PROTEI N KI NASE | NHI BI TORS The hi ghly honol ogous Cycl i n-dependent ki nases
(Cdks) CDK4 and CDK6 in conbination with Cyclin D are key regulators of the
transiti owot2broprgdrat he restriction 5poi nt R bet ween t hep@i/usgeoomtdnso and S
(DNA replication) phases of the cell cycle. CDK4/6 exert their effects via
phosphoryl ati on of the retinoblastoma protein (pRb). Once phosphoryl at ed,
pRb loses its inhibitory effect on the transcrl ption of genes pronoting
entry into S phase. By contrast, speC|f “c inhibition of CDK4/6 kinase

ol ccul & i i bi 3?2"?@28?’?51?&%@&2;%@&2\5@@{1@@&3% and arrest of the

cells at the Gl restriction point. As the primary mechani smof regulating

the GL restriction point, the pat hvvgly r egul atedm‘f/ t hese kinases is altered

in a broad spect Thahighfly h@mlﬁgomm@mlm cpgndentt lyingsed (ki CPlohansfCIRIOKMY CDK6 i n

t hese tunours has.the t ene ion. 15Pim1
BB R iy Pl BAHROLD TR g SR Ut e,

is a serine/PRPEdM ne

i ncl udi ng Cgioint RYeRePthe G B8&I B andtS (BNSCicplfaiic) Bhdsed @l cell E@msduct i on
pat hways an E%gt osi s and whose expressi on has been |inke to several

cancers i ncl ew&éh@teéﬂe@gw@@hospmrﬂémﬁ theretineplastomypreigingPRBaORtaNN, M
dT. M 0

ggKi nase rﬁry?h%gp? 61?]1396(1 ﬁbﬁﬁ%&ﬁﬁ %“ﬁgHﬁ g?c![t o %%8%}: r_@ﬁéé}%ﬂ g rtz)égté%a) series of

substi t ut ed edtrpintd $pldkeream nes and descri bes them as kinase inhibitors, in

particul ar the kinases p561ck and protein kina WO 98/ 11095
does not di scl osBY Pomtiath StpP‘BﬁC ’6‘%“% §?C @ﬁ‘t‘@%" gfivity by th. en%ogenous

2- (pyri dign- Zarithid Mop@hoPYIs 800 be sial noR¥NE Wit fesRRER h H(K ﬁb‘?g

havi ng CDK4%ErS iélnhlobliﬂt 8% act ?r\PlgSyaarg Llysc oseS ?Sn SB These
conmpounds arp@bde@ ardsba dheas!lbatithedauresfiagion pent Aetherpaalalryemch@ﬁmc@l I
proliferative h as cancer and ste However .. t he
Bonpounds. arceias 1 G griien et SonfRoN et e e

appreci abl e Hr&hlsﬁacmﬁbfﬁﬁﬁdn\wﬁwur@énd%ﬂ@ﬂhlt{lm@ﬁmmn@ﬁﬁms@mﬁu& There
remains a need to provide CDK4/6 inhibitors which can be used in the
30t r eat ment hef therapdutip basiefif yrpaevieniengdels divdons such as cancer. The present

i nventi provi dgs h|b| ai n ds of the present
i nventi gﬁ are rmrﬁlé]rlllsa ]i%%g%%ﬂl}%e A Segla rg lge é‘ﬁersgeb%oﬁo i C(r)lctlo(r)l?jnds known in
the art. Addndludmfgadellyyclé;hs&ressioa tf’dnﬁtﬁ}@doﬂaU51gl{aDttaIﬁﬁlcﬁBK1§hﬂﬁde§lﬁhdbI tors which
are selective for CDK4/6 conpared to other Cdks and are thus able to
produce specdPPRtesisand apSKDRMER haphess Bifted 4 spralcAREEBIGIEM |y rel evant
concentrati r d / t hat are
able to pr O?ﬂ%gatas_g%%ﬁfp‘?&% g;& ¥a2M09 éﬁgﬁﬁé‘g‘gm gg%ﬁ ]ﬁmlo %:ltg c%él;c?ea

rel evant cordmicla®dind7(4): p. 726- 30).There al so renmains a need to provi de

CDK4/ 6 iphibitors.wth roved sol |I| s solutign. Certain
conpound? of the%ﬁ?%eslglﬁblrt?%‘%f% R4 g nggy@&ff%ﬁ%eflﬁs %0i n aqueous
sol ution conpgfigghdi ﬂyli‘mﬁ(ﬁﬁéaﬁhr{és ﬁﬂfﬂ%@dfﬁgssthérﬂ al ltlﬁas@'fnthlbltors in paribiIkify , there
is a need to provi d(la< CDK4/ 6 1 nhibitors which have i nproved distribution
into brain tlmr@seae)S@?mZAm?O afdysotbie kingsedC. W00 O8/é HIYS dbssorotdsdose obiitianng Wi t hi n
t he brain, ?mgsxarrpl e primary and netastatic brain tunours. Certain
conpounds of° present invention have inproved distribution into brain

tissue. 15There iASe@dsD2fpyHRRMD- &lﬁmﬁlﬁ)})wrﬂﬁ f[’r{))ﬁnwﬁii?bdﬂes)d&cﬂﬂeﬂﬁs good
phar macoki neti c Ero perties such” as oral avail Certai n conpounds of
e

the present hevivehDK4H inkibitory sqpiviey erd diseladed av¥i0 (Em6r22¥6yThﬁa@¢prm®mbra€d with
certain CONMMAILL 19@ a%%glﬁguée@%lﬁ{pt? ﬁgattment of cell 5dljlf§9tg} dbsg{aerstsuc%r cAn%ft: @ need to

provi de ki nase secon Fni y at other

non- Cdk Ki natﬁ&&‘estefl&fs. Hxadvpt, ehelbifipdunkd ﬁap@rly@elmblanmaqaébw@cﬂmmmd@d@f t he
present invention have dual CDK4/6 and Pim1 kinase inhibitory activity.

The present ThPEREPIRCINORNBEYY aeivib arrier grontGek) kiggspiargets.

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



Formula | R2 HN WD 2010/ 075074PCT/ US2009/ 068030 -3- (1) wherein, 5Rl is

C3-05 al kyl, C3-05 cycl oal kyl or cyclopropyl-nmethyl; R2 and R3 are H or

fl uori ne,wotweromzsn7at | east one of R2 or R3 is fluorine; PRE/US3008/06803€CH3; RS

is Cl1-C6 al kyl or -NR6R7 wherein R6 and R7 are C1-C3 alkyl; Qis CH2, 0, S

or a direct bond; 10and Wand Y are C or N, wherein at |east one of Wor Y
is Nand wherein when Qis 0 or S, Wis C or a pharnaceutically acceptable
salt thereof The present invention proﬁ?des a pharmaceutical formnulation

conpri sing nd of the prese i nvent.ion.or a pharpac pcally

nocept abl e SHEEE HEPUEE: Cointy SmBr e A TR P e PRB e Ry T

di luent, or igxKitoRl B certain compouhdhSnBive HEME atk NVeNt i on provi des a conmpound of
e present invention or a pharmaceutically acceptable sa ereo or use

th t t t || hgt bl It th f f

in therapy. The peégenly.thyeiwines tppovide&Did/Ciohbuemabish atchelogive Sunt
| nvent | on” ore g 2ORNALIRGEURLGANL 11 AEETRIARLE oRAlL JOSKAGTulQiyiase Tn the
treat nent of cancer. n par |cufar atehOSG cancers sel ect eaa romthe gr oup

consi sti g Qlesehofhaghaablogied§etlevant @AStret@ng ahe plekidgineaitioe providepeci al |y non
smal | cell qug cancer gNSCLC%, prostate cancer, glioblastoma, nmantel cel
| ynphona ( MEDKA/¢ ihibipts thefar ableta nspdusespicelic EnvrycsENbEgEsen ahyel oi d | eukaeni a

(AM) . 25Thiﬁmhﬁ&ﬁ§%&ﬂ,r&&%ﬁﬂ%ﬁmﬁ&ﬁ%bﬁes a nmet hod of treating cancer
m the gtou t

selected fr consisting of colorectal cancer, breast cancer,
| ung cancer, esp@&hdirahlbyremains s nekdlto previde CDRd/6danitiers WNSGlpEyved pridslitat e

cancer, gliaqblastoma, .mantel cell | oma, chronic el oid ] eukaem a and
et eyl or BB AR L el Crapout oD ISy g e HR e pionts DH R el i n

Lo, o, Ry AL LAkl oAyl earpound of ' he pr oo
Further, there is a need to provide CDK4/6 inhibitors which have 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 CDK4/6 and Pim-1 kinase inhibitory
activity.

The present invention provides compounds of the formula:

Formula [
25 R2
N
R3 \\(
N
| A R
NYN
HN | N (\ R



-4- Additionally, this invention provides the use of a conpound of
the present invention or a pharmaceutically acceptable salt thereof for the
manuf act we 20fo/@somedi canent for the treatnment of cancer pcirruspaotssnad ar
those cancers are selected fromthe group consisting of col orectal cancer,
breast cancer, lung cancer, especially non small cell 5lung cancer (NSCLC),
prostate cancer, glioblastoma, mantel cell |ynphoma, chronic nyeloid

| eukaem a and acute nyel oid | eukaem a. - Furthernore, this invention
provi des a pharmaceutical forrulation for use in therapy conprising a
conpound of the present invention or a pharnmaceutically acceptable salt
thereof and a pharmaceutically acceptalphe carrier, diluent, or excipient.
The invention 10al so provides a pharnaceuti cal formul ation for treati ng

col orectal cancer, breast cancer, |lung cancer, especially non small cell

| ung cancer (NSCL@ ,Prostate cancer, gl i obl astoma, mantel cell |ynphoma,
chronic nyeloid I'e Ea@n‘i a and acute nyel oid | eukaem a conprising a conpound
of the priesent i RY&T:i@nligt, B-(Rhadlswice vt dyciaplopylasgiept abl e salt thereof and
a pharmaceutically acceptable carrier, diluent, or excipient. 15The general
chenmical terms uBdandR3 vRE ¢ fupiicawheieipodentons of RioF RYsdlP B ani ngs For
exanpl e, the tergy’iGe; p(\?HaI kyl" refers to a straight or branched,

nonoval ent, saturat ‘ed’a rﬁhatl c chain of three to five carbon atons and

i ncl udes, but i sRﬁ@tClL@dnilkyédJ:NRGMm}mmw R6 asl®Franp@{-C; allgbut yl , 1 sobutyl,
sec-butyl and tert el The term C3-05cycl oal kyI refers to a
saturated carbonQ$ gbé&%ﬁp’&?ﬁ?‘&dm ng 20three to five carbon atons.

It will fpe under gipood by the skilled reader that nost or all of the
conpounds of the present invention are capable of formng salts. The
conpounds of theWadseart CianNewhérom atleast ama o ds or irdN aowhediimghgn @ gact wit h
any of a nunber @f Enﬁr%em c and organic acids to form pharnmaceutically
acceptable acid ddPti'dh-sal ts. Such pharmaceutically acceptable 25 acid
addi tion sal ts apt sRMRAIELNREPIBRYalt BFrepf, €paring them are wel | known in
the art. See, P. Stahl, et al., HANDBOOK OF PHARMACEUTI CAL SALTS:
PROPERTI ES, SELE%W mewemg@ pww@swvwrmgeumhforw@mn comppsingi ghl ey, S. M

Berge, BC. MRRSAGUR. gl ROGYS SPEg ARl ETTIRGERL ARhSE IR 00Y - Ede.

Basel , Hong ﬂﬁﬁrﬁgc@ﬁdﬂl%ccep@ble45ﬁer4&91,ent$oﬂ\dxc15ﬁntge et al., "Pharnaceuti cal
Salts" Journal of -5- Pharnaceutical Sciences, Vol. 66, No 1, January

1977. The hydr ocAlOMEa! BYELRI)YIdes @ compeuad of e B‘feéqﬂé'rnf“%lon‘?ir?e mesyl ate’ sal t
i's especiall alﬂ{agéu‘ﬁ&ﬁl?q V\%:E ﬁ’lﬁ:?e[l?tﬁér}!oftf&%spfn%e?% i nvention conprises
conmpounds of Fornul a rein I'S I sopropyl, cycl opropyl,

cycl opentyl or cyhd prmempWenmmmWMesMtaompqnmébéﬂlapteyant Riention bi sopr opyl .

Pr ef er ab rese |nve N, COMri ses oun of Formul.a,l wherein
o1 o PIIr EmBRS e et SRk RGBS R FO T RRaE St sBtsst T LS on

conpri ses CQHH%@%@&S Rlleck @rﬁ'&ﬂ tHe éroﬂw&fnﬁ'stﬂlg%?cd@reaé’l@ﬁl%leBre@sﬁ‘%tB@r fugg f 1 uorine.
Most preferably both R2 and are fluorine. 10Preferably the pr esent

i nvention c@mer,smm@lbfrmumdlécaﬂrluwwéNSCbmemeﬂtzﬁe mcarsgli@blaartmgen In an

alternative, R4 i refer r ef 4 ogen
Preferably tl%agteﬂ)?eilslglﬂﬁw 3@#@’% O&%W%\/b(g% lg 3@&@@%@@8 J wher ein
R5 is Cl- C31@tﬂ<KMh1aQAMLB\.|R6R7, wherein R6 and R? are G -C3 al kyI I\/bre

pr ef er abl R6 and R7 are ethyl. Mre preferably RS is G -C3 alkyl. Mst
prefer abﬁ// R5 i s1Bi Hiypntion Sipthef prpitiesys medieodil seming cangreplesterhirad isr i ses
conmpounds  of r.af er abl y
is CH2. Pr efgrfgb y t %H%Of\pl)@ragog%'}]a Ca}gﬁ%/rztﬁg%cr?ﬁé%ﬁup Cégés%} C %glgluy %‘S}PS%\@H ornmul a
wher ei n Y i dung cancer (NSCLC), prostate cancer, glioblastoma, mantel cell lymphoma, chronic

@)

myeloid leukaemia and acute myeloid leukaemia in a mammal comprising administering
to a mammal in need of such treatment an effective amount of a compound of the present

30  invention or a pharmaceutically acceptable salt thereof.



N. 20 N. Preferably the present invention conprises conpounds of Fornula I

wherein Wis Preferably the present invention conprises conpounds of
For mul a Iweterei7zeodoth Wand Y are N. Preferred conpounagstafS2adamesosyent i on
i nclude those of the formula: Fornmula Il wherein: Rl is isopropyl,

cycl opropyl, cyclopentyl or cyclopropyl-nmethyl; 5R4 is Hor CH3; R5 is
C-C3 alkyl; Qis CH2, 0 or a direct bond; and Wis C or N wherein when Q
is 0, Wis C 10or a pharnaceutically a ceptable salt thereof

Especial |y prefe r e _conmpaoun xenpl.ified h n_or
phar mceut | cal |y ASEERREaE ETER PRAMELA RS » SuBRuRart D BREEr red 15 the
conmpound invention or a pharmaceutlcally acceptable salt thereof for the manufacture of a

[ 5- (4- Et hyl - pi perazi n-1-yl net hyl )-pyridin-2-y1]-[5-fluoro-4-(7-fluoro-3-iso
propy 1- 2- netiksgicanepthemboiqingtal of caseey In pqﬁmuiaﬁﬂmemazcewa]re seiecies iom the

phar maceuti ¢ H

15pi per azi n- °“§?| OI%ES?%) %ﬁlé%/o??&%anﬁ&y fa{%F‘% %e? hg@o {?Sq‘eflagf ngmialslgebnr opyl-2-m
et hyl- 3H5 bengmamed@zsm{s prdstatddantdn) diobladoryal Iaatki dtll lymphobe, chevid i n t he
alternative as 2- Pyrim di nam ne,

N45- [ ( 4- et hmebiﬁe\&@@@%aﬁglmwmlﬂllequswq di ny1] - 5-fl uor o- 4- [ 4-f | uor 02- met h
v b ety et kel 08074 B ARBRL B Y gmacklc G AN FRUGTR T ed T s

[5 (4- Et hyl - pi perazi n- pyri di
20f | uor o- 4- amxﬂWuompﬂﬁmgam@pmommlﬁﬂmqnshyﬁﬂGMMhanzpMmmdamthﬁmymydmyr|nldin-

2-yl]-amne crystalline formll char ctetis by an .X-r powder
di ffraction *@la 5P @Qkﬁmﬁ%rl%{llmwem&b e CafTiey 4 @s NET CXRIRRHi ed’@"eél“%’eak at

21.29 (20 + o é}ovﬁf@éjaglﬁ?m%ﬁhclayfoﬁﬁlﬁatféﬁ fwe%;%)%@isﬁecﬁﬁ&aﬁsére&eawame& he group
conprising 11.54, 10.91, and 12.13 (20

(4- Et hyl - pi pergzanass, IeSp)ebinlét toplsinaigell ldhgeapeey QFSTIE-)f pragatocancdry- f | uor o- 3-i sopr o

1- 2- net hyl d d t.alli f
P11 Gan be FP ORGP AP GCE LM TR e Rl MO Eherm ot o
shift peaks Mfkkdhia EaRFsingta cdhpouhd oA pRscnfvdntidn dr a fhhhace@idmeunds of the

present invention are specific inhibitors of CDK4 and CDK6 and are
t her ef or e ugiefentable salt thercefraad o platmacsaticall hesepiahde earrica dloerdenr cxdipietdct eri sed by

abnor mal,cel | pr L) i h resent
vent Tof are usSraeRE o Rcr| BB BRI He Ml oS LR Bl L P2
their effectfr eamphkethe @b “Cy.Cl akalhfeﬁeugi@ atshﬁgﬁl%rbﬁ@&]@ﬂl@ﬁc)ﬁb@dletn@n of pRb. The
conpounds of the present i nvention, are potent |nhibitors of CDK4/6

activity andRird pRginHBEHdeA fatﬁve)ﬁﬁrboalraéor%%aaé&@éesb Butiisikt Bmitedtg) |
el s ar e prol s L TR b R e ol gene (vwhi ch
encodes pRb). Th&hctompOufdgchhlkylhefeisnyesiirand carlmntringsyetaor entagadgl in the
treatmen, of, oY FRISRIS.SHC" 29
It will be understood by the skilled reader that most or all of the compounds of the
present invention are capable of forming salts. The compounds of the present invention
are amines, and accordingly react with any of a number of inorganic and organic acids to
form pharmaceutically acceptable acid addition salts. Such pharmaceutically acceptable
25  acid addition salts and common methodology for preparing them are well known in the
art. See, e.g., P. Stahl, et al.,, HANDBOOK OF PHARMACEUTICAL SALTS:
PROPERTIES, SELECTION AND USE, (VCHA/Wiley-VCH, 2002); L.D. Bighley,
S.M. Berge, D.C. Monkhouse, in “Encyclopedia of Pharmaceutical Technology’. Eds. J.
Swarbrick and J.C. Boylan, Vol. 13, Marcel Dekker, Inc., New York, Basel, Hong Kong

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



15col orectal cancer, breast cancer, |ung cancer, prostate cancer, chronic
nyel oi d | eukaem a, acute nyeloid | eukaema (Fry, DDW et al. M. Cancer
Ther. (2080)n010803drx, 1427), mantel cell |ynphoma (MarzeecTNs2@dabso3o Bl ood
(2006), 108(5), 1744) ovarian cancer (Kim T. M etal., Cancer Research
(1994), 54, 605), pancreatic cancer (Schutte, M et al., Cancer Research
(1997), 57, 3126) malignant nelanoma and netastatic malignant 20nel anona
(Mael andsno, G M et al., British Jourmal of Cancer (1996), 73, 909) in

The. 1 oat ment g pHARGB RS et ScabnR e RO chfmdianey '

(2006) , 5(5)<altsla2€§79& foRbHf Tli'é'rﬁehﬁbt@sdlﬁﬁ?bs@%al(y%&ma L.B. et al., Cancer Res.
(2006), 66(15) in mmuals. It is preferred that the manmmal to be

treated is a hurrBerrMAth@Ipme@hlamnyon W@?Srcé@p@mdmﬁﬁmguléiWhﬁ@mﬁrle%ent
d
i stri bori on PRk GRERTYE SRSy BLORFID Lt IR MRS R ER" P100 | o

model , tlse bgopidpylpl asma exposure ratio of the corrpound of Exanple 16

(det erm ned usi n? t he area under the curve (AUC) or_ nmaxi mum plasma and

brai n concent r at PisfébhctaRpsensiggenighansisss cogpapdy ohdionatlal yhareinBgiindi cat i ng
that the co grgpd ontrast

t he present r}?ﬁﬁf\{/ﬁ&%{tﬂgfﬁg% ve ggne'éP gerf%?bﬁgéé* ?F&gﬁm\o%{rdeop é%@&gﬁr%gﬁﬂn rom WO
03/ 062236 ( Gormul8f wherein R2 is hydrogen and R3 is fluorine. Most preferably both R2 and R3
acetyl-8-cycl opent y1-5-net hyl - 2- (5- pi perazi n-1 -yl -pyridin-2-yl am no) - 8H pyr
i do[ 2, 3- d] BYr Wy n- 7- one) di spl ays brain: plasma distribution ratios of
0.17 (AYg and OPl%feGé’EW%é preseﬂfimcéahbrmanﬁﬂa@és cmgoﬁemﬂqulgt%&bmu%
relatively poorly into brain tissue in this nodel. Preferred conpounds of

t he present hydpgen Inom alferativad4eid preferaitly methyl. M@ﬁ@tafaaléy Rhé lydivged. n and are
thus useful in the.tr ment of pr.imary and netastatdc brai MRUr'S wher e
the cerl s are pr CTreRarr Rg cab BUh B AR aRBR AL e ofmilh B Porndi B e
Exanpl es of GughikgRAHNRGRT Mwiddi®PRE Snd Iﬂﬁérél@?cghlkﬂbM@ﬁ:t TBraldt§, Nednld RS

medul | obl astoma and astrocytoma (Lee, -H et al. ci ence (1987), 235,

1394) . Temf&b%hﬂld@fﬁ@reéer % B Bndss aMWSW¢fQ®bIM@5a§@hI1 used for the
(Frednai, Cr s, PRIGHRPAS pbR6| Heeh Srhah3ph e @*f?"q@s@ﬁ%}? Pncl udi ng

brai n net astC&Bﬁﬁaﬂfréﬁﬂbdﬁﬂl Mogapesferbsle@st CHancer and NSCLC (Siena, S. et al.
(2009) Annal s of Oncol y, doi: 10.1093/ annonc/ ndp343 Tem)zol on de
interacts with ﬁ%ﬁgrewﬁblﬁif%lapnmﬂﬁwamp@wﬂa ulp \HPRRBSI IS F., et
al. (2007), I\If’har macol. Res. 56(4): 275-87). The conpounds of the present
i nvention can be used in conbination with 15 tenozol onide for the treatnent
of primary and nBtefesiblyt theprofit bvaution ¢ammpecssonpamdast prindb [ aberoindV and
astrocytgma, for exanpl e where such netastases are derived from nel anonma,
br east ncé\? or NSCLC. Genti t abi ne HC1, a nucl eosi de anal ogue t hat
exhi bits antit umpefadly b piésent &V@ltlon ElRPFNesZom &inds Qﬂ ﬁ&ﬁﬁﬁ P@Hérblg'bﬂtﬁ
nonohydrochl ori de (I3-1soner), also known as B , O difluoro-2

- deoxycyt i diendbneiy.dr ochl ori de, or as

1- (4- am no- 2- 0x0; 1 rimdi 1).-2- deso r,ori bose.

Genti t abi ne HCl ﬁ&%ﬁ&?ﬁ*@&a& Orﬁﬁﬁg Oélﬁ{lcgd Z?Il%dﬁe g “structural fornula
is depicted below NH 2 HO HO O N HF HO F Genti tabl ne HCl1 is effective
in the treatment of non small cell lung cancer 25(NSCLC) (Sandler, A and
Ettinger, D.S., (1999), The Oncol ogist, 4, 241), pancreatic -9- cancer

(Pino, S M et al., (2004), Current Gastroenterol ogy Reports, 6, 119),
ovari an



cancer (Pfisterer, J. et al., (2006), Journal of Cinical Oncol ogy, 24(29),
4699) and netastatic breast cancer (Chan, S., et al., (2009), Journal of

Clini cal wocologye7427(11), 1753). The compounds of the prceamspdoiossosnt i on
can be used in conbination with 5gentitabine HCL for the treatnent of
NSCLC, pancreatic cancer, ovarian cancer and netastatic breast cancer.

The conpounds of the present invention can be used in a nethod of treating
cancer, in particular the cancers described above, in a manmal conprising
adm nistering to a mammal in need of su%h treatment an effective anmount of
a conmpound of the present 10 invention. jIn a preferred enbodi nent, the
conpounds of the present invention can be used in a nethod of treating a
cancer selected fromthe group consi | orectal cancer, nmantel cel

| ynphoma, breast cancer, glioblasjona vel oi d | eukaemi a and | ung
cancer, especially NSCLC. In angtr ngodinent, t he conpounds of
the present invention can be uskd im a nethod of kreating a cancer selected
fromthe group 15 consisting df Norectal cancer, glioblastona, acute
nyel oid | eukaem a and | ung cancer| In another preferred enbodi nent, a

conpound of the present inventigmgcan-pe used ~Q grsethod of treating
gliobl astoma or astrocytoma in a m ) co ri sNng adm nistering to a
manmal in need thereof a therapeuti ef f gi%}e conbi nati on of a
conpound of the invention and tenopzo g not her preferred

enbodi ment, a conpound of the 20 invention can be used in a nethod of
treati ng NSCLC, pancreatic cancer, ov&fi an cancer or netastatic breast
cancer in a manmal, conprising admnistering to a mammal in need thereof a
therapeutical |y effective conbinati oiP™®2d conpound of the invention and
genti t abi ne HGki,. The conpounds of the present invention can be used for the
treatnent of cancer, 25in particular, the cancers described above. In a
preferred enbodi Rémtisoprdpel, cyqpoapytl syaddpenthbor py@seoiyl-imetheht i on can be used
for the treatnenk4of a éﬁncer selected fromthe group consisting of
colorectal cancef*SHAtEM>cel I | ynphoma, breast cancer, gliobl astoma, acute
nyel oi d | eukaem gsand-¢ungl.cancer, especially NSCLC. In another preferred
enbodi nent, the conpounds of the present invention can be used for the
treatment of a 3Qd& Heﬂhgéﬂ@@@édmgron1the group consisting of col orectal
cancer, glioblas&%pa, acute nyeloid | eukaem a and | ung cancer. |In another
preferred enbodi nent, the invention -10- provides a conpound of the present
invention for us& ist &NWwhdréieapsQ is@pPaiate or sequential conbination with

tenpzol onide in the treatnent ofaglioblastona or astrocytonma. |In another
preferred erfbaaharppteutiaipageprieie 18 thg0bvi des a conpound of the present

invention for use.J I I I: ion with
Sgenci t abi ne. HoLETROPRLTHEETEEHS coR SRR EnBinc SRR b BharbATRIARL DT
cancer or netaptablcisdt theresfsMoranmetally prafetbéisninr@mpbind [SofpthyRgiserafint he

Preat nent of | UBHGE) P BaTTrCuPart THENE SROBPE [aBe YD ABOTE =l o
preferred empadhiRilin- L1 BakREBOHE I REutcRS REGRSRalt MYRDE [Q-1RY)- 10 be used

in the nanufac?ure of 4 ned{qanent for the tﬁ%atnent of a cancer sel ected
f rom t hel5gr gigsrazmnsylstecihph-ppfidic bk 6 dtuato-4 Ghiterq-3nwntopy |- wkthyl Hyphona,

breast cancer |.i.ob] astoma, . acut el oi d | eukaem a,and.| ung cancer,
cspoct al Ty ree e - ShAER L R B artenn P HEREB R dodnde of { he
present | NVeRtimQinSaf, NqSlﬂ@l%ﬁgﬂm—p‘iﬂéﬁazfﬁ?UMf:tﬁﬂﬂ-Qf gridlﬁyljisiﬂﬁéi*o rdL or the
treatnment of "a cancer selected fromthe g&oup f consi sting of col orectal
cancer, gl i donebyldnd;meilieteyln/ébenzanilegkestia and | ung cancer. 1n another
preferred enbodi i nventd on..oravi des t se of .a,campound of the
invention in theggrrlﬁénu&%rélgf %f%rgeddgfsa@%@il gl rer%%f?‘ lfﬂﬁletﬁwzp}’rﬁdeug% #@ﬁ? of

gl i obl astoonslyoro-AEt ey 8-ipropyikenethvl-3HBeniE thi G 2d e ) -gulr el dia O |-416i8s
tenozolom de or is to be adm nistered sinultaneously, separately or
sequent i al | Erxaiafline famdHosherargased by am{gehesvdzodiffrastien pagernéaedi nent , t he

i nvention proyides t of a.conmpound of, t i nvention in the

mnat actur & Bt oA PP Re e e s O (AR b8l ¢ cancer
ovarian CanQﬁﬁ¢P&k@ﬁ%ﬁﬁ&ﬂ%ﬁﬁmﬂﬁ&ﬁﬁ%nﬁﬁﬂﬁ [1.540e) el I oediogayet al so
conprises gentitabine HC1 or is to be adm nistered simultaneously,

separately or sequentially with gentitabine HCl. 25There is also provided a
pharmaceutical fornulation for treating cancer, in particular the cancers
descri bed above conprising a conpound of the present invention or a
pharmaceutically acceptable salt thereof together with a pharmaceutically
acceptable carrier. In a preferred enbodi nent, there is also provided a
pharmaceutical fornulation for treating a cancer selected fromthe group

. - I T | o T | N B ~~1!1 1r g, S




pharmaceutically acceptable salt thereof together with a pharmaceutically
acceptable carrier. In a preferred enbodinent, there is also provided a
phar macewvocalo/d7somaul ati on for treating a cancer sel ect edTiusesmobs®igr oup
consi sting of colorectal cancer, glioblastoma, acute nyeloid | eukaem a and
| ung cancer, conprising a conmpound of the present 5invention or a

phar maceutical ly acceptable salt thereof together with a pharnaceutically
acceptabl e carrier. In another preferréh enbodi ment, the invention provides

a pharmaceutical  fornul ation, for treat]j | i oblast onp. or astrocytoma
conpr ot ng. drEBEBEHE LT SR Rha SRtk R eSS TerRat i th
phar maceut i Gal-bahz@&eRRS 3B Epyedidih Oyl ]-dnlin@f9éthIRie Biefesned nampodi ment, the
i nvention provides a 10 pharmaceutical fornulation for treating NSCLC,

pancreatic chwederischinas | aANMR el havig chemiselishiftnealeistF 1o fmed et [1@dmpri si ng a

conpound 0f1§??ah9ﬁﬁmti0” and gentitabine HCl, together with a

phar maceuti cal Ty accéptable carrier. The invention also provides a

phar maceut i cal f Dhdaonbinad of 1O pREInSInAEtian &0 Rfeiddntaitots v GDXEMI on or a

pharmaceutical |y acceptable salt thereof and 15tenpzol omi de, together with
Qﬁé%

a phar maceut( ¥ 0 agceeporyisgulda thejtisptmegs of aditease of disogdar phagaterised by The

| nvention al0. kG Bk ARk BRGEHL BBbord QAN P esefi HIBRIGALAD & compound
of the invention or pharmaceuti cally acceptabl e salt thereof and

genti t abi ne wkifil in thegedtiment oficarcera phar maceuti cal |y acceptabl e carri er,

di luent, or excipient. i nvention further provides a pharmaceutica
formul ati on conp&bggﬁﬁdéggéngﬁﬁﬁﬁﬁﬁﬂ“%émfH%mPﬁ@Bﬁ?Eémo%@¢§3pharnaceutica!Iy
accept abjee %ﬁbﬁm&?ﬁﬁ&gﬁpkﬁgﬁkQﬁ&p&MMbmﬁmﬂﬁékﬁﬁﬁﬁﬂﬁ&ﬁﬁhkﬂaﬁ%ﬁ%ﬂﬁab'e carrier
and optionally other therapeutic ingredients. Further, preferred

exenpl i fi ed icobreouridD kel acivgoandribiis ipRb phesphdryPiiom dre efpectadtogahibibeslle, Pim 1
is a serinel/threonine kinase . that is involved in the regulation of diverse
bi ol og cal _AETHERa HEFRG L ety P Gikst et BFgh A ek

transcri pti Qpgifératingnall céntans st dnBINinoPRS 1AAY SviMtnéfIePRS] Theand whose

expressi on has been |inked to several cancers. In particular, inhibition of
Pim 1 by theompetnds pigheiavdngon shihsrofae uichd 1ebe tiepmend ehpRbh easets sichigpai r t he

survi val ;an ' ro I i.a cells
(Pogac, ol v oRERERRC torlk ol ey BEEShovls SRR BEELTLSREME C8 P o,
Pim 1 has showtniycolddeukxiie §8ed. W et dieMoleOattd Ther. gf00baB(10pMm4270) ur ed r at
carotid arteries and in 30human _thoracic aortas and coronary arteries

showi ng i nt iafe! eadl lxmphomagMagzge, Mrest ol Bleodi(2008), il PP ol TAoAVaERI @506R1 1 f unct i on
mar kedly su t b QL1 It & : :12-,injury and
al so the prg??ﬁ??ﬁ?fdﬁ”gﬁﬂgﬂ$%%¥ggjggggﬁ1ggﬁgﬁ%%%ﬁcﬁﬁégﬁg%ggiégerSNCS),
suggest i ng tdha€aneerReicapdhd {978 5¢r3l26)ahaligndne melandriveand metdsfage mblignantof such

cells. The proliferation of V. s. been i i cat in.t pat hogenesi s
of ooe D varpastn ettt G uenbd R nne BEERoERe) BB encs: < and
therefore i nkinfhdid 9Re &fmthﬁHs b the irﬁz‘é‘ﬂ%ﬁ%eea@sote'i?pe%téﬂw@eﬁﬁeﬁlﬁmeﬁfeﬁﬂrﬂeﬁﬁr ation
and thus be useful for the treatnent of occlusive vascul ar di seases

(Kat akam N.of rrabdamyosarcB@ (F@O0R.)ef al2 M| 52dngerThg 206@746) 1299) and  Accor di ngl vy,

Recept abl o Aot ey Sbt G’ B3 Blat CYROEASIonh B RO REDTRUMHER I, v

vascul ar di seasRrredith tRsmahREtOBEh k3! Shdfan’ estenosis in a mamal ,
conprising admnistering to a manmal 10 in need of such treatnment an

ef fecti v anmpunt Additignaipiseferrrd compeunds pfthasrasent inxeatien exhibitthicef er r ed

compounds Ofad%’c{eﬂ?dégcélgﬁll%ﬁ&’t)} AUG a0 imBroyey &Hﬁ@%ﬁ%& bER st ogelot abl e salt

t hereof, can t'the treatne occlusive vascul ar di sease such as
at her oscl er egisplgrwhee sdindRted.in &taf mbéyl My Igainpaehe expesire aripofthels of the
present invention, Qr a pharmaceutically acceptable salt thereof, can be
used in the CH@HW&@? Eaﬁaénpgtf1%(4?@811@%%%05%%%@%@%%@@ obf occl usive

vascul ar di %%ﬁﬁuréglgﬁcad%yﬂ%oﬂf&'tr%dﬁ%%? ,sE@?&b‘f‘Jﬁ%ﬂs%P%rIﬂﬁ{a%y s also

provi ded a phar mac orrmul ati on reating occlusive vascul ar
di sease ¥uchndstiag thetrtbsoingowsi of Eaample 46 diswibitss wabinrbirgn. Ay cantpstether r ed

Cheroof . As G g ah o erpbe Cod o B RTlBR iy e ORI S 70

m nutes or mnutes, 20 Cdk' refers to cyclin dependent kinase, 'pRb' refers
to retinoblastoma protein, ML



refers to mantle cell |ynphoma, 'AM.' refers to acute myel oid | eukaem a,
"CM.' refers to chronic nmyeloid | eukaenia, 'Boc' refers to
N-tert-buwoxymarrbarayl , ' EA' refers to ethyl acetate, ~ DeiIr/usedenssoso

di chl or onet hane, 'DNBO' refers to dinethylsulfoxide, 'DVA" refers to

di met hyl acetam de, "THF' refers to tetrahydrofuran, "MBE refers to nethyl
25tert-butyl ether, 'TEA refers to triethylamne, 'FBS refers to fetal
bovi ne serum 'PBS refers to phosphatégbuffered saline, 'BSA refers to
bovi ne serum

L t
mlligrans P&f I%J?YSL}P%% ‘ﬁ%tﬁyl e(f%é?llger‘{zglg '%lrpyé 1n( lglfrﬂﬁeno) 8%”@?@%%5 once
daily dosi ng{ﬂpyrlﬁilcﬁh—aongﬁﬁ@%ybbﬁﬂ RRESURuliiuidl 0N pIRCOgIARYY . ' 42d

nmeans a single dose ever days 2dx10' neans a single dose every 2 days
times 10, 3(§Cmsmndr6@fnerﬂ@t the cvlae@r,rd piribpenichtivls poosly dwp bragyfigsueyiribis r ef er s

to X-ray diff d%lci’ nipounds of plrl-ér;:g t nQ/nB%# %S[iu%gfor!é anp't% ]?enetraﬁg{ﬁebe

prepared by one o recogni zed

techni ques  aiign ﬂ’fdQﬁ}@ﬂiulS’lﬁsful M}reetreamem 6ﬂp@1&iabyandmrﬁpr@umbisln@imd%wmﬂre | can be
prepared as set forth in the schemes, nethaods, and exanples set forth
bel ow. 1t withyceleare prolifmting andgpnigie: fynctiopsly intagtRbl iggnea Exanmpipgiof Mb i ndi vi dual

steps 0 tnGeB bahl i Do SRASIRBL B, R AL RGuIBLREAY PG Sapounds of

Formula 1. reagents an rting naterra S are rea able to one
of ordinary(EkrM[}Innﬂhémank(ﬁ%ﬂlZﬁhbﬁM)ﬂhmnnﬁmnMehesymmkheDNMse speci fied,

are as previ defi ne ound. n S the follow n
pr epar ati onéﬂafra?{%%w%@fom tra@wertéﬁf St 0 [y i %ﬁﬁﬁeﬁﬁwlaﬂmwé 5.0, 10
Schemes fbhe aW&&%ﬁﬁ'(ﬁruﬁﬁlaﬁqm%{r&ﬂ%zdéb) o f@éﬂn@er'Re@%@‘iS'SS@’?)ﬁﬁ‘él&ﬁng n both the

preparations, exanples and schemes, where RI, and Y
are as defrﬂm@mgb@MewSQGS@WQMEﬁ&meMmeaump@ﬁﬁﬂ£wﬁﬁn¢GrﬂwVéﬂm9hre prepared

depr ot ect  omm BRI Sk PRI 2B R RA TR R ey TR e top
reaction of caghMBenticAMthdyitefonddamaROMaRchibY F Ndt Ql. (Mb?)pﬁﬁb&%ﬂ@ﬂ%@' e
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.
Gemcitabine HCl, a nucleoside analogue that exhibits antitumor activity, is 2’-
deoxy-2’,2’-difluorocytidine monohydrochloride (B-isomer), also known as 2°,2°-
20  difluoro-2’-deoxycytidine monohydrochloride, or as 1-(4-amino-2-oxo-1H-pyrimidin-1-
vD)-2-desoxy-2’,2’-difluororibose. Gemcitabine HCl is described in US Patent 5,464,826.

The structural formula is depicted below:

Gemcitabine HCI 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



chloride (A is reacted wwth a pyridinyl amne (B) in a palladiumcatal yzed
coupling reaction to form conpounds of forrmula | directly. 5In the | ower
reacti on wo 2mes4l and when Y-Z is N-tert-but oxycar bomgir/uSBamo)essoao
pyridm dinyl halide (A) is also coupled with a pyridinyl amne (B), but the
Boc group is renoved in strong acid to produce the free amine (C). Finally,
the amne (O is alkylated under reduci ng conditions to produce conmpounds
of fornula I. 10Scheme 2 Preparation of’- pyri m di nyI benzi m dazol es (A

Cat sl yzed oSttt ey Satei GneobP: CRRRLFRbAly B B By iy

di chl ori des chhder @fickeRENZ I 42008, 8ol ON@lif&] OFdology, ﬁ%ﬁ‘}?%%%) anfPr epar ation of
benzi m dazol e boronates (E) Benzi m dazol e bor onat es are Brepar ed via

Pd(11) cat al@ez@mtlbbﬁewﬁyqnawru@hanﬁ ¢tivé, (200D rlovmne of Chnlbfémwgya%ﬂ s (H with
bi's( pl nacol al%??))d’h €0 n,?%un%? szttlf%rgs%izitt h\ge%tlérwan'b uée? rEco?i{b?na PR ed by

cycl ization o toXlI dé or condensati on

of the benzepediadiic ey f¢r@ec tvuamlawﬂNﬂdLyj parche@cahat afvatatchicepaidd. Am di nes
(F) are prepared as is known by one ski 'fed in the art of organi ¢ synthesis
by condensi rigetatage Bigest 9angerdi f | uor o- phenyl ani ne with the nono-acetam de 15

derivative of a”?%f&gﬁéuﬂﬂb%ffh@gﬁ&%t BC&%H‘&% HRhusdN0 S RRALY bftg{% | de.

Benzenedi am nes pr epar two steps as 1Is known e skilled in
the art of cmmganiircpastjmtahé]sicmchy desoBbadiabpleamememimad tomhresing-aposiitdrmp  br om ne

|n24d|brorm nitr enzee am nes NH2 fol |l owed b uction of the
nitro group 'E‘)m&ﬁ‘m&ﬁ’i“ treatmet an§§1 HYe Aot 8‘3%90&%H0M‘§F VTP ny|
am nes (B). Wgi&. & hEre@rr‘éH eflocHenYViheScofnpRRdQbf ¥ biesbht invention can be
used in a method of treating 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 in a method of treating a cancer selected from the group
15 consisting of colorectal cancer, glioblastoma, acute myeloid leukaemia and lung cancer.
In another preferred embodiment, a compound of the present invention can be used in a
method of treating glioblastoma or astrocytoma in a mammal, comprising administering
to a mammal in need thereof a therapeutically effective combination of a compound of
the invention and temozolomide. In 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 a mammal, comprising administering to 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, glioblastoma, acute

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



5The synthesis of pyridinyl amnes (B) where Qis S or 0 and Wis Cis
achi eved by displacenent of a 5-halide in pyridine (1) by the commercially
avai | abl ewohoolo7ss74al cohol (J). If a nitropyridine (1) PrsTnSeaeadssoshe

di spl acenent product further undergoes a nitro reduction step to produce
(B). It should be noted that conpounds (I) are versatile reagents

t hr oughout these schenes, but only son? are commercially avail abl e as
pyridyl 10 amines and sonme as nitropyri % nes. The commercially avail abl e
(1) are nonethel ess conv& n or nitro reduction

Concrl one RRoles R SR b b St A IR B el Taaf i bl o

Scheme 5 15F§E iR bdrtfina®bn Rt tetoBNbmAITTINES tréBhent WhETBlaGome oCH2 - 17- By
(KR S4 0 (L) 2. Pd(0) amination or NIL lig., CuZ2 H2N Z 1. hydroboration

RAS4( B) (aamcytongd@ anoth@@re(fqrxe}i cpbepmpHghe myentipy povides agmpound of thehe

synt hesi s of | r n two ways:

1) The co mréoréé&gln}qzeﬁ]t}lon fgrm S ?1 mQu@aB&? ? gté ore%_{ %nt afco%%lﬁa?lélggfgfh ve anination
Wi th the 5 r gemairbine H(]l)n ﬁhetrbmad obNSCE(DIpaﬁ@metar@ér 6\|‘aﬁarp<}aﬁld:dﬂbﬂe bronmi de by

Pd(0) catalyzed |
metastatic breast cancer.

Furthermore, the compounds of the present invention can be used in the
manufacture of a medicament for the treatment of cancer, in particular, the cancers
described above. In a preferred embodiment, the compounds of the present invention can

10 be used in the manufacture of a medicament 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 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 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 of the invention in
the manufacture of a medicament for the treatment of NSCLC, pancreatic cancer, ovarian
cancer or metastatic breast cancer, wherein the medicament also comprises gemcitabine
HCl or is to be administered simultaneously, separately or sequentially with gemcitabine
HCIL.

25 There is also provided a pharmaceutical 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 pharmaceutical formulation
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 a



Sam nation with lithium1,1,1, 3, 3,3 -hexanethyl -disilazane or liquid
ammoni a and cuprous oxide. 2) Commercially avail abl e 1-pi peridi necarboxylic
acid, 4-mwohyioense7s 1, 1- di nethyl ethyl ester (M under gees/usyamobsmsat i on
followed by Pd (11) coupling with pyridyl amne (1). 10Schene 6 Preparation
of pyridinyl amnes (B), Were Qis a direct bond -18- (N 1. Pd (II) 2.
doubl e bond & nitro group reduction N R4 (L) C (3 2. nitro group
reducti on The synt hesi s of pyridﬂﬁyl am nes (B) where Qis a direct

e g L s Sy SO SR o
t et ranet hy 1-cduids. 2n £lprekabOEm Anedt, Yikle is allo prodidetes fhatrRdcButical s ingilatioN)

under goes pal ladium 5(11) coupling with nitropyridine (1) foll owed by
reducti on offorjeeting deanesr salested iivmpthasrguplenabisteangtss pelorecty! crppst, ighelnasthana; n

100Dy i g ol G RSRARYcoh L SRS Lol SRR 0 00U
5 invention or a 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 a
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 cancer or
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 also provides a pharmaceutical formulation, comprising a
compound of the invention or a pharmaceutically acceptable salt thereof and gemcitabine
HCl, 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
particular, inhibition of Pim-1 by the small molecule inhibitor KO0135 has been shown to
impair the survival and clonogenic growth of a panel of human acute leukaemia cells
(Pogacic, V., et 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 neointima formation after balloon



104- ( 6- Am no- pyridi n-3-yl sul fanyl) - pi peri di ne-1-carboxylic acid tert-butyl
ester Add dry toluene (6.06 nL) to a m xture of

2, 9- di retwpleto/a87phenant hrol i ne (76.52 ng), copper(l) Podiudeocod6802Y ng),
sodiumtert-butoxide (475.59 ng), 4-nercaptopiperidine- 1-carboxylic acid
tert-butyl ester (583.5 ng), magnesium (49.10 ng) and 2-

15am no- 5-1i odopyri dine (550 ng). BUbbli nitrogen into the mxture wth

ul trasound and stir the suspension at 30 Cin a sealed tube for 24 h. Cool
and filter through ce ne an [ enpv vent under
Vacuum  add NRYAIERSER PRI ot e e PG BER s VSRR Lo gl pad.
washi ng tw Gggonktin tﬁh@FﬁD@{)laFﬁ érddidDrolanahd lblenfeﬁﬁon SanEvR1ls. ae sol vent under
vacuum Purify by lica col uim chromat ography eluting 20 with hexane/
EA (50- 75 %prqlﬁer@norn@i & SBEG hagbosh irHisated mjtee engfiglof quelugiES)ascultz= 310

( MHH) + Prep 19 sul furic acid
(46 nL) at Se?gc}w%? a‘}}l: eﬁousglre %aléﬁwp%%tgnf%%a%%g@g arﬁg)]twl}]o?ﬁrg open air. After

5 mn addg ae@pdcddwduppmgwmﬁcgroamrMn%JmuweopMﬁlfdtﬂhetréﬁn@ﬁofn concentrat ed
sul furic acid (46 nL) drop wise with an addition tir the resulting

5dark sol ut.osﬁusa\fe \@scelar @SWS. Katelf?@l%teﬁalo@%wm 27%%546%54721613 mL

ice-water and ex{rag %{g}{l %II\F%Q 9{3@ %
aqueous sol ution (E)fo din ﬁj?nef isuffite an oﬂ}gsgrtl)t\%\%ﬂm roglrsﬁsc}éﬂlfcﬂ}fsul fate.
Renove the sodeprbic salntﬂefeoﬁ/amtba sed ida piathbd yf thegtigy dcclmﬂveg@lscm Idispase

chromatograph eI ting wi.th DCM t.o, afford of the title conpound. N5
(ES ): ahReRglerosisy ¢ BrSER T HIN AR ’|°8WP‘g§jngeaéi§%‘H§tPréﬂglt9/a§‘§g§‘@Ecri bed
for 5- flmor Qn Eeeﬁ'oﬁdéh H&’a&ﬂn@dt@ﬁ’efﬂ&h@&arﬁ&‘ﬁt erBﬁEMG@fﬁg RNENP R erftbgPar at i on
Compound MS ( ES+): (MtH) + 3 3- Brono- 2- et hy1l- 6- ni ro pyridine 218

Prepar ati on P4efirxdd§omp@pryls_oﬂthf( Presentihyenti@, ni 4 phormageutigilhy- @cqplajole@alper azine 15

Stir 3-bro r|d . 46 1-iso ra2|ne

o 7a gy O dicrednde R Db ool St el it SRR BVl BRNSZ Donat o
(1.72 g) in @lidrhdwl Flﬁ‘ﬂll%lfnﬂ%é @%f&r@ﬁ’@@npo@ﬁdsfﬂf)theﬁires@lﬁ i@l sHaght . Add EA and
wat er, separate the phases and dry the organic | ayer over magnesium sulfate

and renove thhemgeduiieatly acaepiable sat thereefussn bpuse inthp parifpcing olcamedigtmsrichange
car 11998, 9L A0R R DB0CL N 0G0 FEADRRLSIES B MR o 2 20
i nt er redi at Eheessant praidaed aqﬂaaﬁﬁe@mdb&dmmaﬁorﬁfor sepn@pytluside fReular
disease such as atherosclerosis or restenosis, comprising a preferred compound of the
present invention or a pharmaceutically acceptable salt thereof.
As used herein, ‘h’ 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 leukaemia, ‘Boc’ refers to N-tert-butoxycarbonyl, ‘EA’ refers to ethyl
acetate, ‘DCM’ refers to dichloromethane, ‘DMSQ’ refers to dimethylsulfoxide, ‘DMA’
refers to dimethylacetamide, “THF’ refers to tetrahydrofuran, ‘MtBE’ refers to methyl
25 tert-butyl ether, ‘“TEA’ refers to tricthylamine, ‘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.



met hy1- 6-ni tro-pyridin-3-yl)-pi perazi ne using the correspondi ng brono
derivative: Preparation Conpound MsS (ES+): nmlz (MtH) + -20- 5

(2' - Met hyweRobtoni7so7e- 3 |, 4, 5, 6-tetrahydro-2H [ 1, 31bi pyri eécmykaebopddosear bam c
acid tert-butyl ester 337 6 (6'-Nitro-3,4,5,6-tetrahydro-2H [1,3

"]bi pyridinyl-4- yl)-carbamc acid tert-butyl ester 323 Preparation 7
5-(4-1sopropyl - pi perazin-1-yl)-6-net hyl -pyridin-2-ylamne Stir
1-isopropyl-4-(2-methyl-6-nitro- pyridiﬁ3 3-yl)-piperazine (2.52 g) and 5

o a1 oomy overhe Sootds b BB chlbe TR B ob S b B AL oy at O

under vacuumnylldRdfid afrVre&%énﬁbd t'e@h%uﬁ@d and PtdépTurGh W§p@@ﬁ@dﬂ?¥co%ﬂﬁﬂd@8f wi th DCM
nmet hanol (0-10% to afford 2. bg of the title conpound : mz= 143
It

( M+H) + Formula I gandp arcparphes se bmthfgsctlmférrn@tb@damd eé%@:é%tsptébmli/ as
descri bed f% 10§/ (Itwdl%%pé’cggr%{ ea%g OHf:egf% 1'11er f’heélll)[h'ﬁﬂln?nt h\XAu&gs?fT%is)%{ tg 2-yl am ne

using the correspon eri va Ive: M5 (ESH):
m z (MtH)5+  following schemes may be varied to provide the compounds of Formula I. The reagents

and starting materials are readily available to one of ordinary skill in the art. All
substituents, unless otherwise specified, are as previously defined.
The compound names of the following preparations and examples are generated

using ChemDraw® Ultra 5.0.

10
Schemes
The synthesis of compounds of formula I are illustrated in both the preparations,
examples and schemes, where Rl, Rz, R3, R4, RS, Q, W, and Y are as defined above.
15 Scheme 1

Compounds of formula I are prepared by palladium (0) coupling reactions as

shown in scheme 1:



8 (6'-Am no-2'-nethyl-3,4,5, 6-tetrahydro-2H [ 1, 31bi pyridi nyl-4-0-carbamc

acid tert-butyl ester 307 9

(6' - Am now®,2d10007807s et r ahydr o- 2H-[ 1, 31bi pyri di nyl - 4-y1l) pcarisarmocsnce d

tert-butyl ester 293 Preparation 10

4-(6-N tro-pyridin-3-yloxy)-piperidine-1-carboxylic acid tert-butyl ester

Add potassiumtert-butoxide (4.84 g) t? a solution of tert-butyl

4- hydr oxy-1- 15 pi peri di ne-carboxyl at € 68 76 g) in dinmethylacetam de (DVA,

39 n) at 0 C under nitrogen. Stir for 1 h and add drop w se a sol ution

5-fluoro-2-nitro-pyriding (5 g) in DVMA (78 nL). Let the reaction stir at RT

overni ght. Add water angistan r1h Filter, wash -21- with water.

Purify by silica gé&l ch omat ography eluting with DCM EA (0-15% to
0 \ound M5 (ES)¢oym z= 324 (M+H)'. Preparation

onxy)1@|per|dpne~4~GaLboxyI|claﬁhthert but yl

n-3

ester Add pal Ladi um over carbon 10 %(® 6 g) to a suspension of
4-(6-nitro- pyrldlﬁTé- yl oxy) - pi peri di ne- 1l-carboxylic acid tert-butyl ester
(5.65 g) in a mxtyre t&fY of ur (FHF) / met hanol (30/30 ni/nl).
Hydrogenate in a Parr apparjatug at |2 atmovernight. Filter through a celite
pad, wash with DCM and net B 2l (N by silica gel colum 10

chromat ography eluting with 1 %met hanol (10 %9/ ammnia (1 %9 to afford 5

g of the title conpound. M5 RES): mhz= 294 (M+H)'. Preparation 12

6- Ami no- 2- net hyl - B®6' {di hydro-2' H[3, 4" ] bi pyridinyl-1'-carboxylic acid
tert-butyl ester 15. Bubbl e nitrogen into a m xture of
4-(4,4,5,5-tetran§2§yl-[1,3,2]dioxaboro|an-2- y1) - 3, 6-di hydro- 2H pyri di ne-
1 -carboxylic acid tertw-butyl ester (2.46 g) and 5-brono-6-

met hyl - pyridin-2-ylamne (1.49 g) in 1,4-dioxane (31.82 nL) for 5 mn, then
add pot assi um phosphate twibasic N-hydrate (5.07 g), palladium acetate
(35.72 ng), 20dicycl ohexyl -R22' , 6' - di net hoxy- bi phenyl - 2-y1) - phosphane
(134.69 ng]), water (7.96 and stir at 90 Cfor 3 h. Dilute with DCM and
wash with water. Dry rversodi’u ul fate and renove the sol vent under
vacuum Purify by sil col chromat ography eluting with DCM

ethanol 5 % NH3 0. & °® owed ¥, strong cation exchange cartridge

reductive alkylation

NYN - 0 0 0 0 @ @ @0 (Formula I)
N | N ‘/\N H
N / /W\)
Q
R4
©

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

5 In the lower reaction of scheme 1 and when Y-Z is N-tert-butoxycarbonyl (Boc), a
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)



(SCX) eluting with nethanol and then nmethanol-NH3 2 Mto afford 2.12 g of
the title 25 conmpound. M5 (ES): rn/z= 292 (MtH)+ Preparation 13
6- Am no- Avoebiwi7s@4' ,4' ,5 ,6' -tetrahydro-2'H [3 PCT/US2009/068030
, 4" ] bipyridinyl-1'-carboxylic acid tert-butyl ester -22- Stir a
m xture of 6-am no-2-nethyl-3",6'-dihydro-2'H[3,4"']bipyridinyl-1'-
carboxylic acid tert-butyl ester (2. 121]&) and pal | adi um on carbon 10 % wet
(330 ng) in nethanol (29.30 nL) under (45 psi) for 48 h. Filtered over a
celite pad and renove the sol vent under vacuumto afford 2.07 g of the
title conpound. MS (E mz= 292 5 NH—|)+ Preparation 14
6-nitro-3",6"-di hydrag (I 3, 4' ] bi py I-1'-carboxyI|c acid tert-butyl
ester Bubble ni troge |noa_|mxtu w{
4-(4,4,5,5-tetramet 4N, 3, 2] ¢i_oxa 2- &)
10y1) - 3, 6-di hydr o- 2H pyri din 1- arbxyllc “acid tert-butyl ester (19.6 g),
5-brono-2- nitropyridi@e (12 ), sodium carbonate 2Min water (63.39 nl)
and bi s(triphenyl phosphi ne) pa¥\adi un|1 I) chloride (4.45 g) in 1, 4-di oxane
(316.94 nmL) for 5 nin@®@nd stir at 80 ¢for 5 h. Dilute with DCM and wash
with water. Dry iy vacuum
Purify by sili cap%lgilfnd gl%ﬁ?lormt %Sgr(%gﬁﬁ piéibﬁg{e?ﬁ%é‘[ﬁdﬁﬂ%%@i@&@& C%HE%A) to
afford 8.72 rgacocbnsmﬁeommetrtl@ll}wmlabiﬁmj/rlm@l}(lEfs)llondﬁsziB) ard@e(lmﬂ)mole Pr epar ati on
15 6- Ami no- 3{0%‘1 %@% -tetrahydro-2'"H [3 ,41 bipyridinyl-1'-carboxylic

r

acid tert-b 20 Di ssol ve

6-nitro-3 , 6" -di hydro-TH[ 3, 41bi pyridi nyl-1'-carboxylic acid tert-butyl
ester (1.89 g) in ethanol (123.80 ntét Hydr ogenate with pal |l adi um on carbon
(H Cube instrument, 70 bar, 50 C, 1 p¢hemd) to afford 1.72 g of the title
conpound. M5 (ES): nlz= 2 I

4- (6- Am no- pyri di n- 3-yl net 2%ﬁ£$82@%;FH§%@5§%P2%§$€%c acid tert-butyl
ester Stir fort5 mn 4-nmnethyl ene-pi peridine- 1-carboxylic acid
tert-butyl ester (5.14 un er nitrogen and add a 0.5 M THF sol ution of
9- bor abi cycl o[ 3. 3. 1] 3 77.49 nL). Stir at 75 C under nitrogen for 1 h.
Cool and add 2-am ng A omnpyrldlne (3.8 g), 30potassium carbonate (3.87
g), and 1, |'-bis@dip enyTph@Bpthe;LgEkgce'e)palIadlun(lI) chl ori de
(538.10 ng) and a degas®ed m xture of 4 ‘ ) and water (4.78 nL).
-23- Stir at 60 Cduring 4 h, then at RT © weekend. Agd water and
EA. Separate and extract aqueous |ayer w tQ _EA—GQnbi ne the organic | ayers
and dry over sodium sulfatg;and renove the Sol vent runder vacuum Purify by

silica gel colum cgraphy)/e1ﬁt'| ng wi thabDCM net hanol (1 9% ; ammoni a

(0.1 % to DCM net hag 3 %; Sammonia (0.3 %9. Triturate the residue
with EAto afford B°85™0 ofN\lruhe title conpound.
©)

Benzimidazole boronates (E) are prepared via Pd(I) catalyzed boronylation of the
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 amines R1-NHj; in the presence of phosphoryl chloride. Benzenediamines
(G) are prepared in two steps as is known by one skilled in 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



Ms (ES): mlz= 292 (M+H) + Prepare the followi ng essentially as

descri bed for 4-(6-am no-pyridin-3-ylnmethyl)- piperidine-1-carboxylic acid
t ert - but Wwoestom7sarsi ng t he correspondi ng brono deri vat i yeT/US@9@ac&Be on
Conpound M5 (ES+): mz (MrH) + 17 4-(6-Am no-2 -met hyl -pyridin-3 -yl nethyl)-
pi peridine-1 -carboxylic acid tert-butyl ester 306 10Preparation 18

1- (6-Brono-pyridin-3-yl methyl)-4-ethyl -pi perazi ne Add neat

1- et hyl pi perazine (221.44 nL) to a m xtre of 6- br ono- pyri di ne- 3-

car bal dehyde (300 g) and DCM (5000 HE%P Tgen, add sodi um

tri acet oxyborohydride (372.09 g) in dns and stir at RT for 12 h. Add
DCM (1000 mL) and aqueous sopggﬁ@ﬂmiﬁﬁ%mﬁgm&ﬁmthQroxide 2 N (1500 ni).
Separate the layers and extract tw ce the aqueous |ayer with DCM (600 i) .
Conbi ne the organic | ayers andWVhegdieSohe a8dMekt under vacuum add EA and
evaporate to afford 451.3 g of the title conpound. M5 (ES): nfz= 285

( M+H) +. Prepare the fol [lowing essentially as described for

1- (6-bromo- pyridin-3- 20yl net hyl) - 4-let hyl - pi perazi ne using the
correspondi ng am neix&reRarati on Conpgund +) VIFH) + 19

4- (6- Bromo- pyri di n- 3-yl mefjhyT)) - pi per azine- 1- car poxyll i c|aci d tert-butyl
ester 357 -24- 5-(4-Ethyfp eraz%ﬁr%ryknetﬁ' & oe n- 2-yl am ne

Add lithium1,1,1,3,3,3-hexhmet {1 disidiazane (1055 nL) slowmy to a
degassed mi xture of 1-(6rbriono-pyri di'fis-yl et Ayl ) - 4Pkt hyl - pi perazi ne (250
g), dicycl ohexyl phosphi no) bi phenyl (18.50 g) .. L ,

tris(di bénzyl i demhbayatheieyfayBdny amingsdBiovhercA i Sy Quand Wise fsaslicved) at 50 C

Heat the m )Bg;dfs?ﬁg&neﬁ ot SQlYaﬁH@f.ngwfidin%%y #hc d‘a&%%ﬁ\}lﬁa(@#aglel_ Les: (500 ni).

Renove hal f e sol vent under " vacuum-and a
alcohol (J). If a nitropyridine (I) is needed, the displacement product further undergoes a

nitro reduction step to produce (B). It should be noted that compounds (1) 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 pyridinyl amines (B),
Where Q is CH,



Filter over a celite pad and renove part of the solvent. Add net hanol (300
m.) and nethyl tert-butyl ether (MBE, 600 nmL.) to the m xture and cool in
an i ce bawvb.2oimem74add hydrochloric acid 2 Min ethyl erbenuse@006sot) and a
32 % aqueous solution of 10 hydrochloric acid (100 nL). Renobve the organic
| ayer, and add an aqueous sol ution of sodium hydroxide 2 M (2500 nL).
Extract the aqueous phase three tinmes wth DCM and renove the sol vent under
vacuum Solve in 90 nL of toluene at 50/C unti conpl ete di ssolution and
then add 80 nL of MBE. Stir overnight at RT. Add additional MBE (100 nlL)
for conplete precipitation. Filter the solid and dry to afford 108.24 g of
the title 15 conpound. M5 (ES): m z#.221 (MrH)+. Prepare the fol |l owi ng
essentially as descrf or 5-(4ﬁizayl-piperazin- 1 -
yl met hyl) - pyri di n- 2-yl e using_the cqgrrespondi ng 2-brono-pyridi ne
derivative: Preparation ound y%O(ES+): mz (MH) + 21
4- (6- Ami no- pyri di n- 3gyl mgyh I)-pipéﬁéggiﬁgl- carboxylic acid tert-butyl
ester 293 Preparation 22 202, 4-Di brono- 1- ni tr o- benzene Add drop w se
fuming nitric acid (101.40 nL) to a sol uti 8iNefX], 3-di br 6o benzene (102.51
m.) in concentrated sulfuric acid (322.79 nl) and waf er (62.39 nL) at 0 C
Warmto RT and stir for 12 h. Pour the reacti O oncice<water (1500 ni).
Filter the resulting yel om1soIidLumﬂﬁﬁnvacuunh@pdmd%y to afford 178.46 g
of the title conpound. [25 M5 ( ES}+—m2z=~281 (MtH) +. ¥l 25-
(5-Brono-2-nitro-pheny cl opent ydam aninne Add cycl opent anam ne (32
m.) to a solution of %M4 di br ono- ;ﬁiéiro-benzene (20 g) in 1-butanol (160
[

m.). Heat the nmixture at “%00 C overright. Rempve the sol vent under vacuum
add water and extract with EA. Wash e organi c |ayer sequentially with 5
an aqueous saturated solution of sodiiim bi carbonate and then water. Dry
over magnesi um sul fate and renove the solvent under vacuumto afford 22 g
of the title conmpound. M5 (ES): mlz= 286 (M+H)+. Preparation 24

104- Br onp- N2- cycl opent yl - benzene- 1, 2-di am ne Add sodiumdithionite (107.47
g) to a solution of 5-brono-2-nitro-phenyl)- cyclopentyl-amne (22 g), THF
(150 m.), water (150 nL) and ammoni um hydroxide (30 nL). Stir the m xture

at RT overni ght . TR{yh@edis s\WyE&8nWahdheE(B) vilfele @RETH,TRARRSELIMSsHvERL @) and
renove the solvent under vacuumto afford 14.80 g of the title conpound. 15

M5 (ES): m Zhepgsmenialy availphlegsahaddehyles g6 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 1-piperidinecarboxylic acid, 4-methylene-, 1,1-
dimethylethyl ester (M) undergoes hydroboration followed by Pd (II) coupling with
pyridyl amine (I).

10 Scheme 6
Preparation of pyridinyl amines (B),

Where Q is a direct bond



6- Brono- 1- cycl opent y1- 2- met hyl - 1H benzoi m dazol e Heat a m xture of

4- br onb- N2- cycl opentyl - benzene-1, 2-diam ne (10.6 g), triethyl

200r t hoacwoavm/a707® m ) and acetic acid (6.3 nmL) at 100pCrfuseoo8/o6soso Dil ute
wi th DCM and pour onto an aqueous saturated solution of sodium bi carbonate.
Dry over sodium sul fate and renove the sol vent under vacuum Purify by
silica gel colum chronmatography, elutipng wwth DCM et hanol -10 % NH3 (0-3
% to afford 10.67 g of the title conp‘é nd. Ms (ES' ): nmlz= 280 (MtH)'. 25
Preparation 26 N-1sopropyl -acetam dey, Add TEA (23.58 nlL) to a solution
of 2-propanamine (10 g) in DCM (108 \nk)/at O C. Then, carefully add drop

W se acetic acid anhydride (16. T“EN@ijﬁtir at RT 30overni ght. Renove the
sol vent under vacuum dilute with_ethyl,ether (ether) and filter the solid.
Renove the sol vent under vacuum Dikute the oil with ether, add potassium
-26- carbonate and stir gvernight2atoRY. Filter the solid and renove the

sol vent under vacuumto affond 15. be%g of the | | e conpound. NMR ( CDCL13)
4.06 (m 1H), 1.94 (s, 3HN 14 (d, 6H). N 2 Prepare the foll ow ng
am des essentially as described for N isopropylTacetani de 5using the

4

correspondi ng am ne: Prefaration Qggigund 27 N-Cyc ropyl - acet am de 28

N- Cycl opr opyl net hyl -acetam de 29 N | opentyl - acet am de Preparation 30
N- (4- Br onp- 2, 6-di fl uor o- phenyl ) - N—=tsopropyl - acet am di ne 10Add TEA (10. 05
m) to a m xture of 4-brono- 2, 6-di2frkager o- phenyl ami ne (10.0 g), N-isopropyl

duot

acetanide (9.73 g), phosphoryl chloride (6.70 mL) in toluene (150 mL). Heat
the m xture to r@&hd yuthbay ofPpytidindaolinet ) whert Qiser dinact bomhiduehidvhéinsabvent

under vacuur B Sa0l e 1P S8 1 PR M L0 A RVIEYS, 3L 2t od
tetramethyl-1,3,2-dioxaborolan-2-yl)-, 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) followed

by nitro group reduction.

Preparation 1

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) 1odide (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-

15 amino-5-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 vacuum. 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 vacuum. Purify by silica gel column chromatography eluting

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

Preparation 2

5-Fluoro-2-nitro-pyridine



bi carbonate several tines to renove all traces of acid. Dry over sodium
sul fate and 15 renove the solvent under vacuumto afford 14 g of the title
conpound. wtBo{dESy074m z= 292 ( M+H) +. Prepare the feCraseeng/068030

i nternedi ates essentially as described for N-(4-brono-2, 6-

di fl uoro- phenyl)-N -i sopropyl - acet am di ne usi ng the correspondi ng

acetam de: Preparation Conpound M5 (ES+%: mz (MtH) + 31

N- (4- Br onp- 2, 6-di fl uor o- phenyl ) - N - cy‘é opropyl -acet am di ne 290 32

N- (4- Brono- 2, 6-di fl uor o- phenyl )-N - cycl opropyl net hyl - acet am di ne 304 -27-
Preparation 34 6-Brono-4-fluoro-1-isopropyl-2-nethyl-1H benzoi m dazol e Add
pot assi um tert - bup Qi adi@Ub- i FYYC bl B B AL drbiapeRkidbADRONPthe, 6-

5di f | uor o- phenyl )-N -i sopropyl -acetam dine (2 g) in N-nethyl formam de (20
m.). Heat thechikidiceS min aide cadpselntian ¢ 2-agsesl-Sflaorpayridigd® ©®AM (150 nlL), wash
three Ui mes widhSat ddiediagdh MU\ 6 AIUERUSLARE hen. ARG drY
over rmagnesium sul fate and renpve the sol vént under vacuum d"hexane” and
shake over uhiksamaomst 0f°Qrto RTfigwe bhthvi@BightFPdul 6ver LOEME Adelwhterlag@Peaitactaddi ti on
of hexane/filtration twice to afford 1.86 g of the 10 title conpaund. MS
(ES): mfz= 2vith PGMHyVash combined preade faxery weth £ Gp peygrus go et sy biswlfite
essentially | : , :

6 br om- 4- 1 1154 T FhRRls bajum syl Rypps the solvent adesyvacuum and pyrify by

cor r espondi ngicage calrindiclema®peplar dutting wvitC@GM tinadfokds? .§ ESHhe titht z ( MrH) + 35

6- Brono- 1- cycl opr -4-fl uoro-2- | -1H
ycompgung.pl%g (ES+S: e P43 (l\/ﬂ%hy
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-nitro-pyridine 218

Preparation 4
1-Isopropyl-4-(2-methyl-6-nitro-pyridin-3-yl)-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 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 methanol 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 1-isopropyl-4-(2-

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

MS (ES+): m/z

Preparation Compound (M+H)+




benzoi m dazole 270 3 6 6-Brono-|-cycl opropyl net hyl-4-fl uoro-2-net hyl -

1H benzoi m dazol e 284 37 6-Brono-1-cycl opentyl-4-fluoro-2-nethyl-1H

benzoi m dapabm/25%4 Preparation 38 PCT/US2009/068030

154- Fl uor o- 1-i sopropyl-2-nethyl -6-(4, 4,5,5-tetramet hyl -[ 1, 3, 2] di oxabor ol an-
2-y1)-1H benzoi m dazol e Bubble nitrogen into a m xture of

6- br ono- 4-f | uoro- 1-i sopropyl- 2- net hyl %@- benzoi m dazole (30.0 g),

bi s( pi nacol at o) di boron (42.15 g), tricyel ohexyl phosphi ne (5.43 g),

pot assi um acetate (32,58 g), and DVBSO (200 mL). Add pall adi um acetate (2.8
g) and 20 hedt in prerheated oil bath at 90 Cfor 1 h. |Dilute with EA (200
m) and filtdr over a| - 268-Mswl-eaitaid Shdetahydie-2hi-xt ute wigh bripe (100
m.), dry over| sodi um sUl¥htperidimd-4d rowmntiheidottbetyt estender vacuum | Triturate
wi th hexane and filter the solid to afford 27 g of the|title conppund. M
(ES): mz= 319 (MFH) | Prepare the follTowi ng i nternedi ates essent|ally as
descri bed for| 4-fluorp-1J-.. it 1

5i sopr opyl - 2-|net hy! - 6} ééﬁ@%?@ééé{:‘[{?&ﬁgpﬁﬁ{l 3bigyriingl g abor aloan- 2- Y1) - 1H ben
zoi m dazol e usi ng t he| cor r esPorPaRc BbeBebes oi i dazol e derivati ves:
Preparati on Qonpound M5 (ES+): mlz (MtH + 39 1 -Cycl opfopyl-4-flupro-2
-nmethyl-6-(4 ,4,5 ,5 - tetranethyl- [1,3 ,2] dioxab orolan-2 -yl1)- 1H

Preparation 7
5-(4-Isopropyl-piperazin-1-yl)-6-methyl-pyridin-2-ylamine
Stir 1-isopropyl-4-(2-methyl-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 title compound. MS (ES"): m/z= 143 (M+H)".

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

10 piperazin-1-yl)-6-methyl-pyridin-2-ylamine using the corresponding nitro derivative:

MS (ES+):
Preparation Compound m/z (M+H)+
Q (6'-Amino-2'-methyl-3,4,5,6-tetrahydro-2H- 307
[1,3"]bipyridinyl-4-yl)-carbamic acid tert-butyl ester
9 (6'-Amino-3,4,5,6-tetrahydro-2H-[1,3"bipyridinyl- 203
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-butyl 4-hydroxy-1-
15  piperidine-carboxylate (8.76 g) in dimethylacetamide (DMA, 39 mL) at 0 °C under
nitrogen. Stir for 1 h and add drop wise a solution 5-fluoro-2-nitro-pyridine (5 g) in DMA
(78 mL). Let the reaction stir at RT overnight. Add water and stand for 1 h. Filter, wash



benzoi m dazole 317 40 1 -Cyclopentyl-2 -nethyl-6-(4 ,4,5 ,5 -tetranethyl -
[1,3 ,2] dioxaborol an-2-yl)-1H benzoi m dazole 327 41 1 -Cyc

| opr opyl meohyio/odsduor o- 2- net hy1-6-(4,4 ,5 ,5 - tetranmerbylus2§02/088032]

di oxab orolan-2 -yl1)- 1H benzoi m dazole 331 42 1 -Cyc |l op entyl-4-fluoro-2
-nmethyl-6-(4 ,4 ,5 ,5- tetranethyl- [1,3 ,2] dioxab orolan-2 -yl)- 1H
benzoi m dazol e 345 Preparation 43

6- (2- Chl or o-5-fl uoro- pyri m di n- 4- y1) 4211 vor o- 1- i sopropyl-2-net hyl - 1H benzo
|2m4dgizglhleorl 8&'131 bbz{tqejoé]u(sﬁ}b@%ﬂma&e gluw r?onbafograp{ly eluting with DCM/ EA (0-15%)

bi s(t 11 phenyb pilaeslb pel Dakijacinilid MSIESOf hle 4(9+g)'. Sodi um carbonate 2 M
in water (103.7 nlL) and 1, 2-di nmet hoxyet hane (120 nlL). Heat in a pre-heated

oil bath at 80 C and add drop wi se a sol ution of
4-fl uoro-1-isopropyl- 2-net hyl - 6-(4,]3?Ee 225k §f ramet hyl [ 1, 3, 2] di oxabor ol an- 2-y
1) - 1H benzoi m dazole (22 g) in 1, 2- @i Hoxyet hane (200 m.). 15Stir the

mxture & 84 C f40(r6 Almifo-p{adih- 3IyQ)pr1padﬁlleElpca(rlﬁﬁ9hdﬁc)d tamButviesier t Wi ce wit h
brine (100 nl) apover magnesi um §u| fate and renpve the sol vent under
vacuum Tr| tur at 8d %lhd%l@étVérrﬁathP 1@ % (8-64 foot speasian ¢f Do-NitkePYTidiN-& conpound.

M5 (ES): fjv@gfﬁg%@ TEcar RERAS Rl PLILH A% b SRARIIALRSARAENt T al 1Y

as descri be
f | uor o- pyr i rTHF yiméthand) 3436 Iml;zinb} Hydmgq:matepg/aPzﬁr aptufaies alHthenaoighi. dazol e

USENg e 2GeerhespRnding, o oL onR BT Sl MR, 08 Gt ves:
10 chromatography eluting with DCM/ methanol (10 %)/ ammonia (1 %) to afford 5 g of the

title compound. MS (ES"): m/z= 294 (M+H)".

Preparation 12

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

O~

Bubble nitrogen into a mixture of 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
yI)-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl ester (2.46 g) and 5-bromo-6-
methyl-pyridin-2-ylamine (1.49 g) in 1,4-dioxane (31.82 mL) for § min, then add
potassium phosphate tribasic N-hydrate (5.07 g), palladium acetate (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 5 %/ NH3 0.1 %, followed by strong cation exchange cartridge
(SCX) eluting with methanol and then methanol-NH;3 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-1'-carboxylic acid tert-butyl

ester



M5 (ES+): mz (MtH) + 44 6-(2-Chloro-5-fluoro-pyrimdin-4-yl1)-1-

cycl opropyl-4-fluoro-2-nethyl-1H benzoi m dazol e 321 45

6- (2- Chl owo-2brofd7serao- pyri m di n-4-y1) - 1- PCT/US2009/068030
cycl opentyl- 2- net hyl - 1H benzoi m dazol e 331 46

6- (2-Chl oro-5-fluoro-pyrimdin-4-yl)-1-

cycl opropyl met hy1-4-fl uoro-2-net hyl - 1H. benzoi m dazol e 335 47

6- (2- Chl or o- pyri m di n- 4- y1) 1-cycl open‘tz%l 4-

gl l(J(Z)r (C)Zhlz O?gt ler i #I_‘-(ﬁ mMix r%,ci a?gﬁﬁclfz eﬁyi?% -dihydro-2'H-[3,4'bipyridinyl-1'-
i sopropyl - 2-cambryic aéal’ﬂté?ﬂﬂi}ﬂ Iesferctgz%)eana%uadﬁﬁ@&%ﬁ)oh h@%@éﬂ(mlﬂg in

i nt ermedi ates essenti al as described for [5-(4
pi per azi n- 1-dthaaelHy9.30 1@9%@@@22(49&5]1)1[05481& lfdfe@dépy?rﬁ-qe?/@(@ﬁd)a@—rﬁ@@@ﬁ]@pyl 2- met
hyl-3H 5b th
T o TR Sk YT bR FOES St
5  (M+H)".

Preparation 14
6-nitro-3',6'-dihydro-2'H-[3,4'|bipyridinyl- I'-carboxylic acid tert-butyl ester
Bubble nitrogen into a mixture of 4-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-
10 yI)-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(Il) 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
magnesium sulfate and remove the solvent under vacuum. Purify by silica gel
15 chromatography eluting with DCM/ EA (0-40 %) to afford 8.72 g of the title compound.
MS (ES"): m/z= 306 (M+H)".

Preparation 15
6-Amino-3'4',5",6'-tetrahydro-2'H-[3,4"|bipyridinyl-1'-carboxylic acid tert-butyl ester
20 Dissolve 6-nitro-3',6"-dihydro-2'H-[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-ylmethyl)-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 (77.49 mL).
Stir at 75 °C under nitrogen for 1 h. Cool and add 2-amino-5-bromopyridine (3.8 g),
30 potassium carbonate (3.87 g), and 1,1'-bis(diphenylphosphino)ferrocene)palladium(II)
chloride (538.10 mg) and a degassed mixture of DMF (47.83 mL) and water (4.78 mL).



Compound M5 (ES+): mz (MtH) + 49 4- {6-[5-Fluoro-4-(7-fluoro-3

-i sopropyl-2-net hyl - 3H benzoi m dazol -5-y1)-pyri mdi n-2-yl am no] -

pyri di n- 3vel2omidryd7h- pi per azi ne- 1-carboxylic acid tert-becyluseawmss0379 50 4-
{6- [4-(3-Cyc | opropyl-7-fluoro-2-methyl-3H

benzoi m dazol - 5-y1)-5-fluoro-pyrimdin-2- ylamno]-pyridin-3-yl nethyll

- pi peridi ne-1- carboxylic acid tert-but2 | ester 576 -30- Preparation
Compound MS (ES+): mz (MrH)+ 51 51 4-° ?6-[5-F | uoro-4-(7-fluoro-3

-i sopropyl - 2-.nmet hyl.-. net hyl - pyridi n- 3- yl net hy - pi per.i_di pe- 1- carboxylic
aci d tert-bﬁ?@?uﬁskéwn gﬁg§géﬁg?€§¥%y%wgggﬁté%@Y8W§Wﬂ§%:gﬂ@ﬁ@ﬁ?ginidazol-
5-y1) - 5- f | UQkRadp¥duedlsdyRr witly EANT (inche drgarfic lafers and dry over sodium sulfate

tetrahydro-2'H[3,4' ] bipyridinyl-1'-carboxylic acid
and remove the solvent under vacuum. Purify by silica gel column chromatography,

eluting with DCM/ methanol (1 %)/ ammonia (0.1 %) to DCM/ methanol (3 %)/
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-butyl ester using the corresponding bromo derivative:

. MS (ES+): m/z
Preparation Compound (M-+H)+
17 4-(6-Amino-2-methyl-pyridin-3-ylmethyl)- 306
piperidine-1-carboxylic acid tert-butyl ester
10 Preparation 18

1-(6-Bromo-pyridin-3-ylmethyl)-4-ethyl-piperazine

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

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

20 ylmethyl)-4-cthyl-piperazine using the corresponding amine:

: MS (ES+): m/z
Preparation Compound (M+H)+
19 4-(6-Bromo-pyridin-3-ylmethyl)-piperazine-1- 357
carboxylic acid tert-butyl ester

Preparation 20



tert-butyl ester 572 53 6-[5-Fluoro-4-(7-fluoro-3-isopropyl-2-nethyl-3H
benzoi m dazol - 5-y1) - pyri m di n- 2-yl am no] - 2-

nmet hy1- 3'wa'2p/078074t et r ahydr o-2' H [ 3, 41bi pyri di nyl - 1 ' pcanisecoglossn3@ci d
tert-butyl ester 578 54 4- {6-[5-F luoro-4-(7-fluoro-3 -isopropyl-2-nethyl -
3H benzoi m dazol - 5-y1) - pyri m di n-2-yl am no] -

pyridi n-3-yl oxy} - pi peri di ne- 1- carboxyllg acid tert-butyl ester 580 55
{6'-[5-Fluoro-4-(7-fluoro- 3- |sopropy1- et hyl -

3H benzoi m dazol - 5-y1) - pyrim di.n-2-. I :

net hyl - 3, 4, 5, 6- tetrahyd?ﬂﬁ'gmyﬁﬁlp%raz]l%i B’%?Q@IWP@'}WW“@M bani ¢ aci d
tert-butyl ester AaRifin {634 KIuGURIQRARLNI (0SS hUPAGT R WRUBABH

benzoi m dazol - 5-y1) - P%rl m di n- 2-yl am noj -
3,4,5,6-tet rU@mWﬁer-lZ [oplosmmdpty3~ylmethyh) Adethpl-piperagiae Gakes acid tert-butyl

g:;g{m %8ga§(7)dllcygl% fpggspﬁn&gfpﬂergﬂ g}?%@ rgﬁ%%’s%dlgen%} Xe%ce%g)ﬁ_e)dlpalladlum (24.17
pyridi n- 3- ylgguld HITIE/@ZBG piLp er 30dCnideat the adikxo\at 6 Casiethight. 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
methyl tert-butyl ether (MtBE, 600 mL) to the mixture and cool in an ice bath. Then, add
hydrochloric acid 2 M in ethyl ether (8300 mL) and a 32 % aqueous 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
dissolution and then add 80 mL of MtBE. Stir overnight at RT. Add additional MtBE
(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-1-

ylmethyl)-pyridin-2-ylamine using the corresponding 2-bromo-pyridine derivative:

Preparation Compound MS (1(\];5;));111/2
71 4-(6-Amino-pyridin-3-ylmethyl)-piperazine-1- 03
carboxylic acid tert-butyl ester

Preparation 22
20 2,4-Dibromo-1-nitro-benzene
Add drop wise fuming nitric acid (101.40 mL) to a solution of 1,3-dibromo
benzene (102.51 mL) in concentrated sulfuric acid (322.79 mL) 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



tert-butyl ester 578 Preparation 58 [5-F luoro-4-(7-fluoro -3 -is
opropyl-2-nmethyl-3 Hb enzoimdazol -5 -yl)-pyrimdin-2 -yl1l]-(5 - pip

erazi n- 1 wolwmihyd74pyridin-2 -yl)- amne -31- To a mrCrtuse@9otsode
1645-fl uoro-4-(7-fluoro-3-isopropyl-2-nethyl-3H b

enzoi m dazol -5-y1)-pyrimdin-2 -ylam no]-pyridin-3 -yl nethyl

- pi perazi ne-1-carboxylic acid tert-butél ester (150 ng) in DCM (10 nL) and
met hanol (10 nlL) add hydrogen 5 chl oride 4Min di oxane (194 uL). Stir 10

m n and renove the sol ven nder cupym . Purii f strong cation exchange

cartridge (SCX) el uting V\II%StH 2?12%%81 H%PP(B Wﬂ@%ﬂ@f{lﬁ’&ﬁol NH, 2M fol | oned by

silica gel col uma&@ycmmtgﬁmhyz ﬁwfolarhglu‘ﬁbﬁ JSI‘ DCMbrRiobiameb ‘oMl‘z'ene?M (39 to

afford 120 ngoof the title congoun MBS (ES): nlz= 479 (M . 10Prepare
S

the fol | owi i £xit ébrial 4tedsnle @aﬁthe@mmyreaaél "Eevpinight RemoTea ¢ folispio- 4- ( 7-
f1 uoro-3- | S ORraRYkad: IR N AT BS03AT 0370 iVl AN M dpagyid] - (S- pi per

azin-1yl rreth reparati ound Nane
(ES+): msz (aMtl[ﬁeﬂ)uﬁﬁtuiétell%lﬁth\bﬂ shdidh bNNbVSnaté’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
10 4-Bromo-N2-cyclopentyl-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 mL) 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.

15 MS (ES"): m/z= 256 (M+H)'.

Preparation 25
6-Bromo-1-cyclopentyl-2-methyl-1H-benzoimidazole
Heat a mixture of 4-bromo-N2-cyclopentyl-benzene-1,2-diamine (10.6 g), triethyl
20  orthoacetate (9.5 ml) and acetic acid (6.3 mL) at 100 °C for 2.5 h. Dilute with DCM and
pour onto an aqueous saturated solution of sodium bicarbonate. Dry over sodium sulfate
and remove the solvent under vacuum. Purify by silica gel column chromatography,
cluting with DCM/ ethanol-10 % NH; (0-3 %) to afford 10.67 g of the title compound.
MS (ES"): m/z= 280 (M+H)'".
25
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
30 overnight. Remove the solvent under vacuum, dilute with ethyl ether (ether) and filter the

solid. Remove the solvent under vacuum. Dilute the oil with ether, add potassium



[ 4- (3- Cycl opropyl-7-fluoro-2- methyl-3H benzoi m dazol - 5-

yl)-5-fluoro-pyrimdin-2-yl]- (5-piperidin-4-ylnethyl- pyridin-2-yl)-am ne

476 60 Hwo/200d/0850741 HN \N , N [5-Fl uoro-4-(7-fl uoro- 3rPCT/US2009/068030

i sopropyl - 2- net hyl - 3H benzoi m dazol -5-y1)- pyrimdin-2-y1]-(6-nethyl-5-
pi peridin-4-yl methyl -pyridin- 2-yl)-amne 492 61 EI/1\f- N-/ NN/\ # N X
[4-(3-Cycl opentyl-2-nethyl- 3H benzoim gazol -5-y1)-5-

fl uoro-pyrimdin-2-y1]- -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 (CDCI3) 4.06 (m, 1H), 1.94 (s, 3H), 1.14
(d, 6H).

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

5  using the corresponding amine:

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

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

10 Add TEA (10.05 mL) to a mixture of 4-bromo-2,6-difluoro-phenylamine (10.0 g),
N-isopropyl acctamide (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 in DCM, wash with an aqueous saturated solution of sodium
bicarbonate several times to remove all traces of acid. Dry over sodium sulfate and

15  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-

difluoro-phenyl)-N'-isopropyl-acetamidine using the corresponding acetamide:

Preparation Compound MS (ﬁf;)ﬁm/z
N-(4-Bromo-2,6-difluoro-phenyl)-N'-
31 " . 290
cyclopropyl-acetamidine
N-(4-Bromo-2,6-difluoro-phenyl)-N'-
32 7 304
cyclopropylmethyl-acetamidine

N



(1",2',3,4",5 ,6'"-hexa hydro-[3 ,4"']bipyridinyl-6-yl)- amne 472 -32-
Preparation Structure Conpound Nane M5 (ESt+): mz (MtH + 62 /F N.N "41 N /N
[ 5- Fl uor ow@-20ib/d76arar o- 3 - i sopropyl-2-met hyl- 3H benzoi rradasedosdesoi( -
pyrimdin-2-y1]-(2-methyl- 1',2',3 ,4',5 ,6"-hexahydro-

[ 3, 41bi pyridinyl-6-yl)-amne 478 63 NN/ N ,N [5-Fluoro-4-(7-fluoro-3-

| sopropyl - 2- net hyl - 3H benzoi m dazol - 5-2¥1) -

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

cyclopentyl-acetamidine 318

33

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

5 difluoro-phenyl)-N'-isopropyl-acetamidine (2 g) in N-methyl formamide (20 mL). Heat
the mixture at 100 °C for 2 h. Cool to RT, add DCM (150 mL), wash three times with
saturated sodium chloride aqueous (brine, 300 mL), dry over magnesium sulfate 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:

Preparation Compound rrxs ((1\13[?}?) N
6-Bromo-1-cyclopropyl-4-fluoro-2-methyl- 1H-

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

36 o 284
1H-benzoimidazole
6-Bromo-1-cyclopentyl-4-fluoro-2-methyl-1H-

37 7 298
benzoimidazole

Preparation 38
15 4-Fluoro-1-isopropyl-2-methyl-6-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-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), tricyclohexylphosphine (5.43
g), potassium acetate (32.58 g), and DMSO (200 mL). Add palladium acetate (2.8 g) and
20  heat in pre-heated oil bath at 90 °C for 1 h. Dilute with EA (200 mL) and filter over a



pyrimdin-2-y1]-[5-(piperidin- 4-yloxy)-pyridin-2-yl]-amne 480 64 11\-E\T
\F\AN rN£ )N/ N 142x N6' -[5-Fluoro-4-(7-fluoro-3- isopropyl-2-nethyl-3H
benzoi m dapabtrodrydrk- pyrim din-2-yl]-2'-methy 1-3, 4,5, 6Pcetusadgadssn3®H-
[1, 3" Thipyridinyl-4,6'-diamine 493 65 i\TI-"N-/ NIN" $/. rN))SN 142N
N6' 44- ( 3- Cycl opentyl-7- fluoro-2-nethyl-3H benzoi m dazol-5-y1l)-
pyrimdin-2-yl1]-3,4,5,6- tetrahydro- 2H-28[ 1,3 ]bipyridinyl-4,6"-diam ne 487

celite pad. Wash the mixture with brine (100 mL), dry over sodium sulfate and remove

the solvent under vacuum. Triturate with hexane and filter the solid to afford 27 g of the

title compound. MS (ES"): m/z=319 (M+H)'.

Prepare 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-y1)-1H-benzoimidazole

using the corresponding 6-bromo-benzoimidazole derivatives:

. MS (ES+):
Preparation Compound m/z (M+H)+
1-Cyclopropyl-4-fluoro-2-methyl-6-(4,4,5,5-
39 tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H- 317
benzoimidazole
40 1-Cyclopentyl-2-methyl-6-(4,4,5,5-tetramethyl- 327
[1,3,2]dioxaborolan-2-yl)-1H-benzoimidazole
1-Cyclopropylmethyl-4-fluoro-2-methyl-6-(4,4,5,5-
41 tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H- 331
benzoimidazole
1-Cyclopentyl-4-fluoro-2-methyl-6-(4,4,5,5-
42 tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H- 345
benzoimidazole

Preparation 43
6-(2-Chloro-5-fluoro-pyrimidin-4-y1)-4-fluoro-1-isopropyl-2-methyl-1H-benzoimidazole
10 Bubble nitrogen into a mixture of 2,4-dichloro-5-fluoro-pyrimidine (12.7 g),
bis(triphenylphosphine)palladium(II) 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 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 1 h. Cool to 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-
fluoro-pyrimidin-4-yl)-4-fluoro-1-isopropyl-2-methyl-1H-benzoimidazole using the

20  corresponding dichloro-pyrimidine and boronate derivatives:



66 H N N_" HN\N/ N [4-(7-Fluoro-3-isopropyl-2-

met hyl - 3H benzoi m dazol -5- ye-pyrimdin-2-y1]-[5- (piperidin-4-ylsul fanyl)-
pyri di n- 2vebprozorsere 478 Exanple 1 PCT/US2009/068030

[ 5- (4-Ethyl - pi perazin-1-ylnethyl)-pyridin-2 -y1]- [5 -fluoro-4
-(7-fluoro-3-isopropyl-2 -

nmet hy1- 3H benzoi m dazol -5-y1) - pyri mdi %Z-yl] -amne -33- Bubbl e

nitrogen into a m xture of

- 1H benzoi

6- (2-chl oro-5-fluoro-pyrimdin-4-yl)-4-fluorol-isopropyl-2-nethyl
m dazole (15.9 g), 5-(4-ethyl-piperazin-1-ylnethyl)- pyridin-2-ylamne

(10.85 g), cdsiumcarbdnate (32.10 g), tris(dibenzyliden ﬁ }g‘% e)| 5
di pal | adi um (|1 p&pa@dion 4, 5- bi s(di phergdmpa@sphi no) - 9, 9-di wgﬂ Z\é %r;t hene (2.35
g) in 1,4- dijoxane (197.06 nl). Heat the rrixture in a pr BhMtRY pil bath
at 110 C for |2 h. Cool toR6T Iute er over a cplite pad.
Renove the sqgl vent under vac %rﬂ'c?'gﬁﬁﬁ? DHE(}:%{‘ a gel col.um
chr omat ogr aphy, efbit | ng wit hC 1 nd t hen mef hanol - NH3
2 M2 %to affford 22.11 g of the t qz%mﬁ Bund M5 (ES): mfz= 10| 507
( M+H) +. Prepare tlhe foll owm ng exanpl es essentially as descr) bed for
[ 5- (4- et hyl - gi pergzi n- 1- yl ne2h@ilpro@yluoth-pyrniylih]4-{I51f | uor o- 4%3(17 flporo-3-iso
propyl-2- met Hy1- 3F benzoi ntehdmehty52-dthy PMH-béiz6infidaZoly 1] - |@m ne ‘usi ng the
correspondi ng am ne and chl oro-pyrim d| ne derivatives: [Exanple Structure
6-(2-Chloro-5-fluoro-pyrimidin-4-yl)-1-
46 cyclopropylmethyl-4-fluoro-2-methyl-1H- 335
benzoimidazole
47 6-(2-Chloro-pyrimidin-4-yl)-1-cyclopentyl-4- 131
fluoro-2-methyl-1H-benzoimidazole
48 6-(2-Chloro-pyrimidin-4-yl1)-4-fluoro-1- 305
isopropyl-2-methyl-1H-benzoimidazole

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

piperazin-1-ylmethyl)-pyridin-2-yl]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-

S benzoimidazol-5-yl)-pyrimidin-2-yl]-amine below using the corresponding amine and
chloro-pyrimidine derivatives:
. MS (ES+):
Preparation Compound m/z (M+H)
4-{6-[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-
49 3H-benzoimidazol-5-yl)-pyrimidin-2-ylamino]- 579
pyridin-3-ylmethyl} -piperazine-1-carboxylic acid
tert-butyl ester
4-{6-[4-(3-Cyclopropyl-7-fluoro-2-methyl-3H-
50 benzoimidazol-5-yl)-5-fluoro-pyrimidin-2- 576
ylamino]-pyridin-3-ylmethyl} -piperidine-1-
carboxylic acid tert-butyl ester




Compound Name (ES+): Mo mz (MiHH+ 2 NHN \ N\ NF #

[ 5- Fluoro-4-(7-fluoro-3 - isopropyl-2-nethyl-3H benzoi m dazol -5-yl)-

pyri m di rwd-29jo7b@4(4- is opropyl-piperazin-I-yl)- 6-netrhoylvspymwiossoss 2-y1] -
am ne 521 -34- Exanple Structure

-30-

MS (ES+):

Preparation Compound miz (M+H)+

4-{6-[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-
3H-benzoimidazol-5-yl)-pyrimidin-2-ylamino]-2-
methyl-pyridin-3-ylmethyl} -piperidine-1-
carboxylic acid tert-butyl ester

51 592

6-[4-(3-Cyclopentyl-2-methyl-3H-benzoimidazol-
5-y1)-5-fluoro-pyrimidin-2-ylamino]-3',4',5',6'-
tetrahydro-2'H-[3,4"]bipyridinyl-1'-carboxylic acid
tert-butyl ester

52 572

6-[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-
benzoimidazol-5-yl)-pyrimidin-2-ylamino]-2-
methyl-3'4',5',6'-tetrahydro-2'H-[3,4"bipyridinyl-
1'-carboxylic acid tert-butyl ester

53 578

4-{6-[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-
3H-benzoimidazol-5-yl)-pyrimidin-2-ylamino]-
pyridin-3-yloxy }-piperidine-1-carboxylic acid
tert-butyl ester

54 580

{6"-[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-
3H-benzoimidazol-5-yl)-pyrimidin-2-ylamino]-2'-
methyl-3,4,5,6-tetrahydro-2H-[ 1,3"]bipyridinyl-4-

yl}-carbamic acid tert-butyl ester

55 593

{6'-[4-(3-Cyclopentyl-7-fluoro-2-methyl-3H-
benzoimidazol-5-yl)-pyrimidin-2-ylamino]-
3,4,5,6-tetrahydro-2H-[1,3"|bipyridinyl-4-yl} -
carbamic acid tert-butyl ester

56 587

4-{6-[4-(7-Fluoro-3-isopropyl-2-methyl-3H-
benzoimidazol-5-yl)-pyrimidin-2-ylamino]-
pyridin-3-ylsulfanyl}-piperidine-1-carboxylic acid
tert-butyl ester

57 578

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



Conpound Nane M5 (ES+):

mz (MHH)+ 3 \ N_\ N [4-(3-Cyclopropyl nethyl -

7-fl uoro- 2- met hyl- 34 benzoi ni dazol -5-y1)-5- fl uoro-pyrim di n-2-y1]-[5-
(4-1 sopr opyl2epigpse7azi n- 1- y1)-6-net hyl - pyridin-2-yl]- arcmas2@8/068430

10

To a mixture of 4-{6-[5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-
benzoimidazol-5-yl)-pyrimidin-2-ylamino]-pyridin-3-ylmethyl} -piperazine- 1-carboxylic
acid tert-butyl ester (150 mg) in DCM (10 mL) and methanol (10 mL) add hydrogen
chloride 4M in dioxane (194 uL). 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"): m/z=
479 (M+H)".

Prepare the following intermediates essentially as described for [S-fluoro-4-(7-
fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl]-(5-piperazin-1-
ylmethyl-pyridin-2-yl)-amine:

MS (ES+):
Preparation Structure Compound Name m/z
(M+H)+
N=
N~ )r [4-(3-Cyclopropyl-7-fluoro-2-
N\ N methyl-3H-benzoimidazol-5-
59 = y1)-5-fluoro-pyrimidin-2-yl]- 476
HN, (5-piperidin-4-ylmethyl-
NN
ve T pyridin-2-yl)-amine
1 _g - ) [5—F1u0r0—4—(7—ﬂu0r0—3—
N= N isopropyl-2-methyl-3H-
\ / benzoimidazol-5-yl)-
S pyrimidin-2-yl}-(6-methyl-5- | *02
>/N N piperidin-4-ylmethyl-pyridin-
T 2-yl)-amine
I}\11_<\N— P [4-(3-Cyclopentyl-2-methyl-
M N 3H-benzoimidazol-5-yl)-5-
61 — fluoro-pyrimidin-2-yl]- a7
(1'2,3",4',5',6"-hexa
NN hydro-[3,4'Ibipyridinyl-6-y1)-
i Q/ T amine




Exanpl e 4

[ 5- Fl uoro-4-(7-fluoro-3-isopropyl-2-nethyl-3H benzoi m dazol -5-yl1)-pyrimdin
- 2-y1] - [ Swodrovesgmopyl - pi perazi n-1 -yl met hyl ) - pyri di n- 2PgTjursanboneso3o Add
sodi umtri acet oxyborohydride (299.9 ng) to a m xture of [5-fluoro-4-(7-
fl uoro-3-isopropyl-2-net hyl- 3H benzoi m dazol -5-y1)-pyri m di n-2-y1] - ( 5- pi per
azi n-lyl met hyl -pyridin-2-yl)-amne (13
2-di chl oroethane (9 nL) and acetic acit 2'( 16.3 [EL). Heat at 60 C for 1 h.

Renove t he
cartridge (
silica gel

afford 115
Prepare the
[ 5-fluoro-4
n-2-y1]-[5-
the corresp

n) ,

acetone (31.6 I A,

11

sotvent—ghder—vacuum—10—Pur+-yby—Sstreng—cat+op—exchan
SCX) e] ut/ing w th nethanol @and then nefhanol - NN @@E%ol
COCRAHIB N onat og YIRS el uting wi %hanol | NH™2 M
g of the title conpound MS (ES): mz= 521 (MeH) MHHM
fol | ow ~essential |[y-raprdestflidied- f o
- (7-f1 uon y1- 2- net hydorshiit-Renagi-sirdazpl - 5-y1) -
4- | sopr gy raz | -yl rretﬂg},{go)migyzroi_gljy[}: 2-y[1] - anm ne
pndi®g an -35-0_/7" | pyrimidin-2-yI]-(2-methyl- 478
\7,N N 1'2'3' 4' 5" 6" hexahydro-
T [3,4"bipyridinyl-6-yl)-amine
N=
N )F [5-Fluoro-4-(7-fluoro-3-
N isopropyl-2-methyl-3H-
63 \ 7 . benzoimidazol-5-yl)- 430
HND—O Uyt pyrimidin-2-y1]-[ 5-(piperidin-
7/ T 4-yloxy)-pyridin-2-yl]-amine
{}I_(}\I N N6'-[5-Fluoro-4-(7-fluoro-3-
A isopropyl-2-methyl-3H-
— benzoimidazol-5-yl)-
64 X T pyrimidin-2-yl]-2“methy 493
Q )\N 4N 1-3,4,5,6-tetrahydro-2H-
HN 7/ [1,3']bipyridinyl-4,6'-diamine
e ) N6'-[4-(3-Cyclopentyl-7-
N=( N fluoro-2-methyl-3H-
\ 7 benzoimidazol-5-yl)-
65 X Pl pyrimidin-2-y1]-3.4.5.6- 487
g ) O/NTN tetrahydro-2H-
HN [1,3']bipyridinyl-4,6'-diamine
H N=
NNy [4-(7-Fluoro-3-isopropyl-2-
M\ N methyl-3H-benzoimidazol-5-
66 \ / P | yD)-pyrimidin-2-yl]-[5- 478

(piperidin-4-ylsulfanyl)-
pyridin-2-yl]-amine

Example 1

[5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-yl]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-

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

e
| owed by
(39 to

pyri m di
usi ng



Exanpl e Structure Conpound Name M5 (ES+): mz (MtH)+ 5 1\sr- NN/ " . -N
\N/ N [5-Fluoro-4-(7-fluoro-3- isopropyl-2-nethyl-3H benzoi m dazol - 5-y1) -
pyri m di rwd-29tjo75¢76- met hyl - 5- (1- et hyl - pi peri di n- 4- PCT/US2009/068030
yl met hyl ) -pyridin-2-yl1l]- am ne 506 6 ii\Vif 4N/ NIN " ..-NIN
[ 5- Fl uoro-4-(7-fluoro-3- isopropyl-2-nethyl -3Hbenzoi m dazol - 5-y1) -
pyrimdin-2-yl1]-[5-(1- isopropyl-pi per| gii n-4- yl nmet hyl) - 6-net hyl -
pyridin-2-yl]-amne 534 7 H/NN-\ /F

o5 5

Bubble nitrogen into a mixture of 6-(2-chloro-5-fluoro-pyrimidin-4-y1)-4-fluoro-

l-isopropyl-2-methyl-1H-benzoimidazole (15.9 g), 5-(4-cthyl-piperazin-1-ylmethyl)-
pyridin-2-ylamine (10.85 g), 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 (197.06 mL). Heat the mixture in a pre-heated oil bath at 110 °C for 2 h. 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-

1-ylmethyl)-pyridin-2-y1]-[ 5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-

5-yl)-pyrimidin-2-y1]-amine using the corresponding amine and chloro-pyrimidine

derivatives:
MS
Example Structure Colglf;gnd (Err?/?
(M+H)+
q N=
N—<\ Ve [5—Flu0r0—4—(7—ﬂu0r0—3—
J\ N isopropyl-2-methyl-3H-
_ benzoimidazol-5-yl)-
2 X F pyrlmldln— -yl]-[5-(4- 521
Q Xt isopropyl-piperazin-1-yl)-
N 7/ \f 6-methyl-pyridin-2-yl]-
4< amine




NN/\ . O0... -Nv/N 1 [4-(3-Cycl opentyl-2- nethyl-3H benzoi m dazol -
5-y1)-5-fluoro-pyrimdin-2- yl1]-(1'-isopropyl- 1',2',3 ,4",5 ,6'-hexahydro-
[ 3 , 41bi pyoi2dionyie76- ye- amine 514 8 H 1\ T- N/ % N=1N / pCrAiN2600/068030 N

[ 5- Fl uoro-4-(7-fluoro-3- isopropyl-2-nethyl-3H benzoi m dazol -5-y1) -
pyrimdin-2-y1]-[5-(21- isopropyl-piperidin-4- yloxy)-pyridin-2-yl]-am ne
522 Exanple 9

34-
MS
Example Structure Colr\?;)nollénd (En?/?:
(M+H)+
g N=

N—<\ Ve [4-(3-Cyclopropylmethyl-

}\I \ N 7-fluoro-2-methyl-3H-

— benzoimidazol-5-yl)-5-
3 N "1 fluoro-pyrimidin-2-yl-[5- | 533

Q N (4-1sopropyl-piperazin-1-

\ \fN y1)-6-methyl-pyridin-2-yl]-

4< amine

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

1o\
i) N
N N

7 ;

NQN ] >\N\(N

Add sodium triacetoxyborohydride (299.9 mg) to a mixture of [5-fluoro-4-(7-
fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl]-(5-piperazin-1-
ylmethyl-pyridin-2-yl)-amine (130 mg), acetone (31.6 uL), 1, 2-dichloroethane (9 mL)
and acetic acid (16.3 pL). 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-NH; 2 M (3 %) to afford 115 mg of the title compound. MS (ES"): m/z=
521 (M+H)".

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

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

1-ylmethyl)-pyridin-2-yl]-amine using the corresponding amines:
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[5-Fluoro-4-(7-fluoro-3-
isopropyl-2-methyl-3H-
benzoimidazol-5-yl)-
pyrimidin-2-yl]-[5-(1-
isopropyl-piperidin-4-
ylmethyl)-6-methyl-
pyridin-2-yl]-amine

534

[4-(3-Cyclopentyl-2-
methyl-3H-benzoimidazol-
5-yI)-5-fluoro-pyrimidin-2-

y1]-(1'-isopropyl-
1'2',3'4' 5" 6-hexahydro-
[3,4'Tbipyridinyl-6-yl)-

amine

514

N=

>_N/\:>‘O\ /

H N=
N— ) F
N

YNTN

[5-Fluoro-4-(7-fluoro-3-
isopropyl-2-methyl-3H-
benzoimidazol-5-yl)-
pyrimidin-2-yl]-[5-(1-
isopropyl-piperidin-4-
yloxy)-pyridin-2-yl]-amine

522

Example 9

[4-(3-Cyclopropyl-7-fluoro-2-methyl-3H-benzoimidazol-5-y1)-5-fluoro-pyrimidin-2-yl]-

[5-(1-ethyl-piperidin-4-ylmethyl)-pyridin-2-yl]-amine

-5-y1)-5-fluoro-pyrimdin-2-
[ 5- (Moavtwi7sqiuperi di n-4-yl net hyl ) - pyri di n- 2- y1] - anpag@/u52009/08630

-5-yl1)-5-fluoro-pyrimdin-2-yl]-(5-piperidi
1, 2 di chl oroet hane (1.14 nl)

under
with

ng of
| owi ng

(1-ethyl

ng
N- N/

_yl)_



520 11 N4./F T  N* NN (1 -Ethyl-2-nethyl- I',2',3 ,4",5",6"-hexahydro-
[3,4" Thipyridinyl-6-y1)45-[5 fluoro-4-(7-fluoro-3- isopropyl-2-nethyl-3H
benzoi m depabtobrydzk- pyrim din-2-yl]-am ne 506 12 H N PCHSbIN9068030

[ 5- (1- Et hyl - pi peridin-4- yloxy)-pyridin-2-y1]-[5-fluoro-
4-(7-fluoro-3-isopropyl-2- methyl-3H benzoi m dazol - 5-

y1l) -pyrimdin-2-yl]-am ne 508

-37- 1310 \ N
36-

Add sodium triacetoxyborohydride (720 mg) to a mixture of [4-(3-cyclopropyl-7-

fluoro-2-methyl-3H-benzoimidazol-5-yl)-5-fluoro-pyrimidin-2-yl]-(5-piperidin-4-

ylmethyl-pyridin-2-yl)-amine (110 mg), 1,2 dichloroethane (1.14 mL) and acetic acid

(2709 pL). Heat at 60 °C for 1 h. Remove the solvent under vacuum. Purify by strong

5  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 80 mg of the title compound. MS (ES"): m/z= 504 (M+H)".

Prepare the following examples essentially as described for [4-(3-cyclopropyl-7-

fluoro-2-methyl-3H-benzoimidazol-5-yl)-5-fluoro-pyrimidin-2-yl]-[5-(1-ethyl-piperidin-

10 4-ylmethyl)-pyridin-2-yl]-amine using the corresponding amines:

MS (ES+):
Example Structure Compound Name m/z
(M+H)+
N= . . . 1.
i < )t [5—(1—Ethyl—p1per1d1q—4—
= X ylmethyl)-6-methyl-pyridin-2-
0 \ / . le—[5—ﬂu0r0—4—(7—ﬂu0r0—3— 520
N isopropyl-2-methyl-3H-
/- % benzoimidazol-5-yl)-
T pyrimidin-2-yl]-amine
n M= (1'-Ethyl-2-methyl-
DY 1'2',3'4',5',6" hexahydro-
\ / . [3,4Tbipyridinyl-6-y1)-[5-
11 fluoro-4-(7-fluoro-3- 506
NN isopropyl-2-methyl-3H-
<N 7/ T benzoimidazol-5-yl)-
pyrimidin-2-yl]-amine
(L ) [5-(1-Ethyl-piperidin-4-
M\ yloxy)-pyridin-2-y1]-[5-fluoro-
12 \ 7 F 4-(7-fluoro-3-isopropyl-2- 508
/—NQ-O Nt methyl-3H-benzoimidazol-5-
7’ A yI)-pyrimidin-2-yl]-amine




cl\T\ )2-"s"NNN I FN) N\ N4, Nd-Di et hyl - N6' - [ 5-f | uor o-
4-(7-fluoro-3-isopropyl -2- nethyl-3H benzoi m dazol - 5-

y1) - pyri mvointod7ydrs- 2' - met hyl - 3 , 4,5, 6-tetrahydro-2H PCT/US2009/068030

[ 1, 31bi pyridinyl-4,6"-diamne 549 14 |i Tl _(\r_ N/ /. n...... "r 0r)
N6' 44- ( 3- Cycl opentyl-7- fluoro-2-nethyl-3H benzoi m dazol-5-y1l)-
pyrimdin-2-yl]-N4, Nd- diethyl-3,4,5, 6-tetrahydro-2H

[ 1, 31bi pyridinyl-4,6"-diam ne 543 15 311' 4/ N1\ "41).

A
N_</ F N* N*-Diethyl-N6'-[5-fluoro-
4& 4-(7-fluoro-3-isopropyl-2-
N methyl-3H-benzoimidazol-5-
13 < ) )\N \ | yD-pyrimidin-2-y[- 2 methyl- | P
N

3,4,5,6-tetrahydro-2H-
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H
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\ / fluoro-2-methyl-3H-
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Q CN pyrimidin-2-y1]-N4,N4-
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N=
N ) [5-(1-Ethyl-piperidin-4-
~\V-/ A ylsulfanyl)-pyridin-2-yl]-[4-
15 U F (7-fluoro-3-isopropyl-2- 506

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

543

Example 16
5 [5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-yl]-[ 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-
ylmethyl)-pyridin-2-yl]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-
10 yl)-pyrimidin-2-yl]-amine (17.3 g) in a mixture of DCM (100 mL) and methanol (100
mL). Stir the solution for 1 h and remove the solvent under vacuum. Triturate with MtBE
and filtrate the solid to afford 20.4 g of the title compound. MS (ES"): m/z= 507 (M+H)".
Prepare the following examples essentially as described for [S-(4-ethyl-piperazin-
1-ylmethyl)-pyridin-2-yl]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-
15 5-yD)-pyrimidin-2-yl]-amine methanesulfonate:
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[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-
benzoimidazol-5-yl)-pyrimidin-2-yl]-[5-(4-
isopropyl-piperazin-1-ylmethyl)-pyridin-2-yl]-
amine methanesulfonate

521

20

[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-
benzoimidazol-5-yl)-pyrimidin-2-yl]-[ 6-methyl-5-
(1-methyl-piperidin-4-ylmethyl)-pyridin-2-yl]-
amine methanesulfonate

506

21

[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-
benzoimidazol-5-yI)-pyrimidin-2-y1]-[5-(1-
isopropyl-piperidin-4-ylmethyl)-6-methyl-pyridin-
2-yl]-amine methanesulfonate

534

22

[4-(3-Cyclopentyl-2-methyl-3H-benzoimidazol-5-
yI)-5-fluoro-pyrimidin-2-yl1]-(1-isopropyl-
12'3",4' 5" 6'-hexahydro-[ 3,4 |bipyridinyl-6-yl)-
amine methanesulfonate

514

23

[5-Fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-
benzoimidazol-5-yl)-pyrimidin-2-y1]-[5-(1-
isopropyl-piperidin-4-yloxy)-pyridin-2-yl]-amine
methanesulfonate

522

24

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

504
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met hanesul fonjate 534 22 [k ‘(3E @FR?E@HI“yﬂmch}‘rléﬁﬁﬁﬁih Y5+ benzoi mi dazpl - 5-
y1) - 5-f1 uor o-|pyr i 4§ di nj 2y§dip2evi-Srigiepr ik fluoro-3-isopropyl-2- 590,
1,2 ,3 ,4" .9 ,6' “hexa 1ylr!¢th1%1{33{ beapiipydniodis ny)ipyeimydin-2-vélri ne net hanesul f onat e
514 23 amine methanesulfonate
(1'-Ethyl-2-methyl-1',2",3",4',5",6'-hexahydro-
2% [;& ,4‘]bipyridiny1—6-y1)—[5-ﬂu0r9—4—(7—ﬂu0r0—3 - 506
isopropyl-2-methyl-3H-benzoimidazol-5-yl)-
pyrimidin-2-yl]-amine methanesulfonate
[5-(1-Ethyl-piperidin-4-yloxy)-pyridin-2-y1]-[5-
7 fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H- 508
benzoimidazol-5-yl)-pyrimidin-2-yl]-amine
methanesulfonate
N4,N4-Diethyl-N6'-[5-fluoro-4-(7-fluoro-3-
2 isopropyl-2-methyl-3H-benzoimidazol-5-yl)- 549
pyrimidin-2-yl]-2'-methyl-3,4,5,6-tetrahydro-2H-
[1,3"]bipyridinyl-4,6'-diamine methanesulfonate
N6'-[4-(3-Cyclopentyl-7-fluoro-2-methyl-3H-
29 benzoimidazol-5-y1)-pyrimidin-2-y1]-N4,N4- 543
diethyl-3,4,5,6-tetrahydro-2H-[ 1,3"bipyridinyl-
4,6'-diamine methanesulfonate
[5-(1-Ethyl-piperidin-4-ylsulfanyl)-pyridin-2-y1]-
30 [4-(7-fluoro-3-isopropyl-2-methyl-3H- 506
benzoimidazol-5-yl)-pyrimidin-2-yl]-amine
methanesulfonate
Example 31

[5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-yl]-[ 5-fluoro-4-(7-fluoro-3-isopropyl-2-
methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl]-amine
5 Crystalline form [
Mix 102.1 mg of amorphous [5-(4-ethyl-piperazin-1-ylmethyl)-pyridin-2-yl]-
[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
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benzoi m dazol -5-y1)-pyrimdin-2-y1H5-(1-
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[ 4- (3- Cycl opropyl-7-fluoro-2-nethyl-3H
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(1-ethyl -pi peridin-4-yl nmethyl)-pyridin-2-yl]-am ne nethanesul fonate 504
-39- Exanpl e Conpound Ms (ES+): niz (l\]ﬁ1 + 25

[ 5- (1- Et hyl - pj per,i di n- 4-yl net hyl ) - 6- hyl - L
o di e 2 y TPl e o058 s gh T iratsappyppus or 30 min, eiving 72.1 me
net hyl - 3H- beyg gl PaeOthe 3ohalih 2 PYE VL liin dvenkdr3 @M ne net hanesul f onate 520
26 (1'-Ethyl-2-nethyl-1',2',3",4',5 ,6' - hexahydro-
[ 3, 4']bi pyri di nyRegespntptijesKXRI peskpoifonyl 4rp shomp-isTable 1.
| sopropyl-2-net hyl- 3H benzoi m dazol -5-y1)- pyrimdin-2-yl]-am ne
met hanesul f onate 506 27
5 Example 32

[5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-yl]-[ 5-fluoro-4-(7-fluoro-3-isopropyl-2-
methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl]-amine
Crystalline form III
Mix 208 mg of amorphous [5-(4-ethyl-piperazin-1-ylmethyl)-pyridin-2-y1]-[5-

10 fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl]-amine
with 4 mL acetone. Slurry the suspension for 2 h at 60 °C while stirring at 1000 rpm, and
then isolate the solid by vacuum filtration, producing a light yellow cake. Dry in place on
the filtration apparatus for 30 min, giving 112 mg of a solid (54% yield). Place in an 80
°C vacuum oven for 3 h.

15 Representative XRD peaks of form III are shown in Table 2. The peak positions

were verified using an external 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 CuKo 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
20, with a step size of 0.02° in 20 and a scan rate of 9.0 seconds/step, and with 1 mm
divergence and receiving slits and a 0.1 mm detector slit. The dry powder is packed into
recessed top-loading sample holder and a smooth surface is obtained using a glass slide.
25  The crystal form diffraction patterns are collected at ambient temperature and relative
humidity. The background for the Form III 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
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[ 5-(4-Ethy | razin- pyri uor o- | uor o- 3-i so
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Confirmation of a crystal form may be made based on any unique combination of
10 distinguishing peaks (in units of ° 20), typically the more prominent peaks. Thus, a
prepared sample of [S-(4-ethyl-piperazin-1-ylmethyl)-pyridin-2-yl]-[S-fluoro-4-(7-fluoro-
3-isopropyl-2-methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl]-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.

Table 1: X-ray powder diffraction peaks of [5-(4-ethyl-piperazin-1-ylmethyl)-pyridin-2-
yl]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-y1]-

20 amine crystalline form 1.
Angle d value | Intensity
°26 Angstrom %
451 19.60 100
5.89 15.00 4
8.98 9.84 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 5.43 4.4
17.01 5.21 1.9
18.58 4.77 3.1
18.82 4.71 3.6
20.86 4.26 1.5
21.90 4.06 2.2
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16.31, and 18.82; with a tolerance for the diffraction angles of 0.1

degr ees. Table 1. X-ray powder diffraction peaks of

[ 5- (4- et wO-2piopes@ai n- 1-yl met hyl) - pyridin-2- PCT/US2009/068030
y1l]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-nethyl-3H benzoi m dazol -5-y1)-pyrim
i di n-2-y1]- 20am ne crystalline forml. 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 12.57
7.04 1.9 13.09 6.76 7 15.93 5.56 3 -3

Solid-State 'C NMR
Cross polarization/magic angle spinning (CP/MAS) NMR (solid-state NMR or
SSNMR) spectra is obtained on a Bruker Avance 111 400 wide-bore NMR spectrometer
operating at 'H and "*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-II controller; spinning speeds are maintained within 2 Hz of the
set point. SPINALG4 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 a linear 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 *C chemical shifts are
15 externally referenced (+ 0.05 ppm) to the proton-decoupled "*C peak of neat (liquid)
tetramethylsilane via the high-field resonance of adamantine (6 =29.5 ppm).
A peak list of chemical shifts for [5-(4-ethyl-piperazin-1-ylmethyl)-pyridin-2-yl]-[5-
fluoro-4-(7-fluoro-3-isopropyl-2-methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl]-amine
crystalline form IlTis as follows:
20 “C-NMR: w(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-piperazin-1-ylmethyl)-pyridin-2-yl]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-
25 methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl]-amine
Crystalline form III — Route B



16.31 5.43 4.4 17.01 5.21 1.9 18.58 4.77 3.1 18.82 4.71 3.6 20.86 4.26 1.5
21.90 4.06 2.2 -42- 23.12 3.84 2.4 23.53 3.78 3.7 26.71 3.33 2.4 26.85
WO 2010/075074 PCT/US2009/068030

AA4-

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 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 (50 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) to a degassed mixture of 1-(6-bromo-pyridin-3-
vlmethyl)-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
concentrate. Dissolve the residue in toluene (9.7 kg) and crystallize by the addition of
MtBE (8.3 kg) to give 6.0 kg of the title compound. Obtain further purification through a
toluene recrystallization. MS (ES"): m/z=221 (M+H)'.
¢. N-Isopropyl-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 chloride (16.7 kg)
at about 2-3 kg/h. Stir until complete 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 (CDCls) 4.06 (m, 1H), 1.94 (s, 3H), 1.14 (d, 6H).

25 d. N-(4-Bromo-2,6-difluoro-phenyl)-N'-isopropyl-acetamidine

Add phosphoryl chloride (16.0 kg) to a mixture of 4-bromo-2,6-difluoro-

phenylamine (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). Filter 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



3.32 2 A prepared sanpl e of

[ 5-(4-ethyl -piperazin-1-ylnmethyl)-pyridin-2-y1] -[5-fluoro4-(7-fluoro-3 -is
opr opyl- 2wombtwirs@4H- benzoi m dazol - 5-y1) - pyri m di n-2 - ylPLTABR0O68030
crystalline formlll is characterized by an XRD pattern using CuKa

radi ati on as having 5diffraction peaks (2-theta val ues) as described in the
Table 2 below, and in particul ar havi ng peaks at 21.29 in conbination with
one or nore of the peaks at 11.54, 10. 37 and 12.13; with a tol erance for

the diffraction. angl f 0.1 d . Table 2: X wder. diffracti
(he o1 ract oo SROLSa: e Qb P SRR SR St PR 1 on,
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Add potassium tert-butoxide (6.9 kg) in portions to a solution of N-(4-bromo-2,6-
5 difluoro-phenyl)-N'-isopropyl-acetamidine (16.2 kg) in N-methyl formamide (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
mixture.

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

15 benzoimidazole

Bubble nitrogen into a mixture of 6-bromo-4-fluoro-1-isopropyl-2-methyl-1H-
benzoimidazole (600 g), bis(pinacolato)diboron (843 g), tricyclohexylphosphine (106 g),
potassium acetate (652 g), and DMSO (3.6 L). Add palladium 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-yl)-4-fluoro-1-isopropyl-2-methyl- 1H-
benzoimidazole

Bubble nitrogen into a 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(II) chloride (4.9 g) and heat the reaction at 80+3 °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 in 1,2-dimethoxyethane from part f (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 1 hour then isolate the crude solid by filtration. Achieve
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46-
further purification of the solid by trituration with IPA to give 472 g of the title
compound. MS (ES"): m/z= 323 (M+H)".
[5-(4-Ethyl-piperazin-1-ylmethyl)-pyridin-2-yl]-[5-fluoro-4-(7-fluoro-3-isopropyl-2-
methyl-3H-benzoimidazol-5-yl)-pyrimidin-2-yl]-amine Crystalline form I1I

N—<\_/ F

N/N

Bubble nitrogen into a mixture of 6-(2-chloro-5-fluoro-pyrimidin-4-yl)-4-fluoro-
1-1sopropyl-2-methyl-1H-benzoimidazole (465 g), 5-(4-ethyl-piperazin-1-ylmethyl)-
pyridin-2-ylamine (321 g), potassium carbonate (403 g), 4,5-bis(diphenylphosphino)-9,9-
dimethylxanthene (17 g) in t-amyl alcohol (2.3 L). Heat tris(dibenzylideneacetone)

10 dipalladium (13.2 g) and the mixture at 100+5 °C until complete by HPLC. Cool to RT,
dilute with DCM (1.2 L) and filter over a Celite® pad. Extract the filtrate with 4M HCI
(2.3 L X 2). Combine the aqueous layers and stir with charcoal (32 g). Filter through
Celite®, add DCM (1.7 L) and adjust pH with NaOH (28% aq., 1.5 L). Collect the
organic layer and wash the aqueous layer with DCM (1.7 L). Combine 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 slurry and dry to give 605 g of crude product as Form I. Mix 605 g of Form I and
4.3L of dry acetone. Slurry the suspension at 56-57°C (reflux) 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 III of the title compound.
MS (ES+): m/z= 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, “ICsy” refers to the concentration of an agent which produces 50 % of the
maximal inhibitory response possible for that agent and “ECs,” refers to the concentration

of an agent which produces 50 % of the maximal response possible for that agent.
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diluted in kinase buffer of 68 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) pH 7.4, 6.72 mM MgCl,, 6.72 mM dithiothreitol (DTT), and 0.013 %
15  TRITON™X-100. The enzyme solution is prepared from 8 ng CDK4 enzyme
(Proginase cat# 0142-0373-1) diluted in the kinase buffer described above. Test

compounds are serially diluted 1:3 in 20 % DMSO to create a 10 point curve at a starting
concentration of 20 uM. 20 % DMSO buffer alone without added test compound is
employed as a control, 500 mM ethylene diamine tetraacetic acid (EDTA) is used to

20 determine the level of background P in the absence of enzyme activity. Reagents are
mixed and incubated for 90 min at 20 °C. The reaction is terminated by the addition of
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% H3;PO, 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 ICso values using
ActivityBase™ software (IDBS, Alameda CA). All the mesylate salts of the exemplified
compounds display an ICso of < 10 nM in the above assay. The compound of Example 25

30  has an ICsy of 3 nM in the above assay. This demonstrates that the mesylate salts of the

exemplified compounds are potent inhibitors of CDK4.
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n- hexane (64 kg) and filter Eﬁy@@-@ﬁ&%ﬁg of 10 the title
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assay protocol as described in Chen, L.S. et al. (2009) Blood, DOI: 10.1182/blood-2009-

03-212852), 10 mM MgAcetate and [y-"P-ATP] (specific activity approx. 500

cpm/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 pL of the reaction is then

spotted onto a P30 filtermat and washed three times for 5 minutes in 75 mM phosphoric
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denonstrate evidence that the conpounds exenplified herein are useful as
speci f i 25CDHrfenied hitdyirotatic. 2i0d Lawmegach cialie Bktereybrough a A3 upsgisse dli¢rer ei n,

"TCS0" refeng g H0R SRISENAH 1A Olre ENREE M WRLEN RIOUE R Qe OF the
plates. A dilution series is prepared (2000 ug/mL, 200 pg/mL, 20 pg/mL 2.0 ug/mL plus
a blank DMSO sample) by appropriate serial dilution in DMSO of the 2.0 mg/ml standard
solution.
30 The sample and standard solutions are analysed by HPLC (LC Column: XTerra
MS, C18, 2.1 X 50 mm, 3.5 um, at 50°C; mobile phases: A —0.2% Formic Acid in
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conmpound i s enployed.as.a control, 500 nM efhyl e di.am ne tetraacetic acid
(EDTA) is used Sy%g@mlg}e?ﬁ%@u%dﬁémﬂwah ZS“P%{S&&Q@{] geﬂﬁ%rﬁ%@w}twrehe absence of
enzyne aef i \bio¥ed RERGRAD! SreRRE& éﬁe&ﬁﬂﬁe@%@m}g&%@ﬁ&ﬁ%é Rlubffly Hip1ed 220 C. The
reaction is termnated by the addition of 80 uL I0% (v/v) H31304 and

preci pi t at i ong/wf inpét Epliosphaebubergiiag hefabbyicassay | the comppamé st Kxempleilpor e, MAFC

NOB 50). The.wells are.wa four. ti wi.th 0.5% H3PO4. and t he, .

ot oabt i vi PRSP BP0 L TEd it O SR AP SRR RIS at i on
counter 25( MagriRREBonktrhtbdikat pYbite@&xemplified conffd@nddiof fiRiBRERNREI MRER t he
medi an val ue of high and |low control is taken as 100 % activity. A four
par anet er | oglubleiitanagpeass sqletions used to generate the 1 C50 val ues using
Acti vi tyBaseTM software (I DBS, Alaneda CA). Al the nesylate salts of the
exenplifi'ed compounds display an 1C50 of < 10 nMin the above assay. The
conpound of Exanple 25 30 hasRanOt{LBibaehilabilithMAssayt he above assay. This

denonstrates that the mesisl ate salts of the exenplifi ed-con'?_ounds are
pot ent i nhi bi t or ¥asiSpeaskeDavlggratsibpdy woght fings o1W-B9gayith indwelling gy of t est

conpound i 2 rf%ﬂ(irgf’ a%%Fa&glaH }Fe’obﬁ{neﬁgm@ﬂgﬂ%r (\}V‘Jmﬁﬁlgltog, éﬁ%\etﬁ?%}]ggg) The

sol ution, enzyne solution are mxed In
ATP 5 and CRER csmbatndgradinsnigerepauredniwlygh vautzonf(2 mdlkgy onclérit Nahétyd of 100 uM

ATP, 0.5 uC 3 -ATP. and 0.8 uM CTRF di |l uted in_kinase buffer of 68 nmV
FEpEs pHiC. Ay et in 2 T e RS, 1563 VSTRENGREm x- 100 The
enzyme sol Utc_bﬁ’dént!ra"‘tioi?Esﬁpﬁrrﬁ%migfre%agé QlvaRRRE eBfob@lahipls fc obtatheMadip)- CDK6

enzyne (Proqi nase cat# 7533) diluted in the kinase buffer described above

in the CDK4 thanhilwsdllinguanmusevgr 24T sthe hoivatspoatheisadaninstered amdrhldosk ofuesed 1:3 in
20 % DMSO to create a 10 .pojnt r.y t tarti one gation of 20 uM
20 9 ovso bap Fed e PR EBEES T uah B PSR (0 as s
control, 50QoRM:E%0/0.65 Usedadtiodeh pumfidievdde Thenel dRk chrekaronid 233P i n

t he absence of enzyne activity. Reagents are m xed and incubated for 90 mn

at 20 C.25Theng'whdékeedisg euivalewh)n dpelpr blpod pranplegarercoBestedfvieghe wdwalbng (v/ v)
H3PO4 and 1 i pi.tatd ' | ¥ fi
(P and LB R Rl TP s WA BEn A AR PSS,

and t he radi(@acC)j piok yo dnviggs.porated is determined with a microplate
scintillation counter (Mcrobeta Trjl ux, |1 ac).. The data is anal yzed in
the same manner A8 ftgpalcppderd eoympornd &Y ng Uiom)léaceé@ﬁfa%ﬁalga@?@pha ay an
1050 of < 3Q.)M jifled QSarARAVE pRSHAN prk i}t QRRANA R safb TRl Serklruady has an
| C50 of 5 nM\pn thee ab%@g asgay. Tlﬁrsﬂﬁ%rrgnstrat es %aE?t pree?erruégj

exenpl i fi0ed peiontpevaigkss. Ahesupean@matts are abistlrysinjeétio@Bibrapid gradient elution on

a Javelin Betasil C18 column (20 x 2.1 mm cartridge, Mobile phase A; Water/ 1 M




Assay for inhibition of PIML Kinase Pim1 (human, 0.46 nMfi nal
concentration) is incubated with 8 nM MOPS pH 7.0, 0.2 25 nM EDTA, 100 uM
of an appwopoicat7so7substrat e peptide (see Pim 1 ki nase i mairhisceconcassay
protocol as described in Chen, L.S. et al. (2009) Blood, DOT:

10. 1182/ bl ood-2009- 03-212852), 10 nM MyAcetate and [ 7- 33P- ATP] (specific
activity approx. 500 cpni pnol, concentrﬂ;tl on as required). The reaction is
initiated by the addition of the I\/gATP x and then incubated for 40

m nutes at room tenper.atur by the addition of
3% phosphor &% u@n@%rlﬁﬁnﬁ%?mqé&WY% e%thﬁ%%r ﬁeﬁ}ﬁ r%l n%ﬂgﬁl spotted onto a
P30 filter mficafydflatv@stierh ¢4 Gfe Elhf&@%naﬂﬁésa’éedl@td&téﬂ% LeoviZ 2 giMaRRRsher i €

-49- acid and once in nmethanol prior to drying and scintillation counting.
For conpound ScwmAtﬁIﬂ@@ﬁrlplégvadﬁwoleém&bmﬁwetﬁ dvneragratipns ecomppeideéks in 100
% DVSO ar e of the top
concentrati g)n So%g%ﬁéte%lgp%/d;ﬁoﬁ%e d??%ggrebare dgrl %Zggﬁscééa?tglﬁfy diluted 1:3 in
100% DVSQ t o cr e@heoral blévgitbitity 1€@lﬁtﬁlﬁmwy6(111/1ﬁnlﬂg therafs pads heplisme and di | ut ed
1:50 (20 luMto 0.001 p.Mfipal in 2%final DVSO concentratlon) in the
reaction m ¥PRACBIration HBIE SR péeT elhpstoRIRstration Py fhe prea epder hgicue fallsWelgnt ai n DVSO

only while t st opped at
time O m nutl@%ﬁ@ﬁi&dg@ﬁlgﬂgﬁ;{oﬁ 1%p{l)dlnt?ll on gﬁ@?ﬁdﬁ%m}é\%@' gé %%nt rols on each
pl ate and tqmespmedus Fmamnohmmlzaﬂzrbm:rellan‘wab ﬂmnntcham)uMe(%Fl)ehrefelrredt 0 a

f our - par amet e | stic e Si | VI TYBASE 4.0 Preferred
exenpl i fi ed AR flnﬁ%mlfﬂug I@?i )1%593“ cﬂr{lgé@\gﬁb’}i{ @tl\‘?l‘e‘?ﬁgtl%ﬁﬁ%ﬁ’nah%f Exanpl e
25 has afy | @BRpQknd Gt BLRpRMA d?splla@@a 835 A 4eSE5Y, Bede ARV SentddiedadfrONSt r at es

t hat pref erred exenplified compounds are potent inhibitors of Pim 1 ki nase.
15Sol ubi | i t yThisglsrgnstrates that préferredopenplificd cempawdiitage gdodtogs biogautghilitid ar e

wei ghed into separate chromatographic vials. The required vol une of 0.05M
Phosphate buffer, pH 8.0 (dissolve 6.7 g of Sodi um Phosphate Di basic X 7H20
in 500 nL of 1hiRbfGid R BRosRSIS atioRdf R&inobRsteh a®rbteltd (bRb PHISPRAGoatenEi d 85%
is added to the sanple vial to achreve a target 20 concentration of 2.0

ng/ mL. An appropriate standard sol uti Assayn DVSO i s prepared by adding the
require voI une t |

concent ;jlatl on of QIBL@'\% g)/:t nﬁ M}ﬁth%\;&fh??ﬁnﬁ ?glt&prg(g% fsiéeynﬁ%/g@c@%cf’qp%%dced in a
rotati on dewt @800 cEtlﬁwvm al % veullBetlahat idkihdon BUIQOORHM f)l@tbs ahd dreastbaled hours at
anbient tenperature wth an aC%uI ar speed_ of about Ee A vi sual

fexam nat |h on BRPMA A040adingsel - GIPSOscatadonisi dPe Q?Mthdp e eplGRONIE on . I 250p L
7
rom eac V:js%éutrﬂaﬁgfas'r (ft ?Eb%g cdt 4 %9h4@%%d 1B ﬂrﬁ?im@elté beo cﬂaﬁgsaﬁp e

filtrate an I'trate are ¢ ecte separate wel’l s of 96 deep
wel | plates #11\’)6@070} ity °€ef VeSO1 fr mmp@aflbdre(t@@t@d)by;a@ungnest @c@ﬁpop@dm 20

p. g/ 0 e roprjiate s di lution
P SoNEor Mgt Gn i D BiaB s s SRiRS heroS BP0 DM ar o

sol utions araﬁd%ﬁhﬂﬁ%@c%&&aﬁé&t@@%%fte?@?ﬁ 5)?1‘)0%@@ to%on%o@ndg( 50 mm 3.5
pm at 50C;, nobile phases: A - 0.2% Formc Acid in -50- er; B- 0.2%

Form c Aci d celts aseBxednvithrthd léRERERéHlﬁemVG [Snat @0 IBDi, §-aB# 4 for 36 indin atRHOO(%B for

Qetotor ol SiertaiRid P b TN YRR Pisatd Bt Deft B cea 1or

quantitati onolufios@l ELhfcht RY. PeVirfl@adhBEwIRSTitht3Sthét Bkl Wil k) ap/maf the
sanpl e preparations.) Retention 5 tine used for Beak assignment for the

test corfouriNAs (Ribemickay 4. rSeﬁmtqq@ R602) m. Y/ kiinapetpidar ¢f rpmelimfrde&ellbn
h t -1 evel
chr omet 00" e ikt ) WP X AL FERAC AEH SR AN, LNy eve

st andar ds cahiguPamad aiﬁ}bodﬁraﬁmrph@glﬁmwlﬁﬁama@semf&mbcldad altlsydyc(em using |inear
or quadratic through zero fit is used. Solubility resul re 10reported in
7 tlt‘lff @e@

mg/ nL. Pref é’ﬁlﬁr@ageéb@éﬁ#pﬁ%@ds edslath BfrrP00 i R wigh b 7asBYAufsy sed at | east 2

nmg/ M in pH fder und of
Exanpl e 16 ?tgg{lgf/@gﬁ%é?ﬁblteg%&% Sm&egggysnf %mtedMEﬁo‘%giga%te buf f er

usi ng t W9 abdbeledrssmyary Thitodgate anthmsus&émmdxaéi%&(én\uﬂr@enmt«#fﬁelriﬁﬁd

gé?:{) : IOLI ed ¢ for lniPath{ SAg%In tﬁeg/earel \Q 21/5 ecH t?rrr]lesa\{li‘fah }EBefl cl%ensg %flp?op% gn aqueous




15 Rat Oral Bioavailability Assay Mal e Sprague Dawl ey rats (body

wei ght range 250-320 g) with indwelling fenoral arterial cannul ae are

obt ai ned woamo@hsshes Ri ver, WI m ngton, MA 01887, USA. pCeais2aonpsmsnd i S
adm ni stered intravenously in solution (2 nm./kg) in : 10 % N-nmethyl 20
pyrol I i done/ 18 % Captisol 0 in 22.5 nM phosphate buffer, pH 3. The final
drug concentration is 0.25 ng/nL (f ree gase equi val ents). Bl ood sanples are
obt ai ned using the indwelling cannula @ver 24 h. The aninals are then

adm ni st ered se o oun n /.kg) in 1 %
Wy hyar oxydvith QPR afEEErT PBS FrtRBTRS suish BE0R 28e Q0NN 1 oam i 1
purified watsgled td REinfbdlal FHbkGccR@N IR dr@dchidRd vith ACMBBAILORER®E base
equi val ents). Further blood sanples are collected via the indwelling
cannul a_overlLaar-seannigeriioeascenee lpm@@h@%m@t%&ompﬁ@ag PhA38 aptargondemt i on and
stored froz dard
conpound (fg%eﬁ%(r%gaanﬁ a@{&ﬁﬁgl&ﬁ%&cﬁ;@g i r| fl%t?cnrr@t ]ﬁlwutf Ch?%bfsfww i s added

to sanpl &s afARIECHETD Pro picetirgphogtheryiition ef Rb podintdné Doegnest. dmegecent ri f uged
30prior to analysis. The suPer natants are anal ysed bhy. |n% ection and rapid
gradi ent el @0#lpHs isRasad gmeedniantlusesaa ﬁlg@i@%@?rﬁﬁﬂng offs fp dffere’ym cart ri dge,

Mobi | e phas / O \TN, Mobile
Phase B: Neéﬁpapog‘wﬁﬁogl%%y%%@?sgé nat %Jgf%%‘g&%gﬁ %poﬁ’ﬁg Ir’eL1 uted anal ytes
are det ect edoiiysihGRBfpedils cattal ly snds’ouSN.nBhed Coeiné XCARR ud00Oddtermpled byuadr upol e
mass spectronet

. Congent r at f d t d
(¥ om ot andarctls® Hisgds BvURRIGHe T dRsi Saie g wosE BYREY BSeRe W ™ e
bi oavai | gbi lihd MeslyRicQBitAirRExBMpIHicy bothRAndhBsphly 88 1) s zodmlai fs M

concentration time curve after oral admnistration by the area under the
curve fol | owbong assayrEespopenddhfximple Zthapuctifiafl efeboutdPireMiisthagbdver dose

d tered t Fracti ' i | abl | gt t
the Tt r averbi dusrpyints BrEREmai Rt e Bifghadtepred » o °
val ue of >2Qﬂﬁlblfbf§&@]ﬁ@@6’ﬁn:{§€%ti?ﬂ@ﬂ R8s by ENéw 1P PRA 1QtionFe>farrpl e 22

di splays a % value of 48.5%in e above- rrentl oned assay. This
deronst r at ePRbhiatan it eire wheld celkleassl ds¥ved conpounds have good or al

o oavel A0, e B S0 e SRR R GBS R Pt i

Cul ture Col |sp&iﬁo(ﬂﬂre£t/%irﬁ€ﬁl®hﬁelbfﬂhb e¢ll @tle%@&ﬁvl&ﬁlpt@émeﬂdonaentraﬁnma Beckman
Di cki nson BI OCOATTm pl at es, re incubated in 1640 nmedium (e.qg.

G BCO, cat all&gt %Mz&@@ﬁeﬁé)arrﬁﬁtﬂ%n@@t%h;feﬁ%% @d@%@@éﬁ@hﬁ €rEB%%. g. G bco
cat #11000- Angirekt %oe5 iV 18vafy QirSithy ¢ el 70) in 37
C, 5 %O f Cléé ap g&ﬁ Sgtgjrgmg ggéﬁa %ﬁu&né ?Oegép%éﬁ%%uﬁguntqo 20t he
medi um domdngom;ttraté@thptahmompoﬁndi oBthdlriValttlomas: specif@sishibibes ofiMYY&d/04nd20 ' AM t 0
0. 001 ! ntration at After. 24 h exposure
Lo the ot dhadh ndelic BRiioner wBer Wit i e hSARHESS N St € Rkt eon L 1D,
Cat # 414] fa%st%potﬁér?hﬁks. , then are perneabilized with 0.1 % TRI TON(r)
X100 in phosphate buffered saline (PBS) solution for 15 mn at RT. Cells
are washed twice with PBS then digested with 50 ug/ nL 25RNAse (Ri bonucl ease
A, Sigma cat# R-6513) in 37 Cincubator for 60 mn. Fixed cells are bl ocked
with 1 % bovine serum al bum n (BSA, Amersham cat # RPN412V) for 30 mn.

Primary anti body, anti -phospmaanmbédth@dum rdfoM@gélonal anti body (BD
Pharmi gen ca t# 558385), is added at 1.2000 in PBS wWith 1 % BSA to the
cells andd i ncubaH@@%Qﬁé@fﬁﬁtféﬁ@nCaltceﬂs @IOﬂpﬁ)ehurganPBgemglﬁélsleuk@@mas are

i ncubated wi nouse |1 gG
Al exa 488 (I(%\S/{L{)\r ogen caﬁgﬁlﬁﬁgﬁg a§t§ﬁl%%%ﬁﬁ @FQR %uéna% g}%%%{fe washed 3
times with RBSNand46han cifa 6) dﬂMemaﬁﬂHddn titturdd@oloi 208! N CIIHADArcckirbwik | on Wi t h
PBS fromthe or]&g nal sol ution Inwtrow cat # P3566) is added to stain

nucl ei . Fl udh B2 ﬁ@‘@%?déﬁ‘é%h]aﬁ@t@é%?n%% ERESAGUNEN X PV ERERTRA BS;
[ Laser - scannjrpgl 1§ U9 &sa 9066 mn&{l I%flﬁece E%&a%hi insingn@af 488 nm

argon ion | aser excitation and otonul tiplTer tube detection),
manuf actifr ed{HﬂESTIIOZ%EFHSABX‘EﬂH ahd' Ea]lu 6 arcigeAgILIn Eagltf@MBM)Wh &niloSaltofL-Rb protein
and DNA cont ana |s iS. aig@bﬁ.n cel | ul fs) Q%Escent signal s
for |dent|fﬁ? ?ij%? Opﬁssal? %?18?1%01 P BYTUHHG and &t}j ?rﬁ‘iﬂ are

per cent age of each identified subpopul ations, %)hosphoRB positive, %2 N
and %4 N. The 1C50 and EC50 val ues are determ' ned by curve fitting to a
four paraneter |logistic for each output using ACTIVITY BASETM All 10 the
nesyl ate salts of the exenplified conpounds display an 1C50 of < 200 nMin
t he above assay. The conpound of Exanple 25 has activity of about 100 nMin
t he above assay. This denonstrates that the nesylate salts of the

exerrpl | f| ed corrpounds are potent | nhi bitors of CDK4/6 kinase activity (as



15Further, all the nmesylate salts of the exenplified conpounds are able to
i nduce specific arrest in the GL phase of the cell cycle even when present
at concenwoavioso7ef at |east 2 iuM Specific Gl arrest pcs/uscabvosdosd by
>90% of cells having a 2N genotype. Specific Gl arrest even at

physi ol ogically rel evant concentrations of active conpound denonstrates
that the conpounds of the invention are_specific inhibitors of CDK4/6 and
20t hat non-specific inhibition of ot heP3Tdks is mnini sed, which woul d

Vodel s 2snuti ol 57 BIE S o S TP HRTHiea M0 echih SSaRK B hyel of d
Ieukaen a_( AW-16£8) kr(Miodlnd 1INTRIBhEARNAIS STRIIGELS BT MRed and human

| ung cancer cells (NC 60 and calu 6) are expanded in culture (col o-205
and NCI H460:kbindagngeh} Blopmces) euo thewesir dawki affathy migl nydemiocge Tese5 M HEPES, 1

mM Na pyruv -9 1 WA~ L o1l Ve' i fi | becco' s
media with %E’%P%‘{Jngﬁ%ﬁﬁg,géﬂéwrﬁ\ﬁpﬁé’pbéﬁg@?&% &h@@eﬁé%@gﬁdﬁ?ﬁ@% are
grown i n sEaghespiatd/EiMfenpH?) barik ednSakstetd bl gfaligangadRiland 2560 oes®ang/kal am no
acids, 1 nM Na %uvate and 10 % FBS har vest ed 53- (col 0-205, U37- M5
calu 6 and NEPOMIEAE! ey pdiniumodrseafrieblishebil 128 dayssgerispiot obeRour wa- 11 by
centrifugati I 1L L OF i mal m xed
1:1 in Mtr irg@ﬁse%%ﬁg%rﬁig%fﬁ nclgé ghh%geq%%ge{ﬁéﬂe{%l& é%rflighid @%egs H?}r?nﬂ%r ude mi ce.
Test conpounkbk dogrspofpamenlt.i n an appropriate vehicle (1 % hydroxyet hyl

cellulose, in 25. mMM.5 ph hat e. buf fer pH nd | dm.ni stered by oral
gavage dai | ﬁ’@éﬁam?%?l “3?@1033&%.5%1@/ OP?I’EWZR P@?y @Jpﬁﬁgﬁ”ah“?in tunours are
establ i sfped iﬁtér%bl%@orﬂﬁéfﬁod?istaﬁfolloml 30 dach IHARUThe FiBR ROREG o spedifdger m ned by

tunour vol une nmeasurenent perforned tw ce a week during the course of
treat nent. Theowtvaluing {thissholdyet dabsdlafed by adepaaingdeFuerothe la@mosasurerDait ay ( TGD-

| ndi vi dual O0j. nt er pol ati.on h is as foll . .For ch animal., the tine
o reach a SHBE FrERenBRTRE He nefiPRaSar Tie EpefRa AR Bine

i nt er pol at i Ngy, RASBONs e, IBGEtanTRASHLRRINs MetREBoll 8RCHsHfg tiheist hr eshol d
and the next neasurenent. The interpolation is |linear using |ogio(volune)

vs. time. | frepercdsi il whevéns thelstles meprarcd fiordktanimal. iThesceressisg wWgcst i me i s
repor t edlSaj[ arc a ]g%?iears etiII -lcogevéﬁe d!lt?%ﬁth ggl%[tcgi?s%ﬁllrfg 1?5%1 fa%ei“ﬁ?ﬁstﬁﬂﬁtﬁ?.l A Thes.e
Crossi ng t1 nes i are analyzed as I necto-eve &ata W rrgnt-censoring

usi ng a Vi budah agll sdndidd devigion oA deraninahdr sdchreaineht@ewp aTuasur @gfevillet er m ned
for each treatnent group.. Tunmour growth del g is the difference in

. : TGD
mean crossi riglay i(Tf%D)déf}\R/éigf?reélC? ’rné%ﬁaéﬂrogﬁlwﬁned%/?&‘(’qeﬂé)“@@?ﬂ grw ®8ifer ol group.
T-tests are \pfrf QBIRR)%M@%?%F?%@I re%?g@ﬁ@ggnéﬁgﬁgﬁ{s%@&yﬂd%' RS S 8;” the

Wei bul | anal ysi's. Bod S eneral measurenent
toxicity. 2ol thoWergllangysd dody wembentakal dsy gaserd ewesurdnedt ebouaty. t he

conpound, of Exanpl.e 16 denpnstrates anti-fumur activity in_these del s as
o 0 o o 3ol SISO gt iy A desr R ke M oo CEELHCL 6. g

potent in ViggoRehieYidiuRS@ aBBitydn haRAfodef af¥holv MPBdb%e 3, thus demon-FUr ther, in
the AML W4-11 xenografts, tunour regression is observed at a dose 25o0f 100

mg per Kg (rpking thanthc cempavad of Examplepltdapriend i7 wvoRictivity agpihitibirange 9t activity
of the corrpfi#)gﬂJ of Exanple 16, see Table 4. Table 3: Tumour Gowth Delay in
different h Y&fograft nodel s Xenograft Dose TGD Days (750 n8) SE

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, see Table 4.

Table 3: Tumour Growth Delay in different human xenograft models

TGD Days
Xenograft Dose (750 m3) SE
100 mpk 39.9 4.6
colo-205 5y ok 17.4 3.2




col 0-205 100 nmpk 39.9 4.6 50 npk 17.4 3.2 -54- 25 npk 15.3 3.8 W4-11
100 npk 28.8 1.1 50 npk 11.5 4.0 25 npk 10.4 4.7 U837 MG 100 npk 21.4 2.7

WO 2010/075074 PCT/US2009/068030
-54-

25 mpk 15.3 3.8

100 mpk 28.8 11

MV4-11 | 50 mpk 115 40
25 mpk 10.4 47

100 mpk 214 2.7

US7MG | 50 mpk 10.0 22
25 mpk 6.1 3.2

100 mpk 6.7 2.7

H460 50 mpk 1.0 42
25 mpk L5 1.8

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

Tumor volume Tumor volume
(mg) at start of (mg) at end of
dosing period SE |p dosing period SE |p
Treatment (day 28) (mg) | value | (day 49) (mg) | value
Vehicle, 0.2 ml,
PO, dose qdx21/
1% HEC + 0,1 %
AF in 25 mM PB
pH 2 219.45 | 17.42 | Ctrl 1271.15 | 100.9 | Ctrl
Compound of
example 16, 100
mpk, PO, dose
qdx21 225941 29.61 | NS 116.68 | 15.29 | ***

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.

QOrthotopic Brain Xenograft Model

In vivo brain tumour model: Male NTH-RNU rats weighing between 225 and 300
g are anesthetized with isoflurane and placed into a stereotaxic frame (David Kopf
Instruments, 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 x 10° U87 MG human glioblastoma tumour cells (grown in Eagle’s MEM with Earle
Salts, L-glutamine and non essential amino acids, 1 mM Na pyruvate and 10 % FBS) in
10 ul (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



50 nmpk 10.0 2.2 25 npk 6.1 3.2 H460 100 npk 6.7 2.7 50 npk 4.0 4.2 25
npk 1.5 1.8 Table 4: Anti tunour activity of the conpound of Exanple 16 in
t he W4- Mormoal7s0faeat nent Tunor vol une (ng) at start ofcadastevgopsse od (day
28) SE (nmg) p value Tunor volune (ng) at end of dosing period (day 49) SE
(my) p value Vehicle, 0.2 mM, PO dose qdx21 / 1% HEC + 0,1 % AF in 25 nM
PB pH 2 55
Adapter Clamp, part #51681, Stoelting 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 field washed with saline solution and the
incision closed with sutures or wound clips.
5 Test compound is formulated in vehicle (1 % w/v hydroxyethylcellulose/ 0.25 %
v/v polysorbate 80/ 0.05 % v/v antifoam in purified water) and administered every day for
21 days at 20, 40 and 80 mpk (qdx21) and 80 mpk q2dx 10 starting on day 4 after tumour
implant.
The primary outcome variable is survival. Animals are monitored daily until
10 death and, in consultation with the veterinary staff and in adherence with the policy on
tumour implantation, euthanized if the animal becomes moribund. The cells are
implanted in the frontal lobe in order to minimize potential brain dysfunction such as
motor deficits and control of vital functions. Frontal lobe tumours in humans are said to
be “silent,” that is the most common presenting symptoms include headache, nausea,
15  vomiting, and cognitive deficits. Morbidity is therefore most likely to manifest as
lethargy and loss of body weight. Survival data are analyzed by the Kaplan-Meier method
for median survival analysis using JMP 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 ¢2d,
(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 tumour 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 qd 25.1 2.8 - 27
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An internal standard compound in acetonitrile/ methanol (1:1, v/v) is added to samples of

10

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/ 1 M
NH4HCO3, 2000:10 v/v, Mobile Phase B: MeOH/ 1| M NH4HCOj3, 2000:10 v/v). The
cluted analytes are detected by LC-MS-MS analysis using a Sciex API 4000 triple

15

determined from standards prepared under identical conditions.

quadrupole mass spectrometer. Concentrations of compounds in plasma or brain are

The plasma and brain concentrations are determined in this study from a group of

three rats at each time point (see Tables 6a and 6b) and are used to calculate the arca

plasma or brain homogenate to precipitate protein and the samples are centrifuged prior to

under the plasma concentration/time curve or the brain concentration/time curve from 0 to

20

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

25

distributes well into the brain. In contrast, the present inventors have determined that a
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Table 6a: Plasma concentrations of the compound of Example 16 (ng/mL) determined in
male SD Rats

Time 2 4| 24| 48

(h)
Mean | 1014| 1504| 1018]972.0
S.D.  [288.0[134.8|236.2|666.0
%CV 2841 9.0] 23.2] 68.5
n 3 3 3 3

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

Time 21 4] 24| 48

(h)
Mean | 758.5| 1500/992.4]718.0
S.D.  [82.38]268.9|54.83|232.0
%CV_ |10.86]17.93]5.525|32.31
n 30 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 Brain Brain/
Plasma
Ratio
AUC ng*Hours/m 52300 47900 0.92
L or
ng*Hours/g
AUC (0-48 (0-48
Interval Hours) Hours)
Cmax ng/mL or 1500 1500 1.0
ng/g
Tmax Hours 4.00 4.00

15



Std Error (days) p value Log-rank Median Survival (days) PO 20ng/ kg qd 29.8
0.7 0.5 31 PO 40ng/ kg qd 34.3 1.7 0.0316 37 PO 80ng/kg gqd 36.9 1.3 0.0006
37 Vehi clwoR@og2s0723. 0 3.5 24 PO 80ng/ kg g2d 33.0 1.2 PCT/US2009/068030

-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 (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

10 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
tested 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 vivo anti-tumour activity in combination in a subcutaneous

glioblastoma tumour xenograft model.

Table 7: U87-MG Xenograft Study Combination of Compound of Example 16 and

20  Temozolomide

Tumor volume (mg)
at end of dosing

Treatment period (day 31) SE (mg) | 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 44,16 | **

Compound of example 16, 50 mpk, PO,

qdx21 / temozolomide, 3 mpk, IP, q7dx2 30.22 7.57 | ¥**

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.

U&7 MG orthotopic brain xenografts are grown and survival measured as

25 previously described. Groups of animals are treated with temolozomide (TMZ), or a
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Table 9: Mortality and body weight of animals from the temozolomide/compound of

Example 16 study

Maximum body | Dead/total
Treatment weight loss (%) | animals
Vehicle, 0.2 ml, PO, qdx21/1% HEC + 0,1 % AF in
25 mM PB pH 2 0|08
Temozolomide, 3 mpk, IP, q7dx2 -110/8
Compound of example 16, 50 mpk, PO, qdx21 /
temozolomide, 3 mpk, 1P, q7dx2 -1]0/8

15

Combination Studies with Gemcitabine

Calu-6 (lung) subcutancous 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



48 Mean 1014 1504 1018 972.0 S.D. 288.0 134.8 236.2 666.0 %V 28.4 9.0 23.2
68.511 3333 Tabl e 6b: Brain concentrations of the conpound of
Exanpl e Wo(ogyagyordet ermi ned in 10mal e SD Rats Ti ne (h) pRTAIS2¢b9AGSOBEAN

-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

5  receiving gemcitabine indicates that the drugs demonstrate potent in vivo anti-tumour
activity in combination in a subcutaneous lung 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 overlapping toxicities (sec Table 11).

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

gemcitabine

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

Gemcitabine, 60 mpk, IP, q3dx7 509.18 64.89 | **

Compound of example 16, 50 mpk,
PO, qdx21/ 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 body weight loss Dead/total
(%) animals
Vehicle, 1% HEC in 25 mM PB 0 0/7

pH 2, 0.2 ml, PO, qdx21 / saling,
0.2 ml, IP, q3dx7

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




758.5 1500 992.4 718.0 S.D. 82.38 268.9 54.83 232.0 %V 10.86 17.93 5.525
32.31 11 3 3 3 3 Table 6¢: Mean exposure to the conpound of Exanple 16 in
pl asma amstolaiarsatet ermi ned in nmal e SD Rats Paraneter UrctrasBhoasessdr ai n
Brain/ Plasma Rati o AUC

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 circumstances, other routes of administration may be used or even
preferred. For example, transdermal administration may be very desirable for patients

5  who are forgetful or petulant about taking oral medicine. Compounds of the present
invention may also be administered by the percutancous, intramuscular, intranasal or
intrarectal route in particular circumstances. The route of administration may be varied in
any way, limited by the physical properties of the drugs, the convenience of the patient
and the caregiver, and other relevant circumstances (Remington's Pharmaceutical

10 Sciences, 18th Edition, Mack Publishing Co. (1990)).




ng*Hours/ mL or ng*Hours/g 52300 47900 0.92 AUC Interval (0-48 Hours)
(0-48 Hours) Cmax ng/nL or ng/g 1500 1500 1.0 Trmax Hours 4.00 4. 00 - 58-
Conbi nat iwo 28tudsers Wi t h Tenopzol om de U7 MG subeuatrarse@umecsosmnogr af t s
are grown and neasured as previously described. The conpound of Exanple 16
is fornmul ated and adm ni stered as previously described and dosed orally
once a day fromdays 11-31. Tennzolonigf (Schering 5Corporation) is
formulated in 1% vv/v hydroxyet hyl cel |Ufose/ 0.25% v/v polysorbate 80 in
purified water. and adm ni stered by interperitoneal injection on days 11 and
18. A conpari &8t of the single agent activity of tenpbzolonide with a
conbi nati on treat mMdonolidll dft@neRNPouUnd of Exanple 16 is shown in Table 7
Tumor grow h is analyzed by 2- way interaction analysis; |og-transforned
tunmor vol unes were analyzed with a repeated 10 nmeasures anal ysi s of
vari ance (ANOVA) using a spatial pomehzcorrelation nodel in SAS, version
9.1 (Cary, NCO. A2 x 2 factorial strycture was used to estimate the

&4 bet ween the two treatnents.
al

time points ("overall" test)
and at each time point. The ingfeas¢g hi bipji on of -tunmour growth seen in
t he conbi nati on groups conpar oSe rec@iwing 15 tenozol om de al one
i ndi cates that tenozol om de he conmpound of Exanple 16 denonstrate
potent in vivo anti-tunmour a

Ny in conmbination in a subcutaneous

gl i obl ast oma tunmour xenograft npdel.
HN | N K\Y/R5
N~ ,W\)
Q
R4
5 1y

wherein,

R1 is C3-Cs alkyl, Cs-Cs cycloalkyl or cyclopropyl-methyl;

R2 and R3 are H or fluorine, wherein at least one of R2 or R3 is fluoring;
10 R4 is H or CHj3;

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

Qs CHy, O, S or a direct bond;

and

Wand Y are C or N, wherein at least one of W or Y is N and wherein when Q
15 1sOorS, 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 claim 2, or a pharmaceutically acceptable salt
thereof, wherein R1 is isopropyl.

4, A compound according to any preceding claim, or a pharmaceutically

acceptable salt thereof, wherein R2 and R3 are each fluorine.



Table 7: UB7-M5 Xenograft Study Conbi nation of Conmpound of Exanple 16 and
20 Tenozol om de Treatnent Tunor volunme (ng) at end of dosing period (day
31) SE (gD 2pivabare Vehicle, 0.2 m, PO, qdx21 / 1% HECpeT@Stodégeze n 25 mvi
PB pH 2 456.54 169.3 Crl| Tenozol om de, 3 npk, IP, q7dx2 101.88 44.16 **
Compound of exanple 16, 50 npk, PO qdx21 / tenozolom de, 3 npk, IP, q7dx2
30.22 7.57 *** Tunor vol une neasurene %s. P value is the statistical
significance conpared to vehicle controf” group (Ctrl) on day of
measurenment- **: 0.001 <p <= 0.,01; ***: p.<=_0.001. U87 rthotopic brain
xenografts are-gr O\MOE}PGEWW@% torﬁ%Bﬁf%&lga@m@?rﬁrp@f%f@wﬁgﬁlﬁescr i bed.

G oups of aninals agRphbleadlefervdfl Whdr&iRY @z@m de (TMZ), or a -59-

conbi nati on of Exanple 16 (every day or every other day dosing) plus

t enozol oni de. As sHoswmpomndrgpIréingto mere‘pm}g@i@@, ¢rg phraacaytieallyval i n t he
conbi nati on groups I th - Y nozol om de al one i ndi cates
that tenozol om de g?\%%ﬁlgg%()&rlr%eool}‘h\gﬁeg?ﬁEﬁgsln%f(g’%i%?have potent in vivo

i nhi bi toryy actj.vi t A ¢ompoaiticaalih@® dnf oadlofetaihol-9ir @ pharGlhécatidatigt oma t umour
xenograft nodel. The absence of nortality and | oss of body wel ght (see

Table 9) for the coffsPRIE FdHherpelayhass B ismafRoRy and R_é;nq Ihedre gacl cihl |
& Mo an sarvivar (dayay FLE RN ) BROLAR A Farh Rl oond of 10
Exanpl e 16 i n conbiac@ptabln sali théreofewinzoh Qris GH, orkrdhatttbend. G- oup Mean Survi val
9. A compound according to claim 8, or a pharmaceutically acceptable salt
10 thercof, wherein Q is CH,.
10. A compound according to any preceding claim, or a pharmaceutically
acceptable salt thereof, wherein Y is N.
11. A compound according to any preceding claim, or a pharmaceutically
acceptable salt thereof, wherein W is N.

15 12. A compound according to any preceding claim, or a pharmaceutically

acceptable salt thereof, selected from the group consisting of:



(days) Std Error (days) p value Log- rank Medi an Survival (days) Vehicle PO
| m./ kg qdx20 28.1 1.9 - 30 Tenozolomde (TMZ) IP 3 ng/kg (days 6 and 13)
46. 9 3. 3 w0.2000Fs0v4 Conpound of exanple 16 40ng/ kg gqdx2@cE/UskedlobBo3eg/ kg
(Days 6 & 13) 60.1 3.6 0.0002 61 Conpound of exanple 16 40ng/ kg g2dx10 +

TMZ | P 3ng/ kg (Days 6 &13)

-64-

=



70.5 4.4 0.0032 70 Table 9: Mrtality and body weight of animals fromthe
t enbzol om de/ conpound of Exanple 16 study Treatnent Maxi nrum body wei ght

| oss (/O)wDeadydrsd7al ani mals Vehicle, 0.2 m, PO qdx21pCTAKideGes630, 1 % AF
in 25 mvwB pH 2 0 0/8 Tenpzol omide, 3 npk, IP, q7dx2 -1 0/8 Conpound of
exanpl e 16, 50 npk, PO qdx21 / tenozolom de, 3 npk, IP, q7dx2 -1 0/8
15Conbi nation Studies with Gentitabine Calu-6 (lung) subcutaneous
xenografts are grown and neasured as pﬁ%viously descri bed. GCentitabi ne was
fornulated in saline (0.9% sodium chloride in purified water) and

adm nistered via intraperitonggl Nafecti on q3dx7. Test conpound was -60-

adm stered qdx21. A conparison| of fthe single agent activity of gentitabine
with corrbinationtreatmenta_' 20
1

80t brpgenti t abi ne and the conpound of
Exanpl e 16 are shown in Ta
interaction analysis. The g/ reased i 3

rowmh is anal yzed by 2-way
(tion of tunmour growmh seen in the
conbi nati on groups conpar t g those 5recelyi ng genctitabi ne indicates that
t he drugs denonstrate potggt iln vivo a Lﬂgunour activity in conbination in
el
i 0

a subcut aneous |ung can hogr af d The |l ow i ncidence of nortality
and | oss of body wei ght for |[the conbinat treatnments indicate they are

well tolerated and su 0 overlapping toxicities (see Table 11). 10




Tunmor volune (nmg) at end of dosing period (day 38) SE (ng) p val ue Vehicle,
1% HEC in 25 MM PB pH 2, 0.2 m, PO qdx21 / saline, 0.2 m, IP, q3dx7
949. 73 20R0@6108@75074 Cenci t abi ne, 60 mpk, 1P, g3dx7 509. 1@céAIs8donEsoGionmpound
of exanple 16, 50 mpk, PO, qdx21 / Centitabine, 60 nmpk, IP, q3dx7 234.94
30.86 *** Tunor volume neasurenents. P value is the statistical
significance conpared to vehicle contrgl group (Ctrl) on day of
measurenent- **: 0.001 <p <= 0.01; ***'.66'p <= 0.001. 15 Table 11: Mortality
and body weight of animals fromthe gentitabinei conpound of Exanple 16
study Treatnment Maxi mum bedy wef ght | oss (/0) Dead/total aninmals Vehicle,
1% HEC in 25 MM PB pH 2, Q.2 PO, qdx21 / saline, 0.2 m, IP, g3dx7 O
0/ 7 Conpound of exanpl N, F gdx21 / GCentitabine, 60 nmpk, IP,
g3dx7 -14 1/ 7 Gentitablpe, g3dx7 -12

N7~




0/7 -61- Oral admi nistration of the conpounds of the present
invention is preferred. Intravenous adm nistration of the conpounds of the
present iwoentoos7iss al so preferred. Dependi ng on the cipcTwses@neses) ot her
routes of adm nistration may be used or even preferred. For exanple,
transdermal adm nistration may be very desirable for patients 5 who are
forgetful or petul ant about taking oral _nedicine. Conpounds of the present
invention may al so be adm ni stered by Phe per cut aneous, intranuscul ar,
intranasal or intrarectal route_jin particular circunstances. The route of
adm nistration may be varied NmaqQy-Mmay, |limted by the physical properties
of the drugs, the conveni encg of fhe patient and the caregiver, and other
rel evant circunmstances ( n\& s Pharmaceutical 10Sciences, 18th
(1990
)

Edition, Mack Publishing %@ns: 1. A conmpound of formula (I):
R3 RL N H Nvy,R5 NO, W wher, is C3-05 al kyl, C3-05 cycl oal kyl
or cycl opropyl - net hyl ; d R3 ar fluorine, wherein at |east one of
R2 or R3is fluorin RS is C-C6 al kyl or -NR6R7 wherein

R6 and R7 are G -C3 alkyl; Qis CH2,/0,,/¢6 or a direct bond; and Wand Y are

C or N, wherein at |easf one of N /’s N and wherein when Qis 0 or S, W
is C or a pharnaceug:?fg}y acceptjabl e \salt thereof. A conpound according

to claim1, or a phatnaceuticallylacceptable salt thereof, wherein Rl is

i sopropyl, cycl oprop ycl opentyl or cycl opropyl nethyl. A conpound
according to clain12,r%r a pharmaceutically acceptable salt thereof,
wherein Rl is isopr/o;»klt\.’j1 A conpound according to any preceding claim or a
pharmaceutical |y acceptable salt thereof, wherein R2 and R3 are each
fluorine.

N=— F
HN//ém /
N F
] N
N N\%fN
SR
NT R "
OO
HN N
NT N N
| _ >/N\/<
N
N



-63- 5. A conpound according to any preceding claim or a pharmaceutically
acceptabl e salt thereof, wherein R4 is H 6. A conmpound according to any

pr ecedi ngwol2aiom7sera a pharmaceutically acceptabl e salt therssedos/oedess ei n RS
is G-C3 alkyl. 57. A conpound according to any one of clains 1-5, or a
pharmaceutically acceptable salt thereof, wherein R5 is -NR6R7 and R6 and
R7 are each ethyl. 8. A conpound accorg%ng to any preceding claim or a
pharmaceutically acceptable salt thereof, wherein Qis CH2 or a direct

bond. 9. A compound according to claim8, or a pharnaceutically acceptable
salt 10t hereof, wherei nn@7i35,CH2. 10. A conmpound according to any preceding
claim or a pharnaceuti ally‘acceptable salt thereof, wherein Yis N 11. A
conmpound according to precedif @i m or a pharnmaceutically acceptable
salt thereof, whereifNwidVN,
claim or a pharmaceutically ag
group consi sting ofy= ~~64-

abl e salt thereof, selected fromthe
-eﬁ- -66- N -67-

W and

NZ
Ny F
HN N
NZ | N
NS

13. A compound according to any preceding claim which is:
F
N7 X
P !
HN N
N7 O

P >/N\/<N



- 68- and .7N 13. A compound according to any preceding claimwhich is:
-69- or a pharmaceutically acceptable salt thereof. A conpound according to
any preceasongioad7so7m whi ch is the nesylate salt. PCT/US2009/068030

[ 5- (4- Et hyl - pi perazin-1-yl nmet hyl)-pyridin-2-y1]-[5-fl uoro-4-(7-fluoro- 3-

i sopropyl - 2-met hyl - 3H benzoi m dazol -5-y1) - pyri mdin-2-yl]-amne crystalline
formlIll, characterised by an X-ray powder diffraction pattern (CuKa
radiation, 2 = 1.54056 A) conpri sing a‘6?)'eak at 21.29 (20 0.10) and

optionally one or nor eaks. sel ect fr th roup conprising 11. 54,
18_ 91, an)é 12 13 (Qba Ehaglpﬁ_c)el_mcaﬁy accepefl%le saﬁ%ereo? 9 P P 9

[ 5- (4- Et hyl - pi per azy fmbodddwREMNhg rorhylgbfé'bé@m%c\ra}ﬂmh&hfii WO hRsyatd itf | uor o- 3-
i sopropyl - 2- net hyl - 3H benzoi m dazol - 5- rimdin-2-yl]-am ne crystalline

1)-p
formlll as clki _rrediS-(%Ekbylanimraﬂz@_-bvtviln@ﬂfhyﬁ/)soyfidl{ltm}[Scﬁliwnaéi( fliged-by a 13C NWVR
spect rum conpr i i ng eGR£RLADG! L BSRE NG L BRI Al AR, Tyl S and
P Y conpri s a corrpc?ﬁ r

129. 4. A pharmaceut IR2P” For nut at 1 on I acc ing to any

one of clsaims 1 to fdifh I1I0EharhcRAMIBRGE X laf b der AERRRb R EmIalot hereof, and a
pharmaceutically acceptable carrier, diluent or excipient. A conpound

according to any omaliatibndlal (4056 X)cojsingra pealpdidl AREWUL 0. akid) accept abl e
salt thereof, for use in therapy. conmpound according to y..one of clains
1 to 16, or a phar ﬁﬁ%@ﬂﬁ@?lq{}gg’c@é&s lg%)t%&g%{?ﬁwtgﬁ%lpé Prlsli%raﬂéée in the
treatment of a canqgisglesiedofirgom.the group consisting of colorectal

cancer, breast cancer, |lung cancer, prostate cancer, glioblastom, nantel
cel | | ynphoma, 16chr &hi4Ethyletipdratin- bykeegm apyadid-2ad it eflupyet-61-udredkaen a. A

hod f i d f ' . . ;
ol orect D] cancer . aspRar BERTEHESmEg aToa o dpRtR 2t AP ERt b falihe

gl i obl ast oma, mant gbmciel ds clajngaheemim Dhwide 6 funhel dbdctysl seri'a Vi acut e
nyel oid | eukaem a in a mammal conprising adm nistering to a manmmal in need
of such treatnent aPecERREempisgchenisel shift psals yido lnpen] acldér/dl g @@ any one of
claims 1 to 16, or j3)pharmaceutically acceptable salt thereof.

17. A pharmaceutical formulation comprising a compound according to any one
15 of claims 1 to 16, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, diluent or excipient.
18. A compound according to any one of claims 1 to 16, or a pharmaceutically
acceptable salt thereof, for use in therapy.
19. A compound according to any one of claims 1 to 16, or a pharmaceutically
20 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 lymphoma, chronic myeloid leukaemia and
acute myeloid leukaemia.
20. A method for treating a cancer selected from the group consisting of colorectal
25 cancer, breast cancer, lung cancer, prostate cancer, glioblastoma, mantel cell
lymphoma, chronic myeloid leukaemia and acute myeloid leukaemia in a
mammal comprising administering to a mammal in need of such treatment an
effective amount of a compound according to any one of claims 1 to 16, or a
pharmaceutically acceptable salt thereof.
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