PROTEIN KINASE INHIBITORS The highly homologous Cyclin-dependent kinases (Cdks) CDK4 and
CDKG®6 in combination with Cyclin ID are key regulators of the transition through the restriction 5 point R
between the Gi (growth) and S (DNA replication) phases of the cell cycle. CDK4/6 exert their effects
via phosphorylation of the retinoblastoma protein (pRb). Once phosphorylated, pRb loses its inhibitory
effect on the tra¥3&P8086¥WBf genes promoting entry into S phase. By conBeBUSSpEAI#IANibition of
CDKA4/6 kinase activity by the endogenous 10protein modulator pl611KA or by small molecule inhibitors
results in hypophosphorylated pRb and arrest of the cells at the G, restriction point. As the primary
mechanism of regulating the Gl restriction point, the jpathway regulated by these kinases is altered in a
broad spectrum of human turnouts and t inhikiti ]%é in these tumours has therapeutic
benefit by preventing cell division. 15Pim- g@@m %ﬁé@iﬁe that regulates diverse
biological functions, including cell cycle progression, transcriptional/signal transduction pathways and
apoptosis and whose expiegpianihasibreNdRedJRReMSRcARRRISIDRIIdIng HReMatological,
prostate and oral tumours, (Bachmann, M. and T.IMorog Intt. J. Biotggerlﬂ. 1EZeIItBig)I., 2005. 37(4): p.
726-30). 20Kinase SRS B SRR 1 % PSR FL 0D SRR of substituted
2-pyrimidineanfinegcam @ oktsenitteshienval) kid 2@Mhititorspihppastiofithe ¢tleckittases p561°k, ZAP-70
and protein inase GWALSRRSR190 il isclass INIDKERALEAS-h ST Ohec
2-(pyridin-2-ylamino)-pyrido [2,3-d] pyrimidin-/-ones described as 25 having CDK4/6 inhibitory activity
are disclosed in w@i’?ﬁ%@%@@ﬂ%&’%d%%&%&@%&%“ﬁ&é&%%@% ?%??ﬁsﬂé%’fﬂ?‘?ﬁ the treatment of

cell proliferative disamgétis Spbhras cancer and restenosis. However, the compounds are poorly soluble

in aqueous solution and 99 c@fﬁ}aﬁ{‘ %fgﬁﬁﬁiﬁg%tjeﬁ'ﬁ?ﬂ@Qn@s%%é%@%@?én%%&&gk) kinase targets.

There remains a need to provide /6 inhibitors which can be used in the 30 treatment of cell

proliferative dié%rdéF%t§%89dé?%éﬁé§Ir§.41’W predalsrlichbbitopy syt porhesriesfdibitors. Certain
compounds of the presantirvetier«iRMMOE RpeteibGoKd /G thhhtars thartertain compounds known

ntheart  Additgngly, et s anced g oS SRR RO MIICh AR pelgciive for CDKAIS
compared to other Ctks are thus able t6 produce’specific Gl arrest when 5present at

pharmacologically Fsfadsneeaamesimran siompHadshasiaibiteefidicplovides Grwamsinhibitors that are
able to produce spagific@l-aEdshorhBpRiesael phaimacologically relevant concentrations.

There also remains a neﬁgnt?ig)rOV|detEDK4/§d|]paQét%%?§§ w%gslén‘pro eti S%|a %{Ilty in agueous solution.

. - 8 serme/threonis T86 010 NCTIONS .
Certain compounds of the PreS&RtMVERTIoN have improved Sotbiiity 10 agueous solution compared

with certain compoinsbiding ¢tlecyele FogtirerntitrereciptnéaghbiprovideTakes ptibitors which have

improved distributiopJRteLiiNtiRs eRASHMAY HhtBReaus 64 491 EaRLdisardags occurring within the
brain, for example primary and metastatic brain tumours. Cert\%ln om oun(i? ?é%he present invention
Tt&@ﬁf%' &

have improved distAHTHSPPRITE: BRaA TR e NG P AIaE 2 h &Y %h5B inhibitors with
good phalmacokinetl! Brdpepies’sdeip.42tei8l availability. Certain compounds of the present invention

have improvedygral availghility WhsRcHRRRANHI LA ORBIDPATIB AHADS KNQNA i the art.
substituted 2-pyrimidineamines and describes them as kinase inhibitors, in particular the
kinases p56°*, ZAP-70 and protein kinase C. WO 98/11095 does not disclose inhibition
of Cdks.
A series of 2-(pyridin-2-ylamino)-pyrido {2,3-d] pyrimidin-7-ones described as
25  ‘having CDK4/6 inhibitory activity are disclosed in WO 03/062236. These compounds are
described as being useful in the treatment of cell proliferative disorders such as cancer
and restenosis. However, the compounds are poorly soluble in aqueous solution and do
not show appreciable inhibitory activity at other (non-Cdk) kinase targets.
There remains a need to provide CDK4/6 inhibitors which can be used in the

30 treatment of cell proliferative disorders such as cancer. The present invention provides




In addition, there is a need to provide kinase inhibitors that have secondary inhibitory activity at other
non-Cdk kinases, for example Pim-1 kinase. Certain 20compounds of the present invention have dual
CDK4/6 and Pim-1 kinase inhibitory activity. In one aspect, there is provided a compound of formula
(N: 25R2 -3- (I) wherein, 5R1 is C3-05 alkyl, C3-05 cycloalkyl or cyclopropyl-methyl; R2 and R3 are H
or fluorine, wherein at least one of R2 or R3 is fluorine; R4 is H or CH3; R5 is C1-C6 alkyl or -NR6R7
wherein R6 and R7 are C1-C3 alkyl; Q is CH2, 0, Sr a direct bond; 10and W and Y are C or N,
wherein at least one fW or Y.is N and wher hen Qis O.or S W s C; or a phar ically
coeptable COMBBGNO. G P BRI O HBF b JRigation are hore pOiear C R
[5-(4-Ethyl-pipgyiadia thaylseethy| paydind- Wlolbn ibflicane-4-(7-fluoro-3- |sopropy1 -2-
methyl-3H-ben20|m£§zol-% %ép rimidin- -A-ar_mng J)%H:\Ib m I, acterl ed by an X-ray
powder diffraction DaHEH 8&‘?&&&5 PXOPTE 65%6% %fﬂ{fé{" I?]é‘ftsf e%"é%nih 0.10)
and 0ptionadzlmmﬁs@bmpu&@eak&ss@maﬂmmmbmmm@mr@m;Lﬁ):&&t ahen12.13 (20 th
0.1". 20In another aspect, there is ed a harm eutlca[I formulatlon co pI’ISI T%C? compound as
defined abdV&SBYt & éﬁ&ﬁﬂ%@z ﬁ;yé 836’35 hEHRSRSor! }éen%reésf)}ﬁ r‘ﬁ%ﬁ:eu dcceptable

carrier, dlluemmf@mmants that ah@ alﬁlethepxaape@t;pﬁwﬁe 5, provided enphesenaseutical formulation
harmaceutically acceptable salt thereof, together with

comprlsmg compo eﬁ tg%med above, oraﬁ
a pharmac %%188 b a&%r?fé}"a’hta%ﬁ Snally other therapeutic ingredients.  In another

aspect, there is prw@edlaoq&mmrxilasddefmedlaéo@‘lzﬁ{%a@ﬂmma@aﬂtlmﬂaycazedamabiétyalt thereof,
for use in thera %8 In anot raségrect there, is %ﬁwded acom oun as defined

pharmaceutfAHQUE SHIHRL- S ik AT K W S e NG cﬂ‘oél heEPREIERY (%Jﬂotffhe group
consigting Qﬁ&@ee&r@maitﬁﬂfmﬁﬁﬂafeasmaneﬁmﬂm@pam iprbstate cancer, glioblastoma, mantel

cell lymphoma, G o S A T A S YRS R ave improved

distribution into brain tissue and may thus be used to treat disorders occurring within the

brain, for example primary and metastatic brain tumours. Certain compounds of the
present invention have improved distribution into brain tissue.

15 There is also a need to provide CDK4/6 inhibitors with good pharmacokinetic
properties such as oral availability. Certain compounds of the present invention have
improved oral availability when compared with certain compounds known in the art.

In addition, there is a need to provide kinase inhibitors that have secondary
inhibitory activity at other non-Cdk kinases, for example Pim-1 kinase. Certain

20  compounds of the present invention have dual CDX4/6 and Pim-1 kinase inhibitory
activity.

In one aspect, there is provided a compound of formula (I):

25 R2



-3a- The present disclosure provides a compound as defined above or a pharmaceutically
acceptable salt thereof for use in the treatment of cancer. In particular those cancers selected from the
group consisting of colorectal cancer, breast cancer, lung cancer, especially non small cell lung cancer
(NSCLC), prostate cancer, glioblastoma, 5mantel cell ymphoma (MCL), chronic myeloid leukaemia
(CML) and acute myeloid leukaemia (AML). This disclosure further provides a method of treating
cancer selected from the group consisting of coloreétal cancer, breast cancer, lung cancer, especially
non small cell lung cancer (NSCLC), prostate cancer, glioblastoma, mantel cell lymphoma, chronic I 0
myeloid leukaemia and acute myeloid leukaemia in a mammal comprising administering to a mammal
in need of such treatment an effective amount of a gompound of the present disclosure or a
pharmaceutically acceptable salt thereof -4-- Additionally, this disclosure provides the use of a
compound as defined above or a pharmaceutically acceptable salt thereof for the manufacture of a
medicament for theliegatment of cancer. In particular those cancers are selected from the group
consisting of colorectal cancer, breast cancer, L#n cancer, especially non small cell 5lung cancer
(NSCLC), prostat dﬁé%f%%%ﬂg%ﬁﬁ%,“ Cgﬂ? %%FI%EWS?RQ%W i¢c myeloid leukaemia and acute
myeloid leukaemi&r2 andFRBhesHarefithigtisalbstde privddesa ieroabsudddiddmgulation for use in
therapy comprisin%C% C é)p d as defined above or a pharmaceutically acceptable salt thereof and a
pharmaceutically éﬁ%: ie-¢arrier, diluent, or excipient. The disclosure 10also provides a
pharmaceutical fosutatioCarlkréaingNG@BreciateanRerahiddseadcer; likg cancer, especially non
small cell lung canger CJ%CI%, rostate cancer, glioblastoma, mantel cell lymphoma, chronic myeloid
leukaemia and acﬁiésn%gm ﬁ%geaﬁ%ﬁc%?ﬂ Yising a compound as defined above or a
pharmdceutically agdeptable salt thereof and a pharmaceutically acceptable carrier, diluent, or
excipient. 15The eral chemical terms used in the formulae a%%v av. tlFleir.usu | meanings. For
example, the term C@% é‘ﬁ?ynﬁi ?&grsw PR GIRE o 15k She &d, 6%0%‘?2% ,%5%%@8’& I?Bhatic chain
of three to five carliosr &oWssaid includes, but is not limited to n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl and tert-butyl The term C3-05cycloalkyl refers to a saturated carbon ring system
containing 20threeofogﬁ\;‘%ar%%ﬁl%%ﬁ%%?ceptﬁ%fgﬁ?%?l%ﬂ%)grstood by the skilled reader that most or all
of the compounds lofathvehpregent, theeritiproaiked Ep&olehof-fasamng S aitsicThyd-comipodnds[6f the present
inventjgn arﬁugmjg_%§Jfﬁlgg) %gggégggglgé_react with any of a number of inorganic and organic acids to
form pharmaceutically acceptable acid addition salts. Such pharinaceutically acceptable 25acid
addition salfacHid tdrrsirHietibaogyFstprepatire myardifeiPRAdHn in the art. See, e.g., P.
Stahl, et al. ;iRANBRBLGK DK -RH ARMAGE G b (TRKR RERER TIES, 5844 CTION AND USE,

(VCHA/Wile, -\C/CHﬁZlgOZ);eL D.O%ig?I i ;:S I\4Ib I?;I%(rigoe, (I%SI h(/}lon(l)<rhou1§e, i "Eggé{cl pedia of
Pharmaceutid&ff8¢ n%ﬁ)%f'% Bds . War%rlc)k Kha e goflllean, N #5*Ri&reet Dekker, Inc., New
York, Basel{rbiotig Kiorpg @0590520p. 4530499u8. M. Béi§e, bt dl., "Pharmaceutical Salts", Journal of
S- 20 In another aspect, there is provided a pharmaceutical formulation comprising a
compound as defined above, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier, diluent, or excipient.
In another aspect, there is provided a pharrnaceutica;i formulation comprising a compound
as defined above, or a pharmaceutically acceptable salt thereof, together with a pharmaceutically
25 acceptable carrier and optionally other therapeutic ingredients.
In another aspect, there is provided a compound as defined above, or a pharmaceutically
acceptable salt thereof, for use in therapy.
In another aspect, there is provided a compound as defined above, or a pharmaceutically
acceptable salt thereof, for use in the treatment of a cancer selected from the group consisting of

30 colorectal cancer, breast cancer, lung cancer, prostate cancer, glioblastoma, mantel cell

lymphoma, chronic myeloid leukaemia and acute myeloid leukaemia.



Pharmaceutical Sciences, Vol 66, No. 1, January 1977. The hydrochloride and mesylate salts are
preferred. The mcsylate salt is especially preferred.  Preferably the present invention comprises
compounds of Formula | wherein RI is isopropyl, cyclopropyl, cyclopentyl or cyclopropyl-methyl. More
preferably, Rl is Sisopropyl.  Preferably the present invention comprises compounds of Formula |
wherein R2 is fluorine and R3 is hydrogen. Preferably the present invention comprises compounds of
Formula | wherein R2 is hydrogen and R3 is fluorindé&Most preferably both R2 and R3 are fluorine.
10Preferably the pfgselpet in%/ igé!og com Vrii eS %8%}#%,0““935 ?%%EQJ%%I% IO},/vhehrerinq&Rélll tilsall‘%drogen. In an
alternative, R4 is preefé)ra%eﬂ/ me ﬁylll. ‘Most pre?era ylﬁ Is hydrogen. Pre eraf)ely the present
invention censprisels sdtsotmde ofFamhrulaa i adiprRsridrgiatisiédkyl or -NR6R7, wherein R6 and
R7 are C1-G2 alikyl, Mere iReeie wblly (RO RIndre sl vt MerscRieisrablytRais GdcG31afiyl- Most
preferably R5 is ethyl. 15Preferably the present invention comprises compounds of Formula | wherein
Q is C112 GeBcaresPRaAdy MustpriresHinne Ganer SNS e ralbhp SbcHiusesht S8R mprises
ComPOS'”derPJn'fé?QEEH'%g’ﬁ%%iMdﬁf&ﬁf%@@%%%QVMEMMMP%PJ&%&?%@UndS of
Formula | wherein W is 20 N.  Preferably the present invention comprises compounds of Formula |
wherein botguagi Y8YE-N. Preferred compounds of the invention include those of the formula; -6-

4 Formula 11 whetigi:gRbisisoRkaRY peysdepiapyheysiaantylarcyslariepylometbyl; 5R4 is H or CH3;
R5 is CI-C3 alkyl; Q is CH2, 0 or a direct bond; and W is C or N wherein when Q is 0, W is C; 10or a
pharmaceu§tAIR LEEEbRT SAPTREPL SR T ERFRYSNY SFe PR AP HTEPESH Bﬂ%él&%&i&eﬁmed

herein or a phgreaacauticsdly agoaptadiesatidheleaflMene.espaaibliy afaketis thesstsmpound
[5-(4-Ethyl-piperazinl-y | methyb-pyridin-2 -y I]- [5-fluoro-4-(7 -fluoro-3 -isopropy |-2-methy1-3

e bertibnm BROI8 BRI AR bl b AT L LB SRV ERF E. (a-Ethy -
15piperazing yiaethd) ipidino? st Srfuaiond A7 dnb-S-isepio Rl 2-onepbyhd Idf the present
benzoimidazol-5-y1)-pyrimidin-2-yl]-amjne ma n d in the alternative as 2- Pyrirnidinamine,
N45-[(4-eth§SHSEIEFRSA ’é'ﬂ'?ﬁé’]tf%;\ﬁ M@ﬁqlﬁ{]ﬁ}ﬁ%&g}uor02-methyl-1-(l-methylethyl)-1H-benz
imidazol-6-ylp.



Particularly preferred is [5-(4-Ethyl-piperazin-I -ylmethyl)-pyridin-2-y1]-[5-
20fluoro-4-(7-fluoro-3-isopropyl-2-methy1-3H-benzoimidazol-5-y1)-pyritnidin-2-yl]-amine crystalline
form 1ll, characterised by an X-ray powder diffraction pattern (CuKa. radiation, = 1.54056 A)
comprising a peak at 21.29 (20 0.10) and optionally one or more peaks selected from the group
comprising 11.54, 10.91, and 12.13 (20 0.10). [5- -7-
(4-Ethy|-piperazin-|-y|methyl)-pyridin-2-y1N5-f|uoro-"ﬁ=(7-fluoro-3-isopropyl-2-methyl3H-benzoimidazol-
5-y1)-pyrimidin-2-y11l-aminc crystalline form ifi can be further characteri by a 13C NMR spectrum
having chemical sf'?l di)lé’é‘ﬁrisg’\’/{%i)ﬂaﬁg?ﬁ af iolvéc.%g,%ﬁli‘% %E}r:%cﬁg%.n %ﬁiﬁggﬁsgﬂ‘ﬁﬁ Bf the present
invention amhapeciititahibitorstailCBK baref ODRemmparethefefore useful in the treatment of a
disease or disarder sharacirrisedhy-abresmat cellraliarating  RRaticwaldigcpmpaungs of the

present invention are useful in the treatment of cancer. CDK4 and CDK6 modulate their effects on the
cell cycle trEENGATS TophoS pRloFgRETRIBRBCTh SBGHpBIREFe v &sprssdht iovetmiah Stbhich are
potent inhibifqrs af G K44E petviioant s RRABARIRIRLYIALIRR 5A BREsiachiHRkiRit cell
proliferation (and therefore tumour growth) in any cancer type where the cells are proliferating and
contain a fuRzabnalawfasPREIeHA Gk Cih B8 PBith). The compounds of the invention are
therefore useful inghertreatment af LRIl caNcoSsHpRAS Loslarasial cancess tyeasheapeer, lung
cancer, prostate cancer, chronic myeloi Igukaemiaﬁ acute mg;loid Iel‘ﬂk?(?m%(tﬁr}/, Ig.W. et at Mol.
Cancer Tite?"TFHORE 3ETPORS 75 THATEA R i BREMA (RISPo8 A RPaY S BINST 1ot6), 108(5),
1744) ovariahanamﬁr(&lmc&ﬁ%bbtcahieﬁaiﬁu@mRE%a’mbn(_.lg%i,Sacmﬁf%), pancreatic cancer
(Schufip. My gh 8hCRcer Reseaili P R2E:3148) Malignaianeanoma.anddgiasialic malignant
20 melanoma ( aelandsrﬁo, G.M. et at, British Journal of Cancer (1996), 73, 909) in mammals. The
compoundsoigirernnergtipreialty alen expécrdd vobesnsefNb(the rpmpdarenshabdomyosarcoma
(Saab, R. e S adRhARIL YRS AelRm A RagbR, & B. et at,
Cancer Res@%%%I%%?l%%ﬁ%%%l)%%%%néﬁéa%s Itis %)ﬁé[%erred that the mammal togbe treated is a
human. 25A¢idrisralhprprefas e genpsLaidsiiahebpre searivaatoH@Ekbibit the advantageous
property th%@%?%ﬁ@@aﬂf@l@é%‘lﬁ%@%ﬁ@c@@c@[ﬁj%mlggﬁ%rﬂﬂ@nw%%ﬁﬁlﬁéﬂiﬂefw in a rat
model, the brain:plasma exposure ratio of the compound of Example 16 (determined using the area

underlthe curve (AUE)2speRLehsHeHIsEma uase Brils Eundatr b fibeT SeerasmiBes s
approximately: Lx3Qipdicating-that the compoune-of Fxample s gishiiputesiwdhintadrain. In contrast,

the present inventors have determined that a preferred compound from WO 03/062236 (6- -8-
acety1-8-cyeaBpated simhaiberiham o B 2 fveemmiony B s usies pdide o8 LipsHifidin-7-one)
displays br%@@@mg@%ﬂ%%@ﬂq&g{@gde(ﬁf,{{t:}n%ﬁg R4 (feiex), indicating that the compound
distributes relatively poorly into brain tissue in this model. Preferred compounds of the present
invention are there%@%t%ﬁw&%%@%’ﬁ%ﬁ SHYaiedPRIBUSERS WYISE FRRIRIAE of primary
and metastagicdrainenonks Wheke the cells are proliferating and contain a functional, intact Rbl gene.
Examples of such pRbf brain tumours include glioblastoma as well as medulloblastoma and
astrocytoma (Lee, Wil berad asstendt by ilspwilsdgcads AR armnss 26 1m i A ORRAHBL RO BREA
alkylating agentpesA iafdhatteatmeRt Afbhraim e sTRslksing alieblsiepseaid Qastiacytoma
(Friedman, H. S. etal. (2000), Gin. Cancer Res. 6(7):.2585-97) including _brain metastases from
melanoma, BFeHBIGneRe AP IBENCEsteiih a1 Php PIEUYY RhHSISETOMGRIgFRic acids fo

doi: 10.1093(amnpRsAMSRIMBM Temepelom idedniRiars with. B GausinG ShemIkAceeptable
modification/damage (Marchesi, F., et al. (ZOOQ, Pharmacot Res. 56(4): 275-87). The compounds of
the présent 3FFEHIH IS WP RO BRI W H T PTERIEPS SR o b Re B ARG primary

and metastafic RRE+ praim Semows:sUehaEioDEstIMaBIR MalcseyTens:. fon example where such
metastases are derived from melanoma, breast cancer or NS Gemcitabine HC1, a nucleoside

, SCLC,
analogue thEREHIE ERtRithEC ARy U SEoky 12 iiissr s &yt iohdhydi@tiforide
(13-isomer)galsodeesvmas. 2Q.difiunie;dnceoxyelidior sranohydieakitandecprdsgy’. Eds. J.
1-(4-amino-2-oxo-1H-pyrimidin- 1 - ylg-Z-desoxy-Z' 2'-difluororibose. Gemcitabine HC1 is described in
f

US Patent 53628 2pfd-Sriouiy Rt AMess] disisssidns- g™ Y ork, Basel, Hong Kong

30 1995, pp. 453-499; S.M. Berge, ef al., “Pharmaceutical Salts”, Journal of



2 HC1 HO HO F Gemcitabine HO is effective in the treatment of non small cell lung cancer
25(NSCLC) (Sandler, A. and Ettinger, H.S., (1999), The Oncologist, 4, 241), pancreatic -9- cancer
(Pino, S.M. et al., (2004), Current Gastroenterology Reports, 6, 119), ovarian cancer (Pfisterer, J. et
al., (2006), Journal of Clinical Oncology, 24(29), 4699) and metastatic br r an, S., etal.,
(2009), Journal'dt @ﬁ?{?gawé)ncology, 27(11), 1753). The compounds of tﬁﬁg@&?@%@ fr?%%tion can be
used in combination with 5gemcitabine [ICI for the treatment of NSCLC, pancreatic cancer, ovarian
cancer and metastatic breast cancer. = The compounds of the present invention can be used in a
method of treating cancer, in particular the cancers described above, in a mammal comprising
administering to a mammalinnesd.ef sucksifeatmentan effechiveanauniaha eefreund of the
present 10invention, In a é)rﬁfer?geglrembo %melrgt, the com otund of the present invention can be used
in a method of treafifity’s Bancar selelted Hroth ti&'group eonsisting of colorectal cancer, mantel cell
lymphoma, breast cancehefpisthdstorerantaresiomyehpithdecderemids offgtome lodiveer Rdgpecially NSCLC.
In another preferreg gipRedIgly e CORAQUILS-LING DiESONI SRR GaR e Used ina method of
treating a cancer selected from the group 15 consisting of colorectal cancer, glioblastoma, acute
myeloid Ieukae?nia“?ﬁfﬂ’mng cancer. In another preferred embodiment, a compound of the present
invention can be used infa:frralthyotk ofcetitingglichiapismeaopasisotyomds ivdiemiiial, comprising
administering to a mmm'a'ﬁﬁ@ﬁ%}&@ﬁ?ﬂ%@&'ﬂgﬁa@%&mi%&%ﬁ%&%&&e&m@m<af a compound of
e

the invention and temozolomide. In another preferred embodiment, a compound of the 20 invention
can be used in a misREte SrhEsnRg Weydeeen gaR3 dullrorus Mert Brvirrkly BAh &er bt Retastatic breast

cancer in a mammaig iempsising administering to a mammal in need thereof a therapeutically effective

combination of @ compoug g g RYEBEN AL ISTAIEIR TR SORBAUDAAIbg present invention

can be used for the treatment of cancer, 25in particular, the cancers described above. In a preferred

embodiment, the cBrifs8EmsaBriREGHEdkhE POBRESTERN Do uefomap s i H598H of a cancer
selected from the group eesisislingakaolorsatabsaneaTscRRIRLEEIRNEIMALRERES Bancer,
glioblastoma, acute mye| ig Ie'"#@ ia.and | cer-espegci Igﬁ NSCLC, In another, preferred
embodiment, the cgﬁ%odl%' ¢'of the pr‘g}éeéﬁ %%%nrgﬁicr)}n”ceacd %%gﬁ(ﬁé for Qﬁge liar%]lgx’tgé;dr?? oﬁfea 30cancer
selected from the gasugigoMsistirdgenbodidietidl:clntefoylivtirisiais sdute myeloid leukaemia and
lung cancer. In another peglermg RMRIGIML RS e MRt ddiaddat.a wrimRpayRd of the present
invention for use in simultapeoys, se q‘rggﬁe&oﬂrbge uﬂeé]}ial combination with temozolomide in the
treatment of glioblastGmid S AsHEEtoH& r‘éh’b%ér pfeferred embodiment, the invention provides a
compound of the presentlinfeblichelmesarivesimuitamsss sosppadané rmdg ehtiskcombination with
Sgemcitabine FICI ig the treatment of NSCLC, pancreatic cancer, ovarian cancer or metastatic breast
cancer.  Furthermore, the compounds of the present invention can be used in the manufacture of a
medicament for the treatelTEBH b RIEE T iR fLPPHes 8%’%‘3’@%&%@%?&‘8‘7& le%l preferred
embodiment, thé campounds of the present invention can 10 be used in the manufacture of a
medicament for the treatiept, 81 €8RS fElAIRL/RMANG aHB.ceRSIING ehaelprag(al cancer
mantel cell lymphoma, breast cancer, glioblastoma, acute myeloid leukaemia and lung cancer,
especially NSCLC. W #AdtaéMNreferred embodiment, the compounds of the present invention can be
used in the manufacture ofcperaediapment Jondhe-dreaimandahacaiestselrcted from the group
15consisting of colorectal cancer, glioblastoma, acute myeloid leukaemia and lung cancer.




In another preferred embodiment, the invention provides the use of a compound of the invention in the
manufacture of a medicament for the treatment of glioblastoma or astrocytoma, wherein the
medicament also comprises temozolomide or is to be administered simultaneously, separately or
sequentially with temozolomide. In another 20 preferred embodiment, the invention provides the use of
a compound ofwiaezemyverstion in the manufacture of a medicament for the rESaS2e% @RS CLC,
pancreatic cancer, ovarian cancer or metastatic breast cancer, wherein the medicament also
comprises gemcitabine HC1 or is to be administered simultaneously, separately or sequentially with
gemcitabine 25There is also provided a pharmaceutteal formulation for treating cancer, in particular
the cancers described above comprising a compound, of the present invention or a pharmaceutically
acceptable salt thereof together with a pharmaceutically acceptable carrier. In a preferred
embodiment, there is also provided a pharmagceutica pbiigtion for treating a cancer selected from

nMpYising a compound of the present
invention or a -11- pharmaceutically accepfable|s togRther with a pharmaceutically
acceptable carrier. In a preferred embodi Nere is also provided a pharmaceutical formulation for
treating a cancer selected from the group consisting of colorectal cancer, glioblastoma, acute myeloid
leukaemia and lung cancer, comprising a ¢ f the Wpéinvention or a pharmaceutically
acceptable salt thereof together with a pharmaceuticajly ac eptaple carrier. In another preferred
embodiment, the invention provides a pharmacetsi ioh for treating glioblastoma or
astrocytoma, comprising a compound of the invention and temozolomide, together with a
pharmaceutically acceptable carrier. In another preff‘érred embodiment, the invention provides a
10pharmaceutical formulation for treating NSCLG;gpangreatic cancer, ovarian cancer or metastatic
breast cancer, comprising a compound of the invention and gemcitabine HO, together with a
pharmaceutically agggrﬁ'féble carrier.  The invention also provides a pharmaceutical formulation,
comprising a compound Bf ihadpropnitiynlarappharieceliticaioeopdprabiéd salt thereof and
15temozolomidg, togetheiwith 2 @armaceutically acceptable carrier, diluent, or excipient. ~ The
invention also provides a pharmaceutjcal formulation, comprising a compound of the invention or a
pharmaceutically acceptabl¥ CafrxH&¥eof and gemcitabine HO, together with a pharmaceutically
acceptable carrier, dilueng, io€excprentirdEhendyention further provides a pharmaceutical formulation
comprising a 20compoung of the invention or a pharmaceutically acceptable salt thereof together with
a pharmaceutically acceptable carrier and optionaIIXthher therapeutic ingredients. Further, preferred
exemplified compounds dfes&i<hMirEitsrtsr RithCL WaS foted above, Pin-1 is a serineithreonine kinase
that is involvediin the 4 ggmlatanaiidivesgebhiaiogieal functions, including cell cycle progression,

transcriptionallsignal transduction 25pathw tQSIS: i s been linked
to several cancers. In par%lgﬁﬁgﬁyiRﬁ%ﬁﬁ?ﬁrﬁx{gﬁgﬁoﬁﬁéééﬁﬁ%ﬁ%@§$§?§%§§§{r}%}§6{g35 has been
shown to impair the2egpiabia sehlcstoh by gilvirdrsdiahsiconpints-dotteliBrEgia cells
(Pogacic, V., et al., Cane@yResid(R097)r s6%RA) 477 8946-LA)ptopaduiiian Bimbdnhasighown to be
expressed in the neﬁc;?iibtimg 5??@ n-inéured rat carot}idnarteriet%ﬁgs?lti&90@%@@[}?@%%& aortas and
coronary arteries sHoOWiRY htrmart _i%lﬁlélni%‘ga.p%%ﬁcgﬁ ShedfichRRbifion of Pim-1 function markedly
suppressed both nepotirma fylmetbmaitar balldbfiuen2-ihjlryrahdarspyirensibiifétation of cultured
vascular smooth mygsgle calls,(YSHG Rmishaoasinadhal Binkhiaxs aismeal £oje in the proliferation

of such cells. The
Pyrimidinamine, N-[5-[(4-cthyl-1-piperazinyymethyl}-2-pyridinyl}-5-fluoro-4-[4-fluoro-
2-methyl-1-(1-methylethy])-1H-benzimidazol-6-y1}-.

Particularly preferred is [5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-y1}-[5-

20 fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-y1)-pyrimidin-2-y}-amine
crystalline form IT1, characterised by an X-ray powder diffraction pattern (CuKa
radiation, A = 1.54056 A) comprising a peak at 21,29 (26 + 0.1%) and optionally one or
more peaks selected from the group comprising 11.54, 10.91, and 12,13 (20 = 0.1°), [5-




proliferation of VSMCs has been implicated in the pathogenesis of occlusive vascular diseases such
as atherosclerosis and restenosis and therefore inhibition of Pim-1 is 5expected to suppress VSMC
proliferation and thus be useful for the treatment of occlusive vascular diseases (Katakami N., et at,
JBC (2004), 279(52), 54742-54749). Accordingly, preferred compounds of the present invention, or a
pharmaceutical§Pa8t¥idbte salt thereof, can be used in a method of treX&AG BN I$HIEN ascular
disease such as atherosclerosis or restenosis in a mammal, comprising administering to a mammal
10in need of such treatment an effective amount of a compound of the present invention. Preferred
compounds of the present invention, or a pharmacetitically acceptable salt thereof, can be used in the
treatment of occlusjve.vascular. diseas . clerosj rest ' more, preferred
compounds of the%?gglgﬁ?%ﬁ{%ﬁlﬁ%el,m gﬁiﬁﬁﬁnﬁgﬂﬁ'@ 3? %féi&%ﬁ%%gﬁr?ﬁgﬁe%%ﬁﬂﬁ be used in the

manufacture of a rAddivaniedezbor Hsrridirdonteisciitiieofose Tlzatséadersuch as
atherosclerosis or [ggieRARISHY: DEMQ@%%\&%%%MW%&MMWWM treating

occlusive vascular %Lfgasdelzéjgh as atherosclerosis or restenosis, comprising a preferred compound of
the present inventibt 0% pharmaceutically acceptable salt thereof. As used herein, 'h' refers to hour
or hours, "niM' fefers to ilinctapgoondnif theweR0 Gotidloreferspecfyiohibidepd AdEdtdeinase, 'pRb’ refers to

retinoblastoma proggiRe MiGle fRfeiRL ARG CRINIRPR MRS ishris S RsuLe spyeloid
leukaemia, "CML' refers to chronjc myeloid leukaemia, '‘Boc' efers to N-tert-bytoxycarbonyl, 'EA' refers

to ethyl acetate, IDERITRFES R HROATOFIRIHEHRS, HSEPEBOPAtS PE TS RIFSTALHYNIRD B, 'DMA refers to
dimethylacetamideysefii i 'tie fersntantefkatyedrofuran, "MtBE' refers to methyl 25tert-butyl ether, 'TEA'

refers to triethylamine, TB§; %@ﬁ%%@d@gy{ﬁ&gﬁ&%'g@&'urgjcqg%;gu@mgphate buffered saline,
' f

"BSA!' refers to bovine serum albumin, ‘AT refers to room temperature, Linpk' means milligrams per
kilogram, 'po’ féfereRSRBerBER SRR CIARIRR e HIEhg BT AL 8IS BEoR IR ET RS high pressure
liquid chromatographgitom 2t Diskns s sngiatdoskbeliemhardais, an2dpd@dnestiistasingle dose every
2 days times 10, 3Q°V/ ' refers t cular t HRR.refers to X-ray diffraction.
-13- The compo%r{r)lh g otc}':ﬂ Egarnmﬁ]%%éé:%%lu (é%lbgg]%@)e% %‘y %o%geg%er inée:é%k?ﬁﬁﬁ%he art following art

recognized technicpresfersirpretenia s imsiadgaedRhllgeeoiipeurgederiB8inmisa | can be prepared as

set forth in the schemgsueihadsvand exampiessatiothhelandivibhibe sasagniaes by one of skill in
the art that thelpdivi?ualtsitegs [ thet5 folloyvin scgemetstmax be X%&%%‘%@&?%lﬁa%uﬁ?ae compounds of
Formula I. The reaﬁ%ﬂ SR-URSE fﬁﬁ r%agfg?iéﬁnéa?gcrégﬁifg\‘/:glfaefjlce 10 6ne of or inary skill in the art.
All substituents, unkesis pierhiskaspédifieod drectdd. ped/fansty Defitddd), I DhEEBMpound names of

the following prepagafians. ARGhERAMPIRS A/ a0angeralesh uaing, GizerPray flatdiitaneed. 10 Schemes
The synthesis of compounds of formula tareééggls r%tred in both the pre araéons, amples and

schemes, where RICES TRY: ¢arE2ace Rges e L QL ARSTFAIS STy g‘@ﬂ%er%aeei Compounds
of formula | are preparéuidoyRzadtadhi (WPTD)5EAUplimpiasrtionkass ol wehygisndeat  reductive

alkylation 55 petanoma (Maelandsmo, G.M. ef al., British Journal of Cancer (1996), 73, 909) in
mammmals, The compounds of the invention are also expected to be useful in the treatment
of rhabdomyosarcoma (Saab, R. et o, Mol. Cancer Ther. (2006), 5(5), 1299) and
multiple myeloma (Baughn, L.B. ez al., Cancer Res. (2006), 66(15), 7661) in mammals. Tt
is preferred that the mammal to be treated is a human,

25 Additionally, preferred compounds of the present invention exhibit the
advantageous property that they have improved distribution into brain tissue. For
example, when administered in a rat model, the brain:plasma exposure ratio of the
compound of Example 16 (determined using the area under the curve (AUC) or
maximum plasma and brain concentrations {Cmax), see Table 6¢) is approximately 1,

30 indicating that the compound of Example 16 distributes well into brain. In contrast, the

present inventors have determined that a preferred compound from WO 03/062236 (6-




(Forrnola .. N T- N 71\1/11 R4 (C) In the top reaction of scheme 1 and when Z = RS, a
pyrimidinyl-benzimidazole chloride (A) is reacted with a pyridinyl amine (B) in-a palladium catalyzed
coupling reaction to form compounds of formula! directly. 5In the lower reaction of scheme | and when
Y-Zis N-ten-butox%carbogyl (Doe), a pyridmidinyl halide (A) is also coupci,%q Y}gga?g[dg&{gginyl amine (B),

but the Boc gr%% 18 femoved in strong acid to produce the free amine (C). Iélnal , the amine (C) is

allcylated under reducing conditions to produce compounds of formulal. 10Scheme 2 Preparation of
pyrimidinyl-benzimidazoles (A) Pyrimidinyl-benzimidazoles (A) are prepared by palladium (11)
catalyzed coupling reactions of commercially available pyrimidinyl dichlorides (D) and benzimidazole
boronates (E). 5 Sghgmeayitreparntemolyensisnitad slephatnrpitmiio)-8HPyrBenAmidazole boronates
(E) are prepared via Pd(l talyzed boronylation of the.10 bromide. i imidazoles (H) with
bis(pinacolato)dibéﬁl%?“%‘!e}‘héﬁ?ﬁ‘u Sps EZﬁSXiE} %?%%%%B?S%Eaf‘é%%&éﬁﬁgg Iéﬁygﬁ the amidines (F) with
potassium t-butoxidarer) dediciing Subtiechemape disEuigidph el @ydyitiapeihjiorib Bietateacetic acid.

Anticlines (F) are prepaigctdsdSdRwisy @osskilladditherarmksiaeaanic pyninesigby condensing
4-bromo-2,6-difluoro-phenylamine wjth the mono-acetamide 15 derivagiv.e of amin%%eRl-NHZ in the

th
presence of phbspHERAMERIGHYE 295 B R AN RO e St B & B4 TR S D853 s known by one
skilled in the art oftbrgeihvioeayniifesisepdiendis pifinetivnshimiaiy Deprss Rigmbrorhfiein
2,4-dibromo-nitrobgizeng, AN MR RIsNBR oo wes Py RAURNREhinaItA-giRMD to an amine

group. 20 18- 1 WL eral, Science (1987), 235, 1394). Temozolomide s a cytotoxic, DNA
alkylating agent used for the treatment of brain tumors including glioblastoma and
10 astrocytoma (Friedman, H. S, et al. (2000), Clin. Cancer Res. 6(7): 2585-97) including
brain metastases from melanoma, breast cancer and NSCLC (Siena, S. ef al. (2009)
Annals of Oncology, doi:10.1093/annonc/mdp343). Temozolomide interacts with DNA
causing chemical modification/damage (Marchest, F., et al. (2007), Pharmacol. Res.
56(4): 275-87). The compounds of the present invention can be used in combination with
15  temozolomide for the treatment of primary and metastatic pRb' brain tumours such as
glioblastoma and astrocytoma, for example where such metastases are derived from
melanoma, breast cancer or NSCLC.
Gerncitabine HCI, a nucleoside analogue that exhibits antitumor activity, is 2°-
deoxy-2’,2"-diftuorocytidine monohydrochloride (B-isomer}, also known as 2°,2’-
20  difluoro-2’-deoxycytidine monohydrochloride, or as 1-(4-amvino-2-oxo- 1 H-pyrimidin-1-
yD)-2-desoxy-2’,2’-difluororibose. Gemeitabine HCI is described in US Patent 5,464,826.

The structural formula is depicted below:

Gemgeitabine HCl is effective in the treatment of non small cell lung cancer
25 (NSCLC)(Sandler, A. and Ettinger, D.S., {1999), The Oncologist, 4, 241), pancreatic




Scheme 4 Preparation of pyridinyl amines (B), Where Q is S or 0 and W is C Ski or OR 5The
synthesis of pyridinyl amines (B) where Q is S or 0 and W is C is achieved by displacement of a
5-halide in pyridine (1) by the commercially available thiol or alcohol (J). If a nitropyridine (1) is needed,
the displacement product further undergoes a nitro reduction step to produce (B). It should be noted
that compound®¢l}asdrsetsatile reagents throughout these schemes, buPGHESEEAEHBE commercially
available as pyridyl 10 amines and some as nitropyridines. The commercially available (I) are
nonetheless convertible via amine oxidation or nitro reduction reactions known in the art for the
sequences described here and below. Scheme 5 15Preparation of pyridinyl amines (B), Where Q is

CH2 -17- The synthesi pyridi ines where Q i CH2 i ieved in two ways: 1) The
commercially avail%laﬂér %’a%d%lh‘f/}&és{%%@?&8?8%@%%8{%%%%}%‘%@@fé}‘tﬂ‘éa??ée amine (L) followed
by replacement of tireep(iitierer Hrenald N6 PR(@)at af Sliend Gunkigntid iy Wite9%iuin

1,1,1,3,3,3-hexameiylAisiezapaof d@ﬁi{?@,@me@m%warmm@@n&ﬂogﬁwgqcialIy available |
-piperidinecarboxylic acid, 4-methylene-, 1,1- dimethylethyl ester (M) undergoes hydroboration

followed by Pd (1) EoupiisGWRAUBST RIFSRITHTE (1158 CHEMBE Breqsiyatisn B¥byridinyl amines (B),
Where Q is a directdanibind BCY 1Y) taittrEaamdinf HACDTL farlcdafiv)cihocho oiplgatp eemceBemitro gaup

metastatic breast cancer.

The compounds of the present invention can be used int a method of treating
cancer, n particular the cancers described above, in 2 mamma! comprising administering
to a mamumal in need of such treatment an effective amount of a compound of the present

10 invention. In a preferred embodiment, the compounds of the present invention can be
used in 2 method of treating a cancer selected from the group consisting of colorectal
cancer, mante! cell lymphoma, breast cancer, glioblastoma, acute myeloid leukaemia and
lung cancer, especially NSCLC. In another preferred embodiment, the compounds of the
present invention can be used in a method of treating a cancer selected from the group

15 consisting of colorectal cancer, glioblastoma, acute myeloid leukaemia end lung cancer.
In another preferred embodiment, a compound of the present invention can be used ina
method of treating glioblastoma or astrocytoma in & mammal, comprising administering
to a mammal in need thereof 2 therapeutically effective combination of a compound of
the invention and temozolomide. Tn another preferred embodiment, a compound of the

20  invention can be used in a method of treating NSCLC, pancreatic cancer, ovarian cancer
or metastatic breast cancer in 2 mammal, comprising administering 10 a mammal in need
thereof a therapeutically effective combination of a compound of the invention and
gemcitabine HCL

The compounds of the present invention can be used for the treatment of cancer,

25  in particular, the cancers described above. In a preferred embodiment, the compounds of
the present invention can be used for the treatment of a cancer selected from the group
consisting of colorectal cancer, mantel cell lymphoma, breast cancer, glioblastoma, acute
myeloid leukaemia and lung cancer, especially NSCLC. In another preferred
embodiment, the compounds of the present invention can be used for the treatment of a

30 cancer selected from the group consisting of colorectal cancer, glioblastorna, acute

myeloid lenkagmia and lung cancer. In another preferred embodiment, the invention



reduction Br (r.,) Cy) CB) 2, nito group reduulion  The synthesis of pyridinyl amines (B) where Q is
a direct bond is achieved in two ways: I) Commercially available 1(2H)-pyridine,carboxylic acid,
3,6-dihydro-4-(4,4,5,5- tetramethy1-1,3,2-dioxaborolan-2-y1)-, 1,1-dimethylethyl ester (N) undergoes
palladium 5(11%%cou ling with nitropyridine (1) followed by reduction of both the nitro group and double
bond. 2) The b ‘?rﬁ‘g:g"?ﬁgﬁ’ﬁropyridine (1) is displaced by free amine (L) fofﬁm%fugf/%ﬁgogroup
reduction. Preparation 1 104-(6-Amino-pyridin-3-ylsulfanyl)-piperidine- 1-carboxylic acid ten-butyl
ester Add dry toluene (6.06 mL) to a mixture of 2,9-dimethy1-1,10-phenantluoline (76.52 mg),
copper(l) iodide (69.27 mg), sodium tert-butoxide (475.59 mg), 4-mercaptopiperidine- 1-carboxylic acid

tert-butyl ester (5835Hag) CRASAASIN (HRA0MENaNe: 2schaminardiodgmuidine (550 mg). Bubble
nitrogen into the mixture, with ultrasoun anf%ﬁi,ﬂr the sgs ension @%19%40 C in a sealed tube for 24 h.
Cool and filter throtfg¥F@titemptater ith R BRSNS IR r vacuum. Add hexane!

EA (I/1) and filter thmeughne dektefsilicafgel padodirshitg itwtcdonithviiex anefiieded 2ftheand then EA.

Remove the solveqt.under yackim P islisageleolimnehipmanaRRyeluting 20 with
hexane/ EA (50-75%) to afford 630 mg of the title compound. MS (ESt): miz= 310 (M+Ent Preparation

2 5-Fluoro-2-nitro-g§Rditene HChnhe frrampe st GENSE-hmysteeriecsser 535S fden peroxide (26.98 mL)

in the open air. Afterfbsmintade aneetd solution of 2-amino-5-fluoropyridine (9 g) in concentrated

sulfuric acid (46 mL) df%)@ﬂé&é’%}%Q&%ﬂ&iﬂ&%E%@?éseﬁtiﬁ‘}&?tﬁ%{f&ﬂ'{}@%é ﬁlé solution at 0 C to RT in

the bath overnight. Pour over 200 niL ice-water and extract with DCM. Wash combined organic layers
with 5 % aqueous B8RurshTePEoERdiFE B fmdaner PPl SP PP areirs lab dit FAStitfate. Remove the
solvent under vacujsprdatpueidypsiticroehiealuing 68 ommatedy aphy ehwdiogwith DM to afford 7.5 g

ot e e oo S RS B et i s gl o desrtod
(M+H)+ 3 3-BromotiR-grietiaangsmig ot mm cancer, mantel cell lymphoma, breast cancer,

ghioblastoma, acute myeloid leukaemia and lung cancer, especially NSCLC. In another
preferred embodiment, the compounds of the present invention can be used in the
manufacture of a medicament for the treatment of a cancer selected from the group

15 consisting of colorectal cancer, glioblastoma, acute myeloid leukaemia and lung cancer.
in another preferred embodiment, the invention provides the use of & compound of the
invention in the manufacture of 2 medicament for the treatment of glioblastoma or
astrocytoma, wherein the medicament also comprises temozolomide or is to be
administered simultaneously, separately or sequentially with temozolomide. In another

20 preferred embodiment, the invention provides the use of a compound of the invention in
the manufacture of 2 medicament for the treatment of NSCLC, pancreatic cancer, ovarian
cancer or metastatic breast cancer, wherein the medicament also comprises gemcitabine
HCI or is to be administered simultaneously, separately or sequentially with gemcitabine
HCL

25 There is alse provided a pharmaceutical formulation for treating cancer, 1n
particular the cancers described above comprising a compound of the present invention or
a pharmaceutically acceptable salt thereof together with a pharmaceutically acceptable
carrier. In a preferred embodiment, there 18 also provided a pharmaceutical formutation
for treating a cancer selected from the group consisting of colorectal cancer, mantel cell

30 lymphoma, breast cancer, glioblastoma, acute myeloid leukaemia and lung cancer,

especially NSCLC, comprising a compound of the present invention or 2




218 Preparation 4 1-Isopropyl-4-(2-methyl-6-nitro-pyridin-3-yO-piperazine 15  Stir _
3-bromo-2-methyl-6-nitro-pyridine (2.46 g), 1-isopropyl-piperazine (2.74 g), tetra-n-butyl ammonium
iodide (418.69 mg) and potassium carbonate (1.72 g) in dimethyl sulfoxide (DMSO, 20 rnL) at 65 C
overnight. Add EA and water, separate the phases and dry the organic layer over magnesium sulfate
and remove th&8EHFE#ler 20 vacuum. Purify by strong cation exchartGé/Ea#AtE%uting with
methanol and then methanol-NH; 2 N to afford 2.58 g of the title compound. MS (ES#): rniz= 265
(M+H)t  Prepare the following intermediates essentially as described for 1-isopropy1-4-(2-
methy1-6-nitro-pyridin-3-y1)-piperazine using the cortesponding bromo derivative:
PreparationCompaun ES+H): mi -20- - -6-nitro:3. = dro-2H-
[1,31bipyridiny|-4-;}’$§-ea°r’%“a€’n§$§8’ gbé% %3}?7 aﬂé?@%?é%%%&%% &M%ﬁlé@ %%{W
(6-Nitro-3,4,5,6-tetrarigr ip aarefprad eapafimrnl fiore b plseastyided e ehaarientistiiireetion2s

for treating a cancer selected from the group consisting of colorectal cancer, glioblastoma,
acute myeloid leukaemia and lung cancer, comprising a compound of the present

5 invention or 2 pharmaceutically acceptable salt thereof together with a pharmaceutically
acceptable carrier. In another preferred embodiment, the invention provides a
pharmaceutical formulation for treating glioblastoma or astrocytoma, comprising 2
compound of the invention and temozolomide, together with a pharmaceutically
acceptable carrier. In another preferred embodiment, the invention provides a

10 pharmaceutical formulation for treating NSCLC, pancreatic cancer, ovarian canger ot

metastatic breast cancer, comprising a compound of the invention and gemcitabine HCI,
together with a pharmaceutically acceptable carrier.

The invention also provides a pharmaceutical formulation, comprising a
compound of the invention or a pharmaceutically acceptable salt thereof and

15 temozolomide, together with a pharmaceutically acceptable carrier, diluent, or excipient.

The invention alsc provides a pharmacentical formulation, comprising a
compound of the invention or a pharmaceuticaily acceptable salt thereof and gemcitabine
HCY, together with a pharmaceutically acceptable carrier, diluent, or excipient,

The invention further provides a pharmaceutical formulation comprising a

20  compound of the invention or a pharmaceutically acceptable salt thereof together with a
pharmaceutically acceptable carrier and optionally other therapeutic ingredients.

Further, preferred exemplified compounds are also inhibitors of Pim-1. As noted
above, Pim-1 is a serine/threonine kinase that is involved in the regulation of diverse
biological functions, including cell cycle progression, transcriptional/signal transduction

25  pathways and apoptosis and whose expression has been linked to several cancers. In
particuler, inhibition of Pim-1 by the small molecule inhibitor K00135 has been shown to
impair the survivat and clonogenic growth of a panel of human acute leukaemia cells
(Pogacic, V., ef al, Cancer Res. (2007). 67(14): p. 6916-24). In addition, Pim-1 has
shown to be expressed in the neointima of balloon-injured rat carotid arteries and in

30  human thoracic aortas and coronary arteries showing intimal thickening. Further, specific

inhibition of Pim-1 function markedly suppressed both nevintima formation after balloon



Preparation 7 5 -(4-Isopropyl-piperazin-1 -y1)-6-methyl-pyridin-2-ylamine Stir
1-isopropyl-4-(2-methy1-6-nitro-pyridin-3-y1)-piperazine (2.52 g) and 5 palladium over carbon 10%
(600 mg) in methanol (38 niL) and EA (38 mL) under H2 (balloon) overnight. Filter over a celite pad
and remove the solvent under vacuum. Purify by silica gel column chromatography eluting with DCM/
methanol (0-1096)H8%8T8FY 2.23 g of the title compound. MS (ES'): nu- 18ST(KE?§1P/06803¢  prepare the
following intermediates essentially as described for

5-(4-isopropyl10piperazin-l-y1)-6-methyl-pyridin-2-ylamine using the corresponding nitro derivative:
Preparation Compound MS (ES*): m/z (M+11)+ 8 (B-Am21-methy1-3,4,5,6-tetrahydro-2H-
[1,31]bipyridiny1-4-y1)-earbhamic acid tert-b r 9

(6-Amino-3,4,5,6-tle F&?a%; n%ﬁ.%?@iﬁé%%%ﬁ% &e‘ila%gcyzaér gﬁ%?cmgfquﬁ (t:gl;ét;-%}ustycé)éter 293 Preparation
10 4-(6-Nitro-pyridinggesiasdipidine fbiave Acweitbuiy/ictxaieifringi wekepiddpotassium tert-butoxide
(4.84 g) to a solutignaf teraReid v ysly exr-lpheminarfinrcatariate:@vovaximndimethylacetamide
(DMA, 39 nth) at Og; under nitr%g%?n. tir for | h and add(g op %/visehabsolutitqp 5-fluoro-2-nitro-pyridine (5
g) in DMA (78 ml.) FBTHETER A iR R aite 1 ,ihof’kde Wstarahd stand fof 1 h. Filter, wash -21-
with water. Purify bysitigttgpabpoks NiVEhrotifatsignanh el being fwithr bOmMEARt@15%) to afford 5.65 g of

the title compound, MS;(ESkhNam3R4 My 2L gRaraiondol), 279(52), 54742-54749),
54-(6-Amino-pyridin-3-yloxy)-piperidine-I-carboxylic acid tert-butyl ester _Add pallagdium over carbon
10 % (0.6 g) to a susped%%‘?‘?‘%}g&%r-ﬁﬂ?%d-6%@1}5}%*-@I%?(%?B?B%‘ﬁ‘zfiﬁgpﬁrc%%%?%tg&(Y tert-butyl ester
(5.65 g) in a mixturedsgisahysliciekar) EhtE)iaxdethano(B6T86ung: ferhiildyehabedistesin a Parr apparatus
at 2 atm overnight. fHier ough &6 s aRds Washnit, Paitand.meiianek FiHaRyailica gel column
10 in need of such treatment an effective amount of a compound of the present invention.
Preferred corpounds of the present invention, or a pharmaceutically acceptable salt
thercof, can be used in the treatment of occlusive vascular disease such as atherosclerosis
or restenosis. Furthermore, preferred compounds of the present invention, or a
pharmaceutically acceptable salt thereof, can be used in the manufacture of 2 medicament
15 for the treatment of occlusive vascular disease such as atherosclerosis or restenosis.
There is also provided a pharmaceutical formulation for treating occlusive vascular
disease such as atherosclerosis or restenosis, comprising e preferred compound of the
present invention or a pharmaceutically acceptable salt thereof.
As used herein, ‘b’ refers to hour or hours, ‘min’ refers to minutes or minutes,
20 *Cdk’ refers to cyclin dependent kinase, ‘pRb’ refers to retinoblastoma protein, ‘MCL’
refers to mantle cell lymphoma, ‘AML’ refers to acute myeloid leukaemia, ‘CML. refers
to chronic myeloid ieukaemia, “Boc” refers to N-tert-butoxycarbonyl, ‘EA’ refers to ethyl
acetate, ‘DCM’ refers to dichloromethane, ‘DMSO’ refers to dimethylsulfoxide, ‘DMA’
refers to dimethylacetamide, “THF" refers to tetrahydrofuran, *MtBE’ refers to methyl
25 tert-butyl cther, “TEA’ refers to triethylamine, ‘FBS’ refers to fetal bovine serum, ‘PBS’
refers to phosphate buffered saline, ‘BSA’ refers to bovine serum albumin, ‘RT” refers to
room temperature, ‘mpk’ means milligrams per kilogram, ‘po’ refers to per os (oral), *qd’
means once daily dosing, “HPLC" means high pressure liquid chromatography , *q2d’
means a single dose every 2 days, ‘q2dx10° means a single dose every 2 days times 10,

30 “VSMC’ refers to vascular smooth muscle cell and ‘XRD’ refers to X-ray diffraction.



10 chromatography eluting with DCM/ methanol (10 %)/ ammonia (1 %) to afford 5 g of the title
compound. MS (ES#): rniz= 294 (M+H)+. Preparation 12

6-Amino-2-methyl-3',6 -dihydro-2'H-[3,4]bipyridinyl-I'-earboxylic acid tert-butyl ester 15 Bubble
nitrogen into a mixture of 4-(4,4,5,5-tetramethy141,3,2]dioxaborolan-2-
y1)-3,6-dihydrd¥2H0pA/idhie-1-carboxylic acid tert-butyl ester (2.46 g) andGLBIBAE0g8030
methyl-pyridin-2-ylamine (1.49 g) in 1,4-dioxane (31.82 mL) for 5 mm, then add potassium phosphate
rribasic N-hydrate (5.07 g), palladium acetate (35.72 mg),
20dicyclohexyl-(21,6'-dimethoxy-biphenyl-2-y1)-pheSphane (134.69 mg]), water (7.96 mL) and stir at
90 C for 3 h. Dilute with DCM and wash with water. Dry over sodi ulfate.an ove the solvent
(nder vacutim. Purity by B T e B R R e N 0.1 A,

followed by strongfeltioneexaeregrjecé feahiaes @EpUcedunpgNathsrrafisahorarpurdeimethanol-NH3 2 M

B AMInO-Z-mothy b 2 L8 A e A byl ester 22
-Amino-2-methy1-3',4',5',6'-tetrahydro-21- ipyridinyl-1-carboxylic acid. teyt-butyl ester -22-
Stir a mixture of G%Wﬂmo]@mg?ﬁﬁff ’%@H&Vﬁ?g%&%é%ﬁigyi%ﬁ}ﬁ%‘?ﬁrﬁY Tﬁ étg%g’xtéﬁc acid tcrt-butyl ester
(2.12 g) and pélladuilowog shebennid B wisd (8 36 vivg Hinchmethmdod {Pgradam L Theneheen4? (45 psi) for 48
h. Filtered over a cglite.pagd ARGHRMRVEIIE SAMEBIHALSE yasusiPaiiont 2497 g of the title
compound. MS (ES"): m/z= 292 5 (M+H)t. Preparation 14,

6-nitro-3",6'-dlinydréUBiLiupats; 1RRsy AlYISS Sesiird arh eseriousr MefP ster Bubble nitrogen into a
mixture of 4-(4,4,5,5-tetraa eshipddhll, SR dchibtha fidkotan-ferboyiens fpddygies dklgpaidéde-1-carboxylic
acid tert-butyl esteﬁsgﬂ%&%gﬁgmp&-gﬂnitropyridine (12.87 g), sodium carbonate 2M in water (63.39
nth) and bis(triphenylphosphine)palladium(11) chloride (4,45 g) in 1,4-di oxane (316.94 mL) for 5 min
and stir at 80 &for 5 h. Dilute with DCM and wash with water. Dry over magnesium sulfate and
remove the solvent under vacuum. Purify by silicasgeintb chromatography eluting with DCM/ EA (0-40
%) to afford 8.72 g of the title compound. MS, (ES):_nth= 30 +H)-. rati
6-Amino-31,41,5',61-tetra %/%%8% EJ?%?MPS%%%/ Pﬁ-%%%o%&%%% t{gﬁl%ﬁ?%@?%%ﬁge% 20 Dissolve
6-nitro-3',6'dihydroszemeles anksdyndinghere BeatbdhoRc Red t¥raplitareatdefuedebetin ethanol (123.80
mL). Hydrogenate with palladium on carbon (H-Cube instrument, 70 bar, 50C, 1 mL/min) to afford 1.72
g of the title compound. MS (ES): in/z= 278 (M+H§+li 25Fl>reparation 16
4-(6-Amino-pﬁ'din-3-y|methyD-piperidine-l-carbofyﬁ%leacid tert-butyl ester  Stir for 5 min
4-methylene-piperidine-1Cempowslid faoibidrsbpmpresdter (8ladug) Urvdernirergienassd add a 0.5 M THE
solution of 9-borabigy¢lal3.8.4Mpnane (77.49 mL). Stir at 75 C under nitrogen for 1 h. Cool and add
2-amino-5-bromopyridine (3.8 g),



30potassium carbonate (3.87 g), and 1, 1'-bis(diphenylphosphino)ferrocene)palladium(11) chloride
(538.10 mg) and a degassed mixture of DME (47.83 mL) and water (4.78 tnL). -23- Stir at 60 C during
4 h, then at RT over the weekend. Add water and EA. Separate and extract aqueous layer with EA.
Combine the organic layers and dry over sodium sulfate and remove the solvent under vacuum. Purify
by silica gel colt ei7éMatography, eluting with DCM/ methanol (I A)/ IHGAEE%¥s) to DCMm/
methanol (3 %)/ 5ammonia (0.3 %). Triturate the residue with EA to afford 1.85 g of the title
compound. MS (ESt): m/z= 292 (M+H)1. Prepare the following essentially as described for
4-(6-amino-pyridin-3-ylmethyl)- piperidine- I-carbox');ﬁ(': acid ten-butyl ester using the corresponding
bromo derivative: Preparation Corgpound MS (ES+): ra/z (M+H)+ 17
4-(6-Amino-2-methyl-pyridin-3-ylmiethyl)- piperidine-I-carboxylic acid tert-butyl ester 306

10Preparation 18 1-(6-Etratho-pyfitha3stmethyl)-4-ethyl-piperazine  Add neat 1-erhylpiperazine
(221.44 mL) to a mixture of 6-bromaoipyrigjine-3- carbaldelgyg)e (300 g) and DCM (5000 mL). Then, add
sodium triacctoxyborohy! ride (372709 g) in'portions and-stirat-RF for 12 Al DCM (1000 mL) and
aqueous solution 15 of sadjym hydraoxide 2 N (1500 mL)z S€parate the layers and extract twice the
aqueous layer with DCM (600 rnlﬁzN Combine the frgagic layers and remove the solvent under

vacuum, add EA and evapérate to a prd351.3(g o Yhe title compound. MS (ES+) m/z= 285 (M+14)".
Prepare the following essentially as med fay 1-46-bromo-pyridin-3- 20ylmethyl)-4-ethyl-piperazine
using the corresponding amine: Prepar tion%ompound MS (ES+): m/z (M+H)+ 19
4-(6-13romo-pyridin-3-y|rr}1)de{tor)1yl) piperazine-I- cagboxylic acid tert-butyl ester

Y-Zis
N-t-Boe

deprotection

| Rl reduetive alkylation

(Formula T)

R4
©

In the top reaction of scheme 1 and when Z = R, a pyrimidinyl-benzimidazole
chloride (A) is reacted with a pyridiny! amine (B) in a palladium catalyzed coupling
reaction to form compounds of formula 1 directly.

5 In the lower reaction of scheme | and when Y-Z is N-tert-butoxycarbonyl (Boc), 2
pyridmidinyl halide (A) is also coupled with a pyridinyl amine (B), but the Boc group is
removed in strong acid to produce the free amine (C). Finally, the amine (C) is alkylated

under reducing conditions to produce compounds of formula I

10 Scheme 2

Preparation of pyrimidinyl-benzimidazoles (A}




357 Preparation 20 -24- 5-(4-Ethyl-piperazin-l-ylmethyl)-pyridin-2-ylamine ~ Add lithium
1,1,1,3,3,3-hexamethyl-disilazane (1055 mL) slowly to a degassed mixture of '
I-(6-bromo-pyridin-3-ylmethyl)-4-ethyl-piperazine (250 g), dicyclohexylphosphino)biphenyl (18.50 g),
tris(dibenzylideneacetone)dipalladium (24.17 5g) and THF (250 mL) at 50C. Heat the mixture at 65 C
overnight. Cool ¥371@#EkEH add water (500 mL). Remove half of the solvegit/tsmierossisaum and add
DCM (2.5 L). Filter over a celite pad and remove part of the solvent. Add methanol (300 nth) and
methyl tert-butyl ether (MtBE, 600 It) to the mixture and cool in an ice bath. Then, add hydrochloric
acid 2 M in ethyl ether (800 mL) and a 32 % aqueousisolution of 10hydrochloric acid (100 rnL).
Remove the organic layer, and @sdd an aqueous solution of sodium hydroxide 2 M (2500 mL). Extract
the aqueous phase three timesjg ith DCM and reff ove the solvent under vacuum. Solve in 90 mL of

toluene at 50C until complete ¢ : L of MEBE. Stir overnight at RT. Add
additional MIBE (100 rnL) for gomglete d’reuplt Filt er r the sotidant dryajo afford 108.24 g of the
title 15 compound. MS (ES): mﬁf 221 W Fy repar‘quthe following essentially as described for
5-(4-ethyl-piperazin-lylmethyl)-p¥ridin-2-yhanune using the corresponding 2-bromo-pyridine derivative:
Preparation Compound MS (ES 2) m/z 21 ¥-(6- AmI(Q)O pyridin-3-ylmethyl)-piperazine-1- carboxylic acid
tert-butyl ester 293 Preparation 22 202,4-Dibromo-1-nitro-benzene  Add drop wise fuming nitric
acid (101.40 ritL) to a solUtEHIEK Yk%“ﬁ‘fﬁ?&?ﬁ@%@ﬁ?@ﬁ@&“f@?%ﬂﬁﬂ%@bﬁ@@ﬁﬁ&% l&gifuric acid
(322.79 mL) and wateti¢GB3@mnicriall0-GilAMapmitod Rl dcidogtiesfy) 2ad be2@tidatloR reaction on
ice-water (1500 mLy Filter the resulting yellow solid under vacuum and dry to afford 178.46 g of the
titte compound. 25 MS (ES): nn/z= 281 (M+H)f. Preparation 23 -25-
(5-Bromo-2-nitré)-phenyl)-cyclopentyl-amine Add cyclopentanamine (32 rtiL) to a solution of
2,4-dibromo-1-nitro-benzene (20 g) in 1-butanol ($&@mB). Heat the mixture at 100 C overnight.

Remove the solvent under vacuum, @%a‘f‘é%‘r? mgz%gugfe\gltgnqes (]\ZIYash the organic layer
sequentially with
Sy

HN,
AN

Br T RS \ /T\/
{F) N
Ny
l

Poeb it

Benmmidazolc boronates (E) are prepared via Pd(II) catalyzed boronylation of the

— (B

10 bromide in benzimidazoles (H) with bis(pinacolato)diboron. Benzimidazoles (H) in turn
are prepared by cyclization of the amidines (F) with potassium t-butoxide or condensation
of the benzenediamines (G) with triethylorthoacetate/acetic acid.

Amidines (F) are prepared as is known by one skilled in the art of organic
synthesis by condensing 4-bromo-2,6-difluoro-phenylamine with the mono-acetamide

15 derivative of amires R1-NH, in the presence of phosphoryl chloride. Benzenediamines
(G) are prepared in two steps as is known by one skilled ir the art of organic synthesis
by the displacement of the 2-position bromine in 2,4-dibromo-nitrobenzene by amines

R1-NH; followed by reduction of the nitro group to an amine group.

20 |




5 an aqueous saturated solution of sodium bicarbonate and then water. Dry over magnesium sulfate
and remove the solvent under vacuum to afford 22 g of the title compound. MS (ES): raiz= 286
(M+HY. Preparation 24 104-Bromo-N2-cyclopen(yl-benzene-1,2-diamine Add sodium dithionite
(107.47 g) to a solution of 5-bromo-2-nitro-phenyl)- cyclopentyl-amine (22 g), THF (150 mL), water
(150 naL) and #@AMHIGEH"Rydroxide (30 mL). Stir the mixture at RT overRightSEtr48Pilvice with EA,
dry over magnesium sulfate and remove the solvent under vacuum to afford 14.80 g of the title
compound. 15 MS (ES): nth= 256 (WHY-. Preparation 25
6-Bromo-1-cyclopenty1-2-methyl-1H-benzoimidazol¥Heat a mixture of
4-bromo-N2-cyclopentyl-benzene-1,2-diamine (19 .4\ 4riethyl 20orthoacetate (9.5 ml) and acetic acid
(6.3 rnL) at 100C for 2.5 h. Dilute with DCM and pour onto an aqueous saturated solution of sodium
bicarbonate. Dry over sodium sulfate aRgmEtgVe BEdsyhAsHEGABer vacuum. Puri' by silica gel column
chromatography, eluting with DCM/ ethangz0¥%s N6t @BwWay ¢o afford 10.67 g of the title compound.
MS (ES): m/z= 280 (M+1-1)+. 25 Preparation 26 N:lsppropyl-acetanaide Add TEA (23.58 mL) to a
solution of 2-propanamine (10 g ) in DCM (100 #hl). at O C. Then, carefully add drop wise acetic acid
anhydride (16.15Stir at RT 30overnight. Removelthg solyent ynder vaguum,gdilute with ethyl ether
(ether) and filter the solid. REWOV vent undgr vacuui. Bjlute ffhe il with ether, add potassium
-26- carbonate and stir overnight at,RT _ktilter the.selid-and lvent under vacuum to afford
15.62 g of the title compound. NMR ( DCFS‘)‘ﬂI(Bﬁo(daaqmlH) 1.% (s, '31- -1), 1.14 (d, 6H). Prepare
the following amides essentially as deXcribed for KEESpropyl- acetamilie 5 using the corresponding

amine: Preparagion Comppund27 NrCyelanraRykass iice 28 M SR 9Piapmptivkacetamide

by displacement of a 5-halide in pyridine (I) by the commercially available thiol or

alcohol (J). If a nitropyridine (1) is needed, the displacement product further undergoes a
nitro reduction step to produce (B). It should be noted that compounds (I} are versatile
reagents throughout these schemes, but only some are commercially available as pyridyl
10  amines and some as nitropyridines. The commercially available {I} are nonetheless
convertible via amine oxidation or nitro reduction reactions known in the art for the

sequences described here and below.

Scheme 5
15 Preparation of pyridiny] amines (B),
Where Q is CHz



29 N-Cyclopentyl-acetamide Preparation 30
N-(4-13romo-2,6-difluoro-phenyl)-N'-isopropyl-acetamidine 10Add 1E.A (10.05 mL) to a mixture of
4-bromo-2,6-difluoro-phenylamine (10.0 g), N-isopropyl acetamide (9.73 g), phosphoryl chloride (6.70
mL) in toluene (150 mL). Heat the mixture to reflux for 3 h. Cool the mixture and remove the solvent
under vacuumwbigseREHe crude in DCM, wash with an aqueous saturZf&FE3fa6HYf sodium
bicarbonate several times to remove all traces of acid. Dry over sodium sulfate and 15remove the
solvent under vacuum to afford 14 g of the title compound. MS (ES): rn/z= 292 (M+H)+.  Prepare the
following intermediates essentially as described fortN-(4-bromo-2,6-
difluoro-pheny1)-N'-isopropyl-acetamidine using the corresponding acetamide: Preparation Compound
MS (ES+): iniz (M40+ 31 N-(4-Bromo-2,6-difluotb-pheny1)-N- cyclopropyl-acetamidine 290 32
N-(4-Bromo-2,6-difluoro-phenyl)-N1- cyclopggylnethyl-acetamidine 304 -27- Preparation 34
6-Bromo-4-fluoro-1-isopropyl- }me hyl-1H-benzoimidazole Add potassium tert-butoxide (811.43 mg)
to a solution of N-(4-bromo-2, 6-"57dityoro- phen -N'- |sopropyl -acetamidine (2 g) in N-methyl
formamide (20 mL), Heat thegnixiuge it 100 f@g nﬁ,u&ool to RI, add DCM (150 mL), wash three times
with saturated sodium chloride aqueous (brine, 300 mL)dry.Qver magnesiwm sulfate and remove the
solvent under vacuum. Add hexane and shake over ultrasoljnd tor ajfewfminutes. Filter the solid,
repeat addition of hexane/filtration, twice to afford 1.86 g of sitfeeo ompound. MS (ES): rub.= 272
(M-kH)1. Prepare the following intermediates:wessentially asesﬂeﬂécgped for
6-bromo-4-fluorol-isopropyl-2-methy]-IH-benzoimidazole using the corresponding acetamidine:

2. Pd (I} coupling

™M iy
o t-Boc

The synthesis of pyridiny] amines (B) where Q is CHy is achieved in two ways: 1)
The commercially available carbaldehydes (K) undergo reductive amination with the free
amine (L) followed by replacement of the pyridine bromide by Pd(0) catalyzed
5 amination with lithium 1,1,1,3,3,3-hexamethyl-disilazane or liquid ammonia and cuprous
oxide, 2) Commercially available }-piperidinecarboxylic acid, 4-methylene-, 1,1-
dimethylethyl ester (M) undergoes hydroboration followed by Pd {Il) coupling with

pyridyl amine (I}

i0 Scheme 6
Preparation of pyridiny] amines (B),
Where Q is a direct bond




Preparation Compound MS (F.S+). ni/z (M+1-1)+ 35 6-Bromo-I-cyclopropyl-4-fluoro-2-methyl-1H-
benzoimidazole 270 3 6 6-Bromo -1-cycl opropylmethy1-4-flu oro-2-methy I- 1H-benzoimidazole 284
37 6-Bromo-1-cyclopentyl-4-fluoro-2-methyl-1H- benzoimidazole 298 Preparation 38
154-Fluoro-1-isopropyl-2-methy1-6-(4,4,5,5-tetramethy141,3,21dioxaborolan-2-y1)-1H-
benzoimidazolwo 2088k nitrogen into a mixture of PCT/US2009/068030
6-bromo-4-fluoro-1-isopropyl-2-methyl-1Hbenzoimidazole (30.0 g), bis(pinacolato)diboron (42.15 g),
tricyclohexylphosphine (5.43 g), potassium acetate (32,58 g), and DMSO (200 mL). Add palladium
acetate (2.8 g) and 20heat in pre-heated oil bath at-#C for 1 h. Dilute with EA (200 mL) and filter over
a -28- cclite pad. Wash the mixture with brine (10 mL), dry over sodium sulfate and remove the
solvent under vacuum. Triturate with hexane\ﬁfﬂf the solid to afford 27 g of the title compound.
MS (ES): mlz= 319 (M+H)*. Prepare the follo rmediates essentially as described for 4-fluoro-1-
Sisopropyl-2-methyl-6-(4,4,5,5-tetramethy14 ;372 Tdibxaborolan-210-1H-benzoimidazote using the
corresponding 6-bromo-benzoimidazole derivafives: Preparation Compound

G, lro group HN
l = teduction i i =
N 2~ No o
Br w/\I
z
4 ]

m X ¥ K K/v
o () >
N

B}

z

P

2, nitre group
recluetion

The synthesis of pyridinyl amines (B) where Q is a direct bond is achieved in two
ways: 1} Commercially available L(2H)-pyridinecarboxylic acid, 3,6-dihydro-4-(4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-, 1,1-dimethylethyl ester (N) undergoes palladium

5 (II) coupling with nitropyridine (I) followed by reduction of both the nitro group and
double bond. 2) The bromide in nitropyridine (I) is displaced by free amine (L) fol_lowcd
by nitro group reduction.

Preparation |

10 4-{6-Amino-pyridin-3-ylsulfanyl)-piperidine-1-carboxylic acid tert-butyl ester

Add dry toluene (6.06 mL) to a mixture of 2,9-dimethyl-1,10-phenanthroline
(76.52 mg), copper(l) iodide (69.27 mg), sodium tert-butoxide (475.59 mg), 4-mercapto-
piperidine- 1-carboxylic acid tert-butyl ester (583.5 mg), magnesium (49.10 mg) and 2-

i5  amino-S-iodopyridine (550 mg). Bubble nitrogen into the mixture with ultrasound and stir

the suspension at 110 °C in a sealed tube for 24 h. Cool and filter through celite. Wash
with toluene and remove the solvent under vacuumn. Add hexane/ EA (1/1) and filter
through a celite/ silica gel pad, washing twice with hexane/ EA (1/1) and then EA.
Remove the solvent under vacwum. Purify by silicz gel column chromatography eluting

20 with hexane/ EA (50-75 %) to afford 630 mg of the title compound. MS (ES"): miz=310
(M)

Preparation 2

5-Fluoro-2-nitro-pyridine




MS (ES+): m/z (M+1-0-E 39 1-Cyclopropyl-4-fluoro-2-methyl-6-(4,4,5,5-
tetramethy111,3,21dioxaborolan-2-y1)-111- benzoimidazole 317 40
I-Cyclopenty1l-2-methyl-6-(4A,5,5-tetramethyl- [1,3,2]dioxaborolan-2-y1)-1H-benzoimidazole 327 41
1-Cyclopropylmethy1-4-finoro-2-methyl-6-(4,4,5,5- tetramethyl-[1,3,2]dioxaborolan-211)-1H-
benzoimidazol®93$1497368Byclopentyl1-4-fluoro-2-methy1-6-(4,4,5,5-  FCT/US2009/668030
tetramethy1[1,3,2]clioxaborolan-2-y1)-1H- benzoimidazole 345 Preparation 43
6-(2-Chloro-5-fluoro-pyrimidin-4-yl)-4-fluoro- | -isopropyl-2-methyl- | H-benzoirnidazole 10Bubble
nitrogen into a mixture of 2,4-dichloro-5-fluoro-pyrimittine (12.7 g), bis(triphenylphosphine)palladium(H)
chloride (4.9 g), sodium carbonate 2 M in water (103.7 mL) and 1,2-dimethoxyethane (120 mL). Heat
in a pre-heated oil bath at 80C and add drop wise a solution of
4-fluoroThisopropyl-2-mésylieri¢acdd $16 mbireirh &8 ol 23 Phvidesesppporadr 2648 m ipéiszoimidazole (22
g)in l,2-dimethoxxg&hame&%@m@a@é@mﬁmmieﬁtgr@nah&él&cf@wxﬁu@@g)tﬁ RT, add EA (800 mL)
and wash twice with brineég! JR(# e{ magnesiim suf ﬁwég th solvent under
vacuum__ Triturate SRR Rt FPﬁ’é Ef‘(‘) gm %’g 8‘?‘Fhe bili compc'}ﬁen E@) fhiz= 323 (M+H)+.
Prepare the folfowidrgkintationed (b6 odSSmrikiaihay aegyibed desr 8(2nbldompsBe and extract
fluoro-pyrimidin-4-y i 4siioteslnisarsapy leamethxlkiHd e nzajinidazale.Hsingithe @Qeaeesponding

dichloro-pyrimidine apd boron te derivatives:
Lo anzp éjry over an ydrous SO%IIUH} sulfate. Remove the solvent under vacuum and purify by
silica gel column chromatography eluting with DCM to afford 7.5 g of the title

compound. MS (ES"): m/z= 143 (M+H)".

10 Prepare the following essentially as described for 5-fluoro-2-nitro-pyridine using
the corresponding amine:
MS (ES+):
Preparation Compound
m/z (M+H)+
3 3-Bromo-2-methyl-6-nitre-pyridine 218

Preparation 4
1-Isopropyl-4-(2-methyl-6-nitro-pyridin-3-y1)-piperazine
15
Stir 3-bromo-2-methyl-6-nitro-pyridine (2.46 g), 1-isopropyl-piperazine (2.74 g),
tetra-n-butyl ammonium iodide (418.69 mg) and potassium carborate (1.72 g) in
dimethy! sulfoxide (DMSO, 20 mL) at 65 °C overnight. Add EA and water, separate the
phases and dry the organic layer over magnesium sulfate and remove the solvent under
20 vacuum. Purify by strong cation exchange cartridge eluting with mefthano! and then
methanol-NH; 2 N to afford 2.58 g of the title compound. MS (ES): m/z= 265 (M+H)"
Prepare the following intermediates essentially as described for [-isopropyl-4-(2-

methyl-6-nitro-pyridin-3-yl)-piperazine using the corresponding bromo derivative:

Preparation Compound ' MS(g;iis_;r[))+ m/z




-29- Preparation Compound MS (ES+): nilz (M+H)+ 44 6-(2-Chloro-5-fluoro-pyrimidin-4-y1)-1-
cyclopropy1-4-fluoro-2-merhyl-11-1- benzoimidazole 321 45 6-(2-Chloro-5-fluoro-pyrimidin-4-y1)-1-
cyclopentyl-2-methyl-1H-benzoimidazole 331 46 6-(2-Chloro-5-fluoro-pyrimidin-4-y1)-1-
cyclopropytmethyl-4-fluoro-2-methyl-11-1- benzoimidazole 335 47
6-(2-Chloro-py Ni@ite47§a74 1-cyclopenty1-4- fluoro-2-methyl-1H-benzoinfidEZS18038aB 058
6-(2-Chloro-pyrimidin-4-y1)-4-fluoro-1- isopropyl-2-methyl4H-benzoimidazole 305 Prepare the
following intermediates essentially as described for 15-(4-ethyl-

=20~

i (2-Methyl-6'-nitro-3,4,5,6-tetrahydro-2H-

11,3"bipyridinyl-4-y1}-carbamic acid tert-butyl ester 337

(6'Nitro-3,4,5,6-tetrahydro-2H-{1 3Tbipyridinyl-4-

yl}-carbamic acid tert-butyl ester 323

Preparation 7
? 5-{(4-1sopropyl-piperazin-1-y1)-6-methyl-pyridin-2-ylamine
Stir 1-isopropyl-4-(2-methyi-6-nitro-pyridin-3-yl)-piperazine (2.52 g) and
5 palladium over carbon 10% (600 mg) in methanol (38 mL) and EA (38 mL) under H

(balloon) overnight. Filter over a celite pad and remove the solvent under vacuum, Purify
by silica gel column chromatography eluting with DCM/ methanol (0-10%) to afford 2.23
g of the titie compound, MS (ES"): m/z= 143 (M+H)".

Prepare the following intermediates essentially as described for 5-(4-isopropyl-

i0  piperazin-i-yl-6-methyl-pyridin-2-ylamise using the corresponding nitro derivative:

MS (ES+):
Preparation Cornpound m/z (M+H)+
2 {6'-Amino-2'-methyi-3,4,5,6-tetrahydro-2H- 307
{1,3"bipyridinyl-4-y)-carbamic acid tert-butyl ester
9 (6'-Amino-3,4,5,5-tetrahydro-2H-{1,3"]bipyridinyl- 263
4-yl)-carbamic acid tert-butyl ester

Preparation 10
4-(6-Nitro-pyridin-3-yloxy)-piperidine- 1 -carboxylic acid tert-butyl ester
Add potassium tert-butoxide (4.84 g) to a solution of tert-butyi 4-hydroxy-1-
15 piperidine-carboxylate (8.76 g) in dimethylacetamide (DMA, 39 mL) at 0 °C under
ritrogen, Stir for | h and add drop wise a solution 5-fluoro-2-nirro-pyridine (5 g) in DMA
(78 mL), Let the reaction stir at RT overnight. Add water and stand for | h. Filter, wash



piperazin-l-y Imethyl)-pyridin-2-y1H5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-
5benzoimidazol-5-y1)-pyrimidin-2-ylkamine below using the corresponding amine and
chloro-pyrimidine derivatives: Preparation Compound MS (ES+): miz (M+H)+ 49
4-16-15-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl- 3H-benzoimidazol-5-y1)-pyrimidin-2-ylaminok
pyridin-3-ylmetMM23MEFa%ne-I-carboxylic acid tert-butyl ester 579 50  PCT/US2009/068030
4-1644-(3-Cyclopropyl-7-fluoro-2-methy1-31-1- benzoimidazol-5-y1)-5-fluoro-pyrimidin-2- y lami n
ol-pyridin-3-ylmethyl 1 -piperidi n e-1- carboxylic acid tert-butyl ester 576 -30- Preparation Compound
MS (ES+): raiz (M+H)+ 51 4-{.645-Fluoro-4-(7-fluoré3-isopropy1-2-methyl-
3 benzomidazo) S TR S AR SRR i YR il Bl g - carbooie
to afford 5.65 g of the title compound. MS (ES"): m/z= 324 (M+H)".

Preparation 11
5 4-{6-Amino-pyridin-3-yloxy)-piperidine-1-carboxylic acid tert-butyl ester

Add paliadium over carbon 10 % (0.6 g) to a suspension of 4-(6-nitro-pyridin-3-
yloxy)-piperidine- [-carboxylic acid tert-butyl! ester (5.65 g) in a mixture tetrahydrofuran
‘(TI-IF)/methanol (30/30 mL/mL). Hydrogenate in a Parr apparatus at 2 atm overnight.
Filter through a celite pad, wash with DCM and methanol. Purify by silica gel column

10 chromatography eluting with DCM/ methanol (10 %)/ ammonia (1 %) to afford 5 g of the

title compound. MS (ES"): m/z= 204 (M+HY .

Preparation 12

6-Amino-2-methyl-3',6'-dihydro-2'H-[3,4 Joipyridinyl-1*carboxylic acid tert-butyl ester

%“\\“
15

Bubble nitrogen into a mixture of 4-(4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2- ]
yh-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-buty! ester (2.46 g) and 5-bromo-6-
methyl-pyridin-2-ylamine (1.49 g) in 1,4-diozane (31.82 mL) for 5 min, then add
potasstum phosphate tribasic N-hydrate (5.07 g), palladium acctate {35.72 mg),

20 dicyclohexyl«(2',6-dimethoxy-biphenyl-2-yl)-phosphane (134.69 mg]), water (7.96 mL}
and stir at 90 °C for 3 h. Dilute with DCM and wash with water. Dry over sodium sulfate
and remove the solvent under vacuum. Purify by silica gel column chromatography
eluting with DCM/ ethanol 8 %/ NH; 0.1 %, followed by strong cation exchange cartridge
(SCX) eluting with methanol and then methanol-NH; 2 M to afford 2.12 g of the title
25 compound. MS (ES"): m/z= 292 (M+H)". |

Preparation 13
6-Amino-2-methyl-3'4",5",6-tetrahydro-2"H-{3,4"[bipyridinyl- | -carboxylic acid tert-butyl

ester



592 52 6-[4-(3-Cyclopentyl-2-mcthyl-3H-benzoimidazol- 5-y1)-5-fluoro-pyrimidin-2-ylamino]-3',4',51,6'-
tetrahydro-2H13,41bipyridinyl-P-carboxylic acid tert-butyl ester 572 53
645-Fluoro-4-(7-fluoro-3-isopropy1-2-methyl-3H- benzoimidazol-5-ye-pyrimidin-2-ylamino]-2-
methy1-3',41,5',6.-terrabydro-2943,41bipyridinyl- 1'-carboxylic acid tert-butyl ester 578 54
4-{645-Fluoro-a¥F2086r5e3tisopropyl-2-methyl- 3H-benzoimidazol-5-y1)-B{itHfaRa22spkEMinok
pyridin-3-yloxy }-piperidine- I-carboxylic acid tcrt-butyl ester 580 55
{6'45-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl- 31-1-benzoimidazol-5-y1)-pyrimidin-2-ylarnino]-2'-
methy1-3,4,5,6-2R-21-141,31bipyridinyl-4- y1)-carb@ic acid tert-butyl ester 593 56

{6'44-(3-Cyc|opentyl-?-f]%uoro-Z-met 1-3H- penzainildazol:5-y1)-pyrmidin-2:ylaminoF

54.5.6.tetiahyero 11 (LS TN AP BB SO s
carboxylic acid tert-butyl ester (2,12 g) and palladium on carbon 10 % wet (330 mg) in
methanol (29.30 mL) under H; (45 psi) for 48 h. Filtered over a celite pad and remove the
solvent under vacuum to afford 2.07 g of the title compound. MS (ES™): m/z= 292

5 (MHH)"

Preparation 14
6-nitro-3',6'-dihydro-2H-{3,4'|bipyridinyl- I'-carboxylic acid tert-buty] ester
Bubble nitrogen into a mixture of 4-(4,4,5,3-tetramethyl-{ 1,3,2}dioxaborolan-2-
10 yD)-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl ester (19.6 g), 5-bromo-2-
nitropyridine (12.87 g), sodium carbonate 2M in water (63.39 ml.) and
bis(triphenylphosphine)palladium(1l) chloride (4.45 g) in 1,4-dioxane (316.94 mL) for 5
min and stir at 80 °C for 5 h. Dilute with DCM and wash with water. Dry over
ragnesium sulfate and remove the solvent under vacuum. Purify by sitica gel
15 chromatography eluting with DCM/ EA (0-40 %) to afford 8.72 g of the title compound.
MS (ESH): m/z= 306 (M+H)".

Preparation 15
6-Aming-3'4",5" 6'-tetrahydro-2"H-{ 3,4 Tbipyridiny!- 1'-carboxylic acid tert-butyl ester
20 Dissolve 6-nitro-3',6'-dihvdro-2H-{3,4 bipyridinyl-1-carboxylic acid tert-butyl !
ester (1.89 g) in ethanol (123.80 mL). Hydrogenate with palladium on carbon (H-Cube
instrument, 70 bar, 50 °C, 1 mL/min) to afford 1.72 g of the title compound. MS (ES"):
m/z=278 (M+H)".

25 | Preparation 16
4-(6-Amino-pyridin-3-yimethyl)-piperidine- 1 -carboxylic acid tert-butyl ester
Stir for 5 min 4-methylene-piperidine-1-carboxylic acid tert-butyl ester (5.10 g)
under nitrogen and add a 0.5 M THF solution of 9-borabicyclo{3.3.1]nonane (77.4% mL).
Stir at 75 °C under nitrogen for 1 h. Cool and add 2-amino-3-bromopyridine (3.8 g),
30 potassium carbonate (3.87 g), and I, 1™-bis(diphenylphosphino)ferrocene)paliadium(IT)
chioride (538.10 mg) and a degassed mixture of DMF (47.83 mL) and water (4.78 mL).




587 57 4- [644-(7-Fluoro-3-isopropyl-2-metbyl-3H- benzoimidazol-5-yl)-pyrimidin-2-y laminoF
pyridin-3-ylsulfanyl }-piperidine-i-carboxylic acid tert-butyl ester 578 Preparation 58
[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methy1-3H-benzoimidazol-511)-Pyrimidin-211)-(5-
piperazin-l-ylmethyl-pyridin-2-y1)-amine -31- To a mixture of 4-
[645-fluoro-4-(RaBIIERSbpropy1-2-methy1-3H- PCT/US2009/068030
benzoimidazol-5-y1)-pyrimidin-2-ylaminokpyridin-3-ylmethyl)-piperazine-1-carboxylic acid tert-butyl
ester (150 mg) in DCM (10 InL) and methanol (10 rnL) add hydrogen 5chloride 4M in dioxane (194 ul.).
Stir 10 min and remove the solvent under vacuum.%rify by strong cation exchange cartridge (SCX)
eluting with methagg) apgtthepahRlNDAMoower bualie ol eRlwitahimatography
eluting with DCM/methanol-NH3"2M (3 %) to afford 120 mg of the title com dound.I S (ES"): rniz= 479
(WH)'". 10Prepare fFE*RBUIY e Fifen fedrb L b RN S RS Bhhta G657 fé)-ﬂﬁnosr%-%‘?(% fluoro-3
-isopropy1-2-methyfd3thbenzoiomigdesidir Seytb)npuiifyitirvifey g (5 pipatagintdgraphy,

yimethyl-pyridin-2-y KIS RIPRRIAHAN SYHEHER: Y9y BENHBRMRAFS): miz (M-rE1)-F 59

5 ammonia (0.3 %). Triturate the residue with EA to afford 1.85 g of the title compound.
MS (ES™): m/z= 292 (M+H)".
Prepare the following essentially as described for 4-(6-amino-pyridin-3-ylmethyl)-

piperidine- 1-carboxylic acid tert-buty] ester using the corresponding bromo derivative;

. C d MS (ES+): m/z
Preparation ompoun (M+E )+
4-(6-Amino-2-methyl-pyridin-3-yimethyl)-
17 v Y 306
piperidine-1-carboxylic acid tert-butyl ester
10 Preparation 18

1-(6-Bromo-pyridin-3-yimethyl)-4-ethyl-piperezine

Add neat 1-ethylpiperazine (221.44 mL) to a mixture of 6-bromo-pyridine-3-
carbaldehyde (300 g) and DCM (5000 mL). Then, add sodium triacetoxyborohydride
(372.09 g) in portions and stir at RT for 12 h. Add DCM (1000 mL) and aqueous solution

15 of sodium hydroxide 2 N (1500 mL). Separate the layers and extract twice the aqueous

layer with DCM (600 mL}. Combine the organic layers and remove the solvent under
vacuum, add EA and evaporate to afford 451.3 g of the title compound. M8 (ES™): m/z=
285 (M-+H)"

Prepare the following essentially as described for 1-(6-bromo-pyridin-3-

20 vlmethyl)-4-ethyl-piperazine using the corresponding amine:

MS (BS+H): miz
Preparation l Compound ($ +H)) .
|
19 | 4-(6-Bromo-pyridin-3-ylmethyl)-piperazine- 1- 357
5 carboxylic acid tert-buty! ester
1

Preparation 20




/. rvrN F [4-(3-Cyclopropy1-7-fluoro-2- methy1-3H-benzoimidazol-5- y1)-5-fluoro-pyrimidin-2-yl]-
(5-piperidin-4-ylmethyl- pyridin-2-y1)-amine 476 60 HN N N N NN [5-Fluoro-4-(7-fluoro-3-
isopropyl-2-methy1-3H- benzoimidazol-5-y1)- pyrimidin-2-y1]-(6-methyl-5-
piperidin-4-ylmethy1-pyridin- 2-y0-amine 492 61 I' -

WO 2010/075074 PCT/US2009/068030

24-

5-(4-Ethyl-piperazin- 1 -ylmethyl)-pyridin-2-ylamine
Add lithium 1,1,1,3,3 3-hexamethyl-disilazane (1055 mL) slowly to a degassed
mixture of [-(6-bromo-pyridin-3-yimethyl)-4-cthyl-piperazine (250 g),
dicyclohexylphosphino)biphenyl (18.50 g), tris(dibenzylidencacetone)dipalladium (24.17
5  g)and THF (250 mL) at 50 °C. Heat the mixture at 65 °C overnight. Cool to 37 °C and
add water (500 mL). Remove half of the solvent under vacuum and add DCM (2.5 L),
Filter over a celite pad and remove part of the solvent. Add methanol (300 mL) and
methy! tert-butyl ether (MIBE, 600 mL) to the mixture and cool in an ice bath. Then, add
hydrochloric acid 2 M in ethyl ether (800 mL) and a 32 % agqueous solution of
10 hydrochloric acid (100 mL). Remove the organic layer, and add an aqueous solution of
sodium hydroxide 2 M (2500 mL). Extract the aqueous phase three times with DCM and
remove the solvent under vacuum. Solve in 90 mL of toluene at 50 °C until complete
dissohution and then add 80 mL of MiBE. Stir overnight at RT. Add additional MiBE
(100 mL) for complete precipitation. Filter the solid and dry to afford 108.24 g of the title
15  compound. MS (ES'): m/z= 221 (M+H)".
Prepare the following essentially as described for 5-(4-ethyl-piperazin-{ -

yimethyD-pyridin-2-ylamine using the corresponding 2-bromo-pyridine derivative:

Preparation Compound MS(&E{S_;{)){_MZ
51 4-(6-Amino-pyridin-3-ylmethyl}-piperazine-1- 293
carboxylic acid tert-buty! ester

Preparation 22
20 2,4-Dibromo-1-nitro-benzene
Add drop wise fuming nitric acid (101.40 mL) to & solution of 1,3-dibromo
benzene (102,51 mL) in concentrated suifuric acid (322.79 L) and water (62.39 mL) at
0°C. Warm to RT and stir for 12 h. Pour the reaction on ice-water {1500 mL). Filter the
resulting yellow solid under vacuum and dry to afford 178.46 g of the title compound.
25 MS (ES"): m/z= 281 (M+H)",
Preparation 23




Nj11H\/-N4 N [4-(3-Cyclopentyl-2-methyl- 3H-benzoimidazol-5-y1)-5- fluoro-pyrimidin-2-y1]-
(112,3',4',5',61-hexa hydro-[3,41bipyridiny1-6-y1)- amine 472 -32- Preparation Structure Compound
Name MS (ES+): Ink (M+H)+ 62 N-8 i N " . N\rNTN u [5-Fluoro-4-(7-fluoro-3-

WO 2010/075074 PCT/USIH0%/068030

10

15

20

25

30

25
(5-Bromo-2-nitro-phenyl)-cyclopentyl-amine
Add cyclopentanaming (32 mL) to a solution of 2,4-dibromo-1-nitro-benzene
{20 g} in 1-butanol (160 mL). Heat the mixture at 100 °C overnight. Remove the solvent
under vacuum, add water and extract with EA. Wash the organic layer sequentially with
an aqueous saturated solution of sodium bicarbonate and then water. Dry over magnesium

sulfate and remove the solvent under vacuum to afford 22 g of the title compound. MS
(ES™): m/z= 286 (M+H)".

Preparation 24
4-Bromo-N2-cyclopentyl-benzene-1,2-diamine
Add sodium dithionite (107.47 g) to a solution of S-bromo-2-nitro-phenyi)-
cyclopentyl-amine (22 g), THF (150 mL), water (150 mlL) and ammonium hydroxide (30
mL). Stir the mixture at RT overnight. Extract twice with EA, dry over magnesium

sulfate and remove the solvent under vacuum to afford 14.80 g of the title compound.
MS (ES™): m/z= 256 (M+H)".

Preparation 25
6-Bromo-1-cyclopenty!-2-methyl-1 H-benzoimidazole
Heat a mixture of 4-bromo-N2-cyclopentyl-benzene-1,2-diamine (10.6 g), triethyl

orthoacetate (9.5 mi) and acetic acid (6.3 mL) at 106 °C for 2.5 h. Dilute with DCM and

pour onto an agqueous saturated solution of sodium bicarbonate, Dry over sodium sulfate
and remove the solvent under vacuum. Purify by silica gel column chromatography,
eluting with DCM/ ethanol-10 % NH; (0-3 %) to afford 10.67 g of the title compound.
MS (ES"): m/z= 280 (M+H)".

Preparation 26
N-Isopropyl-acetamide
Add TEA (23.58 mL) to a solution of 2-propanamine (10 g ) in DCM (100 mL) at
0 °C. Then, carefully add drop wise acetic acid anhydride (16.15 mL). Stir at RT
overnight. Remove the solvent under vacuum, dilute with ethyl ether (ether) and filter the

sofid. Remove the solvent under vacuum. Dilute the 0il with ether, adé potasstum




isopropy1-2-methy1-3H- benzoimidazol-5-y1)- p yrimidin-2-y1]-(2-m ethyl- 1',2',3",41,5',6'-hexahydro-
[3,4Thipyridiny1-6-y1)-amine 478 63 N\ NN Si/a w r [5-Fluoro-4-(7-fluoro-3 ~ isopropyl-2-methyl-3H-
benzoimidazol-5-y1)- pyrimidin-2-y1145-(piperidin- 4-yloxy)-pyridin-2-y11-amine 480 64 441 \F t, "Th
...... #N Q E12.1c/ N61[5-Fluoro-4-(7-fluoro-3- isopropyl-2-methy1-3H- benzoitnidazol-5-y1)-
pyrimidin-2-yll-¥Wa8th)7303 4,5 6-tetrahydro-2H- [1 ,31bipyridiny1-4,6'-dfRiH82009/668030

10

15

26-
carbonate and stir overnight at RT. Filter the solid and remove the solvent under vacuum
to afford 15.62 g of the title compound. NMR (CDC13) 4.06 (m, 1H), 1.94 (s, 3H), 1.14
(d, 6H).

Prepare the following amides essentially as described for N-isopropyl-acetamide

using the corresponding amine:

Preparation Compound
27 N-Cyclopropyl-acetamide
28 N-Cyclopropylmethyl-acetamide
29 N-Cyclopentyl-acctamide

Preparation 30
N-(4-Bromo-2,6-difluoro-phenyl)-N'-isopropyl-acetamidine

Add TEA (10.05 mL) to a mixture of 4-bromo-2,6-difluorc-phenylamine (10.0 g),
N-isopropyl acetamide (9.73 g), phosphoryl chloride (6,70 mL) in toluene (150 mL). Heat
the mixture to reflux for 3 h. Cool the mixture and remove the solvent under vacuum,
Dissolve the crude tn DCM, wash with an aqueous saturated solution of sodium
bicatbonate several times to remove all traces of acid. Dry over sodium sulfate and
remove the solvent under vacuum to afford 14 g of the title compound. MS (ES™): m/z=
292 (M+H)".

Prepare the following intermediates essentially as described for N-(4-bromo-2,6-

diflucro-phenyli)}-N"-isopropyl-acctamidine using the corresponding acetamide:

Preparation Compound MS (;E[JE;{})+HVZ
N-(4-Bromo-2,6-difluoro-phenyl)-N'-
31 o 290
cyclopropyl-acetamidine
N-(4-Bromo-2,6-difluoro-phenyl)-N'-
32 7 304
cyclopropylmethyl-acetamidine




493 65 1I-Cr) N F\/ F NN N6'44-(3-Cyclopenty1-7- fluoro-2-methy1-3H- benzoimidazol-5-y1)-
pyrimidin-2-y1]-3,4,5,6- tetrahydro-2H- [1,31Thipyridiny1-4,61-diamine 487 66 N\N / F NNi
[4-(7-Fluoro-3-isopropyl-2- methy1-3H-benzoimidaz01-5- y1)-pyrimidin-2-y1[5- (piperidin-4-ylsulfanyl)-
pyridin-2-ylkamine 478 Example 1 [5-(4-Ethy 1-p iperazin-I-ylmethy

0-pyridin-2-y1]-TERHHIBYEEHH7 -fluoro-3-isopropy1-2- methy1-3 H-benzoimi&&Z8i53%6 M mid in-2-y
11-amine -33-

27-

N-(4-Bromo-2,6-diftuoro-phenyl)-N'-

33 cyclopentyl-acetamidine

318

Preparation 34
6-Bromo-4-fluore-1-isopropyl-2-methyl-1 H-benzoimidazole
Add potassium tert-butoxide (811.43 mg) to a sohution of N-(4-bromo-2,6-

5 difluoro-phenyl)-N'isopropyl-acetamidine (2 g) in N-methy! formamide (20 mL). Heat
the mixture at 100 °C for 2 h. Cool to RT, add DCM (150 mL), wash three times with
saturated sodinm chioride aqueous (brine, 300 mL), dry over magnesium suifate and
remove the solvent under vacuum. Add hexane and shake over ultrasound for a few
minutes. Filter the solid, repeat addition of hexane/filtration twice to afford 1.86 g of the

10 title compound. MS (ES"): m/z= 272 (M+H)".
Prepare the following intermediates essentially as described for 6-bromo-4-fluoro-

1-isopropyl-2-methyl-1H-benzoimidazole using the corresponding acetamidine:

Preparaticn Compound mrjis (%E{ig) N
6-Bromo-1-cyclopropyl-4-fluoro-2-methyt-1H-

35 2T 270
benzoimidazole
6-Bromo-1-cyclopropylmethyl-4-fluoro-2-methyl-

36 . . 284
1H-benzoimidazole
6-Bromo-1-cyclopentyl-d-fluore-2-methyl-1H-

37 T, 298
benzoimidazole

Preparation 38
15 4-Fluoro-1-isopropyl-2-methyl-6-(4,4,5,5-tetramethyi-[1,3,2]dioxaborolan-2-yh)-1H-
benzoimidazole
Bubble nitrogen into a mixture of 6-bromo-4-fluoro-1-isopropyl-2-methyl-1H-
benzoimidazole (30.0 g), bis(pinacolato)diboron (42.15 g), tricyclohexyiphosphine (5.43
g), potassium acetate (32,58 g), and DMSO {200 mL). Add palladium acetate (2.8 g) and
20 heatin pre-heated oil bath at 90 °C for |1 h. Dilute with EA (200 mL) and filter over a



Bubble nitrogen into a mixture of 6-(2-chloro-5-fluoro-pyrimidin-4-y1)-4-fluoro-
1-isopropyl-2-methyl-114-benzoimidazole (15.9 g), 5-(4-ethyl-piperazin-1-ylmethyl)- pyridin-2-ylamine
(10.85 @), cesium carbonate (32.10 g), tris(dibenzylideneacetone) 5 dipalladium (1.82 g),
4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (2.35 g) in 1,4- dioxane ﬁQ?.OG mL;. Heat the
mixture in a pré@dfddBitbath at 110C for 2 h. Cool to RT, dilute with JEMBARHIE Sver a celite
pad. Remove the solvent under vacuum and purify by silica gel column chromatography, eluting with
DCM/ methanol (2 A) and then DCM/ methanol-NH3 2 M 2 % to afford 22.11 g of the title compound.
MS (ES): ink= 10 507 (M+H)+.  Prepare the follo\%ﬁhg examples essentially as described for
[5'(4'ethy"piperazéélgé '{RW%M&%&%}M&%‘{M@E&ﬂﬂ-&%@gwﬁﬂ%@m@w&%ﬁmhyl-3H-benzoimida
zol- 5-y1)-pyrimidin-2-yl[-amine using the corresponding amine and chlorg- g’mi(iii e derivatives:
Example Structur&Gospomder raHe. Ngsy .m&a{lﬁ/ﬁﬁiil?lﬁc?thﬁlsﬂh‘w‘ﬂf‘{%&%u&%-t €(7-fluoro-3-
isopropy1-2-methy3sinheng ousigapltzy 1)9 pyrithidin-2-y1]-[5-(4- isopropyl-piperazin-I-y1)-
6-methyl-pyridin-2-y1]- %rrnefari]nee the following intermediates essentially as described for 4-fluoro-1-

5 isopropyl-2-methyl-6-(4,4,5 5-tetramethyl-{ 1,3 2]dioxaborolan-2-yl)-1H-benzoimidazole

using the corresponding 6-bromo-benzoimidazole derivatives:

MS (ES+).
Preparation Compound mz (MH)
}-Cyclopropyl-4-fluoro-2-methy!-6-(4,4,5,5-
39 tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H- 317
benzoimidazole
1-Cyclopentyl-2-methyl-6-(4,4,5,5-tetramethyt- 127
40 (1.3 2)dioxaborolan-2-y1)-1H-benzoimidazole
1-Cyclopropylmethyl-4-fluoro-2-methyl-6-(4,4,5,5-
41 tetramethy]-[1,3,2]dioxaborolan-2-y1)-1H- 331
benzoimidazole
1-Cyclopentyl-4-fluoro-2-methyl-6-(4,4,5,5-
42 tetramethyl-{1,3,2]dioxaborolan-2-yl)-1H- 345
henzoimidazole
Preparation 43

6{2~Chl0r0~5~ﬂuoro—pyrimidin—4-yi)-4—ﬂuor0-i-isopropyi-:z—methyi-lH—benzoimidazole
10 Bubble nitrogen into a mixture of 2,4-dichloro-5-fluoro-pyrimidine (12.7 o),
bis(tripheny phosphine)palladium(Il) chloride (4.9 g), sodium carbonate 2 M in water
(103.7 mL) and 1 2-dimethoxyethane (120 mL). Heatin a pre-heated oi] bath at 80 °C and
add drop wise a solution of 4-fluoro-1-isopropyl-2-methyl-6-(4 4,5, 5-tetramethyl-
[1,3,2]dioxaborolan-2-yl}-1H-benzoimidazole (22 g) in 1,2-dimethoxyethane (200 mL).
15  Stir the mixture at 84 °C for | h. Cool 1o RT, add EA (800 mL) and wash twice with brine
(100 mL). Dry over magnesium sulfate and remove the solvent under vacuum. Triturate
with acetonitrile to afford 14.4 g of the title compound. MS (ES"): m/z=323 (M+H)'".
Prepare the following intermediates essentially as described for 6-(2-chloro-5-
ﬁuoro—pyrirnidin~4—yl)-4—ﬂuoro—1-isopropyl&-methyl—lH—benzoimidazole using the

20  corresponding dichloto-pyrimidine and boronate derivatives:




521 \ O0( ").---y -34- Example Structure Compound Name (ES+): MS tn/z (M+H)+ 533 3

WO 2610/675074 PCTUS2009/068030
0.
. MS (ES+):
Preparation Compound miz (M+HY
6-(2-Chloro-5-flucro-pyrimidin-4-y1)-1-
44 cyclopropyl-4-fluoro-2-methyl-1H- 321
benzoimidazole
45 6-(2-Chloro-5-fluoro-pyrimidin-4-yi)-1- 331
cyclopentyl-2-methyl-1H-benzoimidazole ‘
6-{2-Chloro-3-fluoro-pyrimidin-4-y1)-1-
46 cyclopropy!methyl-4-fluoro-2-methyl-1H- 335
benzoimidazole
47 6-(2-Chloro-pyrimidin-4-yi)-1-cyclopentyl-4- 131
fluoro-2-methy!l-1 H-benzoimidazole
AR 6-(2-Chloro-pyrimidin-4-yI)-4-fluorc-1- 105
isopropyl-2-methyl-1H-benzoimidazole

Prepare the following intermediates essentially as described for [5-(4-ethyl-
piperazin-1-ylmethy!)-pyridin-2-yij-{5-fluoro-4-(7-fluoro-3-isopropyl-2-methyi-3H-
5 benzoimidazol-5-y1)-pyrimidin-2-yi]-amine below using the corresponding amine and

chloro-pyrimidine derivatives:

MS (ES+):

Preparation Compound miz (M+H)y

4-{6-[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-

49 3H-benzoimidazol-5-y)-pyrimidin-2-ylamino}-

pyridin-3-yimethyl}-piperazine- 1 -carboxylic acid
tert-butyl ester

579

4-{6-{4-(3-Cyclopropyl-7-fluoro-2-methyl-3H-

50 benzoimidazol-5-y1)-S-fluoro-pyrimidin-2-

ylamino]-pyridin-3-yimethyl}-piperidine-1-
carboxylic acid tert-butyl ester

576




[4-(3-Cyc|opropylmethyl- 7-f|uoro-2-methy1-3H- benzoimidazol-5-y1)-5- fIuoro-pyrrimidin-211145-[5
(4-|sopropy_l-piperazin-1- y1)-6-methyl-pyridin-2-yll- amine M\t

WO 2010/075074 PCT/US2009/068039

230~

MS (ES+):

Preparation Compound miz (M+H}

4-16-[5-Fiuoro-4-(7-flucro-3-isopropyl-2-methyl-

51 3H-benzoimidazol-5-y1)-pyrimidin-2-ylamino}-2-

methyl-pyridin-3-ylmethyl} -piperidine-1-
carboxylic acid tert-butyl ester

592

6-]4-(3-Cyclopentyl-2-methyl-3H-benzoimidazol-

5 5-y1)-5-fluoro-pyrimidin-2-ylamino]-3',4",5',6'-

tetrahydro-2'H-[3,4"bipyridinyl-1'-carboxylic acid
tert-butyl ester

572

6-[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-

53 benzoimidazol-5-yl)-pyrimidin-2-ylamino]-2- 578

methyl-3'4',5',6"tetrahydro-2'H-[3,4'bipyridinyl-
1'-carboxylic acid tert-butyl ester

4-{6-[5-Fluorg-4-(7-fluore-3-isopropyl-2-methyl-

54 3H-benzoimidazol-5-yi)-pyrimidin-2-ylamino}-

pyridin-3-yloxy }-piperidine-1-carboxylic acid
tert-butyl ester

580

{6"-]5-Ftuoro-4-( 7-fluoro-3-isopropyl-2-methyl-

55 3H-benzoimidazol-5-y1)-pyrimidin-2-ylamino]-2'-

methyl-3,4,5,6-tetrahydro-2H-{ 1,3 Tbipyridiny1-4-
y1}-carbamic acid tert-butyl ester

593

{6-[4-(3-Cyclopentyl-7-fluoro-2-methyl-3H-
56 benzoimidazol-5-yl)-pyrimidin-2-ylamino}- 587
3,4,5 6-tetrahydro-2H-[1,3"Tbipyridinyl-4-y1} -

carbamic acid tert-buty! ester

4-{6-[4-(7-Fluoro-3-isopropyl-2-methyl-3H-

57 benzoimidazol-5-yl)-pyrimidin-2-ylamino]-

pyridin-3-yisulfany!}-piperidine-1 -carboxylic acid
tert-butyl ester

578

Preparation 58
[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-3-yl)-pyrimidin-2-y1 }-5-
piperazin-1-ylmethyl-pyridin-2-yi}-smine



Example 4 [5-Fluoro-4-(7-fluoro-3-isopropyl-2-methy1-3H-benzoimidazol-5-y1)-pyrimidin-2-y1]-[5-
(4-isopropyl-piperazin-l-ylmethyl)-pyridin-2-yl]-amine 5 Add sodium triacetoxyborohydride (299.9
mg) to a mixture of [5-fluoro-4-(7- fluoro-3 -isopropy1-2- me thyl-3 H-benzoimi dazol-5-y1)-pyrimidin-2
-yl] - (5-pip erazin- 1 - yimethyl -pyridin-2-y1)-amine (130 mg), acetone (31.6 RL), 1, 2-dichloroethane
(9 mL) and aceti® HHMEB4 ML). Heat at 60 C for 1 h. Remove the solv&fTHAEPYREUm. 10Purify by
strong cation exchange cartridge (SCX) eluting with methanol and then methanol-NH; 2 M followed by
silica gel column chromatography eluting with DCM/methanol-NH3 2 M (3 A)) to afford 115 mg of the
titte compound. MS (ESt): nu-- 521 (M+H)+. P}bpare the following examples essentially as
described for y
[5-fluoro-4-(7-fluoro153-isopropyl-2-methyl-3H-be 73
erazin- l-ylmethyl)-pyridin-2-y1Famine using the £obresp
Compound Name MS (ES+): rth (M+H)+5 }_N Y

To a mixture of 4-{6-[5-fluoro-4-(7-fluoro-3-isopropyi-2-methyl-3H-

lezoI-S-yl)-pyrimidin-2-y1]-5-(4-isopropyl-pip
ing amines: -35- Example Structure

benzoimidazol-5-yl)-pyrimidin-2-ylamino]-pyridin-3-ylmethyl} -piperazine- 1-carboxylic

acid tert-buty] ester (150 mg) in DCM (10 mL) and methancel (10 mL) add hydrogen

5  chloride 4M in dioxane (194 pL). Stir 10 min and remove the solvent under vacuum.

Purify by strong cation exchange cartridge (SCX) eluting with methanol and then

methanol-NH; 2M followed by silica gel column chromatography eluting with
DCM/methanol-NH; 2M (3 %) to afford 120 mg of the title compound. MS (ES"): miz=

479 (M+H)".

10 Prepare the following intermediates essentially as described for [S-fluoro-4-(7-

fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-y1}-pyrimidin-2-yl]-(5-piperazin-1-

yimethyl-pyridin-2-y1)-amine:

MS (ES+):
Preparation Structure Compound Name m/z
{M+HW
H—(\V —, F i4-(3-Cyclopropyl-7-fluoro-2-
P W methyl-3H-benzoimidazol-5-
59 — P yh-5-fluoro-pyrimidin-2-yl]- 476
N (5-piperidin-4-ylmethyl-
N, N
vy pyridin-2-yl)-amine
I [5-Fluoro-4-(7-fluoro-3-
¥
Ne= N—{\N { isopropyt-2-methyl-3H-
\ benzoimidazol-5-y1}-
60 " | pyrimidin-2-y1]-(6-methyl-5- 492
) YN N piperidin-4-ylmethyl-pyridin-
T 2-yl})-amine
§,<\N" " [4-(3-Cyclopentyl-2-methyl-
N { 3H-benzoimidazol-5-y1)-5-
- fluoro-pyrimidin-2-y1j-
ol {1'2,3' 4,5 6-hexa 472
/ N N hydro-{3,4" bipyridiny}-6-yl)-
5 Q, T amine




~ N-Th/F NN \ IfN- [5-Fluoro-4-(7-fluoro-3- isopropy1-2-methy1-3H- benzoimidazol-5-y1)-

. pyrimidin-2-y1]-[6-methyl- 5-(I -methyl-piperidin-4- ylmethyl)-pyridin-2-y11- amine 506 6 [IN N/F - " 4 sy
NN [5-Fluoro-4-(7-fluoro-3- isopropyl-2-methyl-311- benzoimidazol-5-y1)- pyrimidin-2-y1]-15-(1-

isopropyl-piperidin-4- yimethyl)-6-methylpyridin-2-yll-amine 534 7 [4-(3-Cyclopenty1-2-

methy1-3H-ber?ggif"m@é{}s&—”—“5-y1)-5-f|uoro-pyrimidin-z- y1]-(1-isopropyl- 1%%¢%?g¥@ﬁ??gg<ahydro- [3

,41bipyridiny1-6-y1)-

32.

% MS (ES+): |

Preparation Structure ' Compound Name m/z
(M+H)+

[5-Fluoro-4-(7-fluoro-3-

%"(5 —/ F -
N={ N isopropy!-2-methyl-3H-
Y ; benzoimidazol-5-yl)-
62 r pyrimidin-2-y1]-(2-methyl- 478
YN N 1%,2".3,4",5" 6 -hexahydro-
i T [3,4"bipyridinyl-6-yi-amine

' §—£~ JF [5-Fluoro-4-{7-fluoro-3-
N=\ N isopropyl-2-methyl-3H-
63 H’O‘ P F benzoimidazol-5-yl)- 480
o
YNT,N

pyrimidin-2-yi}-[5-{piperidin-
4-yloxy)-pyridin-2-y1]-amine

;f_.(/ WY_r N6'-[5-Fluore-4-(7-fluoro-3-
G isopropyl-2-methyt-3H-
- benzoimidazol-5-y1)-
64 N pyrimidin-2-yl}-2"-methy
Q /\‘N N 1-3,4,5 6-tetrahydro-2H-
BN T [1,3"bipyridinyl-4,6"-diarnine

Sy ‘} NG'-{4-(3-Cyclopentyl-7-
Ne N fluoro-2-methyl-3H-
- \ 4 benzoirmidazol-5-yl)-
pyrimidin-2-yI]-3,4,5,6-

N
Q O’NTN tetrahydro-2H-

N [1,3"Tbipyridinyl-4,6'-diamine

493

487

N g [4-(7-Fluoro-3-isopropyl-2-
methy!-3H-benzoimidazol-3-
66 \ P yl)-pyrimidin-2-yl]-[5- 478
H-\TD‘S I\ (piperidin-4-ylsulfanyl)-
7’3 \f pyridin-2-yij-amine

Example 1
[5-(4-Bthyl-piperazin-1-ylmethyl)-pyridin-2-y1]-[ 5-fluoro-4-(7-fluoro-3-isopropyl-2-
methyl-3H-benzoimidazol-5-y1)-pyrimidin-2-yl]-amine




amine N..4,'1514 F ..... N 1-1\ _ I--4\ 8 HN-/N\41 N [5-Fluoro-4-(7-fluoro-3--
isopropy1-2-methy1-3Hbenzoimidazol-5-y1)- pyrimidin-2-y1]-[5-(1- isopropyl-piperidin-4-
yloxy)-pyridin-2-ylkamine 522 Example 9 [443
-Cyclopropy1-7-fluoro-2-methyl-3H-benzoimidazol-5-y1)-5-fluoro-py rimidin-2-y1 -1}&5- 1
—ethyl-piperidit¥£-$MI885YT-pyridin-2-ylkamine -36-  Add sodium triacEtoXyBoronyaride (720 mg) to
a mixture of [4-(3-cyclopropyl-7-
fluoro-2-methyl-3H-benzoirnidazol-5-y1)-5-fluoro-pyrimidin-2-y1]-(5-piperidin-4-
ylmethyl-pyridin-2-y1)-amine (110 mg), 1,2 dichlorogthane (1.14 mL) and acetic acid (2709 pL). Heat
at 60C for 1 h. Remove the solvent under vacuum. Purifyhy strong 5 cation exchange cartridge (SCX)
eluting with methanol and then methanol-NH3 2M foﬂev&ed/ silica gel column chromatography
eluting with DCM/ methanol-NH, 2M (3%) to affopg=80 nigof the tide compound. MS (ES): ni/z= 504
(M+H)+, Prepare the following examples es§enfially @ gbed for [4-(3-cyclopropyl-7-
quoro-2-methyL3H-benzoimidazol-5-yjs\t§! ugroAy

rimidin-2-y1]-[5-(1-ethyl-piperidin104-ylme -pyridin-Z%Ik jNe using the corresponding amines:
Example QQ?

Bubble nitrogen into a mixture of 6-(2-chloro-3-fluore-pyrimidin-4-y1)-4-fluoro-
1-isopropyl-2-methyl- 1 H-benzoimidazole (15.9 g), 5-(4-ethyl-piperazin-1-yimethyl)-
pyridin-2-ylamine (10.85 g), cestum carbonate (32.10 g), tris(dibenzylideneacetone)

5 dipalladium (1.82 g), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (2.35 g) in 1,4-
dioxane (197.06 mL). Heat the mixture in a pre-heated oil bath at 110 °C for 2h. Cool to
RT, dilute with DCM and filter over a celite pad. Remove the solvent under vacuum and
purify by silica gel column chromatography, eluting with DCM/ methanol (2 %) and then
DCM/ methanol-NH; 2 M 2 % to afford 22.11 g of the title compound. MS (ES"): m/z=
10 507 (M+H)".
Prepare the following examples essentially as described for [5-(4-ethyl-piperazin-
{-ylmethyl)-pyridin-2-y1]-{5- fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-

5-y1)-pyrimidin-2-y!}-amine using the corresponding amine and chloro-pyrimidine

derivatives:
MS
C d ES+):
Example Structure bt ( mjz)
(MAH Y
AR '
”’{\ Vs [5-Fluoro-4-(7-fiuoro-3-
ff N N isopropyl-2-methyl-3H-
— benzoimidazol-3-yl)-
2 ) pymidin2ylHs-4- | 521
<— -x> AR isopropyl-piperazin-1-yl)-
71 \r 6-methyl-pyridin-2-yi}-
‘{’ amine




Structure compound Name MS (ES+): ink 0\M471-FO+ 10 N\ NN /. [5-0 -Ethyl-piperidin-4-
ylmethyl)-6-methyl-pyridin-2- y1[5-fluoro-4-(7-fluoro-3- isopropy1-2-methy1-3H- benzoimidazol-5-y1)-
pyrimidin-210-amine 520 11 \ A NtN (1'-Ethyl-2-methyl- I',2',3',4',5',6'-hexahydro-
[3,41Thipyridiny1-6-y1)45- fluoro-4(7-fluoto-3- isopropyl-2-methyl-3Hbenzoimidazol-5-y1)-

S s

pyrimidin-2-ylK "2 FNIiN PCT/US2065/0680
-34-
MS
Compound (ES+):
Example Structure Name iz
(M+H )+
N
K
—<\ Vak {4-(3-Cyclopropylmethyl-
,I«q N\ N 7-fluoro-2-methy-3H-
o benzoimidazol-5-y1)-5-
3 F fluoro-pyrimidin-2-y1}-[S- 533
@ boX (4-isopropyl-piperazin-1-
\f y1)-6-methyl-pyridin-2-yl}-
_.<' amine

Example 4
[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-y1)-pytimidin-2-y1]-[5-
(4-isopropyl-piperazin-1 -ylmethyl)-pyridin-2-yl]-aming

i
oy
NON }N\TN

Add sodium triacetoxyborohydride (299.9 mg) to a mixture of {S5-fluoro-4-(7-
fluore-3-isopropyl-2-methyl-3H-benzoimidazol-5-yI}-pyrimidin-2-yi]-(§-piperazin-1 -
ylmethyl-pyridin-2-yl}-amine (130 mg), acetone (31.6 uL}, 1, 2-dichloroethane (9 mL)
and acetic acid (16.3 uL). Heat at 60 °C for 1 h. Remove the solvent under vacuum,

10 Purify by strong cation exchange cartridge (SCX) eluting with methanol and then
methanol-NH; 2 M followed by silica gel column chromatography eluting with
DCM/methanol-NHz 2 M (3 %) to afford 115 mg of the title compound. MS (ES™): m/z=
521 (M+HY"

Prepare the following examples essentiaily as described for [5-fluoro-4-(7-fluoro-

15 3-isopropyl-2-methyl-3H-benzoimidazol-5-y)-pyrimidin-2-y1]-[5-(4-isopropyl-piperazin-

1-ylmethyl}-pyridin-2-yl]-aming using the corresponding amines:




N-4 N #F [5-(1-Ethyl-piperidin-4- yloxy)-pyridin-211115-fluoro- 4-(7-fluoro-3-isopropyl-2-
methyl-3H-benzoimidazol-5- y1)-pyrimidin-2-y11-amine 508 -37- 13 N\ 2' 7-14N ris?1
N4,N4-Diethyl-N6'45-fluoro- 4-(7-fluoro-3-isopropyl-2- methyl-3H-benzoimidazol-5-
YD-pyrimidin-2-y1]-2T-methyl- 3,4,5,6-tetrahydro-2H- [1,3]bipyridinyt-4,61-diamine 549 14 1'1%/ -N 11

0 0--Nio dl‘) WO 2019/075074 PCT/US2009/068030
.35-
MS (ES+):
Example Structure Compound Name w'z
(M+H}+
Ne= [5-Fluoro-4-(7-fluoro-3-
N g isopropyl-2-methyl-3H-
N={ N -
benzoimidazol-5-yh)-
5 ' ¥ | pyrimidin-2-yl}-{6-methyl- | 506
—=N 5-(1-methyl-piperidin-4-
YNTN ylmethy!)-pyridin-2-yl]-
amine
g N= [5-Fluoro-4-(7-fluore-3-
N_<\- JF isopropyl-2-methyl-3H-
=7 benzoimidazol-5-yl)-
6 \ / Pl pyrimidin-2-yI]-[5<1- 534
>‘N AY isopropyl-piperidin-4-
YNTN ylmethyl)-6-methyl-
pyridin-2-yl]-amine
N \N )F [4-(3-Cyclopentyl-2-
}*T\ N methyl-3H-benzoimidazol-
— S-yI)-5-fluoro-pyrimidin-2-
7 yl}-(1-isopropyl- 514
_ NN 1",2'.3' 4", 5" 6"-hexahydro-
N~/ T [3 4 Tbipyridinyl-6-y1)-
_'ﬂ amine
ﬂ_zj— )F {.S—F1u0r0-4-(7—ﬂuoro-3m
= N isopropyl-2-methyl-3H-
8 Y A . berfzqin'ﬁdazoié-yl)- 579
>—N a pyrimidin-2-y1]-[5-(1-
YN SN isopropyl-piperidin-4-
\r yloxy)-pyridin-2-yl]-amine
Exanple 9

[4-(3-Cyclopropyl-7-flucro-2-methyl-3H-benzoimidazol-5-y1)- S-fluoro-pyrimidin-2-yl]-
[5-(1-ethyl-piperidin-4-ylmethyl)-pyridin-2-yl]-amine

N
aY
roN




N6'44-(3-Cyclopenty1-7- fluoro-2-methy1-3H- benzoimidazol-5-y1)- pyrimidin-2-yll-N4,N4-
diethy1-3,4,5,6-tetrahydro-2H- [1,31]bipyridiny1-4,6'-diamine 543 15 HN-N-4i4 F N '
[541-Ethyl-piperidin-4- ylsullany1)-pyridin-2-y1144- (7-fluoro-3-isopropyl-2-
methyl-3H-benzoimidazol-5- y1)-pyrimidin-2-ylkamine 506 Example 16
5[5-(4-Ethyl-pipe@2ar/pifiiethyl)-pyridin-2-y1]45-fluoto-4-(7-fluoro-3-isopPE i S2109/068030
methyl-3H-benzoimidazol-5-y1)-pyrimidin-2-y11-amine methanesulfonate =~ Add methanosulfonic
acid (63.59 rnL) to a solution of [5-(4-ethyl-piperalui-1-
ylmethyl)-pyridin-2-y1]-[5-fluoro-4-(7-fluoro-3-isoproffyl-2-methyl-3H-benzoimidazol-5-

10y1)-pyrimidin-2-y1]- aml #iu P Cepmgbrgl Jgdg Q&%)(t]égt(?n%) OW g%%ggeé?‘%#gc)o InL). Stir the

solution for 1 h and removest e solvent under vacuum turate wit te the solid to

afford 20.4 g of thdltitte-towthiddHcdems gy inlt=S5bmrennmydin-2-yipiepiagedipd-following examples
essentially as des ﬁ? f Emdm— -y[}-amine (110 mg), 1,2 dzchloroethane (1. 14 mL) and acetic acid

> i;“g'ﬁ;pz;?.n@z& e S o0 ol gy 1t o
(M-i-H)+ cation exchange cartridge (SCX) efuting with methanol and then methanolnNHg, M
followed by silica gel column chromatography eluting with DCM/ methanol-NH; 2M
(3%) to afford 80 mg of the title compound. MS (ES™): m/z= 504 (M+Hj)",
Prepare the following examples essentially as described for [4-(3-cyclopropyl-7-
fluoro-2-methyl-3H-benzoimidazol-5-y1)-5-fluoro-pyrimidin-2-y1]-[5-(1-ethyl-piperidin-
10 4-ylmethyl)-pyridin-2-yl)-amine using the corresponding amines:

MS (ES+):

Compound Name mz

(M-AH)

T—'i'vqmn]e

A7, N0 49

[5-(1-Bthyl-pipetidin-4-
yimethyl)-6-methyl-pyridin-2-
yl}-{5-fluoro-4-(7-fluoro-3-
isopropyl-2-methyl-3H-
benzoimidazol-5-yl)-
pyrimidin-2-y{}-amine
(1'-Ethyl-2-methyl-
1,2',3'4',5°,6"-hexahydro-
13,4 Thipyridinyl-6-y1)-[5-
fluoro-4-(7-fluoro-3- 506
isopropyl-2-mefhyl-3H-
benzoimidazol-3-yl)-
pyrimidin-2-yl]-amine

{5-(1-Ethy}-piperidin-4-
yloxy)-pyridin-2-yi}-[5-fluoro-
¥ 4-(7-fluoro-3-isopropyl-2- 508
methyl-3H-benzoimidazoel-5-

yl)-pyrimidin-2-y1]-amine

10 520

/"'.\I

11




17 [5-Fluoro-4-(7-fluor0-3-isopropy1-2-methyl-3H- benzoimidazol-5-y1)-pyrimidin-2-y1]-[5-(4-
iIsopropyl-piperazin-1-y1)-6-methyl1-pyridin-2-y1]- amine methanesulfonate 521 18
[4-(3-Cyclopropylmethyl-7-fluoro-2-methyl-3H- benzoimidazol-5-y1)-5-fluoro-pyrimidin-2-y1145-
(4-isopropyl-piperazin-1-y1)-6-methyl-pyridin-2- ylkamine methanesulfonate 533 19
[5-Fluoro-4-(7-MibiBLEeisHropy 1-2-methyl-3H- benzoimidazol-5-y1)-pyriffrdiHE2%P {98k -
iIsopropyl-piperazin-1-y(methyl)-pyridin-2-y11- amine methanesulfonate 521 20
[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H- benzoimidazol-5-y1)-pyrimidin-2-ylk[6-methy I-5-
(1-methyl-piperidin-4-ylmethyp- pyrldln -2-01- amine-fethanesulfonate 506 21
15-Fluoro-4-(7-flupro-3-isopropyt=2-mett: 2nzoimidazol-5-y1)- pyrlmlgln -2-y1]-(5
isopropyl-piperidin-4-ylmethyl)-6- metiR y Ntarhimespetoaarusonate 534
4-(7-fluoro-3-isopropyl-2-
" | methyl-3H-benzoimidazol-5-

13 C) )\N N yl)-pgrirnidin—2-y1]—2‘-methyl-

T 3,4,5,6-tetrahydro-2H-
/!~ ”) [1,3Thipyridinyl-4,6'-diamine

I
o
1

549

H

Y, N6-[4-(3-Cyclopentyl-7-
» flucro-2-methyl-3H-

F benzoimidazol-5-yt)-

14 Q O pyrimidin-2-yI}-N4,N4-
N T diethyl-3,4,5,6-tetrahydro-2H-
/7 ) [1,3']bipyridinyl-4,6'-diamine

543

) [5-(1-Ethyl piperidin-4-
p ylsulfanyl}-pyridin-2-ylj-[4-
L5 F {7-fluoro-3-isopropyl-2- 506
\'NQ'S e methyl-3H-benzoimidazol-5-
7’ ¢ yI)-pyrimidin-2-yl}-amine

Example L6
5 [5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-y1}-{5-fluoro-4-(7-fluoro-3-isopropyl-2-

methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl}-amine methanesulfonate

Add methanosulfonic acid (63.59 mL) to a solution of [5-(4-ethyl-piperazin-1-
yimethyl)-pyridin-2-yi]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-3-

10 yl-pyrimidin-2-y{}-amine (17.3 g) in a mixture of DCM (100 mL) and methanol (100
mL), Stir the solution for 1 k and remove the solvent under vacuum. Triturate with MtBE
and filtrate the solid to afford 20.4 g of the title compound. MS (BS): miz= 507 (M+H)".
Prepare the following examples essentially as described for [5-(4-ethyl-piperazin-
1-yimethyl)-pyridin-2-y1}-[5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-

15 5-yl}-pyrimidin-2-yl]-amine methanesulfonate:




22 [4-(3-Cyclopentyl-2-methyl-314-benzoimidazol-5- yl)-5-fluoro-pyrimidin-2-y1]-(1'-isopropyl-
1',2',3',4',5',6'-hexahydro-[3,4']bipyridiny1-6-y1)- amine methanesulfonate 514 23
[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methy1-3H- benzoimidazol-5-y1)-pyrimidin-2-y1]45-(1-
isopropyl-piperidin-4-yloxy)-pyridin-2-y1Famine methanesulfonate 522 24
[4-(3-CyclopropP12qisitt 2-methy1-3H- benzoimidazol-5-y1)-5-fluoro-gRrHyRAMEASHTE 5
(1-ethyl-piperidin-4-ylmethyl)-pyridin-2-ylkamine rnethanesulfonate 504 -39- Example Compound
(ES+): infz (M+H)+ 25 [5-( 1 -Ethyl-piperidin-4-ylmethyl)-6-methy1-
pyridin-2-y1]-[5-fluoro-4-(7-fluoro-3-isopropy1-2- méthy1-3H-benzoimidazol-5-y1)-pyrimidin-2-yl]-
amine methanesulferate-520-2 MS (ES+):

miz (M+H)

Example Compound

[5-Fhuoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-

17 benzoimidazol-5-yl)-pyrimidin-2-y11-{5-(4-

isopropyl-piperazin-1-y)-6-methyl-pyridin-2-yl]-
amine methanesulfonate

521

[4-(3-Cyclopropylmethy}-7-fluoro-2-methyl-3H-

13 benzoimidazol-5-y1)-5-fluoro-pyrimidin-2-y1]-[5-

(4-isopropyl-piperazini-1-y1)-6-methyl-pyridin-2-
yi}-amine methanesulfonate

533

[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-
benzoimidazol-3-y1)-pyrimidin-2-y1}-[5-(4-
v isopropyl-piperazin-i -ylmethyl)-pyridin-2-yl}-
amine methanesulfonate

521

[5-Fluoro-4-(7-fluoro-3-isopropyi-2-methyl-3H-

20 benzoimidazol-5-y1)-pyrimidin-2-y1]-[ 6-methyl-5-

(1-methyl-piperidin-4-yimethyl)-pyridin-2-yl}-
amine mothanesulfonate

506

[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-

71 benzoimidazolus-yi)—pyrimidin«Z—yl]-{S-(i_— .

isopropyl-pipetidin-4-yimethyl)-6-methyl-pyridin-
2-ylj-amine methanesuifonate

534

[4-(3-Cyclopenty]-2-methyl-3H-benzoimidazol-5-

) v1)-5-fluoro-pyrimidin-2-y1] -1 -iscpropy!-

1,2',3' 45", 6-hexahydro-{3 4"Ibipyridinyl-6-y1)-
amine methanesulfonate

514

[5-Fluore-4-(7-fluoro-3-isopropyi-2-methyl-3H-

” benzoimidazol-5-y1)-pyrimidin-2-yl}-[5-( -

isopropyl-piperidin-4-yloxy)-pyridin-2-yt}-amine
methanesulfonate

522

(4-(3-Cyclopropyl-7-fluoro-2-methyl-3H-
benzoimidazol-5-yi)-5-fluoro-pyrimidin-2-y1]-[5-
24 (1-ethyl-piperidin-4-ylmethyl)-pyridin-2-yl]-amine
methanesulfonate

504




(1'-Ethyl-2-methyl-I',2',3',4',5',6'-hexahydro- [3,41bipyridiny1-6-y1)-[5-fluoro-4-(7-fluoro-3-
isopropy1-2-methyl-3H-benzoimidazol-5-y1)- pyrimidin-2-y1]-amine tnethanesulfonate 506 27
[5-(1-Ethyl-piperidin-4-yloxy)-pyridin-211145- fluoro-4-(7-fluoro-3-isopropyl-2-methy1-3H-
benzoimidazol-5-y1)-pyrimidin-2-y1Famine methanesulfonate 508 28
N4,N4-Diethy! @ 181410653244 7-fluoro-3- isopropyl-2-methyl-3H-benzoim Sz BF 858030
pyrimidin-2-y1]-2'-methy1-3,4,5,6-tetrahydro-2H- [1,31bipyridinyl-4,61-diamine methanesulfonate 549
29 N6°44-(3-Cyclopentyl-7-fluoro-2-methyl-3H- benz01midazO0I-5-y1)-pydin-2-y1l-N4,N4-
diethyl-3,4,5,6-tetrahydro-2H41,31 Thipyridiny1- 4,6%8iamine methanesulfonate 543 30
[5-(1-Ethyl-piperidinfg=ytsutfanyt)-pyridin=-21ii- [4-f7-ﬁUOfO-d-iSOpFOpyJ.u_-I'EIEIM:PiH-
benzoimidazol-5-y1)-pyximigin-2-yl]-amine methapgssiienate 506

mz (M+H)M

[5- 1-Ethyl-pipetidin-4-yImethyl)-6-methyl-
pyridin-2-y1]-{5-fluoro-4-(7-fluoro-3-isopropyl-2-
2 methyl-3H-benzoimidazol-5-y1)-pyrimidin-2-yll-
amine methanesulfonate

520

(1'-Ethyl-2-methyl-1',2" 3" 4", 5" 6"-hexahydro-

[3,4"Tbipyridinyl-6-y1)-[5-fluore-4-(7-fluoro-3-

isopropyl-2-methyl-3H-benzoimidazol-5-yl)-
pyrimidin-2-yl]-amine methanesulfonate

26 506

{5-(1-Ethyl-piperidin-4-yloxy -pyridin-2-y1}-{5-

9 fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-

7 benzoimidazol-5-y!)-pyrimidin-2-y1]-amine
methanesulfonate

508

N4 N4-Diethyl-N6'-[5-fluoro-4-(7-fluoro-3-

2% isopropyl-2-methyl-3H-benzoimidazol-5-y1)-
pyrimidin-2-y{}-2"-methy-3,4,5,6-tetrahydro-2H-
[1,3"hipyridinyl-4 6'-diamine methanesulfonate

549

N6'-[4-(3-Cyclopentyl-7-fluoro-2-methyl-3H-

29 benzoimidazol-5-y1)-pyrimidin-2-y1]-N4,N4-

diethyl-3 4,5,6-tetrahydro-2H-[1,3'Tbipyridinyl-
4 6'-diamine methanesulfonate

543

[5-(1-Ethyl-piperidin-4-ylsulfanyl}-pyridin-2-y1]-

10 [4-(7-fhuoro-3-isopropyl-2-methyl-3H-

benzoimidazol-5-yl)-pyrimidin-2-yl}-amine
methanesulfonate

506

Example 31
{5-(4-Ethyl-piperazin-1-yimethyl)-pyridin-2-yl]-[ 5-fluoro-4-(7-fluoro-3-isopropyl-2-
methyl-3H-benzoimidazol-5-y1)-pyrimidin-2-yl}-amine
5 Crystalline form I
Mix 102.1 mg of amorphous [5-(4-ethyl-piperazin-1-yImethyl)-pyridin-2-y1}-
[5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-y1]-

amine with 2 mL acetone. Isolate the precipitated solid by vacuum filtration, producing a



Example 31 [5-(4-Ethyl-piperazin-I-ylmethyl)-pyridin-2-y1]-[5-fluoro-4-(7-tluoro-3-isopropyl-2-
methyl-3H-benzoimidazol-5-y1)-pyrimidin-2-ylkamine 5Crystalline form | Mix 102.1 mg of amorphous
[5-(4-ethyl-piperazin-l-ylmethyl)-pyridin-2-y1]-
[5-fluoro-4-(7-fluoro-3-isopropyl1-2-methy1-3H-benzoimidazol-5-y1)-pyrintidin-2-yl]- amine with 2 inL
acetone. Isolaf¥ @781 Htated solid by vacuum filtration, producing a 20" HeMPYE#EH cake and dry
in place on the filtration apparatus for 30 mm, giving 72.1 mg of a solid. Place the solid in a 100 C
vacuum oven for 3 h. Representative XRD peaks of form! are shown in Table 1. 5Example 32
[5-(4-Ethylpiperazin-I-ylmethyl)-pyridin-2-y1]-5-fluoréiz-(7-fluoro-34sopropyl-2-

methyl-3H-benzoimi -5-yv ) -pyrmidin:2- ' ' | of amorphous
[544-ethy|-piperaz?%?ﬁéﬁéﬁf%‘y‘%%%ﬁ%%ﬂf@%&ﬁi@?ﬁ%ﬁﬁwﬁmw’W"’ﬁ“% i
fluoro-4-(7-fluoro-@ﬁéé‘fi’r‘bﬁ;}?ﬂziﬁﬁéﬂ#ﬁl@ﬁlﬁ’e BHIELER 8415 pyrimidia-2-y11-amine with 4 mL
acetone. Slurry the suspepsiRR{OreXRRHGHIVREE] St sHgein GBI rpm, and then isolate the solid by
vacuum filtration, producing a light yellow cake. Dry in place on the filtration apparatus for 30 mm,
giving 112 mg of a solid (54% vyield). Place in an 80 C vacuum oven for 3 h. 15Representative XRD
peaks of form HI are shown in Table 2. The pealEpiticas were verified using an external standard.
X-RaVZIBOWde(; Digf?gﬂ@miﬁbﬁa{é@a&p@tﬁ@ﬂ@ﬁ)@fyﬁaﬁaatyqtgjswawmmamdpm@rammr 1)8 Advance
X-ray 20 powder diffractometer, equi with a CuKa source (X,- 1.54056 A) and a Vantec detector,
operating at 50 kV and 40 mA. Elg%ﬁll%%ﬁmgﬁt%ofg %&%')#éw I B&\?Vléigrizi nd 40 in )20, with a step size of
0.02 in 20 and a scan rate of 9.0 seconds/stepratbiwiidr Ihm divergence and receiving slits and a 0.1
mm detector slit. The dryROMWEIeE st RacKRCLINIIRESEFREIAR-10AdME Farmpiealder and a smooth
surface is obtained usineg a ﬁ)lfass slide. Zighe r %&% form diffracfi 51 attern ar collected at ambient
temperature attl rel&H9& Ui YREBA @?@t}% Fv Iﬁ ar/start r‘érﬁ%}%% prior to peak
picking whereas theithalakD toetad.iSinoy thnsopedsitorés 8imat 60t Swhéd simngat ifthewrysdallography art
tha, for any given GiyS{alOID, e, KEIRAVAMIGRSHER AL IR A ILASIBNPERKS iRy oy due to

preferred orientation resulting 30from factors such as crystal mor holqgfygagiaéha it. Where the effects
= ¢h

of preferred orientdioRETO RS e % Ticridrel ARe sfk salf Gt E{8ARE peak positions
of -41- °C vacuum oven for 3 h.
15 Representative XRD peaks of form LI are shown in Table 2. The peak positions

were verified using an exfernal standard.

X-Ray Powder Diffraction
The XRD patterns of the crystals are obtained on a Bruker D8 Advance X-ray
20 powder diffractometer, equipped with a CuKa source (A = 1.54056 A)and a Vantec
detector, operating at 50 kV and 40 mA. Each sample is scanned between 4 and 40° in
28, with a step size of 0.02° in 26 and a scan rate of 9.0 seconds/step, and with I mm
divergence and receiving slits and a 0.1 mm detector slit. The dry powder is packed into
recessed top-loading sample bolder and a smooth surface is obtained using a glass slide.
25 The crystal form diffraction patterns are collected at ambient temperatare and relative
humidity, The background for the Form I11 crystal is removed prior to peak picking
whereas the background is not removed for Form 1.
It is well known in the crystallography art that, for any given crystal form, the
relative intensities of the diffraction peaks may vary due to preferred orientation resulting
30 from factors such as crystal morphology and habit. Where the effects of preferred

orientation are present, peak intensities are altered, but the characteristic peak positions of




the polymorph are unchanged. See, e.g., The United States Pharmacopeia #23, National Formulary
#18, pages 1843-1844, 1995, Furthermore, it is also well known in the crystallography art that for any
given crystal form the angular peak positions may vary slightly. For example, peak positions can shift
due to a variation in the temperature or 5humidity at which a sample is analyzed, sample
displacement, BiaA&HIE¥3hce or absence of an internal standard. In the BfE&SE846W34 peak position
variability of 0.1 in 20 will take into account these potential variations without hindering the
unequivocal identification of the indicated crystal form. Confirmation of a crystal form may be made

based on any unique combination of 10distinguishirt}peaks (in units of 20), typically the more
prominent peaks. '[hréus r%pared sam

a ample of . . .

. . te feg P #23 Nati .
[5-(4-ethy|—p|peraz|n-IE?/’IWengyﬁ%%%?ﬁgg‘g-)y%fﬂggfh}gfeoqﬂi-f‘}-%ﬁgsrogﬁ-%%cﬁ glgyl-_ -maeﬁ%l?/]I-BH-benzmmldaz
0l-5-y1)-pyrimidin-2optikdanifés cryastal itie i1 995 Enheraxariiis sy el kRBIgatisrn using CuKa
radiation as havingggﬁmmgygm @ﬂpg{&y%}@g fesetireddn Jablsdabelom; and in particular
having peaks at 4.511 ir] 1 comfbiréﬁtior;kwnhﬁone or mor eotf the peaks %%I%a%egag?m the group
consisting of 13.09" ‘f}g.?é’l,'%ﬁ’é‘@ BEAVRE A LOIE AN S Fo1 tHe HHALHOR SROBEEF 671 degrees. Table
1: X-ray powdef diffuaddiyripeadts ofripld 4 stilyradiperpii didpiarmetiyd)-by pgiane or absence
YIH5-fluoro-44 7 lugigy frlaaptaRida G R: Bl Re QP R0l Doy rDinggsy dn 20amine
crystalline form I. Angle 20 d value Angstrom Intensity % 4.51 19.60 100 5.89 15.00 4 8.98 9.84 1.5
11.20 7.89 2.3 12.8ekeArimaccount these potential variations without hindering the unequivocal

identification of the indicated crystal form.
Confirmation of a crystal form may be made based on any unique combination of
10 distinguishing peaks (in units of © 28), typically the more prominent peaks. Thus, a
prepared sampie of {5-(4-ethyl-piperazin-1-yimethyij-pyridin-2-yi]-[5-fluoro-4-(7-fluoro-
3-isopropyl-2-methyl-3H-benzoimidazol-5-yl}-pyrimidin-2-y1}-amine crystalline form I is
characterized by an XRD pattern using CuKa. radiation as having diffraction peaks (2-
theta values) as described in Table 1 below, and in particular having peaks at 4.51 in
15 combination with one or more of the peaks selected from the group consisting of 13.09,

16.31, and 18.82; with a tolerance for the diffraction angles of 0.1 degrees.

Tabie 1: X-ray powder diffraction peaks of [5-{4-cthyl-piperazin- I-ylmethyD)-pyridin-2-
y1)-[5-fluoro-4-(7-flucro-3-isopropyl-2-methyl-3H-benzoimidazol-5-yl}-pyrimidin-2-y1}-

20 amine crystalline form 1.
Angle dvalue | Intensity
° 28 Angstrom %
4,51 19.60 100
580 15.00 4
8.98 0.84 1.5
11.20 7.89 2.3
12,57 7.04 1.9
13.09 6.76 7
15.93 5.56 3
1631 543 4.4
17.01 5.21 1.9
18.58 4,77 3.1
18.82 471 3.6
20.86 4.26 1)
21,90 4.06 2.2




1.913.096,76 7 15.93 5.56 3 16.315.434.417.01 5.21 1.9 18.58 4.77 3.1 18.82 4.71 16 20.86 4.26
1.521.904.06 2.2 -42- 23.12 3.84 *

WO 2010/675074 PCT/US2009/063030
42-
2312 384 2.4
2353 378 3.7
26.71 3.33 24
26.85 3.32 2

A prepared sample of [5+(4-ethyl-piperazin-1-yimethyl)-pyridin-2-y1}-{ 5-fluoro-
4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-y1]-amine
crystalling form I11 is characterized by an XRD pattern using CuKot radiation as having

5  diffraction peaks (2-theta values) as described in the Tabie 2 below, and in particular
having peaks at 21.29 in combination with one or more of the peaks at 11.54, 10.91, and
12.13; with a tolerance for the diffraction angles of 0.1 degrees.

Table 2: X-ray powder diffraction peaks of [5-(4-ethyl-piperazin- 1-ylmethyD-pyridin-
10 2-y1}-[5-fluoro-4-{7-fluoro-3-isopropyl-2-methyi-3H-benzoimidazol-5-yl)-pyrimidin-2-

yl}-amine crystalline form IIL

Angle | dwvalue | Intensity
°29 | Angstrom %
744 11.87 8
10.91 811 19
11,54 7.66 33
1213 7.29 18
13.89 6.37 25
14.91 5.94 20
15.63 5.67 27
16.06 5.52 11
18.59 4.77 21
18.94 4.068 26
20.43 4.34 21
21.29 4,17 100
21,91 4.05 37
2213 4.01 12
22.45 3.96 3
23.12 3.84 6
23.42 3.80 9
25.95 3.43 17
29.42 3.03 9




2.4 23.533.78 3.7 26.71 3.33 2.4 26.85 332 2 A prepared sample of
[5-(4-ethyl-piperazin-I-ylmethyl)-pyridin-2-ylk[5-fluoro4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazo
I-5-y1)-pyrimidin-2-yl]-amine crystalline form IIl is characterized by an XRD pattern using CuKct
radiation as having 5diffraction peaks (2-theta values) as described in the Table 2 below, and in
particular havitkf ¥R258791.29 in combination with one or more of the PEXRERPH¥BA 10.91. and

12.13; with a tolerance for the diffraction angles of 0.1 degrees. Table 2: X-ray powder diffraction
peaks of

[5-(4-ethy|-piperazin-l-ylmethyp-pyridin102-y1]-[5-Tﬁ§bro-4-(7-ﬂuoro-3-isopropyl-2-methyl-3H-benzoimi

dazol-5-y1)-pyrimidin-2- ylkamme crystalline §gipctls %@k value Intensity 20 Angstrom % 7.44
11.87810.918.111911.54 7.66

Cross polarization/magic angle spinning (CP/MAS) NMR (solid-state NMR or
SSNMR) spectra is obtained on a Bruker Avance IT1 400 wide-bore NMR spectrometer
operating at "H and 1°C frequencies of 400.131 and 100.623 MHz, respectively, and
5 using a Bruker 4 mm double-resonance probe. The MAS rate is set to 5 or 10 kHz
using a Bruker MAS-IT controller; spinning speeds are maintained within 2 Hz of the
set point, SPINALG64 decoupling at a proton nutation frequency of 100 kHz is used for
heteronuclear decoupling. Spinning sidebands are eliminated by a five-pulse total
sideband suppression (TOSS) sequence. The CP contact time for transferring
10 magnetization from protons to carbons is set to 4 ms and 2 lingar power ramp from
93.5 to 46.9 kHz is used on the 'H channel to enhance CP efficiency, The acquisition
time is set to 34 ms and spectra are acquired over a spectral width of 30 kHz with a
recycle delay of 5 s. The sample temperature is regulated to 297 + 1 K in order to
minimize frictional heating caused by sample spinning. The ¢ chemical shifts are
15 externally referenced (= 0.05 ppm) to the proton-decoupled B¢ peak of neat (liquid)
tetramethylsilane via the high-field resonance of adamantine (6 = 29.5 ppm).
A pesk list of chemical shifts for [5-(4~ethyl-pipera:zin-1—ylmethyi)—pyridin-2-yl}-{5-
fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-yI)-pyrimidin-2-yl}-amine
crystalline form Il is as follows:
20 PC-NMR: v(F1) (ppm) 11.7, 12.9, 20.5, 48.6, 52.5, 59.4, 108.9, 110.0, 112.7, 127.3,
129.4, 135.5, 136.4, 148.8, 150.1, 152.2, 154.5, 156.3.

Exampie 33
[5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-yi]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-
25 methyl-3H-benzoimidazol-5-yt)-pyrimidin-2-yl]-amine
Crystalline form ITI - Route B

j22e58
L)
/ YN \rN



3812.137.29 18 13.89 6.37 25 14.91 5.94 20 15.63 5.67 27 16.06 5.52 11 18.59 4.77 21 18.94 4.68
26 20.43 4.34 21 21.29 4.17 100 21.91 4.05

WO 20610/075074 PCT/US2009/668030

44~

a, 1-(6-Bromo-pyridin-3-vimethyi)-4-cthyl-pipcrazine
Add neat 1-ethylpiperazine (5.6 kg) to a mixture of 6-bromo-pyridine-3-
carbaldehyde (8.3 kg) and DCM (186 kg). Then, add sodium triacetoxyborohydride (10.9
kg) in portions and stir at 20-30 °C for 12 h. Quench the reaction into a mixture of DCM
5 (36 kg) and aqueous solution of sodium hydroxide 2 N (46 kg). Separate the layers and

extract twice the aqueous layer with DCM (24 X 2 kg). Combine the organic layers, wash
with brine (30 X 2 kg) and remove the solvent under vacuum to afford 11.5 kg of the title
compound. MS (ES"): m/z= 285 (M+H)",
b. 5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-ylamine

10 Add liquid ammonia (50.0 kg) fo a degassed mixture of 1-{6-bromo-pyridin-3-
ylmethyl)-4-ethyl-piperazine (14.2 kg), cuprous oxide (200 g}, and MeOH (57 kg)at T <
40°C. Heat the mixture at 65-75 °C overnight. Cool to 20-30 °C and filter over a Celite®
pad. Concentrate the filtrate and add DCM (113 kg) and adjust the pH to 12-14 with
sodium hydroxide 2N (23 kg) separate the phases and wash the organic phase with DCM

15 (58 X 2 kg) and combine the organic layers. Filter the mixture through Celite® and
concentraie. Dissoive the residue in foluene (9.7 kg) and crystailize by the additon of
MBE (8.3 kg) to give 6.0 kg of the title compound. Obtain further purification through a
toluens recrystallization, MS (ES™): m/z= 221 (M+H)",
¢. N-TIsopropyl-acetamide

20 Add potassium carbonate (28 kg) to a solution of 2-propanamine (12 kg ) in ethyl
acetate (108 kg) at <20 °C. Cool the mixture to 5~0 °C and add acetyl chioride (16.7 kg)
at about 2-3 kg/h. Stir until compiete by gas chromatography. Quench the reaction with
water (0.8 kg) and filter the reaction mixture and concentrate to afford 13.4 kg of the title
compound. NMR (CDCl5} 4.06 (m, 1H), 1.94 (s, 3H)}, 1.14 (d, 6H).

25 4 N-{4-Bromo-2,6-diftuoro-phenyl)-N'-isopropyl-acetamidine

Add phosphory! chioride (16.0 kg) to a mixture of 4-bromo-2,6-difluoro-

phenytamine (14.5 kg), N-isopropyl acetamide (8.5 kg), TEA (10.6 kg) in toluene (115
kg) at <20 °C. Stir at 10-20 °C until complete by HPLC. Remove the solvent under
vacuum and add MtBE (64 kg). Adjust the pH of the mixture with 10% aq. sodium

30 carbonate (250 kg). Filer the mixture and rinse the cake with MtBE (11 X 2 kg).
Separate the phases and wash the aqueous layer with MtBE (22 X 2 kg). Combine the



37 22.134.01 12 22.45 3.96 8 23.12 3.84 6 23.42 3.80 9 25.95 3.43 17 29.42 3.03 9 -43- Solid-State
13C NMR Cross polarization/magic angle spinning (CP/MAS) NMR (solid-state NMR or SSNMR)
spectra is obtained on a Bruker Avance IIl 400 wide-bore NMR spectrometer operating at 11-1 and
13C frequencies of 400.131 and 100.623 MHz, respectively, and 5using a Bruker 4 mm
double-resonaftR BHBEThe MAS rate is set to 5 or 10 kHz using a BrukEFNEAS248BHtroller;
spinning speeds are maintained within 2 Hz of the set point. SPINAL64 decoupling at a proton nutation
frequency of 100 kHz is used for heteronuclear decoupling. Spinning sidebands are eliminated by a
five-pulse total sideband suppression (TOSS) sequ‘éﬁ'ce. The CP contact time for transferring

10magnetization from ArolARSi0 CABRAR IRRELIR iR ENTAHBRRA! WL R ffom 93.5 to 46.9 kHz

is used on the 1H channel to enhance CP efficiency. The acquisition time is set to 34 ms and spectra

are acquired over AFSHbEASAHHS BfoRomaaudittSd %}}E‘i?& f4)16F5-s. The sample temperature is
regulated to 297 1K drBanded iuoniriiipefiictiontlyhEaing daiteddy sample spinning. The 13C

chemical shifts are 15exjernally. referenced 6,009 1%5)m#3%59&5)5?{)%?&%?%@5@&;}”%%Peak of neat

(liquid) tetramethyisilane via the high-field resonance of adamantine (8 = 29.
5 difluoro-phenyl)-N'-isopropyl-acetamidine (16.2 kg) in N-methy] tormamide (76 kg)

while maintaining the temperature at T<30°C. Heat the mixture at 70-75 °C until
complete by HPLC. Cool to 20-30 °C and quench by adding into water (227 kg) then
extract with MtBE (37 X 4 kg). Wash the combined organic phases with brine (49 X 2
kg) and concentrate to 25-30L, add n-hexane (64 kg) and filter the slurry to give 11 kg of

10 the title compound. MS (ES™): m/z= 272 (M+H)".

Obtain additional purification by dissolving the crude compound in DCM and
filtering through a silica gel and Celite® pad followed by isolation from an MtBE/hexane
mixfure.

f.  4-Fluoro-1-isopropyl-2-methyl-6-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborelan-2-y1)-1H-

15 benzoimidazole

Bubbie nitrogen into a mixture of 6-bromo-4-fiuoro-1-isopropyi-Z-methyi-1H-
benzoimidazole (600 g}, bis(pinacolato)diboron (843 g), tricyclohexylphosphine (106 g),
potassium acetate (652 g), and DMSO (3.6 L). Add paliadium acetate (49 g) and heat at
100 °C until complete by HPLC. Cool the reaction mixture and dilute with water (18 L),

20 then filter to isolate the solid. Dissolve the crude material in 1,2-dimethoxyethane {450
ml) and filter through Celite®. Use the filtrate directly in part g,

g. 6-(2-Chloro-5-fluoro-pyrimidin-4-y1)-4-fluoro-1-isopropyl-2-methyl- 1H-
benzoimidazole

Bubble nitrogen into 8 mixture of 2, 4-dichloro-5-fluoro-pyrimidine (517 g),

25  sodium carbonate (586 g) in water (1.7 L) and 1,2-dimethoxyethane (3.4 L). Add
bis(triphenylphosphine)palladium(ll) chloride (4.9 g) and heat the reaction at 80+3 °C and
add drop wise a solution of 4-fluoro-1-1sopropyl-2-methyl-6-(4 4,5, 5-tetramethyl-
[1,3,2)dioxaborolan-2-y1}-1H-benzeimidazole in 1,2-dimethoxyethane from part £ (5.1 L).
Stir the mixture at 80+3 °C until complete by HPLC. Cool to RT and dilute with cold

30 water (2.1 L, 5°C). Stir for { hour then isolate the crude solid by filtration. Achieve



A peak list of chemical shifts for [5-(4-ethyl-piperazin-1-ylmethyl)-pyridin-211]45- 7
fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-y1)-pyrimidin-2-ylkamine crystalline form I
is as follows: 2013C-NMR: v(F1) (ppm) 11.7, 12.9, 20.5, 48.6, 52.5, 59.4, 108.9, 110.0, 112.7, 127.3,
129.4, 135.5, 136.4, 148.8, 150.1, 152.2, 154.5, 156.3. Example 33
[5-(4-Ethyl-pipe¥RAHATPMethyl)-pyridin-2-y1115-fluoro-4-(7-fluoro-3-isopro s 0eseso
25methy1-3H-benzoimidazol-5-y1)-pyrimidin-2-ylkamine Crystalline form HI - Route B -44- a.
1-(6-Bromo-pyridin-3-ylmethyl)-4-ethyl-piperazine ~ Add neat 1-ethylpiperazine (5.6 kg) to a mixture
of 6-bromo-pyridine-3- carbaldehyde (8.3 kg) and D¥M (186 kg). Then, add sodium
triacetoxyborohydrigg (10, %k I PAEIGRS ki AHR BAG QN4 QURRER the reaction into a
mixture of DCM 5 (36 kg) and agueous solution of sodium hydroxide 5 N (46 kg). Separate the layers
and extract twice tRETBeHREOYS qg%t!’r%ﬁﬁ%w B4 X 2 kg). Combine the organic layers, wash with
brine (50 X 2 kg) amd[pampuelfigseivetnasier marienyid affend-1-1794ges-thertite-zompound. MS
(ES): nth.= 285 (M+H)+,, b, 5:(4-Ethyl-piperazin-1-yvimethyl)-pyridin-2-ylami 0Add liquid ammonia
(50.0 kg) to a degasséaﬁl Ll)%ﬂ%n(%?lféfgz@% 6()pwrrpi%{l{r%l ‘Y};ﬁn‘r’h%e%%ﬁ? i -%{ﬂ%)%gr}egérazine (14.2 kg),
cuprous oxide (200 g), and MeOH (57 kg) at T 40C. Heat The mixture at 65-75 C overnight. Cool to
20-30 C and filter over a Celite(r) pad. Concentratg?_t e Wirate and add DCM (113 kg) and adjust the
pH to 12-14 with sodium hydroxide 2N (23 kg) separgte the plases and wash the organic phase with
DCM 15 (58 X 2 kg) and combine the ofgapie,layers? Filter piikture through Celiter(r) and
concentrate. Dissolve the residue in tol H\e_”(?. g) and crystallize by the addition of MtBE (8.3 kg) to
give 6.0 kg of the title compound. Obtain further purificati Iﬂ‘n@ugh a toluene recrystallization. MS
(ES): raiz= 2214(M+H)+. c. N-Isopropyl-acetamide 20Add potaSsium carbonate (28 kg) to a solution of
2-propanamine (12 kg ) in ethyl. acetate (108 kg . | the mixture to 5- and add acetyl
chloride (16.7 kg) at aboﬁ?%’pgx\z%?ﬁcnéﬁ? %rﬁﬁf%%)r%%%—eféc %’%%g%ﬁ%%%‘%%%@g’gﬁ%ﬁch the reaction

with water (0.8 kg) airepfilest-recfvhdtidmiaisraci{doe shodrtetiod-sardtd Y 3ewg-of the title
compound. NMR (G{@&E3)- b1 ) pdeBduts cdbdnare (0% (ol 4616} enyiphosphinc)-9,9-

N-(4-Bromo-2,6-difluoro-pheny1)-N'isapropyl-gcetamidine Add phosphagryl chlgride (16.0 kg) to a

mixture of 4-bromo(-!.l é&g? ﬁ@%g(pl\ﬁéﬁgﬁéﬁ Eﬁfﬁ%p@%gﬁéﬁ%éﬁé@%% .5 kg), TEA (10.6
kg) in toluene {815 digpllediv 0T Stindthd 0i20€ aihdSompitteomplprydiPRentevkiad solvent under
vacuum and add MiBE: (G4, sehMAdiusttheipt Qithembayig with:10%6 faaseaiuun 3Rgarbonate (250

kg). Filter the mixture and rinse the cake with MtBE (11.X 2 kq). Separate the phases and wash the
aqueous layer with MRBE @2%‘3’3’1?5 ?@8}%% ’i%a“-%@f 8’?6’%@?&%@@;n%?tgf)%'@é‘ﬁ%rate, filter and
wash with cyclohexaslie®0 Bda) it Uiy ol afforgt #it kg@H (Ptile tSmpdket MS (ES): rniz= 292
(M+1-04. e. 6-Bromps4:{lugeosaiSem MY die MR Fih HORREOIRIGAZAG: organic layers,

15  wash with brine (1 L), and dry over magnesium sulphate. Use a solid supported Si-Thiol

treatment to remove residual palladium and the solvent is exchanged to acetone, Filter
the shary and dry to give 605 g of crude product as Form 1. Mix 605 g of Form I and
4.3L of dry acetone. Slurry the suspension at 56-57°C (refhux) for at least 18 hours and
then at ambient temperature for 4 hours. Isolate the solid by vacuum filtration, producing
20 alight yellow cake. Dry the solid in a vacuum oven at 35°C until a constant weight of
570 g is obtained. Confirm the material by XRPD to be Form II of the title compound.
MS (ES+): miz= 507 (M+H)+.
The results of the following assays demonstrate evidence that the compounds
exemplified herein are useful as specific CDK4/6 inhibitors and as anticancer agents. As
25  used herein, “ICsq” refers to the concentration of an agent which produces 50 % of the
maximal inhibitory response possible for that agent and “ECsy” refers to the concentration

of an agent which produces 50 % of the maximal response possible for that agent,




Add potassium tert-butoxide (6.9 kg) in portions to a solution of N-(4-bromo-2,6-
5difluoro-phenyl)-N-isopropyl-acetamidine (16.2 kg) in N-methyl formamide (76 kg) while maintaining
the temperature at T<30C. Heat the mixture at 70-75 C until complete by HPLC. Cool to 20-30 C and
guench by adding into water (227 kg) then extract with MtBE (37 X 4 kg)PC\Q/gg%&%&&gmbined organic
phases with biff2224%E54  Kg) and concentrate to 25-30L, add n-hexané ( g) and filter the slurry
to give 11 kg of 10 the title compound. MS (ES): in/z-- 272 (M+H)". Obtain additional purification by
dissolving the crude compound in DCM and filtering,]through a silica gel and Celiteg pad followed by
isolation from an MtBE/hexane mixture.  f. )
4-Fluoro-l-isopropyl-2-methyl-6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1H15benzoimidazole
Bubble nitrogen into a mixture of 6-bromo-4-fluoro-l-isoprg XI-Z-methyI-lH- benzoimidazole (600 g),
bis(pinacolato)diboron (843 g), tricyclohexyHEG<BIEEIE BB notassium acetate (652 g), and DMSO
(3.6 L). Add palladium anetater#Stgharoiyestdainciuded &/ Hinuintiresi presetipye{iiC. Cool the reaction

mixture and dilute with wat : ey f] | the, salidhi issoleihe material in
1,2-dimethoxyethaaﬁ?e vé% %L%Enhgs?ﬁf%%tgg&é ggﬁ%ﬁfg the _fiItrz?:tf%%ZeB%{ (;E ﬁgﬁfﬁ g.

6-(2-Chloro-5-fluotbeisheisarensrasyof he prawsro RIS RGBSRt HM (RHASE idazote Bubble nitrogen
into a mixture of 2 sdighlanignflyororyityicivent 17 ghe2Bs ouplnyed b thofidlev(B86:gYsin water (1.7 L)
and 1,2 dimethoxyethans, Qb S BistriphevpkosRiiRelealgdumiehioue (4.9 9) and heat

the reaction at 80+3 & and a rop wise a solution of 4-fluoro-
-isopropyl-2-methyikildg i, BBatetramethyl[1,3,2]dioxaborolan-2-y0-1H-benzoimidazole in
1,2-dimethoxyethane fromg,past 42 ckbiustic foeDMBFealBOfGroritit sermblepéary HPLC. Cool to RT
and dilute with cold 3Qwater.(2.1 L, 5 C). Stir for 1. h ﬁ'ﬁﬁﬁé%g erysla;golid by filtration.
Achieve -46- %ﬂrthég%t)ﬁﬂ gfigﬁmé "‘E?,% snéﬁg? %@mﬁ%ﬂdr%%jlgw?v?th to gi\h}e 472 g90f the title compound.
MS (ES*): raiz= 328 (ian-ndnl0 pL of enzyme solution are mixed in a 96 well plate. The ATPand CRTF
[5-(4-Ethyl-piperazigylylehylrayising kR o467 fisqra- BHgopmmyl- g CTRF

methy1-3H-benzoimidazol-5-y1)-pyrimidin-2-ylj-amipe Crystalline form HI o

N11/N 5 Bubbléilm%ﬁéﬁ*ﬁﬁé“g%?&%r@ f‘é@gﬁl’%- MRS %5“6‘§1ﬁ?%ﬁ|%i1ﬁ‘?}1€°“i Atuorol
-isopropyl-2-methyl(AEN R pHOifi6i 2z ol MED:00,75 1 dttidtnider BN 3n R Ve pyridin-2-ylamine (321
g), potassium carb 03 -his(di rp&[,}g 19k Gimethydxaathene (17 g) in t-amyl
alcohol (2.3 L)?%egﬁgﬁg ibgng%/ﬁi@&%gé%%?}%@%éipq ladium (Flé%lzkgg ﬁdﬁl@ mixture at 1005C until
complete by HPLC (Raestas R¥: B3 Rach) BlewA (i e FP &R A iteP SV 8 Ceiftet Pad. Extract the filtrate
with 4M HO (2.3 Lxg)p&ambineiily atuedus edesvgOsticmithadfanstiati B2 seiig through
Celitet, add DCM (1,7, L) aid %%ﬁ@%%b&!@@ttﬁ%&%@%&é dideSalieshpagaaiganic layer and

wash the aqueous layer erb ). Combine organic layers, 15wash With(f)tr{')ine (A L), and dry
over magnesium sutphited BecentlidPeapbeRErshiamis ARl Vs Riual palladium and
the solvent is exchanagd:ie Berteng vhiligtihe’ Furrycandmdey tengive £65iy. dfegateaproduct as Form I.

Mix 605 g of Form | g, 43501 8% ReSlone .Sy e Ssnrasion ahatad Caltaborlor at least 18

hours and then at afﬁ%ﬁgﬁl{l emperature for 4 hours. Isolate the solid by vacuum filtration, producing
80 uL 10% (v/v) HsPO, and precipitation of material onto glass fibre filter plates

(Millipore, MAFC NOB 50). The wells are washed four times with 0.5% HsPO, and the
radioactivity incorporated is determined with a microplate scintillation counter
25 {(Microbeta Trilux, Wallac).
The difference between the median value of high and low control is taken as 100
% activity. A four parameter logistic curve fit is used to generate the ICsq values using
ActivityBase™ software (IDBS, Alameda CA). All the mesylate salts of the exemplified
compounds display an ICsg of < 10 nM in the above assay. The compound of Example 23
30 has an ICsp of 3 nM in the above assay. This demonstrates that the mesylate salts of the

exemplified compounds are potent inhibitors of CDK4.




20 a light yellow cake. Dry the solid in a vacuum oven at 35C until a constant weight of 570 g is
obtained. Confirm the material by XRPD to be Form Till of the title compound. MS (ES+): ink= 507
(M+H)+. The results of the following assays demonstrate evidence that the compounds exemplified
herein are useful as specific CDK4/6 inhibitors and as anticancer agents. As 25used herein, "IC50"
refers to the co‘ﬁee’ﬂ{f’gﬁ ‘of an agent which produces 50% of the maxihaF MBS s ponse
possible for that agent and "EC50" refers to the concentration of an agent which produces 50% of the
maximal response possible for that agent. -47- CDK4 Inhibition Assay To demonstrate that
compounds included within the present invention extibit affinity for CDK4 kinase, a CDK4 assay is
performed Functlonal assays prowde support 5that the compounds of the present invention exhlblt the

the following assays are readily avallable froMT o AR 8 rces or can be readily synthesized by
one skilled in the art. 10 mlpmffteshmpnmmmdumm%dawﬁmmmmd oradétipsanedt-triphosphate
L0(ATP) and C-Tergaing) Beoblasina Faament (TR (ARG eatide-Aao)oluton, and 10 al

of enzyme solution are mlxe In a 96 well plate. The ATP and CRTF solution is prepared from a

mixture of 40 MM ATECRYH sy B PEoaTHHeE f’pﬁ*\nﬂmwﬂaﬂm HOaEAE b Ofebf 68 mMm
4-(2-hydroxyethyO-tipiperazitaethanesrifoniecacidigERES ppid dM FEMS pHY M T12, 6.72 mM
dithiothreitol (DTT) 1T h pared from 8 rig
CDK4 enzyme (Proqlnglcebpcat ‘%ﬁ‘ﬁﬁ%ﬁa Q“E%Eé&%}a E(r?gtgg%}gﬁ%, %%@n%ogdgabove Test
compounds are seﬁW@iﬁ%é@&@@%FW%D‘hﬁlS@%%t@%ﬁé HIHBIREEaeEt’a3larting concentration
of 20 MM. 20 )/0DMﬁ@&ﬂﬁﬁ&&k@@&%fh@m@m@&mtmmtmlai@aﬁuakay@ei as a control, 500 mM
ethylene dlaml e tetraaceHc aC|d %]iAtgﬁ HSE g) é%gt rm| t11 eveI of b cléground 33P in the
absence of enZymé a&?‘"}f 315?@ t§ are mixe |ncu Jated” f‘br iAE 2 e reaction is
terminated by the aﬁﬂmm@nmm LW@W(MQBﬁM@W@i@MW*@Wﬁ@I onto glass fibre

filter plates (Milliporg, M Gs NEPGhobhe weHs @;@ewasia@qnﬁ%ywm@%mmwm and the
radioactivity incorporated is determined with a microplate SCIntI%latl ‘@8%%%1 !\ggcrobeta Truax,

Win).  The differdht's B80S IREPRASHIR: JARRS G JHEh M ON s 100 % activity. A
four parameter logistictuneetitns tmdmedggmmatéﬁhmf@&eh/w%ds/@ﬁ@@m\mmryBaseTm software
(1DBS, Alamega Ca) fil.the M&X@%&@E&%ﬁ%ﬁﬁ%ﬁ&kf@ﬂl&%R@A‘F@’Mﬁ%hamn 1050 of < 10 nM

in the above assay. The compound of Example 25 30has an ICso of 3 tiM in the’ above assay. This

demonstrates that tﬁ%“f'r‘?&‘ﬁéﬁ%‘%%ﬂ@%?stﬂéh&@m ﬂ??%@ﬂ%%ﬁﬂﬁﬁgvﬂé%wﬁfﬁFﬁbltors of CDKA4.
-48- CDK®6 Inhibitiogefssiayd w1thl®nghoglﬁtﬁaﬁhmﬂmmowadtarl(m]£}bbamﬁx 2041aHATP and CTRF

(Upstate cat# 12-439) solytiqn, and L m d.in.a.96well plate. The ATP 5
and CRTF solution is prgkg{a%}da f%aa?\fezeg %T%%%r%{cné%ﬁggt%%n lgf‘ﬁ‘g%)?l ATE’ a095 pt({?iel 33P] -ATP and 0.8

gM CTRF diluted irfKiRassiustisrky 8 E“ewﬁ\ﬂ 9eMESsEbe g ey THage RS2  S6aRaNP DTT, and

0.004% TR1TQINTm%nli00. of herehalenecso litigniBinreRARtdahA fiadheoneeptasion of 1.7 ng/tiL
CDK®6 enzyme (Pro inase cat# 7533)11]%1 ted qpﬁ kinase buffer described above in the CDK4

inhibition assay. Te$ n?@c%dmapr%%me éiarelsoe‘srla Iluted 1:3 in 20 % DMSO to create a 10 point curve

at a starting concentration of 20 RM. 20 % DMSO buffer alone without added test compound is
employed as a control, 500 rnM EDTA jgi¢est imniligighpineningdemg! of background 3313 in the

absence of enzyme act|V|ty Reagents are mixed and in %g%ted f 90 m| gﬁ-‘g ]Ee reaction is
terminated by the aliGit h“fi’?‘%@ SRR N ST SRA DA to glass fiber
filter plates (MififporeM\ERFE NOB/GI un Eygopriate substrate peptide (see Pim-1 kmase inhibition

assay protocol as described in Chen, L.S. et al. (2009) Bioed, DOL 10.1182/blood-2009-
03-212852), 10 mM MgAcetate and [y->"P-ATP] (specific activity approx. 500
cpr/pmol, concentration as required). The reaction is initiated by the addition of the
MgATP mix and then incubated for 40 minutes at room temperature. The reaction is

30  stopped by the addition of 3% phosphoric acid solution. 10 uL of the reaction is then

spotted onto a P30 filtermat and washed three times for 5 minutes in 75 mM phosphoric



wells are washed four times with 0.5 % H3PO4 and the radioactivity incorporated is determined with a
microplate scintillation counter (Microbeta Trilux, Wallac). The data is analyzed in the same manner as
for CDK4. Preferred exemplified compounds display an IC30 of <30 nM in the above assay. The
compound of Example 19 20 has an 1C30 of 5 nM in the above assay. This demonstrates that
preferred exenVRARY/ESHpounds are potent inhibitors of CDK6. Assay f8F MHBIEHEPPIM1 Kinase
Pim-1 (human, 0.46 nM final concentration) is incubated with 8 tnM MOPS pH 7.0, 0.2 25inM EDTA,
100 gM of an appropriate substrate peptide (sec Pim-1, kinase inhibition assay protocol as described
in Chen, L.S. et al. (2009) Blood, DOE: 10.1182/blo®-2000- 03-212852), 10 rnM MgAcetate and
[7-33P-ATP (speqifig AGihdlY RARRIRL.RR PiRiAM Al canaRRAlianas iAklRnghe reaction is

e Mg

initiated by the addition of the P mix andthen incubated for 40 minutes at room temperature.
The reaction is 308tbpisenteinsompaTRerPEr 8 phdspHsmeksdd Wit BdRCBaANEhe reaction is then
spotted onto a P30 filiermatandsoas bee freedimeshtanbemirtiesoinSanieibsfhoric -49- acid and

once in methanol prior itqothder g%%&%ﬁgt I%ti{%qﬁgﬁgw : Clr:e%%qﬂﬁ%gg]&mgg_n testing, compounds
' 0 Huted 1:

provided as 10 mmt%ctlf)éks In ; are 01n 100% DMSO to give a 50x stock of the
top concentratibn afstiveseare aThlsek SRR KMiehtOdniffin ey 24 PM¥Y% DMSO to create a 10
point concentrationy, RBEPAAH GeNR-aRdriituied dsbtn @M samd L0dopN fimal weiBY% final DMSO
concentration) in the reaction mixture to determine ound, activity, Control wells contain DMSO
only while the baséﬁﬁ%‘?s%i%%bq@h@alﬁ?h gc?%‘}?% We igtgg:%ﬁ-bsl%%oﬁ%%yaﬁfn%%[}d tnli}#utes? The percent
inhibition determin@ahfnotes. tikeponeroishdrtiondtteptited ot tancprsipls ebmptitiel@ffEentration data were

then fit to a four-payamelaniasistitcaaationd O seine AGT AAI Y RASE hétic eqRtefierred exemplified
compounds dis&lay an 1Cso of < 0.01 gM. The compound of Example 25 has an IC50 of 0.003 ttM in

the assay destfibetr3boid iSRS hdNstrates that preferred exemplified compounds are potent
inhibitors of Pim-1 IcinaserefkGSbixdmibitifidissaypoundsitiplappr Bpsiefts Gt olhtSheftasrssinpound are

weighed into Sepa@ftgxﬁ%%mgm icYiRdss Theraeuwiesvelunens0 - ohMikhasnhate buffer, pH 8.0
(dissolve 6.7 g of Sodium Phosphate Bibasic X 71120 in, 500 rnL of,HgkgP rade water, adjust to pH

8.0 with Phosphori@#erefesmsssy R alfird gamparads arn prtswfiighiptar i t 20concentration of 2.0
mg/mL. An appropriate standard solution in DMSO is prepared by adding the required volume of

DMSO to the tgmdard vial to achieve a target %gﬁgﬂ@rggggg of 2.0 mg/mL. The vials are capped
securely and placed in a rotation device. The vials are rotated through 360 for at least 16 hours at

ambient temperature with B PRI GpeBl JiebeRRRIRAS YAige BieEffation of the individual
vials is 25performeghafieks@iptionaRS0ititedineg aaahe gl isKiltaceshthraiih #10.7 dindtass filter. The

cerics s prepared (080 G 0B SR 00 A o AL e LS Sampe) by
appropriate serial difitidiwih DB istAbd @.‘é)ﬁﬁgﬂﬁ‘ﬂd@é}*ﬂ}ﬁ@%ﬁaaﬁﬁ?@@?ﬁéﬂ%‘rﬂpIe and standard
solutions are agalyseetiyRLEAb Gl FRHR MRS IuRd XM p2Mgmyat 50C; mobile
phases: A - 0.2% F%ﬁ?nig t@ecrigqliz?red volume of DMSQ to the standard vial to achieve a target

concentration of 2.0 mg/mL. The vials are capped securely and placed in a rotation

device. The vials are rotated through 360° for at least 16 hours at ambient temperature

with an angular speed of about 50 tpm. A visual examination of the individual vials is

25  performed after rotation, 250uL from each vial is filtered through a 0.7 pm glass filter.

The sample filtrate and standard filirate are collected into separate wells of 96 deep well

plates. A dilution series is prepared (2000 pg/mL, 200 ug/mL, 20 pg/mL 2.0 pg/mL plus

a blank DMSO sample) by appropriate serial dilution: in DMSO of the 2.0 mg/m! standard

solution,

30 The sample and standard solutions are analysed by HPLC (LC Column: XTerra
MS, C18, 2.1 X 50 mm, 3.5 pm, at 50°C; mobile phases: A —0.2% Formic Acid in



-50- Water; B - 0.2% Formic Acid in acetonitrile; Gradient: 5-100%B in 3 min, hold at 100%B for
0.5min; flow rate: 750 pldmin; injection volume: 1 RL; Diode array detector scan from 200 nm to 400
nm. The wavelength extracted and used for quantitation is selected to provide the most accurate
estimation of the sample preparations.) Retention 5 time used for peak assignment for the test
compound is oBtA#Y ¥R the 200 ug/mL standard preparation chroma®Sgf&r00%/66&8h/ bility values
are calculated using a four-level calibration curve. The line of best fit for peak area of calibration
standards calculated by chromatographic management data system using linear or quadratic through
zero fit is used. Solubility results are 10reported in A®/rrit Preferred exemplified compounds display a

solubility of at leastz (igymd o, pt-S.AMSRRAIERHIICEHEER. 1R AR YRR e compound of
Example 16 displays a solubility of 2.099 mg/ml in8 phosphate buffer using the above assay. This data

thus demonstrates! B%tRiksfbiran Bxw mislifiklo:EarHp Sissaenopitecidvdaitiieraysslnytsoluble in an

aqueous solution. adakQiahBiRaahabiity AssryqHh cxivielel aRagy examwyisats (body weight range
250-320 g) with inq’lgye%llin%f?r% ral arterial capnulae are taine(# from'éhark iver, Wilmington, MA

01887, USA. Test comf)ouﬁ' e T ESr g Tty avenols yelﬁa%] s Nt /e% etllﬁo:nlo % N-methyl 20
pyrollidone/18 $6 Cuystissodgfanpesk Bssiihmpr dssrcibst berffenung i chianied fipmitdr 2 esimdentration is 0.25
mg/mL (free base @&g&ml&@é&)&@%ﬁiﬁﬁ@gﬁ@s are obtained using the indwelling cannula over 24 h.
The animals are then ad -rgﬁtere% an or dl(‘)s&)l;)f tes%gcomg)%un% irg1 sus en%o? génL/kg) in 1% wiv
hydroxyethylcellulosei 0.5 95 WA BSIEL RO RUATShArO RO BUFRifdE Watsr. The final drug
concentration is 0.2eRSmigfprak(frecobadbreguiraldmds kakurthébbibonategnpiesranegeniiected via the
indwelling cannula guek.24«Rameles: ofRlaama g sQRiaiNRei s pemlytugaliar and stored frozen

(-20 C) prior to analysis. An internal standard compound (for normalisation) in acetanitrile/ methanol
(11,  viv) is'8daBaur L Bmsad-Sreraeh saermp et pmnuiutsRan P RS 88 Hre centrifuged
30priqr to analysis mis mmesmmm@mamab@dabvamﬁmmmmagmm H]ution ona Javelin
Betasil C18 columgilg:ﬁ%)é gs&mmg)@gmg/hﬁqpﬂ% E’Bﬁﬁ&aﬁé W%?ﬁéi% e%&e@w%iym bicarbonate,

2000:10 viv, Mobil e B: MeOH/ 1 M ammonium bicarbonate, 2000:10 v/v). The eluted analytes
are detected by LCNIS demprfiades fiiprsTaraisasmpitied ovppaipde o thedwtpsne #rasadidpectrometer.
Concentrations of genypowassgrpasmaare determined from standards prepared under identical
conditions. 5Thge oral bioavailability is obtained by dividing the area under the plasma concentration
time curve after oral administration by the area under the curve following intravenous administration
(after normalising for dose administered)RaidakBiaasaishilisndsstns Fraction bioavailable relative to the
intravenous dose (%F). Rigfetpadexempjifiedisrmpasds ispiay@cehivaliwiaie20% in the
above-mentioned assay. The, 10 compound of Example 22 displ a %F val % in the
above-mentioned a%'%’ggﬁ} arrftﬁrslajgj{@r{ﬁ%lr"l‘ th%bémt%egtﬁﬁl%g}ar%é efgm%fléﬁ tgic"inw%‘c;djr%%;s ag/'e good oral
bioavailability. InhibitisncebPind ssasivizisiondoftRutodlas ehwerPEorifg I bl Bhd DY Content Assay

15COLO 205 eglis framddiAmearicankvRe Suliusntspliection (AR S Chrarmplaigd at 2000 cells/well in
96 well Beckman Dickinson BIOCOATTm plates, and are incubated in RPM' 1640 medium (e.g.,

GIBCO, catalog 5250655810898 BLEF B ISR (PR PEIBL R 9 4950- 144 ) and 1 %
sodium pyruvate (GHedaiweallaipralbI660-B7H0) TheriDnl Me GO doindited @altsl dose trBiated by adding

test compound to 206 MEdium,HOHNG AL S RABA RAIHIANHAROBS {Be yange of 20 ISM to
0.001 uM, and with final DMSO concentration at 0.25 %. After 24 h exposure to the compounds, cells

are fixed with the PROERIe $8HYes (A tderm iy pyried et 4T vofnshime P petipnes e
permeabilized zyith Bglnio HERITEINGEX4QE. imphasphatampitiore dsialiseviPRS ) dadlikign for 15 mm at
RT. Cells are washed twice with PBS then.digested with .50, ug/tril .25RNAse (Ribgnuclease A, Sigma
cat# R-6513) in 37 8%‘\%8‘5{0% o'r%al ???Fn‘?fﬁj.xeé‘ gngSObpmned %gcen%j%%h%()éng Sggre%%zen

(-20 °C) prior to analysis.

An internal standard compound {for normalisation) in acetonitrile/ methanol (111,
v/v)is added to samples of plasma to precipitate protein and the samples are centrifuged
30 prior to analysis. The supernatants are analysed by injection and rapid gradient elution on

a Javelin Betasil C18 column (20 x 2.1 mm cartridge, Mobile phase A: Water/ | M




are blocked with 1 7)/0 bovine serum albumin (BSA, Amersham cat # RPN412V) for 30 mm. Primary
antibody, anti-phosphoRB purified mouse monoclonal antibody (BD Pharmigen ca t# 558385), is
added at 1:2000 in PBS with 1 % BSA to the cells and incubated overnight at 4 C. After 3 PBS
washes, cells are incubated with Alexa488 30labelled secondary antibody, goat anti mouse IgG Alexa
488 (Invitrogen'tae#¥17447) for 1 h at RT. Again they are washed 3 timBSHHBEFC3hd then 15 uM
propidium -52- jodide (1:100 dilution with PBS from the original solution, Invirrogen cat # P3566) is
added to stain nuclei. Fluorescence plates are scanned with ACUMEN EXPLORERTmM
[Laser-scanning fluorescence microplate cytometer{éomprising of 488 nm argon ion laser excitation

and multiple photo%{g{g&uﬁr&%&ﬁ%ﬁ&&% m%{)ﬂg%réggéym% I Mdﬁ&erTD] to measure

phosphorylation of Rb protein an content. Image analysis is based on cellular fluorescent
signals for identifyibigathenaisriefifréPerio s dbpdpedanalies aedercsdiydis-M e realtigenss each identified
subpopulations, %pRkeasphpRIBoPagilivRadepdibnarcrbohkidtheolteaoamnd Echthyalias are determined
by curve fitting to a {g)s%ra%%r metlenreéqgjr%tis a!gﬁgrgsagh aofg&gu%u%g&épT%gﬂg BASETM. All 10 the
mesylate salts of the exempﬁﬁgg compounds |§’p?gy an 1C50°0f < 208 nkin the above assay. The
compound of Example 25 amiddehvijebiiiochand Midimtesearamnissiy piEkg demonstrates that the

mesylate salts of thenexpmiplifind comRRALNES AFERALaR,L NNKIIeEs Biik BKAMOHKimsa@ctivity (as

measured by a low, level of phosphorylation of pRb) in.an in vitro whole cell based assay. 15Further, all
the mesylate salts Wﬁ%%n%ufeamr% gﬁ%%ﬁ%ﬁéﬁ%rg'éﬁ laq%},gné%l% ISR e%?ﬁ‘g%?]f%st in the Gl phase of
the cell cycle even mdierepreSextiat iiowedahteations oft ilvastRu deShHELRiefGrdrrest is indicated by
>90% of cells having.a, AN RS épﬁqgfae/@ LAt exs hatPRyRlaicallbatelevapt concentrations
of active compound demonstrates that the com‘poundsc‘g he inv ngg)n are sglffgiflc inhibitors of

f
CDK4/6 and 2thateRped e pntiPly e eured % M VHRIEHRI S Yesult in cell cycle
arrest in other phasis ddinmaraiSule ptaealistelifgrafinods kv2 5bdd mralbicolalkddlial. cancer cells
(colo-205), human acute myeloid leukaemia (AML) cells (MV4- 11), human glioblastoma cells
(1387MG), and human lung cancer cells (NCI 1-1460 and calu 6) are expanded in culture (colo-205
and NCI H460 are g B LAIICO O 0550 "'Q;J,-‘:':s: [H ;.‘: :.'_"‘3' LK APk L ,e il Pk ) '_.!.:J..._.'._'J__!z!i;.' AL Na pyruvate1
10 % FBS; MV4- Il is grown in Iscove's modified Dulggeco's media with L-glutamine, 25 mM 30

HEPES, 10% EBS; 1387 are grown in Eagle's M with Salts, Lglutamine and
non essential a}‘gino acidé/,%%?r?fg? %I%;Hpg?ﬁv%?gé& %ﬁréf%ﬁ%gj%%ﬁa%rg\ﬁgﬁig% E@;&%ggfgp%%@ U87-MG, calu 6
and NCI-H460 trypaim2etreisirabids valdtedrpaddioknss) BMYEMT s rmetagarahitednd injected
subcutaneously (5 mikiom sellshanimnat Misascd; taaiddatsined- BB Biascieceshonte the rear flank of
athytnic nude mice. Test ound is prepared,in an appropriate vehi 1 % hydroxyethyl cellulose,
in25 mM 5 phosph%?émﬁﬁggeg%% C3ﬁ§ ﬁ%@ﬁ%@td&%@ /t%iotc)ﬁr%ril B%Rul‘éaé‘:}e%glab%gc(aﬁi , 50 or 100 mg/kg
(mpk)) for 21 days WHeRiiRowd Sfe Establishad {1 Celoaraymstedinr it e commmodoresponse is

determined by fgimaegy M&i‘i‘dfﬁl%ﬁﬁ?ﬁqmﬁ@%isﬁﬁf@ﬂm% E%@tﬁe‘ﬁéﬁ&%ﬁw iﬂlﬁ {hemeukse of treatment.
The statistical method for assessing Tumour. Growth ng%%/ﬂ %’GD- Individual 10int% olation method) is

as follows: For eacA aRidPthM S B rRin heci SUEFRBHIRI e R8I is calculated by
interpolating betweeslithe kst midathe RREEER Hdiorey ¢ faoticigLiie, reshdld@ad theani€kt measurement.
The interpolation is Jjnear Mﬂﬂ@éﬁ%@l%% W@'ﬂ%@ﬂ%&%‘é%éﬁ%ﬂ@% threshold, its

crossing time is reported at ">T" where T is the last day measured for that animal. These crossing
times 15are analyzéejusig™ k- roine Bt Crlltmirshrdritice MEb ARG e el t&mbution. A mean
and standard deviaton ar&ileiesinired Straaek RreatthertigolpblvrauigiavwtiRedebtily (TGD) is the
difference in mean crossing,time hetween a treated.gr ndq’\[%e vehj rol.grpup. T-tests are
performed using theNF?]ae%cngigﬁ%f étgnag}rl Sgreu\rﬁg?%ﬁégfﬁ%g’t%g e Sﬁ%@?ﬁg}% %%g(/aweight is taken
as a general measurémeénal toxizity, 20mbilsiRG puplielotoisesseedia aibdésdibed above, the

compound of Examplg 16 denenstiissaati-tumounestivilynthesesnadalscas siwown in Table 3, thus

demonstrating that (e, compound of ExTe 155 B YO AU egplishe ranoe of KW

30  labelled secondary antibody, goat anti mouse IgG Alexa 488 (Invitrogen cat # A11017)
for 1 h at RT. Again they are washed 3 times with PBS, and then 15 uM propidium




Further_, in_ the AML MV4-11 xenografts, tumour regression is observed at a dose 750f 100 mg per Kg
(mpk), indicative of the proapoptotic Pim-1 inhibitory activity of the compound of Example 16, see
Table 4. Table 3: Tumour Growth Delay in different human xenograft models Xenograft Dose TGD

Days (750 mm3) SE colo-205 100 mpk 39.9 4.6 50 mpk 17.4 3.2 -54- 25 mpk 15.3 3.8 MV4-11 100
mpk 28.8 1.1 B®AWKIPH 4.0 PCT/US2609/068030

10

15

20

25

30
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iodide (1:100 ditution with PBS from the original solution, Invitrogen cat # P3566) is
added to stain nuclel. Fluorescence plates are scanned with ACUMEN EXPLORER™
[Laser-scanning fluorescence microplate cytometer (comprising of 488 nm argon ion
\aser excitation and multiple photomultiplier tube detection), manufactured by TTP
LABTECH LTD] to measure phosphorylation of Rb protein and DNA content. Image
analysis is based on cellular fluorescent signals for identifying cells in different
subpopulations. Assay outputs are percentage of each identified subpopulations,
%phosphoRB positive, % 2 N and % 4 N. The ICs and BCso values are determined by
curve fitting to a four parameter logistic for each output using ACTIVITY BASE™. All
the mesylate salts of the exemplified compounds display an ICso of < 200 nM in the
ahove assay. The compound of Exarnple 25 has activity of about 100 nM in the above
assay. This demonstrates that the mesylate salts of the exemplified compounds are potent
inhibitors of CDK4/6 kinase activity (as measured by a low level of phosphorylation of
pRb) in an in vitro whole cell based assay,

Further, aif the mesylate salts of the exemplified compounds are able to induce
specific arrest in the G1 phase of the cell cycle even when present at concentrations of at
least 2 uM. Specific G1 arrest is indicated by >90% of cells having a 2N genotype.
Specific G1 amrest even at physiologically relevant concentrations of active compound
demonstrates that the compounds of the invention are specific inhibitors of CDK4/6 and
that non-specific inhibition of other Cdks is minimised, which would result in cell cycle

arrest in other phases.

Human Subcutaneous Xenograft Models
Human colorectal cancer cells (colo-205), human acute myeloid leukacmia
(AML) cells (MV4-11), human glioblastoma cells (U87MG), and human lung cancer
cells (NCI H460 and calu 6) are expanded in culture (colo-205 and NCI H460 are grown
in RPMI 1640 media with L-glutamine, 25 mM HEPES, 1 mM Na pyruvate, 10 % FBS;
MV4-11 is grown in Iscove’s modified Dulbecce’s media with L-glutamine, 25 mM
HEPES, 10 % FBS; U87MG and calu 6 are grown in Eagle’s MEM with Earle Salts, L-

glutamine and non essential amino acids, I mM Nz pyruvate and 10 % FBS harvested




25 mpk 10.4 4.7 U87 MG 21.4 2.7 100 mpk 50 mpk 10.0 2.2 25 mpk 6.1 3.2 H460 100 mpk 6.7 2.7
50 mpk 4.0 4.2 25 mpk
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(colo-205, U87-MG, calu 6 and NCI-H460 trypsinized (Invitrogen catalog 25200-056);
MV4-11 by centrifugation), and injected subcutaneously (5 million cells/ animal mixed
1:1 in Matrigel, BD Biosciences) onto the rear flank of athymic nude mice. Test
compound is prepared in an appropriate vehicle (1 % hydroxyethyl cellulose, in 25 mM
5  phosphate buffer pH 2) and is administered by oral gavage daily (at 25, 50 or 100 mg/kg

(mpk)) for 21 days when tumours are established (11-29 days after implant). Tumour
response is determined by tumour volume measurement performed twice a week during
the course of treatment.
The statistical method for assessing Tumour Growth Delay (TGD- Individual

10 interpolation method) is as follows: For each animal, the time to reach a specified
tumour volume (threshold) is calculated by interpolating between the last measurement
before reaching the threshold and the next measurement. The interpolation is linear using
logie(volume) vs. time. If an animal never reaches the threshold, its crossing time is
reported at “>T” where T is the last day measured for that animal. These crossing times

15  are analyzed as “time-to-event” data with right-censoring using a Weibull distribution. A
mean and standard deviation are determined for each treatment group. Tumour growth
delay (TGD) is the difference in mean crossing time between a treated group and the
vehicle control group. T-tests are performed using the means and standard deviations
from the Weibull analysis. Body weight is taken as a general measurement of toxicity.

20 Following a protoco} essentially as described above, the compound of Example 16
demonstrates anti-tumour activity in these models as shown in Table 3, thus demon-
strating that the compound of Example 16 has potent in vive activity against a range of
Rb" tumours.

Further, in the AML MV4-11 xenografts, tumour regression is observed at a dose
25 of 100 mg per Kg (mpk), indicative of the proapoptotic Pim-1 inhibitory activity of the

compound of Example 16, sce Table 4.

Table 3: Tumour Growth Delay in different human xenograft models

TGD Days
Xenograft Dose (750 mm®) SE
100 mpk 399 4.6
colo-205 o) ok 174 3.2




1.51.8 Table 4: Anti tumour activity of the compound of Example 16 in the MV4-I | model Treatment
Tumor volgme (mg) at start of dosing period (day 28) SE (mg) p value Tumor volume (mg) at end of
dosing period (day 49) SE (mg) p value Vehicle, 0.2 ml, PO, dose qdx21 |1 1% HEC -h 0,1 % AF in 25

mM PB pH 2 219.45 17.42 Ctrl 1271.15 100.9 Ctrl Compound of example 0 PO, dose
qdx21 225.94 98 #t¥EY46.68 15.29 *** Tumor volume measurements.L %\gg%@%d%ﬁ%statistical

significance compared to vehicle control group (Ctrl) on day of measurement- NS, not significant; ***: p
<:_O.QOl. 5 Orthotorde Brain Xenouraft Model In vivg brain tumour model: Male N1H-RNU rats
weighing between 225 and 300 g are anesthetized With isoflurane and placed into a stereotaxic frame

(David Kopf Instruments, Tujunga, CA). A migkling in¢isiofsis madesand p 1 mm burr hole drilled 2

100 mpk 28.8 1.1

MV4-11 50 mpk 11.5 4.0

25 mpk 10.4 4.7

100 mpk 21.4 2.7

US7MG | 50 mpk 10.0 2.2

25 mpk 6.1 3.2

100 mpk 6.7 2.7

H460 50 mpk 4.0 42

25 mpk 1.5 1.3

Table 4: Anti tumour activity of the compound of Example 16 in the MV4-11 model

Tumer volume Tumer velume

(mg) at start of (mg) at end of

dosing period SE |p dosing peried SE ip
Treatment {day 28) (mg) | value | (day 49) {(mg) | value
Vehicle, 6.2 ml,
PO, dose qdx21/
1% HEC+0,1 %
AF in 25 mM PB
oH 2 21945 | 1742 | Curl 1271.15 | 100.9 1 Cul
Compound of
example 16, 100
mpk, PO, dose
qdx21 225.94129.61] NS 116.68 | 15,20 | ***

Tumor volume measurements. P value is the statistical significance compared to vehicle

control group (Ctrl) on day of measurement- NS, not significant; ***; p <= 0.001.

Orthotopic Brain Xenograft Medel
In vivo brain tumour model: Male NIH-RNU rats weighing between 225 and 300

g are anesthetized with isoflurane and placed into a stereotaxic frame (David Kopf
Tnstruments, Tujunga, CA). A mid-line incision is made and a 1 mm burr hole drilled 2
10 mm lateral from the midline and 3 mm anterior to the coronal suture. A cell suspension ‘
of 5 % 10° U7 MG humsn glioblastoma tumour cells (grown in Eagle’s MEM with Earle
Saits, L-glutamine and non essential amino acids, ! mM Na pyruvate and 10 % FBS) in
10 L (5 x 10° cells for qd dosing and 1 x 10%for q2d dosing) is injected at a depth of 3
mm by means of a 25 or 50 ul Hamilton syringe over a period of approximately 2 min

15 using a stereotaxic-mounted syringe pump (Nano-injector, model #53310 and Stereotaxic



10mm lateral from the midline and 3 mm anterior to the coronal suture. A cell suspension of 5 x
1051)87 MG human glioblastoma tumour cells (grown in Eagle's MEM with Earle Salts, L-glmamine
and non essential amino acids, 1 mM Na pyruvate and 10 % PBS) in 10 jiL (5 x 105 cells for qd dosing
and 1 x 106 for g2d dosing) is injected at a depth of 3 mm by means of a 25 or 50 Hamilton syringe
over a period oW&RgEORINEtely 2 min 15using a stereotaxic-mounted syrif§@/ prasp/{#¥edto-Injector,
model #53310 and Stereotaxie -55- Adapter Clamp, part #51681, Stocking Co, Wood Dale, IL) with
the syringe left in place for an additional 1 min to prevent backflow and the syringe is slowly withdrawn.
The hole is sealed with bone wax, the operative fieldiwashed with saline solution and the incision

closed with sutures, or wound cli ompound.is ulated.in,vehicle (1.% w/v
Pdroxyety ool e S RS SRR S Mgt St Rl
administered everyiday #btitRiathyinae povag ka8 smplhe sked s dhweihgirvadle 0 starting on day 4

after tumour implaghheALMARLIIGAMBMFEARIR fRISWndalR VMl AR mantrred daily until
10death and, in consultation with the veterinary staff and in adherence with the policy on tumour

implantation, euthaPis4t #4178 WA HH B SHY #i8tibund. The cells are implanted in the frontal lobe in
order to minimize potentigdsbranpodysiefrctichistiolyasimdtbrdehpitsxaettivbeifokol. Yital functions.
Frontal lobe tumougs, i&:l@kﬂ?ﬂ@t@%(%fi}§@§Q/%Oaxﬁﬁdéﬁﬂﬁ%ﬁﬁ@@%&&%mﬁ%rﬁﬁwaﬁ&Fﬁ??d?ti”9 symptoms

include headache, nausea, 15vomiting, and ccgnitlve deficits. Morhidity is therefore most likely to
manifest as lethargh} 486 1685 #3680 RASIAFEEFRATE ik G L0 SR A1 -Meier method

for median survivaliagiadysis using IMP v6.0.2 (SAS Institute). Following a protocol essentially as

described above, the Cogr‘ﬁ%%% %ﬁmg&g%ﬁ [se_s?ﬁ’x%ﬁ! iﬂfmii@g@tiﬁg}l%%{g@ﬁg;mﬁincrease in median

survival (when compared to 20 vehicle treated animals) at the following doses; 40 mpk qd, 80 mpk qd
and 80 mpk q28, (et synguliaion bt rstinig i sp i EBribetRts BitEkanmlr 9% is able to cross
the blood-brain barfigianshavaiRotentitodvannhilitorycastyyribuad qHbaigpe glioblastoma tumour
xenograft model. 25 Table 5: Mean edian survival (days) resulting from.administration of
compound of Examnfflpe%}itge(.i n1‘trl}eé§ I(‘)ﬁlteaﬁ%l’gt?é& Kﬂléarﬁ! u'(rl\?iegfg?éaé%é 'S rr‘?‘é?“(éi‘é"géi p value

motor deficits and control of vital functions. Frontal lobe tumours in bumans are saxd to

be “silent,” that is the most common presenting symptoms include headache, nausea,

15 vomiting, and cognitive deficits. Morbidity is therefore most bikely to manifest as
lethargy and loss of body weight. Survival data are analyzed by the Kaplan-Meier method
for median survival analysis using IMP v6.0.2 (SAS Institute).

Following a protocol essentially as described above, the compound of Example 16
resulted in a statistically significant increase in median survival {when compared to

20 vehicle treated animals) at the following doses; 40 mpk qd, 80 mpk qd and 80 mpk q2d,
(see Table 5) thus demonstrating that the compound of Example 16 is able to cross the
blood-brain barrier and have potent in vivo inhibitory activity in an orthotopic

glioblastoma tamour xenograft model.

25
Table 5: Mean & Median survival (days) resulting from administration of compound of
Example 16.
Mean Median
Survival | Std Error | p value Survival
Treatment Group {days) (days) Log-rank {days)
Vehicle PO gd 25.1 2.8 - 27




Log-rank Median Survival (days) Vehicle PO qd 25.1 2.8 27 -56- Treatment Group Mean Survival

(days) Std Error (days) p value Log-rank Median Survival (days) PO 20mg/kg qd 29.8 0.7 0.5 31 PO
40mWkg qd 34.3 1.7

WO 2010/075074 PCT/US2009/068030
56
Mezn Median
Survival | Std Errer | p value Sarvival
Treatment Group {days) {days) Log-rank {days)

PO 20me/ke qd 29.8 0.7 0,5 31
PO 40mg/kg qd 34.3 1.7 0.0316 37
PO 80mg/kg qd 36.9 13 0.0006 37
Vehicle PO g2d 23.0 3.5 - 24
PO 80mg/ke g2d 33.0 1.2 0.0295 34

10

15

20

25

In a separate experiment, to determine compeund plasma and brain exposure
fevels, non-tumour bearing male Sprague Dawley rats are administered a single dose of
the compound of Example 16 orally at 30 mg/kg. Samples are taken over 48 h in order to
determine plasma and brain concentrations. Animals are sacrificed, and whole blood
collected by cardiac puncture and plasma isolated by centrifugation. Whole brain 15
collected and snapped frozen in liquid nitrogen.

Samples of brain are prepared by homogenization in 80 % methanol/20 % HyO.
An interna] standard compound in zcetonitrile/ methanot (1:1, v/v) is added to samples of
plasma or brain homogenate to precipitate protein and the samples are centrifuged prior to
analysis. The supematants are analysed by injection and rapid gradient clution on a
Javelin Betasil C18 column (20 x 2.1 mm cartridge, Mobile phase A: Water/ 1 M
NHHCO;, 2000:10 vAv, Mobile Phase B: MeOH/ | M NH;HCO;, 2000:10 v/v). The
eluted analytes are detected by LC-MS-MS analysis using a Sciex APL 4000 triple
quadrupole mass spectrometer. Concentrations of compounds in plasma or brain are
determined from standards prepared under identical conditions.

The plasma and brain concentrations are determined in this study from 2 group of
throe rats at each time point (see Tables 6a and 6b) and are used to calculate the area
under the plasma concentration/time curve or the brain concentration/time curve from 0 to
48 hours. Examination of the ratio of exposure in brain either using the area under the
curve (AUC) or maximum plasma and brain concentrations (Cmax), see Table 6c,
demonstrates that the compound distributes well into brain with a brain/ plasma ratio of
approximately 1. Maximal concentrations (Tmax) are detected at 4h. These experiments
demonstrate that the compound of Example 16 is able to cross the blood-brain barrier and

distributes well into the brain. In contrast, the present inventors have determined thata




0.0316 37 PO 80mWkg qd 36.9 1.3 0.0006 37 Vehicle PO g2d 23.0 3.5 - 24 PO 80mWkg g2d 33.0 1.2
0.0295 34 In a separate experiment, to determine compound plasma and brain exposure levels,
non-tumour bearing male Sprague Dawley rats are administered a single dose of the compound of
Example 16 orally at 30 mg/kg. Samples are taken over 48 h in order to 5 determine plasma and brain
concentration$YAmMmASEte sacrificed, and whole blood collected by caﬁﬁgﬁlmﬁg&)ﬁ?&%nd plasma
isolated by centrifugation. Whole brain is collected and snapped frozen in liquid nitrogen. Samples
of brain are prepared by homogenization in 80% methanol/20 /01-120. An internal standard compound
in acetonitrile/ methanol (1:1, v/v) is added to sampfés of 10plasma or brain homogenate to precipitate
protein and the samples,are. ceniri i VSIS o RE _are.analysed by injection
and rapid gradienP (5 Sﬁ%dr;% %%pg gg@?@%@ﬁ%ﬁg %%él?}?lhg (2 (@ég&l[?nq{néﬁ}}zr%(lgge Mobile phase A:
Water/ 1 M NH4H@®Bzizdad-noidin2 whenne Sipsade2frémuimidg Nadsds 2000:10 viv). The eluted

analytes are deteqiggh-biskizddiohen amakyFic USIAUE Me@x Bhhd @06t spleaddguadrupole mass
spectrometer. Cong Qé'%a“%?l%t?efc%%? Q&;@%%ﬂ%@'r%%%féo%{%' NG deiauningd frogp standards
prepared under ide &l cofditions. e plasma and braifn concentrations are determined in this
study from a gfoup of three rats at each time point (see Tables 6a and 6b) and are used to calculate
the area under the plasmartaRseREaliaRtiNne syt RhihertrairraaeapiBligndiimedciarve from 0 to
2048 hours. Examination of the ratio of exposure 'in %ﬂq either using the area under the curve (ALIC)
. . . 1) 418
or maximum plasma and brain concentrations (8max , See Table 6e, demonstrates that the compound
distributes well into brain with a brain/ pléisma ratid} of apradimadély 1. Maximal concentrations (Tmax)
are detected at 4h. These experiments déiohstrate that the comppund of Example 16 is able to cross
the blood-brain barrier and 25distributeXeee|l il 4hd Wfaikd ¥ Labyast, the present inventors have

determined that a S.D. 288.01134.81236.2 666.0
%CV 2841 90! 232 683
n 3 3 3 3

Table 6b: Brain concentrations of the compound of Example 16 (ng/g) determined in
10 male 5D Rats

Time 2 4] 241 48

()
Mean [758.5} 15004992.4|718.0
s.D. §2.38|268.9 54.831232.0
%CYV  130.86117.9315,525:32.31
n 3 3 3 3

Table 6¢; Mean exposure to the compound of Example 16 in plasma and brain determined

in male SD Rats
Parameter Units Plasma Bratn Brain/
Plasma
Ratio
AUC ng*Hours/m 52300 47900 0.92
Lor
ng*Hours/g
AUC {0-48 {0-48
Interval Hours) Hours)
Cmax ng/mL or 1500 1500 1.0
ng/g
Tmax Hours 400 4.00

15




-57- preferred compound from WO 03/062236 (6-acet54-8-cyclopenty1-5-methy1-2-(5-
piperazin-111-pyridin-2-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-one) displays brain:plasma distribution
ratios of 0.17 (AUC) and 0.1 (Cmax) in the same assay, indicating that the compound distributes
relatively poorly into brain tissue in this model. 5 Table 6a: Plasma concentrations of the compound of

Example 16 (MYRI¥88#nined in male SD Rats Time (h) 2 4 24 48 MeENTHIH%8%% 018 972.0
S.D. 288.0 134.8 236.2 666.0 %CV 28.4 9.0 23.268.5 333
-58-
Combination Studies with Temozolomide
U&7 MG subcutaneous xenografts are grown and measured as previously
described. The compound of Example 16 is formulated and administered as previously
described and dosed orally once a day from days 11-31. Temozolomide (Schering
5 Corporation) is formulated in 1% w/v hydroxyethylcellulose/ 0.25% v/v polysorbate 80 in
purified water and administered by interperitoneal injection on days 11 and 18. A
comparison of the single agent activity of temozolomide with a combination treatment
with the compound of Example 16 is shown in Table 7. Tumor growth is analyzed by 2-
way interaction analysis; log-transformed tumor volumes were analyzed with a repeated
{0 measures analysis of variance (ANOVA) using a spatial power correlation model in SAS,
version 9.1 (Cary, NC). A 2 x 2 factorial structure was used to estimate the treatment
effects and the interaction effect between the two treatments. The interaction effect was
fested across all time points ("overall” test) and at each time point. The increased
inhibition of tumour growth seen in the combination groups compared to those receiving
15  temozolomide alone indicates that temozolomide and the compound of Example 16
demonstrate potent in vive anfi-tumour activity in combination in a subcutaneous

glioblastoma tumour xenograft model.

Table 7: UR7-MG Xencgraft Study Combination of Compound of Example 16 and

20 Temozolomide

Tumer velume (ing)
at end of dosing
Treatment peried (day 31) SE (ng) | p
value
Vehicle, 0.2 ml, PO, qdx21 /1% HEC +
0,1 % AF in 25 mM PB pH 2 456.54 169.3 | Ctrl
Temozolomide, 3 mpk, 1P, q7dx2 101.88 44,161 **
Compound of example 16, 50 mpk, PO,
qdx21 / temozolomide, 3 mpk, IP, ¢7dx2 30.22 T.57 |

Tumor volume measurements. P value is the statistical significance compared to vehicle

control group (Ctrl) on day of measurement- **: 0,001 <p <=0.01; ***: p <= 0.001.

U7 MG orthotopic brain xenografts are grown and survival measyred as

25  previously described. Groups of animals are treated with temolozomide (TMZ), ora




3 Table 6b: Brain concentrations of the compound of Example 16 (ng/g) determined in 10male

SD Rats Time (h) 2 41 24 48 Mean 758.5 1500 992,4 718.0 S.D. 82.38 268.9 54.83 232.0 %CV 10.86
17.935.52532.31 3333

WO 2016/075074 PCTAUS2009/068030
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combination of Example 16 (cvery day or every other day dosing) plus temozolomide, As
shown in Table 8, the increase in mean survival in the combination groups compared to
those receiving temozolomide alone indicates that temozolomide and the compound of
Example 16 have potent in vivo inhibitory activity in combination in an orthotopic

5 glioblastoma tumour xenograft model. The absence of mortality and loss of body weight
{see Table 9) for the combination treatments indicate that they are well tolerated and that

there are no overlapping foxicities.

Table 8: Mean & Median survival (days) resulting from administration of compound of

10 Example 16 in combination with Temozolomide.

Mean Std p value | Median
Survival | Error Log- | Survival
Treatment Group (days) {days) rank {days)
Vehicle PO 1mL/kg qdx20 28.1 1.9 - 30
Temozolomide (TMZ} IP 3 mg/kg
(days 6 and 13) 46.9 3.3 <0.0001 47
Compound of example 16 40mg/kg
qax20 + TMZ IP Jmg/kg (Days 6 & 13} 60.1 36 $.0002 61
Compound of example 16 40mg/ke
q2dx10
+ TMZ 1P 3mg/kg (Days 6 &13) 70.8 44 0.0032 70

Table 9: Mortality and body weight of animals from the temozolomide/compound of

Example 16 study
Maximum body | Dead/total

Treatment weight Toss (%) | animals
Vehicle, 0.2 ml, PO, qdx21/ 1% HEC + 0,1 % AF in
25 mM PB pH 2 0]0/8
Temozolomide, 3 mpk, IP, q7dx2 -1 10/8
Compound of example 16, 50 mpk, PO, qdx21 /
temozolomide, 3 mpk, 1P, q7dx2 -1 0/8

15 Combination Studies with Gemeitabine

Calu-6 (lung) subcutaneous xenografts are grown and measured as previously
described. Gemcitabine was formulated in saline (0.9% sodium chloride in purified

water) and administered via intraperitoneal injection q3dx7. Test compound was




Table 6¢: Mean exposure to the compound of Example 16 in plasma and brain determined in male SD
Rats Parameter Units Plasma Brain Brain/ Plasma Ratio AUC ng*Hours/m L or ng*Hours/g 52300

47900 0.92 AUC Interval (0-48 Hours) (0-48 Hours) Cmax nWmL or ng/g 1500 1500 1.0 Tmax
Hours 4.00 4.00
WO 2016/075074 PCT/US2009/068030
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admistered qdx21. A comparison of the single agent activity of gemcitabine with

corbination treatments containing both gemcitabine and the compound of Example 16

‘ are shown in Table 10. Tumour growth is analyzed by 2-way interaction analysis. The
increased inhibition of tumour growth secn in the combination groups compared to those

5  receiving gemcitabine indicates that the drugs demonstrate potent in vivo anti-tumour
activity in combination in a subcutaneous tung cancer xenograft model, The low
incidence of mortality and loss of body weight for the combination treatments indicate

they are well tolerated and suggest no overiapping toxicities (see Table 11).

10 Table 10: Calu-6 xenograft study combination of compound of example 16 and

gemceitabine

Treatment Tumor volume {(mg) at | SE (mg) p value
end of dosing period
(day 38)

Vehicle, 1% HEC in 25 mM PB

pH 2, 0.2 ml, PO, qdx21 / saline,

0.2 ml, IP, g3dx7 949,73 202,66 | Ctrl

Cemcitabine, 60 mpk, 1P, g3dx7 509,18 04.89 | **

Compound of example 16, 50 mpk,
PO, gdx21 / Gemcitabine, 60 mpk,
IP, q3dx7 234.94 30.86 | **=

Tumor volume measurements. P value is the statistical significance compared to vehicle

control group (Ctrl) on day of measurement- **: 0.001 <p<=0.01; ***; p <=0.001.

15  Table 11: Mortality and body weight of animals from the gemcitabine/compound of
Example 16 study

Treatment Maximum bady weight loss Dead/total
(%) animals
Vehicle, 1% HEC in 25 mM PB 0 07

pH 2,0.2 ml, PO, gdx21 / saline,
0.2 ml, IP, q3dx7

Compound of example 16, 50 -14 1/7
mpk, PO, qdx21 / Gemeitabine,
60 mpk, IP, q3dx7
Gemcitabine, 60 mpk, 1P, g3dx7 -12 0/7




15 -58- Combination Studies with Temozolomide = U87 MG subcutaneous xenografts are grown and
measured as previously described. The compound of Example 16 is formulated and administered as
previously described and dosed orally once a day from days 11-31. Temozolomide (Sobering
5Corporation) is formulated in 1% wi/v hydroxyethylcellulose/ 0.25% v/vgioll TR in purified
water and adfR&YEEYY interperitoneal injection on days 11 and 18. Acomparison of the single
agent activity of temozolomide with a combination treatment with the compound of Example 16 is
shown in Table 7. Tumor growth is analyzed by 2- way interaction analysis; log-transformed tumor
volumes were analyzed with a repeated 10measures analysis of variance (ANOVA) using a spatial

power correlation Model in SARx¥RIHQRR: othpBiMdN e Aokt dnlastoninlpifeatiire was used to
estimate the treatment effects and the interaction effPe}chetween th% two Ereat %gés. The interaction
a

effect was tested BERESHMRRESEHIAS CRAPRPIRdE S BRATSFEAR it Point. The increased inhibition
of tumour growth pegadinghelecrhbinatiorsgrbupsussnipdredstoiboLeyersiingr 1% temozolomide alone
indicates that temorztttailrge ‘iggr@&;ﬂ%@?&gggmgm,%m%%% demprustriemetent in vivo anti-tumour

L . [ !

activity in combindtion in a subcutaneous glioblastoma tumour xenograft model. =~ Table 7: U87-MG
Xenograft Stuly ComisrarsibIrCERATbIINY S iBs SR eI 1P B8 OCEE%IB?%SF&& Treatment Tumor
volume (mg) at engefidRsing:Re Hoslitiyad) s Bd peg) prealy énivahisidOiRrmis®®, qdx21 / 1% HEC +
0,1 % AF in 25 mM PB pH 2 456.54 169.3 Cirl. ' ’ , 210488 44.16 **
Compound of exair%%alreec {E‘E%er%n&%@gaﬁ%fkﬁﬁﬁgﬁﬁﬁﬁzﬁ%ﬁ%ﬁ?%&%Z 30.22 7.57 *** Tumor
volume measurementsyPinirddyshieistlarensrisyplifedmse S5RBsrREns ?(}é}i’ﬁé’l"’é‘e&)ntrol group (Ctrl)
on day of measurgmeitcartzd Qhder TRl i QRhildBT: MiGmathotapic brain xenogyafts are

grown and suryivay Measyied:as: ;. Mack publishing Co. (1990)).




25previously described. Groups of animals are treated with temolozomide (TMZ), or a -59-
combination of Example 16 (every day or every other day dosing) plus temozolomide. As shown in
Table 8, the increase in mean survival in the combination groups compared to those receiving
temozolomide alone indicates that temozolomide and the compound of Example 16 have potent in
vivo inhibitory activity in combination in an orthot(?&ic 5 glioblastoma tumour xenograft model. The
absence of mortality and loss of body weight (see Table 9) for the combination treatments indicate that
they are wglliglerated and that there are no overlapping toxicities. ~ Table 8: Mean & Median survival
(days) resulting from administratiofn of 1COé?jpound of 10 Example 16 in combination with
Temozolomidé: Treatri8HPEPSEH RIEEH Slirvival (days) Std Error (days) p value Log- rank Median

Survival (days) Vehicle PO Ind../kg qdx20 28.1 1.9 - 30 Temozolomide (TMZ) IP 3 mg/kg (days 6 and
13) 46.9 3.3 <0.0001 47 R2

wherein,

R1is C;-Cs alkyl, Cs-Cs cycloalkyl or cyclopropyl-methyl;

R2 and R3 are H or fluorine, wherein at least one of R2 or R3 is fluorine;
10 R4 is H or CHj;

RS is C;-Cg alkyl or -NR6R7 wherein R6 and R7 are C;-C;5 alkyl;

Q is CH,, O, S or a direct bond;

and

W and Y are C or N, wherein at least one of W or Y is N and wherein when Q is O or
5 S, WisC;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, or a pharmaceutically acceptable salt thereof,

wherein R1 is isopropyl, cyclopropyl, cyclopentyl or cyclopropyl-methyl.

20 3. A compound according to any preceding claim, or a pharmaceutically acceptable salt

thereof, wherein R2 and R3 are each fluorine.



Compound of example 16 40mg/kg qdx20 + TMZ IP 3mgacg (Days 6 & 13) 60.1 3.6 0.0002 61
Compound of example 16 40mg/lcg q2dx10 -s- TMZ IP 3mg/kg (Days 6 &I3) 70.5 4.4 0.0032 70
Table 9: Mortality and body weight of animals from the temozolomide/compound of Example 16 study
Treatment Maximum body weight loss WO Dead/total animals Vehicle, 0.2 ml, PO, qdx2 | / 1% HEC +
0,1% AF in 25 mMPBpH2 0 0/8 Temozolomide, Sﬁﬁhpk, IP, q7dx2 -1 0/8 Compound of example 16,50
mpk, PO, qdx21 / temozolomide, 3 mpk, IP, g7dx2 0/8 15Combination Studies with Gemcitabine

Calu-6 (lung) ;ybcutgn&%ggggggﬁfg% AegranRand.measHienasRviouslycesmibedt.
Gemcitabine was formulated in saline (0.9% sodium chloride in purified water) and administered via

intraperitoneal injectiBf &3 F s RE ddFipound was
5.

A compound according to any preceding claim, or a pharmaceutically acceptable salt
thereof, wherein R5 is C;-C; alkyl.
5 6. A compound according to any preceding claim, or a pharmaceutically acceptable salt
thereof, wherein Q is CH,.
7. A compound according to any preceding claim, or a pharmaceutically acceptable salt
thereof, wherein W is N.
&. A compound according to any preceding claim, or a pharmaceutically acceptable salt

10 thereof, selected from the group consisting of:



-60- admistered qdx21. A comparison of the single agent activity of gemcitabine with combination
treatments containing both gemcitabine and the compound of Example 16 are shown in Table 10.
Tumour growth is analyzed by 2-way interaction analysis. The increased inhibition of tumour growth
seen in the combination groups compared to those 5receiving gemcitabine indicates that the drugs
demonstrate pBt@AsIHIRIGIanti-tumour activity in combination in a subcutAREBAEIEf¥ancer xenograft
model. The low incidence of mortality and loss of body weight for the combination treatments indicate
they are well tolerated and suggest no overlapping toxicities (see Table 11). 10Table 10: Calu-6
xenograft study combination of compound of examte 16 and gemcitabine Treatment Tumor volume
(mg) at end of dosing period (day 38) SE (mg) p valye Vehicle, 1% HEC in 25 mM PB pH 2, 0.2 ml,
PO, qdx2l / saline, 0.2 ml, IP, q3dx7 949.73 70256 Ctrl Gemcitabine, 60 mpk, IP, q3dx7 509.18 64.89
** Compound of example 16,50 mpk, PO qdy 21} Gemgitabipe, 60 mpk, IP, q3dx7 234.94 30.86 ***

Tumor volume measurements. P value igithe stétistigal significance compared to vehicle control group
(Ctrl) on day of measurement- **: 0.001 gp <=0.01; * K=0.001. 15 Table 11: Mortality and body
s

weight of animals from the gemcitabing/compound of EXampie 16 study Treatment Maximum body
weight loss ( %) Dead/total animals

™




Vehicle, 1% HEC in 25 mM PB pH 2, 0,2 ml, PO, qdx2 | / saline, 0.2 ml, IP, g3dx7 0 0/7 Compound of
example 16,50 mpk, PO, qdx21 / Gemcitabine, 60 mpk, IF, q3dx7 -14 1/7 Gemcitabine, 60 mpk, IP,
g3dx7 -12 0/7 -61- Oral administration of the compounds of the present invention is preferred.
Intravenous administration of the compounds of the present invention is also preferred. Depending on
the circumstareesysothesimutes of administration may be used or even pPEFEEHEAIGHEXRample,
transdermal administration may be very desirable for patients 5who are forgetful or petulant about
taking oral medicine. Compounds of the present invention may also be administered by the
percutaneous, intramuscular, intranasal or intrarect&broute in particular circumstances. The route of
administration may be varied in any way, limited hy the physical properties of the drugs, the
convenience of the patient and the caregi®tr, ard other relevant circumstances (Remington's
Pharmaceutical 10Sciences, 18th Editior%% Malgk Publishing Co. (1990)). 62 1.A compound of formula
(: R2 NN ,W R4 5(1) wherein, R1 is 3- Eycloalkyl or cyclopropyl-methyl; R2 and R3

",
are H or fluorine, wherein at least one pf R2 orine; 10R4 is H or CH3; R5 is C1-C6 alkyl or
-NR6R7 wherein R6 and R7 are C1 yl; N
X N\~<

.

N



Qis CH2, 0, S or a direct bond; and W and Y are C or N, wherein at least one of W or Y is N and
wherein when Q is 0 or 15S, W is C; or a pharmaceutically acceptable salt thereof. 2.A compound
according to claim 1, or a phalli aceutically acceptable salt thereof, wherein Rl is isopropyl,
cyclopropyl, cyclopentyl or cyclopropyl-methyl. 203.A compound according to any preceding claim, or
a pharmaceuticethzaooeptable salt thereof, wherein R2 and R3 are eachefiuarines/@8cde A compound
according to any preceding claim, thereof, wherein R4 is H. 5. A compound according to any
preceding claim, thereof, wherein R5 is C1-C3 alkyl. 56.A compound according to any preceding
claim, thereof, wherein Q is CH2. 7. A compound a&éerding to any preceding claim, thereof, wherein
W is N. 8. A compound according to any prgceding claim, 10thereof, selected from the group
consisting of: or a pharmaceuticallypg€teptable salt or a pharmaceutically acceptable salt or a
pharmaceutically acceptable salt or @ ph4 rmaceuticglly acceptable salt or a pharmaceutically
acceptable salt -65- -66-  Hn N :




-67- 68 and 9.A compound according to any preceding claim which is: 69 or a pharmaceutically
acceptable salt thereof. 10. A compound according to any preceding claim which is the mesylate salt.
11. [5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-yl]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-
methyl-3H-benzoimidazol-5-y1)-pyrimidin-2-y1]-amine crystalline form HI, 5 characterised by an X-ray
powder diffractifft PAMBTHTCUKa radiation, X = 1:54056 A) comprising a BERFEYI05883P0 0.10) and
optionally one or more peaks selected from the group comprising 11.54, 10.91, and 12.13 (20 0.1).
12. [5-(4-Ethyl-piperazin-1-ylrnethyl)-pyridin-2-y1145-fluoro-4-(7-fluoro-3-isopropyl-2-
methyl-31-1-benzoimidazol-5-y1)-pyrimidin-2-ylkamifi& crystalline form Ill as 10claimed in claim 11
which is further characterised by a "C NMR _spectrum comprising chemical shift peaks v(F1) [ppm] at
112.7, 127.3 and 129.4. 13. A phatmacetificakfefmulation comprising a compound according to any
one of claims 1 to 12, or a pharma teq|ly acceptable salt thereof; and a pharmaceutically
acceptable carrier, diluent or excipignt. 19¢4. Apharmaceutical formulation comprising a compound
according to any one of claims | tcally acceptable salt thereof, together with a
er therapeutic ingredients. 15. A compound
according to any one of claims 1 , Or a pharmacgutically acceptable salt thereof, for use in
therapy. 2016. A compound accoyding to any ong;of Mims 1to 12, or a pharmaceutically acceptable
salt thereof, for use in the treatri®rt of a can sele\%ed from the group consisting of colorectal
cancer, breast cancer, lung czncer,Zprostate cancer,

lioblastoma, mantel cell lymphoma, chronic
myeloid leukaemia and acute id leukaemia.
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9. A compound according to any preceding claim which is:
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69

or a pharmaceutically acceptable salt thereof.

A compound according to any preceding claim which is the mesylate salt.
[5-(4-Ethyl-piperazin-1-ylmethyl}-pyridin-2-y1]-{ 5-fluoro-4-(7-fluoro-3-isopropy!-2-
methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl}-amine crystalline form Il
characterised by an X-ray powder diffraction pattern (CuKa radiation, 2 = 1:34056
A) comprising a peak at 21.29 (26 & 0.1°) and optionally one or more peaks selecled
from the group comprising 11.54, 10.91, and 12.13 (20 0.1°).
[5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-y1]-[ 5-fluoro-4-(7-fluoro-3-isopropy!-2-
methyl-3H-benzoimidazol-5-y1)-pyrimidin-2-yi}-amine crystalline form JII as
claimed in claim 11 which is further characterised by a C NMR spectram
comprising chemical shift peaks WF1) [ppm] at 112.7, 127.3 and 129.4.

A pharmaceutical formulation comprising a compound according to any one of
claims 1 to 12, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier, diluent or excipient.

A pharmaceutical formulation comprising a compound according 1o any one of
claims 1 to 12, 0ora pharmaceutically acceptable salt thereof, fogether with a

pharmaceutically acceptable carrier and optionally other therapeutic ingredients.

15. A compound according to any one of claims 1 to 12, or a pharmaceutically acceptable

salt thereof, for use in therapy.

16. A compound according to any one of claims 1 to 12, or a pharmaceutically acceptable

salt thereof, for use in the treatment of a cancer selected from the group consisting of

colorectal cancer, breast cancer, lung cancer, prostate cancer, glioblastoma, mantel cell

iymphoma, chronic myeloid leukaemia and acute myeloid leukaemia.



