kinase Inhibitors
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Compound No. Structure NH 0=5=0 1-1 ' N H_ 0 OH

NNN1-2 HOH HO/ N1-3 0 HNgam O N 1-4 HN/N
wonsess126 N\ HN O 8\ 0 ON 1-5 L ~N ko M OH 0PCT/US2067/083773

rN H\ %0 OH 41 WO 2008/058126 PCT/ US2007/083773

Table Il Illustrative Imdazo[1, 2-b] Pyridazine Pim1l

Ki nase I nhibitors. Conpound No. Structure

EXAMPLES

EXAMPLE 1
COMPUTATIONAL-BASED LEAD IDENTIFICATION

[0131]  Virtual screening calculations (Friesner et al. J. Med.
Chem. 47, 1739-1749, 2004; Schrodinger. L. L. C., New York

(http://www.schrodinger.com); Schrodinger LLC. FirstDiscovery Technical

Notes; Schrodinger Press: Portland, 2003) were performed based on the crystal
structure of PIM-1 kinase in complex with AMP-PNP as a template (Qian et al.,
J. Biol.Chem. 280, 6130-6137, 2005; Jacobs et al., J. Biol. Chem. 280, 13728,
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 candidaie 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 uM) and 2 of them were found to exhibit <8 uM activity
in direct PIM-1 kinase binding assay. The most active compounds for the
identification of molecular regions important for specific Pim-1 kinase activity
belong to the class of both imidazo[1,2-b]pyridazines (Beswick et al., PCT
Publication WO1996/9631509; Raboisson et al., Tetrahedron 59, 5869-5878,
2003) and pyrazolo[1,5-a]lpyrimidine (Williamson et al., Bioorganic & Med.
Chem. Letters 15, 863-867, 2005). As described below, the compounds
selected from virtual screening were filtered based on binding mode, QikProp
(Schrodinger. L. L. C., New York (hitp://www.schrodinger.com); Schrodinger
LLC. QikProp Technical Notes; Schrodinger Press: Portland, 2003.) (solubility,
permeability) Lipinski-like criteria (CA Lipinski, Adv. Drug Del. Rev. 23, 3,

1997). and the presence of desired pharmacophore groups. These classes of
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HO N2-1 NHNI \ / NH HO YNN2-2 HJf~~N "' HO
N 2-3 N~-N"NH/ HO HO, -N2-4 N~ NH

W@ 200p/088#26 HO 2-5 ~H N HO _N 2-6 N ~H N' F HO®CT/NSD077083773
, N N~-NHA HO _N2-8/N~HN | CF3 HOL / N 2-9
1 H~N-N

compounds served as template structures for lead optimization, synthesis and

PIM-1 kinase screening.

1. Preprocessing of Three-Dimensional Ligand Database.

[0132] The external source database in the form of sdf format
files from Life Chemicals (16173), Maybridge (Hitfinder and screening
collection; 16000, 58855) TimTec (Actimol Collection, 82000), BioFocus
(45842), 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 multi 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 multi 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 structure was submitted for protein preparation
calculation. The fully refined structure with bound AMP-PNP molecule was
further submitted for Grid calculation to define the active site as the collection of
amino acids enclosed within a 12 A radius sphere centered on the bound

ligand.

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

[0134]  Typically each multi mae file molecules were submitted

for QikProp calculations. The Tanimoto coefficient, as criteria for selection of
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I 0'C F3 42 WO 2008/058126 PCT/ US2007/ 083773

Conmpound No. Structure HO-N 2-10 H HO, -N 2-11 N
WO-MoBI058188 HO N 2-12 NN, H CF3 HO ON N 2- IBCTMUSR00H83773

OCF3 HOC-NA2-14 ~-N~NN HO HONZ2-15 HN 2-16

V-l-HNO HNS O

similar compounds within the databases was implemented and this has led to
the selection of final molecules of 9267, 26593, 16394, 29394, 13258 and 3964

from each database for virtual screening.

4. Postprocessing and Compound Selection Criteria.

[0135] Compounds having desired Glide scores, hydrogen
bond formation and hydrophobic interactions were estimated by interatomic
distances for further analysis. The conformational 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 resulting 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
pyrazolo[1,5-a]pyrimidine 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-b}pyridazines and pyrazolo[1,5-
alpyrimidines of the BioFocus library are summarized in Table | and Table Ill.
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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N2-17 NN" F N2-18 VI-NN HF 0 N 2-19 o~~.N
NNV HF 43 WO 2008/ 058126 PCT/ US2007/ 083773
W@E20oposa1eh No. Structure N 2-20 "0 N N ~Nr- ' i PEI/0S20Bi83773
N2-21 NNNHO ,S/-- NHO HOnN 2-22 ~-H~N"" 0
HN-S-/ O Table 11l Illustrative
Pyrazol o[ 1,5-a]Pyrimdine PIM1 Kinase Inhibitors

Supsputions Nexhibit retedng’ 8ilding energy when compared to pyrazolo[1,5-
alpyrimidine. Based on these analyses, we have optimized the compounds
identified in the BioFocus library and developed new compounds set forth in
Tables Il and IV.

Table |

lllustrative Imidazo[1,2-b]JPyridazine PIM-1 Kinase Inhibitors

Compound No. Structure
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3-I1 NH ?-NN, OH 3-2 (N ~~N HOI / r- N 3-3 (N

NN HO\NN 3-4 NCH/tN N O 3 -5 HN-g~ ~N= N HN
wWB@2@80581% N3-V HN H N 0=i =0 O CF~ 44 WD 2008POGBI67/083773

PCT/ US2007/ 083773 Conmpound No. Structure MNN 3-7 NN

\ HNO=5=0 0~ 3-8 % 'laN3-8\ 1 "0/ N H

Table i

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

Compound No. Structure
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OH-N/~MNN 3-9\ 1 NNHHN ONN3-100HHODO
3-11 L:D NNCNN HIlIl~~HN OO0 N3-12 HNHN N N HN
W@200805826 Jr 3-13 TON |1 / N N NN -N Tabl e IRCT/US2007/083773

[I'lustrative Pyrazolo[1,5-a]Pyrimdine Pim1l Kinase
Inhibitors Conmpound No. Structure HONN 4-1 NN H
NH2 45 WO 2008/058126 PCT/US2007/083773  Conpound No.

Structure HO cidnipound No. Structure
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4-2 ~H ~N N-. HO ,Nd-3 ~HN/ O ff O 18-1H
~N NN 4-4 -iH " NNH, HO~NN 4-5 N\N H HO ~N,
WO-2008M58126 HO N, N 4-7 ~H N CI HO N, N 4-8
NN 4-9 INHNOCF3 HOTrN N 4-10 HF HO NN
Compound No. Structure
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lustrative Pyrazolo[1,5-a]Pyrimidine PIM-1 Kinase Inhibitors

Compound No. Structure
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46 WO 2008/ 058126 PCT/ US2007/083773
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Table IV

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

Compound No.

Structure
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F N-N4-18 JIB7THNF N N-19 -,~s'. 0rl, o NN

HF rN4 20 ~-NN OH\ / O 47 WO 2008/ 058126
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NNHN S / H O HO, cN4-22 ~-H'NO HNn O
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exanpl es.

Schene |

AcOH r5 _N Pd(PPh3) 4, C sF,

WECR0OBNEFS1D6~ O /
03frPP o Br

3 4 Br NB.
Brv \H 1 2 1.

O NHzBr 2 k H-N

PhCH3 CI NN N-But ano
11 O Schenme 2 6 ~-PET/Bs297/083773
Preparati on of Brono

/| ZJ~ N Br2,

NCI N

acet al dehyde (2) 03/ TPP O Br - Br Br-"A 1 F 2
[0138] 1,4-dibromp-trans-2-butene (1) (10g, 0 046 nol)
was di ssql&emponngNocpq 2 (100 PAMCEUE cool ed]to
-78C and gzone gas was bubbl ed®%ntid~t#He bl ue cal or
persi sted |(-30 ntni2 /\nitrogendg£n~ hwas passeq
t hrough the solution until|the blug col di sappear ed,
gi ving coljorl ess solution.| Triphenyl pkogptd,ne
(12.9qg, 0.[046 nol) was added poLIi O\ € Oover a
period 48 WO 20@8{$58126 [PCT/ US OQET'S 773 of 1 hr
The reactijon m xture was by oug o WCand kept in the
refrigeratjor for 15 hrs. [The solvent ( Cl &), was
renoved frlomthe reaction jmi xture (wth 0 appl yi ng
vacuum) and the thick residue wa%i s¢i|-hed at 40C
under vacyum (14rth Hg), nmi ntai niRgAY enper ature
of the regeiving flask at }78C. (dufing [stillation,
special care was taken to jmaintain a col ter
circulation (-0Cto - 5C)). The brono acetlal dehyde (2)
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liquid, which was highly ljachr orgf N2,
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BrCH2CHO NH2 N-Butanol NCl INNC N 3 4 [0139]

3- Am no- 6-chl oro pyridazine (1.5g, 0.0116 nol) was
wale@sossaed i n n-butanol (12 ml), cooled to OC BEIEIUS2007/083773

br onpacet al dehyde (2.8g, 0.023 nol) was added. The

reaction was refluxed for 20 hrs and n-butanol was
renoved under—reduced pressure—Fothereaction

m xt ure, WE Qmp@#@d Nﬂpr‘l nd m(t rSJFPQWrﬁn th Et ()J\c (5
x 20 m). [The comnbi ned orgam re dried
(Na2s&4) , concenthrdt ed unde essure and the
residue was purified by coI u *hr ona

( Et QAc/ hex ane) to gi ve 6- ChI oro [ m daz

b] pyrl dazime \H-} \UJUIIH, eld—= “I'U/

3- Br ono- 6-{chl or o- N{%\Idazo , 2- b| p r Z|\ne (5) Br2,
AcOH, NIE a & N-N 4 ]The

6- Chl oro-ijm dazo[ 1, 2- b] pyr| dazi ne (4) 0. 0032
nol ) was tlaken in glacial fcetic acid ( n‘o) and
bromne (0.4 mM) was added sl ovvly at ro rT‘i

terr‘peratu e—AHter—20—mnu €S sot-d pt ect pllat ed out
and was filtered. The solid was washed with ether (3
x 15 m) and dried under air to ive

3- Brono- 6- chl oro-i m dazo| M i dazi ne (5) (400ny,
yi (elﬁdCﬁlyggpﬁgsm@ggwaa%%%ﬁ»fﬁ&%ﬁ%bwmDé

2-bl pyri da{@neE}B Yertah anystiatide nesrpband eof (ke ifVenlon were
Pd(PPh3)4, CsF, PhCH3 C NNC -N Na5Br ONBO®6

rpad.a 13s |Sﬁ=t orthngn ribek iliowingn deasionoselienes sandedetailed) synthetic
éo O7g 0.068 mml) and CsF (0.31g, 0.0020 nol) was
X480 anhydrous PhCH3 (1.6 nl). Argon was bubbl ed
tRreyoh the reaction mxture for 10 mnutes and then

3- Brono-6-chl oro-imdazo[1, 2-b] pyri dazi ne (5)

fol | owed ky/?@or oni c acid was

NH,®
/(Y Bry, AOH Pd(PPhg),,C SF, PhCH, g N
<N NButanoI Sy N\) ~ N\e
/
\

Scheme 2
O4/TPP 0
Bra X~
B —_—
r Br\/U\H
1 2
1. Preparation of Bromo acetaldehyde (2)
Br “ O4/TPP 0
\/\/\Br Br
1 2 H

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

Triphenyl phosphine (12.9g, 0.046 mol) was added portion wise over a period
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added. The reaction m xture was refluxed for 20 hours.
Sol vent was renoved fromthe reaction m xture under

WO 2e08088d2¢r essure. The residue was taken in BeAUSI020083773
m) and filtered through celite. The filtrate was
concentrated under reduced pressure to obtain the
resi due which was purified by colum chronmat ography

c{])‘]'\ﬁw %%@@B%{Mrﬁ % E)rdbéfgm ﬁyﬁg%ngeme?)gir?% %Trlgerator for
1)5 gl Fhe38éfvenb (CH,Clz) was removed from the reaction mlxture (without

Pﬁ‘ﬂ’s (4- D et hyl am noghen
ngrwa&aynﬁearm Jhe thigk r&ﬁidh'@] wats a‘HStl[eél alf 49°G ynder yacuum

a1 o o et ek B3

dué)tiuéﬁbnl Spatidlveare asadken th thahstairoaesid wask curm@tudb@@f’c to -
0.001g, 0.0009 mmol), sodiumtert-butoxide (0.0

CapE haﬁlqn@aeetalwe @) (289gyietd emﬁahms)ob,tg@ed as a light

ANl PR e droii o5 Bnd chen o

[4-(6-chl oro-imdazo[1,2- 50 WD 2008/ 058126

PCT/ US2007/ 083773

D] pyro-Ghtormentdadof 1 Brpytidaziienéd)nyl ami ne (6) (0.05 g,
0.18mmol ) and ()-2- am no-1-butanol (0.02 g, 0.22

mol ) was added. The ggact PG refluxed for 24

hrs. Tol uene was(re ved _f MEHPE%he L eacfi o Xt ure

under reduced Sure, and the reg N/aztaken in
EtOQAc (25 m), filgered t hr ough cellte sihe filtrate

was concentrated under reduced pressure and the

resi due was purified by colum chromat ography

(MeOH CH2Gh430t O QLMﬂlr%G%h(d}o yrldazme (1.5g, 0.0116 mol) was
D|methylamno enyl )-im dazo[ 1, (F pyri dazi ne- 6-yl (
dissoivned mmtrahutanol (1Zml), (cmigd toj @ aﬂdsum;nmmlgahydq/ (2.8g,

0.0% ﬁ]ol) 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
(NazS0,), concentrated under reduced pressure and the residue was purified
by column chromatography (EtOAc/hexane) to give 6-Chloro-imidazo[1,2-
b]pyridazine (4) (690mg, yield = 40%).

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

VY /\N) Br,, AcOH péN
N/ Y,
Cl \N Cl \N -N Q
5 Br

4

[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 ml) was
added slowly at room temperature. After 20 minutes, solid precipitated out and
was filtered. The solid was washed with ether (3 x 15 ml) and dried under air to
give 3-Bromo-6-chloro-imidazo[1,2-b]pyridazine (5) (400mg, yield = 60%).
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6. General schene and procedures for the synthesis of

conpounds 9 and 10. Schene3 OH &'/ B\ 5-N N R 8 OH
wa@oosmsgi26- \ N /N CI N Pd(PPh3) 4/ Na2CO3 Br R BCBUR000083773

R R=-N(CH3)2, 3-F, 4-F, 3-CF3, 4-CF3 3-0CF3, 4-CCF3,

3- NHSQ2CH3  4- NHSC2CH3, 3-NO2 3- NO2, 4-NO2, 3-OCH3,

4-0OCH3, 3-CI 4-Cl [0143] In a tvvo necked round

dot t ogeeel-chlorsimbizBPh3) Xfe-3 He l%% BrfiHE?
nol ) was taken i1 n anhydrous 1 gon was
bubbl ed t hrough the reaction m xture for= 1 nut es
and then 3-Bropu-§ chbosf-i pldag ydazi ne
(5) foll owedﬁ Ky Bl lbof;'onl agi ds was
0 hours.

added. The ¢i€a ur sorefl uxed fo
Sol vent was rem)v%‘d f @ i on m xt g under
si

reduced pressure. The re taken fn EnQAC (20
m) and filtered through celite. The filtraté was
concentrated under reduced pressure to obtain the

resi due 'OQH S |iPH"tivbirREKBY rsdeBBttor%d\stk Pd(PPhs)4 (0.07g,
2008/ 0581 USZOO?/ 083773 chronat ography

Q. Qﬁmmmuacar@ Csb (9i3Higgl 060020 mnoi)ondS taken in anhydrous PhCH; (1.6
4 ubst itu

rgpn W@ﬁ&ygﬁ@ﬁéhmwﬁh&dfﬁﬁ@o@wﬁwepf%nm minytee.aRg then 3-

3
?mrﬁk?l A bfldad(1 SRRl e | 15 RIBWRP'y HorbrieTabhl was
éﬁdﬁdoyl'mellcneﬁ-mixtl)re%asnrefh)xeldulbamo RoOrs( Solgentvhs removed

ch;rr117t e r%%lgﬁgr? rrA{ixt(a;le uEr>1\deF|\|re5|uc<§?j_| 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-

b]pyridazine-3-yl)-phenyl}-dimethylamine (6) (50mg, yield = 30%).

5. 2-[3-(4-Dimethylaminophenyl)-imidazo[1, 2-b]Joyridazine-6-yl(x)-2-

aminolbutan-1-ol (7)

f\é rj \)iOH \/EOI-f\//N
X, -N
Cl N NH, N \N,N Y
H
Pd,(dba)s, NaOtBu, L

PhCH;

6 - 7

PCYZ
! NMez

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

L=

through the reaction mixture for 10 minutes and then [4-(6-chloro-imidazo[1,2-
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NF3CO+ N CI NNCOC N Pd(PPh3)4 /Na2CO3 Br OCF3 OCF3
OCF3 3-Dbrono-6-chl oroi mdazo- 7-12 [1, 2-b] pyri dazi ne

W@ 2805806 Pd2(dba) 3 NaCt Bu/L  PhCH3 | i PCY2 Ne2I/US2007/083773
)-2-Amino- L NMe2 1-butanol I OHJNN-N \ OCF3

7-17 a. Synthesis of

6-chl oro-3-(3-(trifl uoronethoxy)phenyl)im dazo[ 1, 2-

PR Aot (61 9 ca 01 6amgp, and 12

AainGCB-blitandl £0. ﬁfZ g,@. ZZ@nmm)IWaSJad@ed ngaareaﬂsnammﬂuxed for

3- brorm 6- chl oroi m dazo pyri dazi ne rrﬁ
2 498 ntRlvgne Jwas U@MJ |rea®mrbﬁn'5ttge| Hiideyg reduced
6@;38?4%%%8' resifl Wa§ Ft’é’»?@ﬂ 41 Efofe (78 (wa’smﬁ’eg?e%% thchellte.

he resulting reaction mxtu

Tred |f|lt¥atévwas1lcgiwcehﬂratdd) unaéﬂredl;ﬁfwbpi'd‘s@ﬁl*é and= ﬂ1e2}e3|due was
showed the presence of starting naterial 3-bro

riHifiedoi BY d£abnn 2-drpmategariy  dMe Qv Gdagla); oWaI QtV\ﬁo 2-3-(4-

Ak SRahTadienDeh iR e BRI R el B B Bygan-101 @

A8k y3 GgMAPE! lhm?e:n@m on using 0 %70 %
( og Hexane 40 m n@ﬁ SZDV\D 2008/ 058126

PCT/ US2007/ 083773 normal phase Redi Sep Fl ash col umm
ith
epar ot :

7-12 fp ng (46. 7% and Conpound 7- 13 13 ng (6 889 .

b. Symnthesis of

Bchémés- (trifl uoronet hoxy) phenyl )i m dazo[ 1, 2-

S S
/ Y,
/E\f o SN * S SN
X N\g Pd(PPh3), /Na,CO,4 74 \ R// g \
9 ;{/‘ 10 =R

R = -N(CHgy, 3-F, 4-F, 3-CF,, 4-CF,
3-OCFy 4-OCF4, 3-NHSO,CH,
4-NHSO,CHs, 3:NO, 3-NG,,
4-NO,, 3-OCHj,, 4-OCH,, 3CI
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 PhCHs; (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 ml) and filtered through celite. The filtrate was concentrated

under reduced pressure to obtain the residue which was purified by column
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b] pyri dazi n- 6-yl am no) - but an- 1- ol (Conpound 7-17).

[0145] To the toluene solvent was added 7-12 (30 ng),
WQ@2008/58126 1- but anol (18.08 uM 2 eq), |igand (BCBBS2997/083773
0.15 eq), Pd2(dba)3 (6.57, 0.05 eq) and NaG:Bu (13.05

ny, 1.42 eq). The resulting reaction m xture was
degassed for 10 m n under argon and then was heated to

dtebimatographyi GeOHICH,Ol,) tdhgiels B8 Ifdtl@d'{@tor\/\ﬂs(substltuted) ~(6-

concentrati on and preparative TLC was perforned wt

qmmwmmm&blwamz'@wrmrpbenm-dmethwan'yn@ﬁ gk €0n c
7-17 (28.5 %9. 9. Schene for the synthesis of

Compounds 7-27 and 7-28. Schenme 5 / N N Boc-N 2

EZN  dbHerkE360RE SYnbhdsishr 2(3792(dba) 3/ NH ' YH DCM ~H

N / NaOGBu/L goc N7/ PhCH3 \ OCF3 CF3000H

OCF3 (triflupgomethanyipiznylira@lazo[1, Zbinicer i-&iyi(tkPtarhiroybutan-
4- ((3; (3 Ltrifluoropethoxy)phenyl)i m dazo(1, 2-

bl pyr+-8a&¢rH1go a3 met hyl ) pi peri di ne- 1- car boxyl at e

£ und 7-27). [0146] To the toluene solvent was
ngrg%l)g)? 12 (100 nrg, 0.319 nmol),

4Amnorrethy| -ro eridine (68.3 ng, 0.319 mmol),

l'i gand (18.8 g. 043 ol )~ dba) 3 (0.05 d
NaCQ jl;Se;q},@ The resul ti ctign m

deg ss or——]:e—ﬂci—ﬁ-trﬁﬁer & t hen

X o er nPgRPhsf, N80, The crud oduct
concentra‘ifl on and preparative 53 O3/ 0 OCF,4
E%&fﬁg WITEES773  TLC was perdornmed with 10% ﬁ/e%-VDCI\/I

t system afforded 84 ng of 7- 27(53.6% . 11.
Synt hesi s of OH | Pdy(dba)s
N- ( pi peri di n-4-yl nmet hyl )-3-(5 (t rNePtBE o
phenyl )i m dazo [1, 2-bl pyhi-dagip-|B@Hhi
2-trifluoroacetate (Corrpc-thhﬂmlvo 8). [814
DCM and 1 nL of TFA (0. 098 HA®') was ad
sequencialy to 7-27 (48 ng, 0.0). 'Khe reacti on

conpleted in 1 h at rt. LCOKI Rf =0.1.
The concentration to renove I et eI y provided
the crude 7-28 TFA salt. Hr at | Ve (020%

MeOH DCM) gave 48 47

a. Synthesis of 6-chloro-3-(3-(trifluoromethoxy)phenyl)imidazof1,2-

blpyridazine (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-b]pyridazine (100 mg, 0.430 mmol), 3-fluoromethoxyphenyl
boronic acid (98 mg, 0.430 mmol) and Pd(PPhs)s (8.95 mg, 7.74 uM, 0.018
eq). The resulting reaction mixture was heated to reflux overnight (12 h). TLC
(5%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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ng (979% of colorless solid. 12. Schenme for the

Synthesis of 7-29. Schenme 6 o-N-N_J- N \ N\~1
wWORGESAss18I N Pd2(dba)3/ H/ NaGtBu/L g N N/ EOFBS2007/083773

PhCH3 OCF3 7-12 L= -N- 7-29 P-0 13. Synthesis of

N-((1-met hyl pi peridin-4-yl)methyl)-3-(3-(trifluoroneth

oxy) Phenyl im dazo[1, 2-bl pyri dazi n-6-am ne (Conpound

f;qr@ Fk@%ﬁbd%@fgg%ﬁgﬁiﬁﬁﬁ wth™ flow S ¥7hin28olREREdystem

frovicet Hiyé separation rof 4wy [prosudis asrafioed€® thes Tdimdd@ind 7-12 63 mg
o/ and (7.53 0.019 mol ), Pd2(dba)3 (8.76,
(G658 hnien Compauii B3 izmads g0, 161 mioly. The
resulting reaction m xture was degassed for 10 mn

under argon and then was heated to reflux overnight

(12 h.. Theyrithesis of QAUGt(infaRrométhiRy sHE)iBItAGO[1, 2-

PCT/ US2007/ 083773 concentratl on and prepar atlve TLC

was per f ortiBWiagazin:61yie Yl HHIOU:

2;2%22&%§afaonpian§we§ﬁga?9e%a%h AL o, 2
ath% NbUtanGh (18. Bezam be)&g,_ gbénd\l«qasuhg, awaqffﬁaﬁba)g (6.57,

- L= - -
0. 05 eq) and NaOtBu (13 05 mg, 1.42 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 TLC was performed
with 10% MeOH/DCM solvent system afforded 10 mg of racemic 7-17 (28.5 %).

9. Scheme for the synthesis of Compounds 7-27 and 7-28 .

Scheme 5
Boc— N
g Sy N / CF3COOH Sy N
" Pd2dba)d Oﬁ o Oﬁ
NaOtBu/L CF COOH
OCF, PhCH3 OCFj OCF4
L= —N 7-28

C§

10.  Synthesis of tert-butyl 4-((3-(3-(trifluoromethoxy)phenyl)imidazo[1,2-
b]pyridazin-6-ylamino)methyl)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), Pdy(dba); (0.05 eg) 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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15. N-(2-(4-nethyl pi perazin-1-yl)butyl)-3-(3-
(trifluoronethoxy)phenyl)imdazo

W@ 2008/0%881p0/r | dazi n- 6- ami ne (Conpound 7- 31). [ OAGBPSID07/083773
the toluene (5 m-) solvent was added 7-12 (40 ny,
0.128 mmol ), ()2-(4-nethyl pi perazi n-1-yl)butan-1-am ne
(0.191 mmol ), ligand (0.019 mmol), Pd2(dba)3 (9.56
Tin® wasapetfovatacBuwith 0.028 Me®HEID CMTSsivéitsysterm Giffof &t B4 ORg of 7-
m xture was degassed for 10 min under argon and then
206X kkd to reflux overnight (12 h). The crude
product was concentration and preparative TLC was
performed with 10% MeOH DCM sol vent system af f orded 22

10 of Synthddis-of éﬁ‘diﬁ-cﬂ? Meth - tlﬁ@Blrb’rh’é?ho& AYS
A. Pi m |nase |t| n : sa. o

i |1 useneny AL'.-J.A DNEL-1p [ zin-6Ranvine R i2rixis ’u ceita
can bge, det er IS by quantifying the anmount of ATP
remai ron 55 WD 2008/ 058126

PCT/ US2007169331 731 ALt @F BOM And! § M LPbmTEAi (@@@% mmol) was

reacti on. The Kinase-3@ o Assay Kit (Pronega,
addtidssequeancialyatd MH (t46| rag, T0¢ HEroreactioh cé?ﬁpletedan nhrag rt. TLC

k t
e NisOE e ReThe: fﬁ?eisc@'nB%‘ﬁﬁatE%afxg nn%% 1d parepletely
N b Ia0 i 758 B 9o g} HVONOM) gave 4
mgS(QV%)mﬁt:o(olees golidEl ectron Corp., M| for d MA)

correlates with the amount of ATP present after the
ki nase reaction and inversely correlates with the

unécl?émgif & Ay LY 7 2-97' s assay is efficient at
mﬁ@-l%ﬁ ki nase inhibitors

aga| ngl. bn.geo |m1 ki nase. These assays are set up in
dupllca{1 ul volunes in white, flat bottom 96 wel |
plates. Inhibitors are added to the solution of 1X

ki nase buffer, 10uM AT 100uM Pim1- spec | cN
subst r gt’e, 7¥5Qng of ac 1 enzyne, in

seri al di ] ons ran |n fro B C /h' orml ar
concént it i ops. Thi SPdxabayd/i on i S in uth ed at
urs.

degrees Cel g1 ug at BBGGWLfor t Fol |
t he i ncubat W}P Ki nase-d o reagent is O€hs
each wel| . including al}l 03| tive and negative

control "W I's, and-Enchpat d room t enpef#Pure for
15 mnutes. The pl ate @ read by the Lum noskan
Ascent instrunent and th

13. Synthesis of N-((1-methylipiperidin-4-yl)methyl)-3-(3-(trifluoromethoxy)

phenyl imidazo[1,2-b]pyridazin-6-amine (Compound 7-29):
[0148] To the toluene (5 mL) solvent was added 7-12 (40 mg,
0.128 mmol), (1-methylpiperidin-4-yl)methanamine (24.53 0.191 mmol), ligand
(7.53 mg, 0.019 mmol), Pdy(dba); (8.76, 9.56 mmol) and NaO{Bu (17.40 mg,

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

argon and then was heated to reflux overnight (12 h). The crude product was
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results displayed with the Ascent Software version
2.6. The 1C50 values can then be cal cul ated for each
W0 pdoslossied tested. [0151] Alternatively, Pim 1PKI/Hs2967/083773
activity can be determ ned by quantifying the
phosphoryl ation of a known Pim 1l substrate in another
in vitro assay. The Z-Lyte Protein Kinase Assay Kit

g ond B, 1L G2\l g 110% NeoHIDOM
oveErddystem affordeld 17.6 ang b MRIA507d). subst r at e

(Serine-Threoni ne Substrate 7 from |Invitrogen), which
bears two fl uorophores at opposing ends (counarin and

14,997 €355h D)t hol YRR, W RoBrlsFrZy T and

pot e he ki nase
reactbo$ i S §topped\ and a devel opnent reagent is
added reagentN protease will cleave only
unphosphoryl ated su separating the two

fl uor ophores and red Nng the amunt of FRET WN|ch can
occur Hetween them can then be neafur

spect r ag hcn offeter, s alHz h 3
Devi@es)N™ A educt i 0BgJdbal-RET is indj caHiv
active inhiprter. 56NY6iR4H08/ 05812 CT/ US2007,

. P Fl PECiHase | nhi bitor Assays: 52
Cell culture- g\ssay an be used to evaluate the
abi |l ity 7¢%2 conpounds oN ention to i A3Mbit one
or nore cellular act|V|e P uch as cancer cell

grow h and/ or survival. rous cancer cell lines can

be obtained fromthe American Type Culture Collection
(ATCC) and other sources. Briefly, cells are seeded

into 96-well, tissue-culture treated, opaque white

pl at es Therrm El ectron, Vantaa, Finland), at between
5900 nethylpipera _7 tyl)-Gtbhendi ng on the speed

of _ceI. promethoxyv)ohe Imidaze., (}f [yiidazin- il R%rnpoundﬁ

medi
exposgfh to the appropriate concentratl on of drug or

an equal’ anount of DMSO (drug diluent) and allowed to
grow i n i t[®188ksedoethedoiu@mehdums) spiyenbwiasg@ddads?-12 (40 mg,

ReddbBrmotin @{ 4 ey Pingraatr Kbyt ating 17.191 ramon. ligand
@ ?LI ¢ Fﬂyfé Bé’)%fté 585 MR hh§ TRED AUH(0218 P nithbYWTh@resulting

|ncubat ed for 10 mnutes at room
teactien mlmlmee wassdegas]sedéom h@ nhinmindes @egaon angrilaen was heated to

oS HEaNE (oMol S CHRAG PG VA% oA BATB AR prgbarative
PUESHALhEROMTd Ghith Mook WikORIBER sAEL AV st itfofdEd BB mg of 7-
31,

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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the cell lysate, catalyzes the conversion of luciferin

to oxyluciferin, a reaction which produces |ight. The
w@amanssiad | i ght produced is proportionate to REEUS2007/083773

amount of ATP in the cell lysate, which is itself

proportional to cell nunber and gives an index of

cellular proliferation. [0153] In order to detect

Cht ;6 Jiabidah-t 4 Qf JR:l.e il I r

ARGt 17 W E) Mo, [ApoC TRE Kinope.CIB g, Kt (Fromega,

loel, IMadisonhWihallewbehis. t Thatadountt &of ATPotepmainimlg iRi thielsolution

inhibitor are lysed wwth a buffer ecific for t

ff h
M| Qe HRage deBFide pORES 7S G S'ﬂ)‘?%fai; Pf@r the %Q{iﬂﬁ@%go catalyze

(iefetn, &2 R R i R 0 BRpEPBt Rl PG gt sigma
rsall, byl GReunsidoskarOAsBeria rstaintgnt (ThermoboERictron Corp., Milford,
concentration in these |ysates is then quantified

&) rerieitesmithpiig ameunt ShA TR pregemt caftas)the diivage reaction and

e TN R SN

dsteahining ahSO8:PAues Bf elihasaRiBRE™E Bgalndt theaPRn-1 kinase.
transferred to a nitrocel |l ul ose nenbrane, which is

Theae psssyscareiseh uprninidipdicate 3Qulyoimesin white piirt ottem 96 well
45) pi2l. As Threonine- .57 WD.2008/ 058126

HERR SHTIHIGR 2o e o ¢ (301008180, 18, KinFse bffer, 10uM ATP,

FORM 'R 1 {PlecRicnddostrHR&@S50hd Bf (dteve DilfY f’rlﬁz me, anc?JI water in

phosphoryl ation at this site in treated ce shoul

sera diletiansrerangingy fram ofictomoler & ureromdler ebhcentcationts.  This

oyr, Pim1l inhihitgors, C. Pim1 Kin Speci fic .

Salutic (yeupalod e Hoadedieeh ol ah 1P 0wTB Ladma hoyrs. Following
SoREUARIT SOLF of KRSkt ATBANRY S0 R 60 huang a

pdEitve ahe negatiVée ohtrol wellsisandiincueateehpbrowls tempeeatark for 15
at 10Musing the Z- LYTE assa){_. Val ues are g{i ven as a
n

piieht 15 Riterisdher reashby dhe LuminestsinApeentngiruraent and the
R SRR AL 3500 BN 3195 vtus can

thEh Beveditiatetefor edéh aihibitsrdedted. i | | ustrative
conmpounds agal nst Pim 1 kinase, using the Pronmega _
Ki nase- G d0a83hy, AlteenativelyuIRig-1 drinage ertivtyecan be determined

J: ' I t her i1 . .

3 FREPS R, b PARpAen@RaBrY 2 Kbl BBt pubsrateynaanpther in
b adday. ITheC glilyie eRRIISIASKMASE Abday KitCARVitrdgERS Madison WI.)
representing the concentrations required to inhibit

alleWs thiswding &lugesceit Resoremced:nergy aosieddF R Ty dracedure.
gﬁgf‘y? \a/I l?n%vs?r\{v' 'Il'anS SL?BIstr'rgflclet I(gclelslane-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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assays, the conpounds represent active inhibitors of

Pim 1 kinase and are capable of inhibiting cell
wQ@er@smss126Tabl e V Kinase inhibitory activity ofPCDU£4007/083773
compounds. Conpound No. IC50 NM 1-1 4.47 1-3 5.35

3-13 52.07 7-1 3.99 MP-392 ND 58 WO 2008/ 058126

PCT/ US2007/ 083773 Table VI Cell-based activity of

Bl USCémBa\é@dcmmpﬂmféﬁse /nﬁwmpwsga%g- K562 Cells PC-3
Cel | s -0 3-9 20.6 12.0

3-13 29. 3 [9252}3 f:eil @ittute-based aswm&nzbesusamaslesamate the

Y| AZL NE D 0156
T RGP THdR:OT Hhsbirvemion AN BRIt AU BT RTBLalar activites,
Wegﬁcéreéellf@'bmh aRd/RRpvivall - N%E%d@%é@?%ﬂqﬂn@g can be

the followng synthetic exanple . Preparation
mﬁtaﬁedrfmmcthe é\lmmiqadeTpr CBrtufeOGblTeRmoﬂ (A?B}C)Bmd-bthbr Bources.

%ﬁéﬂr’ helt i eerdan i<, BBneh, S5t douliip it sasve Bhid plates
ﬁn@@g@%&ge\/&ﬁéa“@ﬁ}frﬁﬂ bl G&wideh! 5ddtFakd "I@O@@'c%ﬂs per well,

erS|ste tro en stream was
depemndiiy tonetheobpéed rof uskll brdhfaabbmelmobom of wppcsparraeel growth

r%lezilllu% (c(l:eotlePr{xlln%%iSbys%leu,&TCC) Cells are then exposed to the appropriate
concentration of drug or an equal amount of DMSO (drug diluent) and allowed
to grow in its presence for 96 hours. Following this, 100ul of Cell-Titer-Glo
reagent (Promega, Inc., Madison, WI) is added to each well. Plates are then
shaken for 2 minutes at room temperature to allow for cell lysis and incubated
for 10 minutes at room temperature to stabilize the luminescent signal. Similar
to the Kinase-Glo assay reagent from Promega, this reagent contains both
luciferase enzyme and its substrate luciferin. Luciferase, activated by ATP in
the cell lysate, catalyzes the conversion of luciferin to oxyluciferin, a reaction
which produces light. The amount of light produced is proportionate to the
amount of ATP in the cell lysate, which is itseif 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 1l
[Calbiochem], 100mM NaF, 100mM Sodium Orthovanadate). The protein
concentration in these lysates is then quantified using the BCA Protein Assay
Kit (Pierce). Known amounts of protein, e.g. 10ug, are loaded onto 12% SDS-
polyacrylamide gels and are subjected to reducing, denaturing SDS-PAGE.
Electrophoresed proteins are transferred to a nitrocellulose membrane, which is
then probed with antibodies to p-21 and phospho (Thr 145) p-21. As Threonine-
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Tri phenyl phosphine (12.9g, 0.046 nol) was added
portion wi se over a period of 1 hr. The reaction
wOorzooBssa2avas brought to 0C and kept in the refPCYES2DTO83773
for 15 hrs. The solvent (CH2Cl 2) was renoved fromthe
reaction mxture (w thout applying vacuum and the
thick residue was distilled at 40C under vacuum (1 mm
(') o'l“%h@t@-*zﬂ' pibtéiRcist 8 Mt Fo0PiIMbE MRESUNM 9hé|eﬂﬁ5unt of
at -78C. te: 59 WD 2008/ 058126 PCT/ US2007/08377
thsphgrylaimrda’sthls sm lmtweawemallalsrm@icbpmsde akneamsnby which to
rrantagaco E 5 ation (-0Cto -5C)]. The
SRS she Btk pHBUT Bm BB ol ' = 505 was
obtained as a light yellow |iquid, vvh| ch was highly
| achrymatory. 2. 6-Chloro-imdazo[l, 2- b j pyridazi ne
C4) RBinfHiGhese Sp2ciic ButtiaifwDaka:Cl INN ~"  C N 3 4
[ 0158] 3- Ami no-6-chloro pyridazine 0.0116 pol
was di ssoll@dadl n Hshg ale&Pe?“i@sm%sseBB‘@J%/eoa% od‘?ﬁﬁr'é’ﬁé above,

RS b RPioo Br MiraBBh bt KA, PSP glify. Figure

T ehowethgndeulty fstuithgstrativessampounids streenedciti OuM using the Z-
m xture, water was added and extracted with EtOAc (5

LY Do ass3y. YRllascarBi giken a5 gapRIeentylainiraqied capirelg. As shown in

centrated u [ ¢ t

REfETe e EORBIRAE et SR TEL TR G yése’ SEiviy by
thist 4dd@yhexane) to afford 6-Chl or o- I m dazo[ 1, 2-

b] pyri dazine (4) (690ngy, yield = 40%. 3.

3 Br ono- 6- [6&56} o- imadelmomJCéb \Hlpgs Weae idetensned fpBillpstrative

AcOH Cl N 4 EE Oéi th
%’“ﬁﬁ’ﬁ"ﬁ‘rdc? PARAS %?r i”&ﬁ‘& e PEgMegBd<ipgse-Qlo Resay. the
r@@hﬁs ‘f@ls\/\flwﬂihearé %umrﬁéﬂli’éd ﬁfP%bFé 9Chelol? Hukth@Pdtill, illustrative
brom ne .4 m) was added slowy at room
¢afmpmnmiwwere Adviabrated for csllbaksed otiviy pnt(mlledexnressmg Pim-1.

TN T T o STV

‘ﬁrmnggﬁg%ora?e'ﬁbgi@éo{nluﬁr B BRI RA T B8oh®) ThEQOBY: multiple

assays the compounds represent active inhibitors of Pim-1 kinase and are

capable of inhibiting cell growth.

Table V

Kinase inhibitory activity of novel compounds.

Compound No. | ICs pM)
1-1 4.47

1-3 5.35

3-13 52.07

7-1 3.99
MP-392 ND
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60 WD 2008/ 058126 PCT/ US2007/083773 R ~ 0 CHNN _NB

OHNRNH JIBI / NN C NN C Pd2(dba)3, NaQ Bu
woRsAsgrel{ PhP3) 4, PhCH3 Br Na2CC3 R1L L R1 PQ BIMUZ2007/083773

General procedure to nake

6-chl oro- 3-substituted-i mdazo(1, 2- bipyridazin

[0160] A reaction m xture containing 3-brono-6-chl oro-

i m dazo[ 1, 2-b] pyri dazi ne (PaBfe wnol), Boronic acid

(0.43 mmol ), Pd(PhP3)4 (7 72[ unmol , O. 018 eq) and

NaCa3 (2M &e€ B vity ofjillugtrative g mds.(4: 1)

was degassed vvlth Ar for 10 mn. The reactl on was

refl uxed overnight The mxture was filtered through

MySO4 and COOSﬁiﬁdtﬁ{cFﬂoU”dQKSG’?@éH@ Tb@: 3f@éll§le was
purified byLconmhiflash (Q%tao 70 Ft /[ Hexane) to give
desired prjoduct S'l'-15' CGener al >P6@cedure ta ke 3,

6- di substitjuted- im dazo[1l, 2-blpyrida 161

reacti on mixture nt ai ni/n oro-83-s |tu1ed-
i mdazo[ 1, 2-Db] ovrfgazi n (0. Oggegmnl) am%r?z (0.191

nmol ) , Ilgand(O 4 ol , eq),| Pd a)3|(7.17
unol, 0.075 eq) a’;ﬁ NaQt Bu (Ozég% , i{éiaeq) in 5

L of tol ugne vvaé_@egassed Wi hpﬁ for q The

m xture was refl overnig Concentrgtl on and
preparativeg TLC r|f|cat|on f.orded
products. 12-(3- %u (di met hyl a n1o) phenyl ;br%%daz D( 1,
2- b] pyri dazi n-6-ylam no) butan-I-ol (Conpound 7-4)
[0162] ' H-NWVR (400 MHz, CD3OD) 7.92(m 2H), 7.65(s,
1H, 7.30 (m 2H), 6.94(d, J=IOHz, 1H), 6.81(m 1H),
4.26(m 1H), 4.20(m 1H), 6H), 1.04 (t,
J=7.6Hz, 3H), M5 mz:. 3263 —2. 61

SYNTHESIS OF IMIDAZO[1,2-B]JPYRIDAZINE COMPOUNDS.

[0166]  Other compounds of the invention, including illustrative

compounds set forth in Table VII, were made according to the following

synthetic examples.

1. Preparation of Bromo acetaldehyde (2)
O4/TPP 0
BrWBT Br
H
1 2

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

(1Tmm Hg) maintaining the temperature of the receiving flask at -78°C. [Note:
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WD 2008/ 058126 PCT/ US2007/ 083773
2-(3-(4-fluorophenyl)imdazo[ 1, 2-b] pyri dazi n-6-yl am no
wQ bws/ass1de ol (Conpound 7-10) [0163] ' H NVR (4B0IVBE2007/083773
CD30D) 8.09(m 2H), 7.92(m 2H), 7.25(t, J=8.5Hz,
2H) 6.97(d, J=9.4Hz, 1 H), 4.45(m 1 H), 4.21(m 1
3.17(m 1H), 1.68(m 1H), 1.52(m 1H), 1.06 (t,
dmz 395'11% a|'s‘)tlllat| P cial care was aken fo maintain a cold water
(3-fluorop eny? azo( | pyri dazi n-6-yl am no
Oitvutation1(~6PC (t@e&'ﬂﬁ)ﬂmﬂwe Brahid a[:@taﬁjahydbl-(ﬂm 84 0fidldz=s 50%) was

QD), 7.96(m .. 7.88(d, J=7.8Hz, , {.50(m
Rigined az 9 Muglovichisf avnigh s O IpcTinelinh. 11y
4.23(m 1 H, 3.21(m 1 H, 1.70(m 1 H, 1.54(m 1
H, 1.06 (t, J=7.6Hz, 3H). Nc
Z| opedOHlord-ifriddd2ofd d; imey4f)azo[ 1, 2- bl pyri dazi n- 6-
am ne (Conpound 7- [0165] H-NI\/R (400 MHz, CD3QD)

8.17(d, J=11.3Hz, 1H) N GHecHQY =6. 8Hz , 7.82(s,
14, 7.61(d, J=8j ”f Nﬁumq'n 1H)kf/\%m 1H,
6.72(d, J=9.5 416(m 1 H.g A\ 4H), 1.66
(m 4H). 2-(3- rlfluororrethoxy)p eny 4)|mdazo[1
2- bl pyri dazi n- yl:ém no) but an- 1-ol  ( Conpound 7-17)

[0166] ' H-NI\/R(4OOI\/HZ CD3OD) 8.24(s, 1H), 8.04(s,

. 97[6%8]§H)Og &ﬁﬂ?c@bﬁkamﬂa}]@g 6(H259279|)(b116 mol) was

diss?cﬂwu mJ =nlBul%HDI (112-I)ml) 4cd<5lé¢i toJGE @d, brbroacktfldéhyde (2.8g,
(t,
-%3 oQl} W@§-'¢{C{dﬂdf- |Tlh1§rr@ﬁﬁt'%wﬁp"ﬁﬂw§¢q fafi 2fabesy and n-butanol was

FoiLBY U5 AT RO o s
M extrgct88(wlth E@Aé?&lz( 2@ 1), The5&§mblné67or§bhl,c Ié&rbrs were dried
&) J=9.57Hz, ‘1H), 7.02(d, J=9.57Hz, "1H)

csneentrajed undar nedsgeeh presgure1and thg rgq'uyue ggéa/@mf ed
2008/ 058126 PCT/ US2007
e OWR CaroliapatbRY oERS e o) APt S ploro-midazol,2-
2} 2- Co d 7-19
@8?3"“@'2“@'%,669@”’?03@% "o szg(es( 8 02 s,
7.95(m 2H) 7.55(t, J=8.2Hz, 7.27(m 1H),

Oo(iﬁgééigﬁﬁp%zaﬁ aﬁéy”?dazﬁ')e (5‘}1 18(m 1.
_N Br,, AcOH A
CI/EI:N/ \/) C|/EN\’NK\/8
4 5 Br

[0159] The 6-Chloro-imidazo[1,2-b]pyridazine (4) (500 mg,
0.0032 mol) was taken in glacial acetic acid (56 ml) and bromine (0.4 ml) was
added slowly at room temperature. After 20 mins solid precipitated out which
was filtered. The solid was washed with ether (3 x 15 ml) and dried under air to
furnish 3-Bromo-6-chloro-imidazo[1,2-b]pyridazine (5) (400mg, yield = 60%).

60



N- (cycl opropyl met hyl )-3-(3-(trifluoronethoxy)phenyl)im
i dazo[ 1, 2-Dbl pyridazin-6- am ne (Conpound 7-20) [0169]

WA RGOBNFS1£6100 MHz, CD30D) 8.43(s, 1H), 7.97(d, POHUSBbBIZ(83773
1H, 7.85(s, 1 H, 7.62(d, J=9.5Hz, 1 H), 7.52(t,
J=8.2Hz, 1 H), 7.20(d, J=7.5Hz, 1 H), 6.75(d,

J=9. 3Hz, 1H), 3.21(d, J=6.8Hz, 2H), 1.2 (m 1 H),

0.55(m 2I3|) B (m 2H AN
N- (1h o%}wbutan ;K(Nl\g/no)iMd%d"Hﬂ J::r/
W1 ) et pares Hfopariag 2 N
%Corrpoug.d 7?’%40 ] 1H-NI\/R MHz, GD3QOD) 8.29(s,
1H), 7.95(s 5 7.92(m 1H), 7.74(d, .8Hz, 1H),
7.44(t, J=7.8Hz, 1H), 7.18(m 1H), 6.9 1H),
4.51(m 1 H), 4.36(m 1 H)), 3.24(m 1 13) 00(s, 3H),
1.74(m 1 H), 1.60(m 1H), 1.05(t, J=%J5Hz, 3H).
2-(3-(3-(trifluoronethyl)phenyl)imdazo[ 1,
2-b7pyridazi n-6-yl am no) butan-1-ol (Conpound 7-24)
[0171] 1H NWR (400 MHz, CD30D) 8.64(s, 1H), 8.22(s,
1H), 8.06(s, 1 H), 7.94(m 1 H), 7.65(s, 2H), 7.00(d,
4=9. 9Benerkl bracetiufe (omaketd-chlbrol 8{substilitdd-#hidazd[1-,
3.20(m 1 H), 1.60(m 2H), 1.04(t, . 5Hz,
N- ( c\RIoBREaE | net hyl ) - 3- ( 3- (trlfluororrethyl)phenyl)lm

?ﬁf&l(v%e (idgzm' d%Da?fﬁctQ%glzn{rﬁx ieH) c%%rt]%gw%)ﬁ%romo -chloro-
Mu@&z(d[q Z%yrﬂaﬁﬂé 0. @L%m687‘ﬁdﬂ3)nlé Hgid 3(0249& mmah) Pd(PhP3)4
(ZCR?BUUK&HQ@@CEH)U&ZDNBQ@SW Ot@mrmlﬁ }n 5 mL of toluene-MeOH

(3 {)] \g@% c{g%flrslﬁf%l@ haﬁtrfgo%?{gl ;ﬁ;g reacqlon \;vaé refluxed overnight.
221

e

rés‘@i@eswa& turifidd B3 dombiftash. (0P to FYB=EtQAk/Hekihe) To 4Beniesired
1) e 21(d J=8.2Hz, 1H), 6.71(dd, J 1=2. OHz,

Prodects7ry  1H), 4.07(m 4H), 3.26(m 4H), 1.82(d,

J=12. 7THz, 2H), 1.42(s, 9H), 1.57(m 1H).

N ( pi peri di n-4-yl methyl)-3-(3-(trifluoromnethoxy)phenyl

5im o@e@rhl pxdedpye talmake-3, G-MBNMItgt@dEMadom,ZBleridazin

[0174] H-NI\/R( 400MHz, CD3OD) 8.37(s,.1H), 99(d,
[0161] A reaction mixture containing 60hloro3subst|tuted-

R4

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

products.

12-(3-(3-(dimethylamino)phenyl)imidazo[1,2-b]pyridazin-6-ylamino)butan-1-ol
(Compound 7-4)

[0162] "H-NMR: (400 MHz, CD;0D) 7.92(m, 2H), 7.65(s, 1H),
7.30 (m, 2H), 6.94(d, J=10Hz, 1H), 6.81(m, 1H), 4.26(m, 1H), 4.20(m, 1H),
3.01(s, 6H), 1.04 (t, J=7.6Hz, 3H), MS m/z: 326.1, 255.2.
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J=8.2Hz, 1 H), 7.88(s, 1 H, 7.66(d, J=9.2Hz, 1 H),

7.54(t, J=8.2Hz, 1 H), 7.24(d, J=7.24Hz, 1 H)
W®@200808812J=9. 5Hz, 1 H), 2.94 (m 4H), 2. 04(m PG/ US2007/083773

1.44(m 1 H).

N-((1- et hyl pi peridin-4-yl)methyl)-3-(3-(trifluoroneth

oxy) phenyl )i m dazo( 1, 2 bI pyrl da2| n- 6- am ne ( Conpound

1B§(t 382H 1H), 7 22(d. J75Hz. 1H) 6. 74(d,
J=9. 9z, 00(d,, =12tz

L oo(u " 1105631y MWK GOz, She 38%996%),6?&92@ 2H),

f\é%(ﬁ 1E8PHg 2DnS 27ty Gtz 1H)5 Z"?F. £ G Moy pp 17 (m,
By @8t azn[ 1.522m, hHPY1.083g a7 GHMYIIM). Oorrpound (7- 30)
[0176] ' H NMWR (400|sz CD30D) : 8.29(s, 1H), 8.02(d,

J=7. 6Hz, 1H) 7.84(s, 1H), 7. 64(d J=9. 6Hz, 1H)

. 1 7 7

§4(t, J=6.8Hz, 2H). 2.’63(5, AH), 1.81(m 4H). 64 WO
/ 058126 PCT/ US2007/ 083773 EXAVPLE 5 SYNTHESI S OF
| M DAZJ 1 [QJE}PYRI IEIMVIRE G@ONMNDSQMDW 7.96(m, 3H), 7.88(d,

o AR5, ) SRRSO IRRASE A, «.00m. 1o

i t iV th o n =
4.bbgﬁa’(f:|§%r3 n(g@{ﬁgﬂ a%('?\gﬂll_gvxj ?g(@y%tﬁﬂg ?%weﬁaﬁpwﬁf?’m

In these exanpl es, Corrpound 7-12 was prepared as

Jyaren em”}o mldazof )A'E blpvrlc%r;pn-g am/ne (%%mpound 7-

: chI oro 5rrethy| pyrldazm 3-amine 7: NH CI NH4O0H I N
hanol C N C Nreflux under 7 6 pressure 110 C
for 48 h [p@as']s] 3H6\1MRcm4@mavu4+znmm®DYr8 da@, né=1B1.8Hz, 1H),

S ssol ve
7%0(d J= 68Hz 1H) 782(3 1H), 7.61(d, J=8.5Hz, 1H), 7.4(m, 1H), 7.03(m,
1H), 6.72(d, J=9.5Hz, 1H), 4.16(m, 1H), 1.77(m, 4H), 1.66 (m, 4H).

2-(3-(3-(trifluoromethoxy)phenyl)imidazo[1,2-bjpyridazin-6-ylamino)butan-1-ol
(Compound 7-17)

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

(R)-1-(3-(3-(trifluoromethoxy)phenyl)imidazo[1,2-b]pyridazin-6-yloxy)butan-2-

amine (Compound 7-18)

[0167] 'H-NMR (400MHz, CD;OD) 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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5 nL of ethanol and was added ammoni um hydroxi de (10

m.). The resulting reaction mxture was sealed in a
Wpe@sessies bottl e and heated to 100 C for 48 hetk/ES200hes3773

reaction mxture is cooled and the solvents were

evaporated and purified by Conbi Fl ash Conpani on usi ng

Hexane/DCM 40: 60 solvent system (4 g normal phase
/:Mruatzb 218 rﬁiazfm BWIdS/)butan-2-
. as ow solid).
_qmmﬂr_:mg Z-:!QQ)I\/HZ CDS(D) 7. 08 (s, 1H) 4.72 (s,

o or o doNB8T 1 EeNIE, Mo dRfiE Ch QR B, BB 1H).
76%‘%0?}*3581%‘%‘*2?588%%0%2’57%"3?81 o) 008, 102 1H),

4542(mh otld), - T8t VIIH)y f i6Fa41 518y, 2H)n¢.06(Hh0 36y, 4. 18 mmol )
was di ssolved in n-butanol (10 m) and
chl oroacet al dehyde (0.328 g, 4.18 mvl) was added.

N AIEAEDY ATt 5 6 st ofRlin s Rerf B RreDU} 28 Yoyizin-6-

I elfrove uriact cuuctceu pressurce. I'Tre udce proauct

drinef (Cxinfourkb7200  chr omat ogr aphy (DCI\/!hexane 70 30)
to afford conpound 8 (0.234 g,

[0181] 1HIRAAEL 30 VIRCi460) MMBB(@Ds@DH) 8483?@5 ), 7.97(d,
J}Fﬁeﬁﬁsfﬁkgl% 1572 é(zgﬂd-gsﬁz 168, 75200 u=8:2%, (), 7.20(,

ﬁ?bﬁﬁﬂb‘r}ﬁ( WS(UOJZQ 'IBthMH&nB Qa(@[Jl:a @H@J my i1d2ZinnaHY; 0.55(m,
2H), 0.28 (m, 2H).

N-(3-(6-(1-hydroxybutan-2-ylamino)imidazo[1,2-bjpyridazin-3-

yl)phenyl)methanesulfonamide (Compound 7-23)

[0170] 'H-NMR (400 MHz, CD;OD) 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-(trifluoromethyl)phenyl)imidazo[1, 2-b]pyridazin-6-ylamino)butan-1-ol
(Compound 7-24)

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

N-(cyclopropylmethyl)-3-(3-(trifluoromethyl)phenyl)imidazo[1,2-b]pyridazin-6-

amine (Compound 7-25)

[0172] 'H-NMR (400 MHz, CDs;OD) 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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[0182] The 6-chl oro-7-nethylimdazo[ 1, 2-b] pyri dazine 8
(0.230 g, 1.372 mmol ) was taken in glacial acetic acid
w@ 1@8mb812@and bromine (0.070 m, 1.372 mmol) wWesST/HSWETI083773
slowy at roomtenperature. After 20 m ns the sol vents

wer e evaporated the obtained browm solid was washed
W th ether (3 x 15 m) and drled under air to furnish

6. chl or (3 1) i i d

o1, 2°Lj’pylp‘f2§f§.ynéﬁ1hiﬁRSMd@3%°”§ﬁ5&ﬁé Qﬁﬂ( ’HH) o 96(d,
NaR6I98, GH)N7 d8s, 4H§5r 763 OFr32 oRiz1 Yok dipA 844y, 749(m, 1H),
3- bronp- 6-chi oro- 7- met hyl'i mi dazo[ 1, 2- b] pyri dazi fie

7.2001, Mg B.2HZ 06 )BT 1(dthvak! =8 Bldn) J2®. 5THA,, ¥H )] ADEe 4441)03 26(m,

S ed_ 3- Fluor t ronlc acid 10 (84
19 18886 inror e 26 ceade S5, 5870, TP 11° 66 wo
2008/ 058126 PCT/ US2007/083773 ~M and Na2CO3 (47.3
nmg, 0.446 mmmol ). The reaction m xture was heated
Ngpiperidine4-gimethyht3-1Briflibrometfoxy) phemd)imid4zo[1, 2-b]pyridazin-
6%veoH DCM showed the conpletion of reaction.
n eparative TLC (6% MeOH DCM

o ded SpTpRLN A iy ELGRME RO, 7000

JHY) 2HZ, m;msa(é) 1H§ 9616(11 9 .2HzZ, 69()87 53|('QJ 8RHA (), 7.24(d,

19F- N
J<=§'§ 2@"%,31F(|Bﬁ(15(ﬂf ﬂtﬁ)ﬁbhieﬂ ng%z% K@n#H)i 20demothl), 1.44(m,1H).

2-b] pyridazi n-6-yl am no) but an-1- ol (Conmpound 7-32):
OHNOH/ Pd2(dba)3 CI N'N + vH XNHBoc NaQ: Bu/L ON

ML ((1-BnethiPloipenBfaHs-  IVRIRy 1)- 38 Bifluokdmathoxy)phenyl)imidazo[1,2-
blpyridazin-6-amine (Compound 7-29)

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

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

[0176] 'H-NMR (400MHz, CD;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(t,
J=6.8Hz, 2H), 2.63(s, 4H), 1.81(m, 4H).
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OCF3 (S)-(+) ~~P 13 7-32 7-12 12 L N, 91 [0186] To
the toluene (10 nL) solvent was added Conpound 7-12
W@ 108/058326 0. 319 nmol ), N-Boc-(S)- (+)-2-am no- IPGUUSR0T/083773
12 (121 nmg, 0.638mm1l), ligand (18.82 ng, 0.048
mmol ), NaGBu (43.5 ng, 0.453 mmvol) and Pd2(dba)3
(21.90, 0.024 mol). The resulting reaction m xture
was degassed for 10 m ngidgpLgrgon and then was
m crowave for 1h at 165 C— Concentrati on and
pr e PYINEHIESISTOE IMIDAAR{D2-BIIRY REIALINEe G CBARDQUNIGAS PND 7-

o oduet HETHY oGl 2 BB Y RibAGINE Crafecufles

concentr at d h . .
concent Sadr o BRERBYE| | MoBbenaEs oRer FRAothS" ouang
'““S*%ﬂvmmbbdndé %%tlfb% ir{ crwva ViI W%(M@d)é/l'ﬁ:cordlng to the

CD3CD) 8.30(s, 1H), 8.02(d, =7. 8Hz 4(s
fpblowmgagyatheglegempleg H) | In -,thggqtexqmgleg;_t(iomppynd 7- 12 was

b o o3 aioldn xR gy 12 proar

#Hollows03(t, J=7.5Hz, 3H). ESI-M5 miz 367.13 (M+H) +.
67 WO 2008/ 058126 PCT/ US2007/083773
6- ((1- et hyl pi peri di n-4-y|)rrethoxy)-3-(3-(tri fl uor onmet

Q n i, m dazo , oi pyri dazi ne (Conpound
Céug%?mg s )3 OCF3 ON C N'N +
NaQt Bu/ L ~OCF3 N PhC H3 IIiP733 715114LN
[0188] To the CI(5 5 | vent dé
Conmpound 7- 12 ( %1 u
(1- net hyl pi pelc:llz E'4 yl) ﬂﬁ)%‘lun%ler 19 (3'@) 9 ny,
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-methylimidazo[1,2-b]pyridazine 8:

NH Q
| RN 2 Cl\/u\H m
-N - /
Y N-Butanol o SnN
7 Reflux 110 °c 8
6h
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0.239mmmo1), ligand (9.41 ng, 0.024 mol ), NaQ Bu

(21.75 ng, 0.226 mmol) and Pd2(dba)3 (10.95, 0.012
WoremB/)ssithe resul ting reaction mxture was deREEES07/083773

for 10 min under argon and then was heated to refl ux

for 12h. Concentration and preparative TLC (10%

MeOH DCVM) afforded 17.6 ng of Conpound 7-33. [0189]

1H NWVR (4Q0NBg} C@&@ﬁaro%—ﬁ%tﬁyl;fg«ﬁdﬁmn&%(@ 1H)(o 6g, 418

7.97(m 3H), 7.58(t, J=8.2Hz 6(d, 1

rnynol)4wz@( dissglved 5pizn-betgnol (309mt)dand1 mloraalzetamhyde (0.328 g,

87@ )] W 6d§§" en‘;efcﬁ%g 2 r\éﬂﬁ%ﬁg %@3 P@{%ﬁd n-butanol was
ﬁé'mcﬁre@( &nd’i@‘rt @()‘u@é@eﬂré%&edfﬂ‘l@ &%HE Bluct \(v? drff'hﬁgﬁw%wmn

et hoxy) phenyl ) 1 mdazo[l, 2-bi pyr| azi ne

dhrem)atog.'ﬂaphW(DNWdE((aimm)ZD 80)-t afforal aoﬂnpbundl\sfo 234 g, yield =

%? u/L6 PhCH3 iN/ OCF3 NI "- - OCF3 11 14 L= P~
#°NO 68 WD 2008/ 058126 PCT/ US2007/ 083773 [0190]

To the tol 51 -
(Somg. 0 F9TBTor) FNROCOIMEAREORIOEE SHEPRILE g /=17
H3, 1H) 738)(d,Q. %6@ HapoH),.2.58 ¢ r8H)( E&IMS myz 1@708MM+H)".

nmmol ), NaGBu (33.3 ng, 0.347 mmol) and Pd2(dba)3
(16.77, 0.018 nmol ). The resulting reaction m xture

50 QRS AEF-7! Abir b ol S48 then vas

temratlon and

preparative TL I\@O—VDCI\/D af f orded~ 11} (11 2
% of Compound 7434.1T 91]3r21AbOHNR (3 0/

8.27(s, 1H), T7g m 3(d J 8.1
Hz, 1 H), 6.76(s, 4. '?ﬂé?%m' 2H) 2. r§6(o|,3rJ =11. THe,
1H), 2.56(s, 3H), 31(s 3H), 2.11(t, Je12.3Hz, 2H),
1.88(d, J=12.3Hz, 4H), 1.44(d, J=12.6Hz, 2H). ESI-MS

mz 421.18 (MrH) +.
N ((1- sodﬂafsg] pi ﬁéei@ibhloncﬂmemyﬁsﬂdaa'dn Qeblpymidaming Bp(0.230

he{;éﬁ' i ds was tlakei?'lbl% gle@/rl adca%c aC|d arB m?) ér%)gpomme (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;0OD) 7.79(d, J = 7.32 Hz, 1H),
6.93(s, 1H), 2.64 (s, 3H), ESI-MS m/z 247.9 (M+H)",

6-chloro-7-methyi-3-(3-(trifluoromethoxy)phenyl)imidazof[1,2-b]pyridazine 11:

OH  Na,COj

=N
AN £ Pd(PPhy), Ir/
- \/8 . — 2%, o N
cl N Br FsCO

OCF,4
9 10 11

[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(PPh3)4 (9.38 mg, 8.11
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~N Pd2(dba)3 N C NN+ 6 NN NaOBu/L N( H/ N PhCH3
/ OCF3 1 0 - OCF3 7-12 15 L =P 7-35 N (O [0192] To
‘Wa bwspstieene (10 nL) sol vent was added ConmpounkCT/US2DR7/083773
(10ngy, 0.319 mmol),
(1-i sopropyl pi peridi ne-4-yl)nethanam ne 15 (74.9 ng,
0.478. mol ), ligand (18.82 ng, 0.048 mmol), NaCH
) b :
{44 Y LT TTRL) 0308 RRRITS (o350 ity pesto
dsimg hlicrdwavende 1 5ar°Gofor 800 mimetes wak ChE26 kleoHD CM)| showed the

AACRIE 0! PRI ANCRR AN B RAS BT 4%, MEOHIDCM)
00MHz, CD30D) 7.60(s, 1 7.18(d,

A ORI 116 saga, o o, 1),

6. 73(t, J4B8185Hz, 1HWMR@3@0MH|Z &mmzzomngﬁslw 2Hz, 1H),

PCT/ US2007/ 083773 J= 1H), 1t
298605 2H), H910. siaQrﬁHZsH)H) 17.83(m 1) 69@(%2(”7%) 21§9(s, 3H).

( 449 E mz 434.23 (M-H) +.
%,ygrogmpyl?’W%M?%’W&%r%h@foxy) phenyl )i mi dazo[
1, 2-bl pyridazin-6-
| am no) et hyl |er|d|n 1-yl msthanone Conpound

2503~ _A- AoxX wiphs sy H ) 1. 2¢0) vlam/r@)\butan 1-

F; OCF3 -3 rac BINAPO7 36 7-12 16 [0194] To

0 nm.) sol vent was added Corrpound 7-12
(10ng, 0. 319 nnDI)

(12Ay 0l opr opyl ¢ar bonytzpieper i di ne hana %H/l y
¢ ng, 0. le ) NeOtBu@ C - BI )l )
and dba) 3 PhCH3 NHBoc OCF3 0CFs

OCF3 (S)-(+) O
7-12 12 :N\O

[0186] To the toluene (10 mL) solvent was added Compound
7-12 (100 mg, 0.319 mmol), N-Boc-(S)-(+)-2-amino-1-butanol 12 (121 mg,
0.638mmol), ligand (18.82 mg, 0.048 mmol), NaOtBu (43.5 mg, 0.453 mmol)
and Pdy(dba); (21.90, 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, CD;OD) 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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(5.84, 6.38 M. The resulting reaction m xture was
degassed for 10 mn under argon and then was heated

wa eoogesdiax for 12h. Concentrati on and prepar at P/BEUSZDLTN83773
(10% MeOH DCV) afforded 29 ng (19.8 %9 of Conpound

7-36. [0195] 1H NWR (300MHz, CD30D) 7.59(s, 1H),

7.16(d, J=7.2Hz, 1 H), 7.04(d, J=6.3Hz, 1 H), 6.81(m
é-( ﬁlme%ﬂ&bgﬁldlﬂw Mﬁlm@tlf&@ﬂ&(é‘(?rffﬁ)d?\j%fzve%di&/)@ﬁérﬁ/@frﬁ?dad( IreT:]%o[ 1,2-
aﬂné okl 7-33)12(m 3H), 0.4(m 2H), 0.027(m

ESI-M5 m z 460. 20 ( M+H) +.

7I\/Ethy N-((1- rrethyl(pmperldln4yl)rreth¥| r
oxy) phenyl ) i m dazodﬁ(aba)a bl pyr d gﬁé{%/
U d 7-37) N sz OCF,

No H/ OCF3 P g~ 11 I8
N~ 7 3 7 \ o\ 70 2008/ osé’i% CT/ uszoo7/ 083773

[ 0196] t R&F1 ol uene (5m) s was added, Cpmpound

11 (5; , 0.174nmoly) L= ‘
(1- met’H | pi peridi ne- 4 yl) met an~ne 17 (26.8 ng,
0.209 nmol), ligand (10.27 0. 026 nmol ), NaQ Bu

(23.40 ng, 0.244 mmol) and Pd2(dba)3 (11.95, 0.013
mol ). The resulting reaction m xture was degassed

m cr ovave 1912450 ?0?8 P t5iene 4§ Tabf Sotuoes, AiSd Compound 7-
R e T
CR3gR ), Agaps, (914 m. quzn mrdcif. NaDtBa K3 1.75.188( 8,226 mmol)
@%ﬁ&a(gb@)m) 1025§6}(6§?1§$mc§) 9%3 gslﬁting”_@ac%q% mixture was
%qua%%%& 1%[310 im@g%i%deriﬁ?g%fmﬁg X%@cz)ﬁéétec?%g&oé flux for 12h.

CohcetifationFanbyrepéiaiive F20. A0% MEOHHDEM) ThordedEXA6t mg of
Mass: 420.20112.
Gompoued Hy$di peri di n-4-yl ) methyl ) - 7-met hyl -3- ((trifluo

romet hoxy)ghegy! ) "R (400MHz, CDOD) 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-methyi-6-((1-methylpiperidin-4-yl)methoxy)-3-(3(trifluoromethoxy)phenyl)

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

I\Nf/ Pd2(dba)3 o \N’N Y/
NaOiBu/L
OCF;

PhCH3

\ :O
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(1, 2-b7pyri dazi n-6-am ne (Conpound 7-38). ~N NH2 ~N
, N Pd2(dba)3 C N'N NaQBu/L No* HN. / \ N PhCH3 ~
W0 20893126 | 0 - OCF3 P 11 18 L = 7-38 N [ OAOBYS2D07/083773
the tol uene (5nL) solvent was added Conmpound 11 (50
ng, 0.153 mmol), (1-ethyl piperidine-4-yl)nmethanam ne
18 (26 ny, 0.183mmv1l), ligand 9.01 ng, 0.023 muol),
NaQt Bu (2([0569_“2 T8 -tRd 4oMehe (5 MY SIhErileas3adddél ¢8mpound 11

0.011 mol resulting reaction m xture was
(éégmss@xﬂﬂommol)m(ﬁ mewwiplmrgbneadﬁyi)memanmhﬂ41e(dVé:‘aing, 0.366

BiralatGENdd Tkt meoo oy st SrBupadas 3ich 6.4 oD and

| F%gdl%?} g‘}lggfg & olé ?ﬁ? JEQ@IR% rgHbMﬁml)Q(Q@éﬂﬁ?s degassed

foH)10 Mminounder) ancﬂHandZt-H)en Wa%lh&ateﬂﬂ)mthSnﬁdr(omav@H}at 165 °C.
e e e e S DR g 1115 g (112

%@%ﬁg}np&)gpﬂg%&%(t J=6.9Hz, 3H). 19F-NWR (300Hz,

FTI\/IS+p MALDI :  434. 36365 (M+H) +,
Theory Exe[OﬂQMlass HAF\B\'ARZ(IBI!MHZ CD3OD) 827(s 1H) 796(m 2H),
1- et hyl eridin-4- I)ma %35 riflu
§ phidhyl 53 da§o1l(ﬂ hb)16 %@(51 aw. 18 Sarﬁ"ﬁez 96(d i & 7Hz,
d
fhﬁ‘??% RN E - R bR A tiedririadee 40,

m&gj JE12BHES 2 O/Esmﬁshoza@h B @e+Hyi on of Conpound
7-12 (0.250 g, 0.797 mol)

N-((1-isopropylpiperidin-4-yl)methyl)-3-(3(trifluoromethoxy)phenyl)imidazo[1,2b]

pyridazin-6-amine (Compound 7-35):
g N Pd2(dba)3 Sy N
NaOtBu/L Oﬁ
PhCH3
OCF, OCF,4
\O 7-35

[0192] To the toluene (10 mL) solvent was added Compound

7-12 (10mg, 0.319 mmol), (1-isopropylpiperidine-4-yl)methanamine 15 (74.9
mg, 0.478 mmol), ligand (18.82 mg, 0.048 mmol), NaOH (43.5 mg, 0.453
mmol) and Pdz(dba); (21.90, 0.024 mmol). The resulting reaction mixture was
degassed for 10 min under argon and then was heated to reflux for 12h.
Concentration and preparative TLC (10% 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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and (1-ethyl pi peridin-4-yl)nethanam ne 18 (0.113 g,
0.797 mmol) in toluene (10 nlL) was added sodi um
W@ 2008038196 but oxi de (0. 138 g, 1.435 nmol), rac-BITWS2007/083773
(0.030 g, 0.048 mml) and Pd2(dba)3 (0.022 g, 0.024
nmmol ) and the m xture was heated at 100C for
overnight. After 16 h, the resultl ng dark brown
0 olie c
29 8L WEI )"804280 ﬁe o g‘i% gHg ﬁj@@(m 2H),

reduced essure.

U&2(rg, )i (DT(&&MI—t)hOzﬂ%l(wlzmw E($ MSODYZL%’@.23QM:I'¢'|’)T

5% TEA in ethyl acetate/hexane (10-100) renoved the

[ rrpurl ties and 5% TEA | n et hyI acet at e/ CHSO—| (90 10)
0 ]

(m 2H) 3.16 (m Zhl)i2,287(d ) '99Hz 2H)

1.76 (m 4H, 1 2;, 1H,
Y ESI- M5 42 [0202] ouund§
48 th ough 7-51 re prepared “accor ng to t he

(n 3%?%eral Kt hgd (231 To a s ution of OCFs
(tr| fl uoronet hoxyl ) - phenyl )i m dazo[ 1, 2- b] pyri da2| ne or

6- CAT'dr o- 3- ( 2- met Kbxy- 4-
(trifluoromethoxyl)-phenyl)imdazo[ 1, 2- b] pyri dazi ne
(0.149 g, 0.434 mmol) and amne (0.434 mol) in
toluene (5 nL) was added sodiumtertiary butoxide 72

WO 2008/ 048194] PCTruUbedoyeresamL) zolvent yvaspadded Compound

129G’ 05”%”*@%"@@%&0&‘*8%@% R farare

16059, v%f;omqm gibol), Alra&BINIAPN(7 .94 kg, r@@uBtmﬁm)daM Pd,(dba);

brown soluti on was cool ed down and was concent rat ed
(@riife6.38 etk dhepiesyingaeattien siitute was degessed for 10 min under

HbhAye oA e ReSiBAek (efd: f [T e Riafiah b preparative
T mMeb@l/D@@VﬁfdrBSd '2@%{;'(‘19%Wo?ﬂﬂC%%pB@ﬁd'TBGt hyl

acetate/ CH3OH to elUte the desired nethoxy
product. [[0203] Tﬁlel NMH‘]O@OWHZID GaRsODynok.66(shy 1H), 7.16(d,

557238 ol g oot a5 OB A Tolhal Hhufr 4Ry J=6.3¢,

46 t
ﬁﬂb% é(?(gpﬁpm Iélt ure dver)m@g 1ﬁ)e %Qﬂﬁh%’ 83 S{thg{)ﬁﬁ 28(m,

Y, K. 123 H 0 14(imo 2 H)eS. OZWUBMEH)ECESM-MB NiHCE]!BZO KE)*.
anal ysis indicated that the conversion was

7-Methyl-N-((1-methylipiperidin-4-yl)methyl)-3-(3-(trifluoromethoxy)phenyl)-
imidazo [1,2-b]pyridazin-6-amine (Compound 7-37):

N
N
YY NH; Pd2(dba)3 S N p
x> N /
CI” 'N NaOtBu/L O/\
PhCH3

OCF, OCF;
11 U 7-37
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conplete. After extracting with DCM and drying, the

resi due was purified by using conbiflash

W@ bosissiogr aphy, el uent: nethanol/ Ethyl Acet aR@I/SH97/083773
TEA), ratio 5-50% Rf = 0.23, 50% Et hyl acetate(5%

TEA)/ CH3OH;, The structure is confirnmed by' HNVR and

mass spectronetry (MS). 3-(2-nmethoxy-5-(trifluoroneth

yl') phenylhdsf 4- fré tﬁ@ttBIu)é'n@ G(Bﬁf@?s'oﬂre%t was added Compound 11
yI)phenyI)| m dazo| b] pyri dazi n- 6-am ne ( Conpound

(8740Y, O. mmrnqol)Mwnmnylpppendm-éyn)methamamme 1Y (2618 N\g 0.209

: sz )Cﬁlgga ﬁ@%la@'?;' ’i\r)gngs%wmol)@r @%ﬂ%:ﬁfmloo% %24 mmol) and
Wé‘%? S%H@%I? @983 E‘hé rfsﬁ&t&\g;’%g&t}{% mix rg %&é.%’deg;assed

fillazr3 1 ghinHl,Zn QrIArfﬂi_gr &rg8in a(n(n theaH)/as Bea%d Wwith 3i'rl):rov%vb2ai( 150 3Cor 1h.
Goqcentiationnapdaprenaralive 455Cs (1 afes MEGHIDGM) 26oted 53 mg

07/083773
@%@E@ﬁéé&? ggét ritluoronet hyl)phenyl)-N-(4-(4-nethyl

pi per azi n [H)‘IWD phIGfNMR (300MHz, CD30OD) 8.35 (s, 1H), 8.01(d,
i m dazo - bl pyri dazi n- 6- am ne (2 m%ound 7- 41%3‘ "I N
J=8.4Hz, B/ sh TRINT QAR W=7 Bz 2H), £R I, $F®1BIZeRH) HHBS(m,

TR D 408, [P SIS RICEROL A 5 v, )
2922(sH23HF)|)1 1Fb1(g7 éﬂéli) (‘\682@m"|)1H)7 1797F ek ( éOBI(—l% @Da?@@) 556.456,
FEVISEpHYIALB): 9420(201 18 ¢M9H9+ I—Ehe@M)ExaczM%‘s( 42020:1122 3

Hz, 4H), 3.50 (d, J = 13.3 Hz, 4H), 2.33 (s, 3H).
ESI-M5 (ES+, nlz): 469.3 (Mr+l, 10.0).

N-((1-ethylipiperidin-4-yl)methyl)-7-methyl-3-((trifluoromethoxy)phenyl)imidazo

[1,2-b]pyridazin-6-amine (Compound 7-38).
NaOtBu/L H
PhCH3
OCF,4

OCF;
: \O 7-38

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

(50 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, CD30OD) 8.335 (s, 1H), 7.99(d,
J=7.8Hz, 1H), 7.81(s, 1H), 7.49(t, J=7.8Hz, 2H), 7.21(m, 1H), 3.34(m, 2H),
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3-(2-met hoxy-5-(trifluoronethoxy)phenyl)-N((1-neth

yl pi peridin-4-yl)nethyl)- imdazo[1,

wQ20ppsa1eeazi n- 6- am ne (Conpound 7-42) : N N POI/NSD0Z20A83773
N NNN C NHPd2(dba) AuONa iN / O rac-BINAP O

OCFS OCF3 100C/ 16 hr Tol uene 7-42 19 32% [ 0207]

"H NVR (CD30OD 400 MHz): 8.46 (d, J = 2.4 Hz, 1H)

iog&j (ﬁ=1111|hﬁ Zﬁ)’*ig gm %kpdgz @6('3‘2 34)3"!)91(% 23'$| ,6‘6{3%?“, 1H),

1. 68(t,JJ GQBH‘Z I—&H) 1! -NMR 9B0081z, THH30B) 2-66(483, JF EMB8p3MALDI:
18. 3 Hz, . 2.48 (s, 3H),

423.44?162535, (M+E'5Lis{fgle@a/, Emt,'\fqusg%@%?& 163 HZH? 3H) ,

1.29 (m J = 18.3 Hz, 2H). ESI-M5 (ES+, mz): 436.2

(M++1,  100.0). 74 WO 2008/ 058126 PCT/ US2007/ 083773

[8-((Rethytbipesydih-4 Vllméthwriﬁ(@(thﬂu@fmmwwmhbb(/Ulfrmjaﬂ’l R-b]

i peridin- 4y1)rrethy|) i m dazo[ 1, 2- b] pyri dazi n- 6 am ne
fComgoynd A38Br 3/ DCM N C' I INr- \ 'H N

rt/lﬁhr/N)XHHO OCF3 50/ 0 OCF3 742743

s N/ Pd,(dba);!BuONa
¢~ N + \_N/\:>_\ rac-BINAP Sy N
NH, 100°C/16 hr ~_N
OCF, Toluene OCF,
0,
7-12 18 89% 7-39

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

[0201] "H-NMR (DMSO-d6/300 MHz): 8.50 (s, 1H), 8.06 (d, J =
13.2 Hz, 1H), 7.77 (d, J = 9.9 Hz, 1H), 7.57 (t, J = 7.8 Hz, 1H), 7.28 (m, 2H),
6.76 (d, J = 9.9 Hz, 1H), 3.35 (m, 2H), 3.16 (m, 2H), 2.87 (d, J = 9.9 Hz, 2H),
2.27 (m, 2H), 1.76 (m, 4H), 1.22 (m, 1H), 0.97 (t, J = 6.9 Hz, 3H). ESI-MS m/z
420.2 (M+H)*.

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

[0203] To a 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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[0208] 1H NMR (CD3OD) 400 MHz): 8.60 (d, J = 2.4 Hz,
1H), 8.04 (s, 1 H, 7.74 (d, J = 9.9 H, 1 H), 7.13

W@E 208958120, 2, 2.0 Hz, 2H), 7.04 (d, J = 8.9 HCT/LSIP7/083773
6.72 (d, J = 9.6 Hz, 1 H), 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
(b&)?% §io. 780h91mo®SIra<l,V§m}£ﬁ*(o Mzy: 0443 rﬁn{dWmid PbQ@Jb 5(0.016
3- (2- et hoxy-5- (‘tri fl uor omet hoxy) phenyl ) - N- ( 2- (
g:lQ:D@@rnnmph —and/theemiguine-was heated at 100°C for overnlght After 16 h,

grggél%é d%rk é% gﬁng |<|;r{ﬁ da%{@oo&é%o \&E;)a%y%?\%b%?\?@trated under

L B g o e

dhr@n’iaiqgrabmy (6 9.c@Burfin): elueft; 5% TEA(d ethyl acttdieMexane (10-100)

tEDZr:en%v%)ot’hgg?@p‘;igi;’s Spd5% HEAGH e%h{q)')egceétéici—gpl-ﬂ (90: 401500 elute

, By, , 2.81 d, J =11.7 Hz, 2H),
t}zil.éf?%{rg?j "é%f‘,g}yl?’g%d 0 = 11.(7 Hz, 2H), 1.52 (d,H)J -
12 3 Hz, [PBD4] 1. IFe( metiddy, gtoldpy was réhjoved. 851 tﬂmsolvmg the

ESI-NS (ES+, miz): 450.2 (Me+1, 20.0).
ng Mmmqﬂgmmm@ggyaghydrous d|ch|oromethane (DCM) (3 mL)

a;jr)o(p I%gg'ﬁagl 1= 105 f\/[ |r§ 'q&wfﬁeéé‘?wbo'a?%ac al(lg étﬂ'rlﬁ?tﬁ room
teffipératold , &é@hi@htl Aﬂér n‘reﬁ RNtHE reéSEane Uddhk 7 bfdwn dolatén was
N NN BBr 3/ DCM . HN N

quenched with NaHCO3 HPLC analysis indicated that the conversion was

complete. After extracting with DCM and drying, the residue was purified by
using combiflash chromatography, eluent: methanol/ Ethyl Acetate (5% TEA),
ratio 5-50%. Ry = 0.23, 50% Ethyl acetate(5% TEA)/CHsOH; The structure is
confirmed by H-NMR and mass spectrometry (MS).

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

yllphenvyl)imidazo[1,2-b]pyridazin-6-amine (Compound 7-40):

—N N—@—NH N
f\‘//N — i K/N =N
NN

CcI” N Pd,(dba)s/'BUONa N
/O rac-BINAP 0
CF, 100°C/16 hr 7 CF
Toluene 3
(o)
19 25% 7-40

[0205] 'H-NMR (CD;0OD/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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HN Nr.t./16 hr HO/0 OCF3 86% OCF3 7-44 N 7-45 N
[0210] ' H NWR (CD30OD+CDCI 3/300 MHz): 8.01 (d, J = 3.1
wOH2008/038124 , 7.88 (s, 1 H), 7.63 (d, J = 9.6 HzPCIU$HN7/083773
Hz, 1 H, 6.97 (d, J = 8.7 Hz,
1 H, 3.34 (s, 3H), 2.90
(t, J:112Hz 2|—|) 169
! ) 23 [ '

7.07 (dd, J =8.9, 1.7
1 H, 6.70 (d, J = 9.6 Hz
(t, 3 =65 H, 2, 23

%—?% g&grogz-g-b?trﬂégg%

/NndéﬁomQhwnpn@@i/nre-amesyﬂc)dmbbmbd 7341()2 rret hoxy 5' (t rif
[ uor onet hoxy) phenyl )- 1 mdazo(1, 2-blpyridazin-6-amn ne

und 7-46): ~N N NH2 , N N )NCI N ~NN

‘Do'l\r -

Pd2( dba) 3/ BuONa_ H [O O OCF3 / 3 6 hr
Tolwrene 16 211] 'BBErNINR ( ﬁﬁ/
8.27 (Sh N g L1 78 (d, N

H, 7.33 (dNJ Y89 H, f%h77.25 (d, J =19 2NHz,
H, 7.15 (t, J Hz, I"H, 6.77 (d, J = 9.

H, 3.95 (s, 3Hf, Of; J = 5.8 Hz, 4H), 2.
J=11.3 H, 2H), 2.30 (q, J = 7.2 Hz, 2H), 1.82 (t, J
= 10.9 Hz, 2H), #4495 (d, J = 13.3 Hz, 2H)741.65 (m 1

H, 0.99 (t, J = 7.2 Hz, 3H). ESI-M5 (ES+, mz):
450.2 (M++1, 20.0). 76 WO 2008/ 058126
PCT/ US20070268[7 73 'H-NMR ﬁDMSO -de/400 MHz): 9.28 (s, 1H), 8.29 (d, J =

dél et hyl pi peri di n-4-yl) et hyl) - 3- 2hydrx- 5-(trif

2.4 Z)ﬂ%'ﬁh(%(@@ Heedyi P-9 d&i2of B12(sh Apr |7c7672(da/61 ard-8e2.1 Hz,
{5 PN /=8 MM, 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+,

miz): 469.3 (M*+1, 10.0).

3-(2-methoxy-5-(trifluoromethoxy)phenyl)-N-((1-methylpiperidin-4-yl)methyl)-

imidazo[1,2-b]pyridazin-6-amine (Compound 7-42) :

) :
N Z N SN

Pd,(dba)3/BuONa N H
e

o)
O rac-BINAP /
4 OCF, 100°C/16 hr OCF3
Toluene
7-42
19 32%

[0207] 'H-NMR (CD;OD/400 MHz): 8.46 (d, J = 2.4 Hz, 1H),
7.94 (s, 1H), 7.64 (d, J = 9.6 Hz, 1H), 7.23 (dt, J = 9.2, 2.0 Hz, 1H), 7.18 (d, J =
9.3 Hz, 1H), 6.73 (d, J = 9.6 Hz, 1H), 3.95 (s, 3H), 3.27 (m, J = 18.3 Hz, 2H),
3.15 (m, J = 18.3 Hz, 2H), 2.48 (s, 3H), 2.41 (t, J = 18.3 Hz, 2H), 1.90 (m, J =
18.3 Hz, 3H), 1.29 (m, J = 18.3 Hz, 2H). ESI-MS (ES+, m/z): 436.2 (M*+1,
100.0).
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/ 98%/ HO
6/ 300 MHz):
5 FCUys2007#083773
H, 7.23 (d,

,NBBr3/DCM,N HNTr.t./16 hr H
OCF3 OCF3 7-46 7-47 [0212] 1
wW@2@8/08826 1H), 7.96 (d, J= 3.6
9.9, 3.6 Hz, 1 H), 7.30 (d, J
J= 9.0Hz, 1 H, 7.14 (s, 1
1 H, 316(m4|—|) 2.78 (m 2

:)
d
7

-1 sopropyl pi peri y y - 3- (2- met hoxy- 5- (

trifl uoronet Nphenyl)- im dazo f 1

2- bl pyri dazi p- 6

N I N

OCEN_r dc- BI'NAP 10

1HN (Dlvsodé’ ( .

7.88 (s, 1 H, 7.6€ .7 Hz H) .

= 9.0 Hz, 1 Ha27.14 (d, J = 13.7 Hz, 1 H),7-4 04 (t,
J =5.2Hz, 1H, 6.68(d, J =09.4H, 1 H), 3.84 (s,
3H),306(tJ:59Hz 4H), 2.71 (d, J = 8.9 Hz,

2H),168( = 13.3 Hz, 1H), 1.53 1H), 4_(d,
804 (9. )r|z774(aqH)J 199 Has 1HESE 1 3ty ) b_o(l-meﬂ) 7.04(d, J =

ef@(l%’% 1@)08\%6:?8?1@5%%“ 1E63T§Lf§ez(?0]’-%8§7ﬂz 4H), 2.75 (d, J = 11.3

Hk)zﬁ) (224$‘£§”31-¥)Y‘I58ﬂtf Uf< yo100AR! @%w wz‘ew J = 12 0 Hz 2H), 1.60
Im azo pyri dazi n- 6- am ne oun - )
(BBrb7 8V Nz, 1H). ESI-MS (ES+, m/z); 4222 (M +1, 1oo 0).

2H), 2.55 [01208}1 ='8- WHZ(Clg@D/m(BMHzg; .60 fd9J2= lzlz4 Hz, 1H),

3-(2-methoxy-5-(trifluoromethoxy)phenyl)-N-(2-(1-methylpiperidin-4-yl)ethyl)-

imidazo[1,2-b]pyridazin-6-amine (Compound 7-44):

N
AN s NH, f\F/
s N/ HN SN

Cl” N Pd,(dba)s/BuONa
0 rac-BINAP 0
/ 100°C/16 hr OCF3
OCF;
Toluene
19 79% " 7-44

[0209] 'H-NMR (DMSO-d¢/300 MHz): 8.53 (d, J = 2.7 Hz, 1H),
7.93 (s, 1H), 7.75 (d, J = 9.6 Hz, 1H), 7.30 (dd, J = 8.7, 3.0 Hz, 1H), 7.22 (d, J =
9.3 Hz, 1H), 6.97 (t, J = 5.1 Hz, 1H), 6.77 (d, J = 9.3 Hz, 1H), 3.91 (s, 3H), 2.81
(d, J = 11.7 Hz, 2H), 2.48 (s, 3H), 1.89 (t, J = 11.7 Hz, 2H), 1.52 (d, J = 12.3 Hz,
2H), 1.27 (m, 1H), 1.17 (m, 2H), 0.84 (m, 4H). ESI-MS (ES+, m/z): 450.2 (M*+1,
20.0).
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hr H71 /o N HO OCF OCF3 3 7-48
DVSO- d6/ 300 MHz): 8.59 (s, 1H),

1

3

8

HNNN NOT.t.
7-49 [0214] 1H N
W@B204/0%8d26 J= 2. 4
1 H, 7.13 (d, J
1 H, 6.73 (d, J

Hy, 7.75 (dd, J = 9. 8,PQI/0S2487/083773
Hz, 2H), 7.03 (d, J = 6.8 Hz,
Hz, 1 H, 3.13 (m 4H), 2.87

(m 2H) 2.25 (m 2H, 1.74 (m 4H) 0.98 (d, J = 6.8

]1 .qu'il 0X) -%l- tll)%o(rgrﬁthdy yID nQN- -mgth Qdin-- )

/m/u@zo;mblmwbl@irﬁm-amr@mfﬁpo@vdnYme)I dazi n- 6 am ne
(Conpound 7-50) : ~-N,N NNAZ, NN23 HNN C N

/0 Pd2(dbaV\B WO OCF3 OCF3 rac- Bl NAP~10QC/ 16 hr 19
Tol uene N 7-[60 [89% J [OZJB{TB},,%MNI\/R Iy\.. dgl 300 MHz) :

9.7 Hz, ,bé.s dd J BB E, 2. 7.22
(d, J .3 H®; , 6.9884%, J 77
(d, J 3 Hz, 1y, 9CBy (s, i ?93
2.82 ( , 2.29 (t, J =7.4 . 1.78 (m 2H),
1.66 ( 1450 (m 2H), 1.28 1H),74515 (m

2H), 0.98 (t. J = 7.2 Hz, 3H). ESIAMS (ES+, mlz):

464.2 (Mr+1, 20.0). 78 WD 2008/ 058126

PCT/ US2007/ 083773

N-((1- lsoqogm§ pi PrEENIIRN acbmnedmwse@MHz)( 8101 (d)Qr9m1 Hz,

et hox )yphenyl)- im dazo yri dazi n- 6-am ne

Tt oBBikel THE7)63 (AN H=19. mm 1\H)N907 (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 (, 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-yl)methyl)-3-(2-methoxy-5-(trifluoromethoxy)phenyl)-

imidazo[1,2-b]pyridazin-6-amine (Compound 7-46):

O
j@w N AN
Y 18 /
a SN N SN
o) Pda(dba)y'BuONa __ N 0

4 -BINAP /
OCF; 2 OCF
3 400°C/16 hr 3
19 Toluene 7-46

81%

[0211] 'H-NMR (DMSO-ds/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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15 NN C1 N N\~ H Pd2(dba) AuONa rac- Bl NAP |
100C/ 16 hr OCF3 24 OCF3 Tol uene 7-51 76% [ 0216]
WALEOBNSB16ONVBO- d6/ 300 MHz): 8.32 (dt, J = 9.8, BCHUSWNT/083773
2H), 7.93 (s, 1 H), 7.75(d, J = 9.3 Hz, 1 H), 7.44
= 8.3 Hz, 2H), 7.19 (t, J = 5.4 Hz, 1 H), 6.74
= 9.8 Hz, 1 H), 314(t J = 4.9 Hz, 4H), 2.79

l.(rlgm-%@/ﬂi er%dm 'izyl)n% s 23. ?é*nca}oxw (tnﬁu&rén(éfhm"v)ph&&vlf’

ihadafofl) Z-ESVFld&lé-ﬁamm‘d K)omé&éln& 7(4W+1 40 O)
EXAMPLE 6 | LLUSTRATI VE | M DAZJ 1, 2- B] PYRI DAZI NEI P! M1

KI NASE | NHI BFTCH [0217] The structures of Lilnal
m.1 Kinasle i{hinitors BRigDEMfied accord| ngl toNt e
i nFenti orNandl” sy‘the3|zed rdlng y e I'C
@;\ debal herel n @) e set fnrt Pbe ‘
eI ow. Tabl e/ VIl x PO 1 mid zo[1, 2 bIPy @
tors Conpound Structure H- N | NS
H7-1 N Chep Formul a: G 8H23N50 Mbl ecul arr4féi ght

325.41 79 V\D§008/ 058126 PCT/ US2007/ 083773 Conpound
Structure | N~ 7-2 Cl N Br

[0212]  "H-NMR (DMSO-de/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-yl)methyl)-3-(2-methoxy-5-(trifluoromethoxy)phenyl)-

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

L
H NH2 SN 7/
Pd?_(dba)3/‘BuONa
OCF,4

/

rac-BINAP 7/ OCFs4
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 Hz, 1H), 7.04 (t, J = 5.2 Hz, 1H), 6.68 (d, J = 9.4 Hz, 1H), 3.84 (s, 3H),
3.06 (t, J = 5.9 Hz, 4H), 2.71 (d, J = 8.9 Hz, 2H), 2.55 (t, J = 6.5 Hz, 2H), 1.99 (¢,
J = 9.2 Hz, 2H), 1.68 (d, J = 13.3 Hz, 1H), 1.53 (m, 1H), 0.84 (d, J = 7.2 Hz,
6H). ESI-MS (ES+, m/z): 464.2 (M*+1, 50.0).
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Chem cal Formula: Ct4H72BrCI NA Ml ecul ar Wi ght:
351.63 N d 7-3 Chem cal Fornula: Cl4H13Cl N4
worlogosdiag Weight: 272. 73 H ~ N H 7-4 _N ChemdEE2007/083773
Formul a: C1SH23N6O Mbl ecul ar Weight: 325.41 \N Cl
7-5 02N Chem cal Formula: C12H7CI NA02 Mol ecul ar
Vi ght 274.66 JJJI ~~\

/ GN~N 76F Chem cal F

’ﬁu n4 0)7 henyl)-

lﬁWazW1 2|-\b1b|yﬁdaﬁzu@6 Em/ne (Compound 7-49):

A>=N AN
/E\Nr p BBry/DCM < N
N~ ON- N~ N
H rti6hr H

/ OCF, OCFs

7-48 7-49

[0214] 'H-NMR (DMSO-de/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), 6.73 (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-ethylpiperidin-4-yl)ethyl)-3-(2-methoxy-5-(trifluoromethoxy)phenyl)-

imidazo[1,2-b]pyridazin-6-amine (Compound 7-50) :

\"ND_L

N
o J:\Nr
o SN
0 Pd,(dba)s/BuONa
4 OCE. rac-BINAP OCFs
7-50

100°C/16 hr
19 Toluene
89%

[0215] 'H-NMR (DMSO-de/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), 6.98 (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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Chem cal Formul a: C12H7CI FN3 Mol ecul ar Wi ght: 247. 66

,NF/ ~ NN7-9 F Chem cal Fornula: CL6HL1F2N3
wonlsosdiag Wei ght: 307.30 80 WD 2008/ 058126 PCT/US2007/083773

PCT/ US2007/ 083773 Conpound Structure ,-~\ N( HN

7-10 HF Chem cal Formula: CL6H1L7FN4AO Mol ecul ar

V\élght 30033N L,fN7 -11 H/ \ F Chem cal

lef&QJH QKMbWIME/n 6'3%1@( (N)mlbbLth 7-7512)3

I AN
NH, -
N/

N
- /
s N/ 15 N
Cl” °N N H
Pd,(dba)s/'BuONa \!/
rac-BINAP
0O
100°C/16 hr OCF,
24 OCF3 Toluene 7-51

76%

[0216]  'H-NMR (DMSO-ds/300 MHz): 8.32 (dt, J = 9.8, 2.4 Hz,
2H), 7.93 (s, 1H), 7.75 (d, J = 9.3 Hz, 1H), 7.44 (d, J = 8.3 Hz, 2H), 7.19 (t, J =
5.4 Hz, 1H), 6.74 (d, J = 9.8 Hz, 1H), 3.14 (t, J = 4.9 Hz, 4H), 2.79 (d, J = 11.2
Hz, 2H), 2.63 (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 VIl below.

Table Vil

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

Compound Structure
St ﬁf?
N N',N Y
H
7-1
N~
Chemical Formula: C1gH23NsO
Molecular Weight 325.41
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OCF3 \ OCF3 Chem cal Fornula: C20H11F6N302 Mbl ecul ar
Weight:4 39.31 d NN 7-14 0 Chem cal Fornula: Cl4H
WAaoBms8B% Ml ecul ar Weight: 271.70 0 N NN VRPCTIUS®07/083773
0-NH Chemi cal Formula: Cl7HL7FN4 Mol ecul ar Wei ght :
296.34 N d ,NN7 16/ g o o Chemcal Formula:C
131-171C NAQZS Mol ecular Weight: 322.77 JHNN-~ N

7- 17 Ho/m |§d Chem cal For nul aaﬁuﬁ 7F3N402
[ i gh -

Mol ¢ :366.34 HZ R OCE3 81 WO
2008/ 058126 PCT/ US2007/ 083773 /
~r
7-2 sy

L -

Chemical Formula: C44H12BrCIN,
Molecular Weight: 351.63

7-3
™~

Chemical Formula; Cy4H3CIN,
Molecular Weight: 272.73

7-4 ~

Chemical Formula:
C1gHa3NsO
Molecular Weight: 325.41

\ TN{%
c” N
7-5

ON
Chemical Formula:

C12H,CIN, O,
Molecuiar Weight:
27466

N,

7-6 é

F

ChemicalF ormula: C4H;CIFN;
Molecular Weight: 247 66

7-7 F

Chemical Formula: CygH41F2N;
Molecular Weight: 307.30

7-8 i

Chemical Formula: C ;H7CIFN3
Molecular Weight: 247.66

F N {
7-9 § )\F

Chemical Formula: C4gH44F2N3
Molecular Weight: 307.30
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Compound Structure N 7-19 H2s Hr""N ~_/ OCF3 N 7-20
N r OCF3 Chem cal Fornmula:
woRighss12a348. 32 CI NN 7-21 CF3  Chem cal For mubGx/US2007/083773

C73H7CI F3AN3 Ml ecul ar Weight: 2

v"'H

CF3 CF3 Chemi cal
ht:4 07.31 HONT1J~ ,, NI

Vi

Formul a: C20H1

C17HL5F3NAO  Mbl ecul ar

97.66 N ,N N 7-22
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EXAMPLE 7
PIM-1 KINASE ACTIVITY ASSAYS
[0218] ICso values were determined for illustrative compounds
(e.g., from Table V) using the Promega Kinase-Glo assay, the results for
which are summarized in Table VIII below. In addition, illustrative compounds
were evaluated for cell-based activity in cells expressing Pim-1. 1Cs 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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dpiaple of hBditing tumor cell growth.

Table Vil

Kinase Inhibitory Activity of Representative Compounds

Compound | IC50(Kinase)
7-1 3.99uM
7-4 1.81uM
7-7 9.76uM
7-9 86.60uM

7-10 3.96uM
7-11 3.05uM
7-15 5.35uM
7-17 418nM
7-18 481nM
7-19 293nM
7-20 2.68uM
7-23 8.23uM
7-24 519nM
7-25 798nM
7-27 7.49uM
7-28 127nM
7.4nM /
7-29 138.6nM
7-30 761nM
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Tabl e VIII
i ve Compounds

SC)—7—1—5¢
UM 7-340 3.

QA 7.4 1 O
M IUTVI s J

96u|\273'nE/lLL3.

1 UM 7-7
05uM 7-15

7-1% 481
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7-37
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7-39
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7-43
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310 nM
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310nM

Table IX

Cell-Based Activity of Representative Compounds.

Compound

Name IC50 (K562) IC50 (PC-3)
7-1 67.1uM 29.22uM
7-4 13.55uM 54.50uM
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 5.38uM 9.37uM
7-18 5.82uM -
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7-25 798nM 7-27 7.49uM 7-28 127nM 7. 4nM |/

7-2

138.6nM 7-30 761 n M 86 WO 2008/ 058126

9

WOEDDsKINO7/ 083773 Conpound | C50( Ki nase) 7- 31PQGUSIINT/083773

7-32 1.55uM/ 95 nM 7-33 405nM/ 282 nM 7-34 272 n
M 7-35 79 nM 7-36 73 nM 7-37 13 n M 7-39 111 nM/
18 nM 7-43 1.10 uM__7-47 310 nM 7-49 310nM Table I X
Cel | - Based| Gompound of Represent ati ve| Conpounds.
Conpound NaneNa@¥® (K562)JC5CHRS6EC- 3) | 1G5A (BC-3) [uM
29. 22uM 7+4 13.55uM|54.59uM 7-7 270| 84uM 87. 25uM
7-9 6.76uM 21.448M 7-10 33.848M / 25| 76uM-69. 56UM
7-11 7.31 pM7/ 8. 05UuM I8 41T uM 7-13 9. 07UM 63.[25uM

7-20 7.79uM 20.75uM

7-23 23.19uM 24.55uM

7-24 4.26uM 7.27uM

7-25 4.64uM 8.15uM

7-26 NS NS

7-27 10.30uM -

7-28 1.95uM -

7-29 2.29uM 4.83uM

7-30 9.14uM 9.26uM

7-32 25.32/719.99uM 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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7-15 20. 83uM 70. 2QuM 7-17 5. 38uM 9. 37uM 7-18 5. 82uM

--- 87 WO 2008/ 058126 PCT/ US2007/083773 Conpound Nane
WO gB8/0§262) |1 C50 (PC-3) 7-19 5.84uM --- 7-20PGT/09N9M/083773

20. 75uM 7-23 23.19uM 24.55uM 7-24 4.26uM 7. 27uM

7-25 4.64uM 8. 15uM 7-26 NS NS 7-27 10.30uM --- 7-28

1.95uM --- 7-29 2.29uM 4. 83uM 7-30 9. 14uM 9. 26uM

7-32 25.32 / 19.99uM 29. 5.99uM 14.37uM 7- 34
1.73uM 7.21 uM 7-35 2. QMM 7-36 6.91 uM
SELETWITY OF GORMPOUND 7120 F@fSBARﬂ@:UMI%PR@H\ElN?KMSES
1.66uM 5.82uM 7-42 9.6uM 8.96uM_7-43 4. QUM N A 7-44

5. 7uM 17. 108/119]7 4§>ompcmm 52-2uMTablae \él)suwago eialnated for

selectlv]ty agamsﬁ a panel (7)f é%r/":f hZ%Mdl'Fyrosme %nases in the radiometric

assay at 1 mM. The results are summarized in Figure 2. Against the Ser/Thr
kinases tested, compound 7-29 exhibited Pim1 kinase selectivity >100-fold over
other kinases tested. Compound 7-29, however, was also exhibited selectivity
against FIt3,Mek1 and TrkA. This compound showed no significant activity
against a panel of other Ser/Thr kinase including Aurora-A, CDK1, CDK2, Plk3
and Nek2 and Tyrosine kinase including Able, c-Kit, EGFR and Jak2.

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

G )
AN N
.HCI
OCF, OCF; HCH OCF;
7-19 7-29 7-31

[0221]  One illustrative manner to determine the effect of Pim-1
inhibitors on the activity of the Pim-1 kinase is to measure the phosphorylation
levels of the protein Bad at serine residue 112 (S112) (phospho-Bad or pBad).
Pim-1 is known to cause the phosphorylation of Bad at S112 in order to
inactivate the protein and inhibit its association with anti-apoptotic Bcl-2 family
members, thereby allowing these Bcl-2 family members to further inhibit
apoptotic signals.

[0222] Briefly, MV-4-11 (biphenotypic B myelomonocytic
leukemia) cells were plated into T25 flasks in serum free media (SFM) at 1.5 x
10 ° cells/ml and allowed to grow for 24hrs. After 24hrs Pim-1 inhibitors at 10,
5, 1, 0.5, 0.1, or 0.01uM concentrations were added to individual flasks.

Treatment with the Pim-1 inhibitors continued for a duration of 1hr. Cells were
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and Tyrosine kinases in the radionetric assay at 1

MV The results are summarized in Figure 2. Against
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p%l(dspd;\aLBa;d <Q81 r|2)| (Geelt Signadan@onxblmodIgle"s)l\Bas Ilséﬁ tarprobe for the

e qf RhaspTocRs (BED) i orlsyooaQuBI Bier E4, E@po of aitors on

i PohHEGrE bt A4 T3172], the IIEICEIGRR R pRIGROkpR] determined.
Te atcomplistutts tthe drigireed Voestes blm wdsesteipped of bhﬁbodles and re-
protein Bad at serine residue 112 (S112) (phospho-Bad

RIPbeBayFing mrw\bqadie§ Lthﬁimemgru@s@et RadbHyetiar (Felt | Signaling

oo BRI 5AE, o e BRBSAGH bR g B, ot

DeénditametAE WRRr §sed t@h@bhtlt@ié e T/ eldres eabl | bahdf @mthé Western
menbers to further inhibit apoptotic us‘m%nal s. [0222]

tBatSefanyl usgd 401det(enmmeemm yPo Bf ihel Bimompibitors to alter the
e plated into T25 flasks in serum

%Heg% Is lwerI
Qt?cbsg %p Me}’a 1.5 x 10 5 cells/mM and al | owed
to grow fqbzﬁéﬁr SFlggIré§r3%4f§h%\AP'tﬁé 1rddifts PFdrotise ?hdk%ho -Bad

5 1, 0.5 OlpM concentrati ons were ad
stanhnng chmlMVMaé;kscells 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 ECso values for Compounds 7-19, 7-29 and 7-31
were determined to be 635 nM, 7.9 nM, and 57.4 nM, respectively.
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Treatnment with the Pim1l inhibitors continued for a
duration of 1 hr. Cells were 89 WD 2008/ 058126
wWOQNBKINO 7/ 083773 harvested after the 1 hr tPEEUSIINT083773

and cell lysates were made from each sanple. Equal
anmounts of total protein fromthe |ysates were | oaded
onto a 10% Tris-glycine gel (lnvitrogen) for SDS-PAGE
anal ysis. After the proteigsaimgd been separated by
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nes (Invitrogen) for Western blotting. The
Manti body for phospho-Bad (S112) (Cell
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| evel s. [02231 Figureg)3-5 show the results (fjpr the
phospho-Bad staining on W-4-11 cells treated with
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the 1 hr treatnent with the Pim1 inhibitors, the
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635 nM 7.R; isNdhemytlobsuldstitlied iphepgl; andel y. 90 WO

2008/ 058126 PCT/ US2007/ 083773 CLAIMS. W C aj 1. A,
compound Ha¥i Ky da‘g?wﬁ'ﬁﬁﬁd‘é‘cﬂor &PH@“tPF?dstr(m}ﬂr@'f’?ﬁ'd""‘y"

-g’(d_tljz)ﬁ}g{ﬁ‘i‘&éﬁé%-{-k/l,)or%befﬂfutéﬁ REB M ip&zin1 . R~ X N

2. The compound of claim 1 wherein R is hydrogen.
3. The compound of claim 1 wherein R is methyl.
4. The compound of claim 1 wherein Ry is substituted phenyl

having at least one p, 0 or m substituent selected from —OCF3;, -OCHF,, -CF3,
-OCHas;, and -OH.
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RL RL (1) (Il) or a stereoisoner or pharmaceutically
acceptable salt thereof, wherein: Xis NH, Ris H,

WO gdg/ossab®, al kyl, hal oal kyl, al koxy or hal oal RGKYS200R)83773
i s 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-yl, or
substitute ( 1 o[ %Eéjjw

of claim 1§|\Ahe?|;ﬁ%$%%|p§bﬁs ggem T\X/htare?rn A Egﬁ%oun ?m
claiml1l wh |nR|srrethyI 4. The conp of claim
1 wherein R{_is substipyted|phenyl chgyingl at |east
one p, O substi tuentygelgcted from - OCHF2,
-CF3, - and - OH. 91 |WD 2008/ 05812

PCT/ US2007 3708F; 5. The powrg of cl aih 1 Gherein
Rl is selected from &OCF3 HO CH30O CF3 CF3 HO ~aCCF3

CH3O OCF3 3 6. The comgund of clai m erein R2
is substitutjed -(CH2)1,2-pilperid- 4C¥II substituted
-(CH2) 1, 2- razin-1-y Qg one e

substitue el ected fro yl. 7 The pound of

claim6 wh n R2 is sele 0~ g

of claim 1, %ereln t he compound is: I\I-((l met hyl
pi perid in- b yP)met hyl )-3-(3-(trifluoronmeth oxy)
phenyl )i m dazo[l 2-b] pyri dazi n- 6- am ne ( Conpound
7-29); N (2-(4-nethy

| pi perazi ng1-yl et aérhpsuﬁ@ 6t rdldihviof oWRERGX YR, is substituted
phenyl )i m dazo[ 1, 2- b] pyri dazi n- 6-am ne ( Conpound

(CBi) 2-pipenid-Al -ot subistitutety1(Cpizperpiperazin-1-yl having one or two
i n-4-yl) met -3-(3-trifluoronethoxy)-
%ﬂ@iﬁ%’ftﬁ?a%tﬁqﬁ?ﬂﬂ' ri dazi n- 6- ani ne ( Conpound

7-37); or 92

7. The compound of claim 6 wherein R; is selected from:

oY oY o o
Vepaeaslien JIFCAL

8. The compound of claim 1, wherein the compound is:
N-((1-methylpiperidin-4-yl)methyl)-3-(3-(trifluoromethoxy)-
phenyl)imidazo[1,2-b]pyridazin-6-amine (Compound 7-29);
N-(2-(4-methylpiperazin-1-yl)butyl)-3-(3-(trifluoromethoxy)-
phenyl)imidazo[1,2-b]pyridazin-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
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WD 2008/ 058126 PCT/ US2007/083773 N-((1-ethyl

pi peridin-4-yl)methyl)-3-(3-(trifl uoromethoxy)
WEb@sysdieai dazo[ 1, 2- b] pyri dazi n- 6- am ne ( ConmpoREIUS2007/083773

7-39). 9. A conposition conprising a conpound of claim

1in conmbination with a pharmaceutically acceptable

exci pient. 10. A conpound having a structure according

to struct ugg(1- i i L3-
o, ° e SRR ea b B3 (R G
phemiimitaze[i, 2-bdpyridazirc6@raibe dComipoundef-885.,  wher ei n:
Xis 0; Ris H -0OH halo, alkyl, haloal kyl, al koxy or
hal oal koxy; R, is phenyl or substituted phenyl; and

R2 is -( )n-cxc bhn < L I : :

TG n cydl onexy P SRPORon oEFBRSRE e ShERia of claim 1 i
cqrabidptiop mpthr @ phdrmadetitizaly pcgptablel excigiét?) n-

pi perazinyl, -(CH2)n-furyl, -(CH2)n-thiophene,

-(CH2) n-pyridyl, -(CH2)n-pyrimdyl, -(CH2)nOCHS3,

-(CH2) nOH, 401 - [ :

4 and eachﬂ?'of é?ﬁ;ﬁ&(}l&?ﬁ%ﬁn& ?‘e%ﬁ%}de}eoa&clggdﬁé? ltc%stréctﬂfe Iy or
strlttinet () ®dlow:t h one or nore substituents; or a

structure selected from 93 WO 2008/ 058126

PCT/ US2007/ 083778 OH OH OH HZN H2N HZNR- HH.,"_ RS H
RHSH RSR f\ﬁ//LN t,z R/ C,ycl/tﬁé\ /N\~~ 12
RZ\X \N/N\/é RZ\X \N)\g
R] Rl
(1 (I
or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein:
Xis O;

R is H, -OH, halo, alkyl, haloalkyl, alkoxy or haloalkoxy;

R1 is phenyl or substituted phenyl; and

Rz is -(CHa2),-cyclopropyl, -(CHz)q-cyclopentyl, -(CH2) -cyclohexyl,
-S02-CH3, -SO2-(CH2),CH3, -(CHz)n-piperonyl, -(CHy)n-piperidyl, -(CHz),-
piperazinyl, -(CHz),-furyl, -(CHz)n-thiophene, -(CHz),-pyridyl, -(CHz),-pyrimidyl,
-(CH2)nOCHj3, -(CH2),OH, or -(CH3),N(CH3)2, where nis 0, 1, 2, 3 or 4 and each
of the above moieties are optionally substituted with one or more substituents;

or a structure selected from:

93



rt'2 ON t.2 O 11. The conmpound of claim 10 wherein R

i s hydrogen. 12. The conpound of claim 10 wherein Ris
woreaRp$812d.3. The conpound of cl ai m 10 wherei n RIT/US2007/083773

substituted phenyl having at |east one p, o or m

substituent selected from-QOCF3, -OCHF2, -CF3, -OCH3,

and -OH 14. The conpound of claim 10 wherein Rl is

sel e d fronPH & OCF3 $©@ CH30 CF3 CF3 HO / CH30O\

OCFF OCF3 3 94 WO/2008/ 26 /uem 7,6837732Nn,

5. \The cor’F‘p und of Hefiai m 10 i SR ub[s |tute H

- j perd d t ut ed

(CH2)1 2 pi perammhaw ng one or two
substltuents sel ected from al kyl . The c ound of

cl ai erein BAUS eIe i) om
CQ f @Icl&r wher ei |s sel from \G‘l
CH H,,,, RHNHNHN RSRHSH H18.

The conpound of cI a| m 10 wherein the comound i s:

(R - 3-£4riflugro Xy) pheny

|da2|n- - yloxy)b m'ne Co -18);

- (3~ trit uor tRoxy)phenyl JYm [ I32- b] pyri dazi
n- 6- yl oxy) but an- 2- am ne mpound 7-19); 6-((1

- met hyl pi peri di n-4-yl ) metshoxy) - 3- (3 (t r| fl uororret hoxy)

- phenyl) ikni dazo[ 1, 20]pY |daz @ ; W
7- et fiyl J6€( 1- nethykpiperi di nN\/ﬁlI)rretho 3

(3¢ or onet foxy) - phenyl ) T mi*dazo[ 1, 2- b] pyri dazi ne
( Conpound 7- 347.

1,2

11.  The compound of claim 10 wherein R is hydrogen.

12.  The compound of claim 10 wherein R is methyl.

13.  The compound of claim 10 wherein R, is substituted phenyl
having at least one p, o or m substituent selected from —OCF3, -OCHF;, -CF3,

-OCHs, and -OH.

The compound of claim 10 wherein R, is selected from:

% T CH;O0. %
OCF; CF;
% CH;O0. %
OCF; OCF;

OCF3;
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95 WD 2008/ 058126 PCT/ US2007/083773 19. A conposition
conprising a conpound of claim 10 in conbination with
wa2Rassreceut i cal |y accept abl e exci pi ent. 20. PCT/US2007/083773
conmpound having a structure according to structure (1)
or structure (I1) below RNRNN R2~ XN _NR2-, X
NRLRL (I) (Il) or a st ereoi soner or
phar maceut{gal | C&SA haphe ek: ;
isS SOo 1§ Yh% |s p eny?fagga@ueba?t ?{hﬁree@hg%ehé‘ylsfu%stltuted
—zﬁﬁbﬂzm plperﬁbl Iéeyl agresubsiituted (-QERL N »pipe@zirepyl having one or two
-cyc| opent yl , (CH2) n- cycl ohexyl, -S02- CH3,
'IL(E@E? d fr?’@l-ﬁ%ﬂ pi peronyl , (CH2) n- pi peri dyl,
(CH2)n plperazmyl (CH2)nfuryI - (CH2) n-
t hi ophene, -(CH2) n- pyri dyl, -(CH2)n-pyrimdyl,
- (CH2) nOCHES. TI%B&)deunQrof claih2)5WoéHin R, whsleetd from:
0, 1, 2, 3 or 4 and each of the above noieties are
optionally substituted with one or nore subst

ituents;
or a re selegfedrtnbHm 96 058126
PCT/US2007 083773\/ OH HzZ N H,., S
H/F€ R1,2 212R3Q/cl [ITN-\v~ /N /™ A

erz(]\I212~J12

oo o o

17.  The compound of claim 10 wherein R; is selected from:

OH OH
/
® \/N
H,N H,N HN IS
RSy Ry H

18.  The compound of claim 10, wherein the compound is:
(R)-1-(3-(3-(trifluoromethoxy)phenyl)imidazo[1,2-b]pyridazin-6-
yloxy)butan-2-amine (Compound 7-18);
(S)-1-(3-(3-(trifluoromethoxy)phenyl)imidazo[1,2-b]pyridazin-6-
yloxy)butan-2-amine (Compound 7-19);
6-((1-methylpiperidin-4-yl)methoxy)-3-(3-(trifluoromethoxy)-
phenyl)imidazo[1,2-b]pyridazine (Compound 7-33); or
7-methyl-6-((1-methylpiperidin-4-yl)methoxy)-3-
(3(trifluoromethoxy)-phenyl) imidazo[1,2-b]pyridazine (Compound 7-34).
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O N-,~~" [/ Noml 21. The conpound of claim 20 wherein

R is hydrogen. 22. The conpound of claim 20 wherein R
wo g0088d19d . 23. The compound of claim 20 wher ePCI/BS200B083773

substituted phenyl having at |east one p, o or m

substituent selected from-QOCF3, -OCHF2, -CF3, -OCH3,

and -OH 24. The conpound of claim20 wherein RL is

selected f1gm AHEHBONACHAL R CE3cHREHP 60k 10 in

OCF3 OCF3 97 WD 2008/ 058126 PCT/ US2007/083773 25. The

cambioation efithca phanndceatically acdptalleaxoipientut ed

-(CH2) 1, 2-pi perid-4-yl or substituted

-(CH2) 1, 2- pi perazin-1-yl having one or two

substit Ue\'l‘%@ Seh %gzhﬁ%lfnﬁor?ﬂ\ﬁtlndéé'sgru%ﬁjreg%§9@ﬁgwgﬁu&ﬁre () or

cl ai m 25 wherein I's sel ect rom
storgbonen(dl) bElowv:ai m 20 wherein R2 is selected from CH
OH%HH,,. H RSR\W NHNHNH RHRs s H H

28. A conpositiop conprising a conmpoundrof claim20 in
conbi nation wth ceutically acc iy-eN
exci pient. 29. nmet hod r treating a |prot in N
ki nase- medRat, ']ge conpri si o NS i/hg to a
subject in ne t hereof \a therapeutitally effedtive
amount of a conposition Bf claim9. 30. The nethiod of
claim 29, wherein the protein-kinase nediated di sease
is a Pim1l kinase- expl( ssi ng cancer.
or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein:
Xis S, SO or SOy;
R, is phenyl or substituted phenyl; and
Rz is 2-butane-1-ol, -(CHj)n,-cyclopropyl, -(CH)n-cyclopentyl,
-(CHgz)n-cyclohexyl, -SO,-CHj3;, -SO2-(CH3),CH3s, -(CH2)n-piperonyl,
~(CHa)n-piperidyl,  «(CHz)n-piperazinyl, ~(CHa)n-furyl, -(CHz)n-
thiophene, -(CHy)q-pyridyl, -(CHz)s-pyrimidyl, -(CH2),OCHs, -
(CH2),OH, or -(CH2),N(CH3),, where nis 0, 1, 2, 3 or 4 and each
of the above moieties are optionally substituted with one or more

substituents: or a structure selected from:
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98 WD 2008/ 058126 PCT/ US2007/083773 31. A nethod for

treating a protein kinase-nedi ated di sease conpri sing
wa@eawsmsdeeri ng to a subject in need thereof a PCT/US2007/083773

therapeutically effective anmunt of a conposition of

claim19. 32. The nethod of claim 31, wherein the

protei n-kinase nediated disease is a Piml

ki na®8- expre ng canesy . 33. A rret hod for treatl

prot(ei n ki nage- medi atfd di se r ik 2‘_/<Y
g to a Bupj ect | nR her e%f"i{H\f
[ ef () nt of a c osition of
claim?28. 34. The net hod of cI aim 33, wherein the

protein-kinase nediated diseasg is a PLm )
ki q@px?r essi n Q{D/SY ’
R3 CyCI]—L
o Sa¢ O”*”
N
N
/1\\) /]O/\C ~~ \r

(O ¢

e

21.  The compound of claim 20 wherein R is hydrogen.
22.  The compound of claim 20 wherein R is methyl.

23.  The compound of claim 20 wherein R, is substituted phenyl
having at least one p, o or m substituent selected from —OCF3, -OCHF,, -CF3,
-OCHs, and -OH.

The compound of claim 20 wherein R is selected from:

% ? CH;0
OCF; CF3 CF;
% CH;0.
OCF; OCFj3
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25. The compound of claim 20 wherein R, is substituted
-(CHz)1,2-piperid-4-yl or substituted -(CH,)4 o-piperazin-1-yl having one or two

substituents selected from alkyl.

26. The compound of claim 25 wherein R; is selected from:

oY YO o
o O ot OT
~~ \l/ e
27. The compound of claim 20 wherein R; is selected from:
OH
\éb/
H,N H)N HoN.,,
R,S H R "'lH H

28. A composition comprising a compound of claim 20 in

combination with a pharmaceutically acceptable excipient.
29. A method for treating a protein kinase-mediated disease
comprising administering to a subject in need thereof a therapeutically effective

amount of a composition of claim 9.

30. The method of claim 29, wherein the protein-kinase

mediated disease is a Pim-1 kinase-expressing cancer.
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31. A method for treating a protein kinase-mediated disease
comprising administering to a subject in need thereof a therapeutically effective

amount of a composition of claim 19.

32. The method of claim 31, wherein the protein-kinase

mediated disease is a Pim-1 kinase-expressing cancer.
33. A method for treating a protein kinase-mediated disease
comprising administering to a subject in need thereof a therapeutically effective

amount of a composition of claim 28.

34. The method of claim 33, wherein the protein-kinase

mediated disease is a Pim-1 kinase-expressing cancer.
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