WD 2010/ 002655PCT/ US2009/ 048428 COVPOUNDS AND

COMPCSI TI ONS AS KI NASE | NHI BI TORS Cross-Reference to
w®RedianessAppl i cati ons [ 0001] Thi s appli cati POT/TRZ0B48428

the benefit of U S. provisional application serial

nunbers 61/075,583, filed 25 June 2008, and

61/ XBOMPXAUNDS AND2GORBOGEFIONS 06y KENASEJNRIBIFIORS

i ncorporated herein by reference inits entirety.

Techm cal F| eI d [0002] The invention relates to

spRefenerice haBelate aiens nore particularly novel

pyrl m di ne derl vat | ves and pharmaceutical conpositions
t[080 HoThisaupgdlitdtien rclaume tl&ﬂ)epéfardﬁl: Suprocialomal dpptikgioauadal

gy DO . fg e adTs J0e a1 55 A5hated 2iFenhema00o.

eal:lggf Jvhfcﬁ‘§§ﬂk%o£altéa:hel=§)1 b?%eﬂeﬁ%c@fnei@jsoéﬂtl%}%' ng factor.

GR- I's inportant unmor transformation and
SUI‘VI vaI of mali gnant ceI I's, but is only partially
T¢chyighMedldi n normal cel | grovvth. Targeting of |G- 1R
has been suggested to be a prom sing option for cancer
t[ﬂﬂﬂzipgfhe (ﬂyanﬁﬁnmla&dzs talproteiBrkinade inGavices, ndite 26){912u]3ﬂ1§}) hovel

5)) 0004 Iastlcl kin
PY WF dgKivathes p P}F%“ﬁl ?%&ﬁt%l’@%@% Dfep aBﬁd l}ﬁérc‘%ﬁ%r
pHath@SLf&1ki nases, has been inplicated in oncogenesis
i n hemat opoi eti ¢ and non-hemat opoi etic tunors. The
aberrant expression of full-length ALK receptor
j 'has been reported in neurobl astoms and
gl i obl astonmas; and ALK fusion proteins have occurred

i (0003 a bisakin like learveb fomol (IGynlp higelingTih digyidyplhteAliKcancer,

fusi ot ei ns edthe ossi biLity. of new
with e dbE! ReSPEaCRRed Pl T diniohPle fRRR Rok iRisinpfihe
foPBim @ ARG ARatidnPiakfs@Raly 2 of Alaligndaebélls, Mlis o prﬁrtﬁq?lly involved

61: 2939- 2953 (2004)). 0005] Because of the emef gi ng
ingiogedsell gedvathe d argstiag obfGK-ER-hpRbegidsuaR#sted thdea prgmasmg

nui n eed for co ngs L ch for
Op%oga?r hed t@ﬁr%?yev At Y tallIIdlﬂs e]mgancv\h P?%Or es pon{%5 b@&
i 100040 Wn@pﬂaﬁfc lbfﬁﬁhdﬂﬂa aniseNALK Pia $6dndtsai o€ tHefindli@ receptor
I nventi on [0006] The invention relates to novel

supGF IRl YiPIECoRiet tyEpsing ddnagerd hphkgerd@eliedtehin 6AgrHSsis ibns

hehﬂ%p%?étlc ?H (ﬂo{% Ii]lg ‘gg?n@%urﬂa@r ¢ %faﬁ?%‘%}regsgg%g]fuﬁ—?en gth
one "aspec 1 on pr ovi ges a Co (0]

AEﬁrrmdpa)r PlJtein® hasabqah yqro@tled i salrbylasomepirabdlmbiatomas; and
ég%ﬁﬁg B@Itpdmr?sr %g orsﬁleunr n Zgglgi%gfcli%g? lgflz ilhénc oprllltogllan T%e study of

ANRRJibE Ffolén@ha@ rb@sotrgﬁecpfhla%%ﬂﬁ[l?y (g’%w tﬁ%raggutﬁa&éatrﬁént@fbr
optiona hal ogenated C1

papiymtis dmtheAIZmeitwe améqgaamieso @llllfoad chalmsivtic Woll.i [afesS@.

roaryl having 1-3 heteroatons sel ected
61%%%%%9@3 'S; each of which is optionally

5]%0065]' Betfde Sﬂihétehfekglﬁgdi%isg rBﬁteM@l%?bﬂl(ﬁglR%n@Alﬁ( there is
kyl, C[err]hal oal k or CJerr] cl oal kyl; R3 and

amtlau@g@a%fon&lcompoun R6n¢lsmh}ab@usqu pbsrgfcltmg@nd@r@zlektymg a
Cl 6 al e} Stl kyl, hal o-
dlsea?s‘fﬂ?ll CE e%b@]lat ol>(<)n Otfchg}/lgﬂo or 1%?116) OO4R8; R6
is H C1_6 al kyl , C2 6 al kenyl or C2_6 al kynyl, each
DﬂéloMrEcbhtHéﬁnvéaﬁioﬁpt ionally substituted with halo
and/ or hydroxyl groups; -(CR2)p-0R7, -(CR2)p-
63‘]) ChERivEntb1LreRitdd th nbsel byBimidieEdgfvdaMes and pharmaceutical
(CR2) p-NR(R7), -(CR2)p-C(0)0R7, (CR2) pPNR( CR2) pORY7,
coerwl)ﬂﬁnﬁﬂleree(,@}ldaghelusg)ae eraoRgicalsc( 0) 0- ( CR2) p- NRRY,

5880} R et non PePb AT o) S

L-C(0)- (CR2)g-NR-C(0) - R8, -L-C(0)NR(CR2)pSR7,

-L- C(0) NR(CR2) pS(0)1_2R8, L$ (0)2Rs,

-L-S(0) 2- (CR2) g- NRR7, - L-S(0)2NR(CR2) PNR(R7) or

L- S(0) 2NR(CR2) pOR7; alternatively, R6 is a radical
selectedfromforrrula(a) (b) (c) or. (d) R11 R12

~A A N NA AN A PN O NA ™ a1 VY 4 e~~~ A A PN ORIl A /YAA




each R is independently Hor Cl1_6 alkyl; R and
R7 together with N in each NRR7 may forma 5-6
wOoreMbmesas ri ng contai ning 1-3 heteroatons sel eCHUSIODMS428
N, O and S, and optionally substituted with oxo and
1-3 R5 groups; mis 2-4; nis 1-3; pis 1-4; and q is
0-4. [0008] In_pne enbodi nent, the J,Z?yentl on provides
a conpound is Biﬁﬁsw a ( )Z 7> wher ei n one of
R5a, R5b and R5c nd fhe i ndependent |y
hal o, GCi ﬁy | C;Jﬁ\ /Jhal §J§§t|tuted Cl1_6
al kyl , cyano oN C(0No04 wher & n, R8 Is G _ 6 alkyl;
and Rl R2, R3R3R4 E, 4 22 arfdZ3 are aé defined in
Forrmula (1). [0009] In sone exanples é in the
above aRgrysiolagidally aceephiRte witt thl(ra&) 0-; and Z1 and Z2
are ... In her a 6 al kyl
opt 1 GhEF iy et S ot GG A 60“;})E'f'dmﬂ*hydr oxyl
gr OURR: of A' FRAnA-ZARY NRﬁ(ﬁ@g @@&% Ak the oWRAT 8 URY;
is 1-3, L-Y, (CR2)p-CN -NR(R7),
- ( @&5 @h@(oos)r@mpt@myy(@l@)sqmscl s Tk 0- ( CR2) pNRR7

L- C( %’E‘,ﬁf ?%ﬁl 68@ %gng%)aé?mo%%g@? 6 membered

h?&oﬁ@?ﬁ&ﬂ@@kﬁttﬂ%ms Slected @6InORIO ad Sgéaeﬁi of ﬁvﬁmh is
or nul a | S

ORRIRBRIE wbmmtqusuﬁﬁﬂt@ed &/t éwher@@ﬂ%a%ﬁ alb@z ﬁaahalpz%yh o Cs.
C% glk%?lkyl and R7, R8, R10, Rl11l, R12, R13, R14,
{? R L, Y, pandqare as defined in Formla
(1) .R° ar{d(IO"lﬁ&ezithﬁhe above Formula (1) and (2), R2 nay

be a 0 i Sox zoI ridin
s e BRSO Bl ot Rk 8 BB T P e sl hglo-

su@gtl'ft}ﬂed C(f]g aﬁm@l?nﬁﬁ#gw Cah)BR3RY, cycl oal kyl . [0011] In

anot her enbod t he |nvent|on provides a conpound
of Flb‘i'lmﬂ £1(63)ky1 @) aﬂqenal arditc@benylk, hmhercffwhlch mapée ei n

d I Cl 6
onRoRgY s BT R B e BBy o Rer Do CRalare
CHIOBAE4RRaperel 31((8§)2)pscr€ R AMKIR . Z@CR{NI@@))@Ré

| S or

(CHbNFHERLYOBbst i t ut ed with hal o and/or hydr oxyI

IS BT R w0y %@&% 23R, 1-

YC(0) (CR2) qOR8, - C(0) 0- (CR2) p- NRR7, L-Y, C(O) R7,
L@Eé}@é) ek &aqg(%%@(op;& gg&)@g\@ﬁg -L-C(O)NR(CR»),0R’,
SR @R% g?ﬁ%? FIOPR e ooy o RIOMRIERT (@) R

-Inbi@)ekh mzo)zs(cmz)qcmw aLk(D), NKERB A NR(ROGR8a; R8a is
and RL, R3, R4, R7, R8, R1O, Rl11, R12,
LR%@%Z}%Q@/R@&%R °R16, - , K L Y p, g and E are as

alternatively, RS is a radical selected from formula (a), (b), (c) or (d):

15 15
12 YR RS ; - VAR
10 -
g R .SS L><$Q'N R > ZSES/L)%Q;EI R
\"/ R13 12
@)

R14 //\\ R13 R14
(@) (b) © °° W

R'%is O, S, NR" wherein R" is H, C ¢ alkyl, SO,R* or CO,R®;



defined in Formula (1). [0012] In the above Fornul a

(3), Rsa may be halo and R5c is C1_6 alkyl. In sone
wezanmpbdwsy R6 is Cl1_6 alkyl or a a radical of POF/IB1089/048428

(a) or (c); and Rl is O. [0013] In the above

Forrrullla 1(21) ia (124) %nd (312 Rl may be halo. In

par tRcuRarRexBnpResaindRL" ars inddpondently selo¢thé froaxidnpl edkoxy;

R3.a R4 are H. 0014] I n.anot her .aspect,.the .
Corl T HOES P bR B kel O SRRh Ay BRPRGh Al B ptsyrea
with ha®dNimino or hy droxyl, groups; of K AR (R4Y an®R AR and RS, R_13

ph]{grl ol qgi cal |.y acceptabl e salt thereof; wher ei n
ang R's, ci Krpmestlcltpgetisr avithethp atoats thethaeholbpy: hicattegheg may form a

t &l ni -3.het er I m ,
> P Do R SRR TR R g iy P
het@b410Ms Weltdted RomaN dO ahd Snyndsefivhill yitubkli@ted wigh oxd sreiged R’
by R6; Rl is halo; R3 and R4 are each H, R5 is
e'AdM%e, hydroxyl, C 6 alkyl, C _6 al koxy,

hal 0L§Su(@g btuteqd 1 6 alkyl, hal o-substituted C1_6
al koxy, c;%?alﬁ‘o orO '0) 004R8; R6 is H C _6 alkyl,

C2_6Y al Kenydrb@rycl@2rifg,dldqy ayl,,or ede H) mE:mivhied hewryaryder 4-10

mERBURL P ep o R o T B e PSPV GGH Y HOR' o
gr%fé%rz (CR2) p-CN, (CR2) p-NR(R7), -(CR2)p-(0)0Ry,
(CR2) pNR( CR2) pOR?,  ( CR2) pNR- L- O( 0) R8, C(0) ( CR2) gORS,

* O 0RO RC @me R~ avrizdleperdedlly C( ORRYlpCoRAkeryl ¥r Co k AlRgig) ReAch

O] B RROp Ly - R A NP dy mpeiesy By or evenos (CRo,Y
orl€ Gafox§ GAN gis MR- C(0) - R8, - L- C(0) NR( CR2) pSR?,

-L-C(0) NR(CR2) pS(0) 1. 2R8,  L- S(0) 2R,

-L- S(ae?y R is arzpendamity H anCig@ysNR( CR2) pNR( R7)  or

L- &( ¢ : ter j ] i .
L PARMEI, SRR Sl AN 0 il
confdnihg 2-3RIDIGatoms seleeted ENIMRYBOland -S2 aflt dptidhaR] subiflithtddayith
1-2 S _S$S,s0-1 21-5 R16 >11( R12 1-2// 9%R13 R14 00
oxo and 1-3 R” groups;
m is 2-4;
nis 1-3;
pis 1-4; and
qis 0-4.
[0008] In one embodiment, the invention provides a compound is of Formula (2):

Z1,22\
5
RS E

| 0-1

23

) o-1

@)

wherein one of R™, R and R™ is H and the others are independently halo, C;.
s alkyl, C1. alkoxy, halo-substituted Cy.¢ alkyl, cyano or C(0)OqR® wherein R® is C;.
¢ alkyl; and

Rl, Rz, R? , R4, E, Zl, 7% and 77 are as defined in Formula (D).



Rois -, u$S NRL7 wherein RL7 is H, Cl1_6 al kyl,

SO2R8a or CO2R8a; R11, R12, R13, R14, R15 and K-16
war@oimdspendent |y selected fromH, Cl_6 al koxpCT/032069/048428
al kyl, C2_6 al kenyl or C2_6 al kynyl, each of which may
be optlonally substituted with hal o, an1no or h droxyl
dPBes In symdRixammhes, R1D, thiaovaritrruB, (2RENR et NRS) -(R18nd

2 A o0 Pt e Ry S b i A o0 i Al fed wio
haﬁﬁiﬂdﬂ@lﬁﬂrox?ﬂ%@ B; a((ﬁ@z)FQORﬁaf(CRQ%J()H(@Pﬁ@WiL%E&eMthI -3,

cont ai ni ng het eroatons selected fromN, 0 and
L-dnd optionally substituted with oxo and 1-3 R5 groups;

Rl N ERE AR S, SR QORI DR DR LRI -

NRRlO menber ed heterocyclic ring each of which is

L%é opal |y substituted with 1- Rﬁy

L8 (Qikd: ®eh (@ @R&dép&{@éﬁwc%@p@ Ky C(@?(@R@)hw(@

ror C2_6 al kynyl , each of which may be optionally
Substituted Mﬁth hal o, am no, hydroxyl or cyano;

L SIRD)R -IoiS(Ch-(ERa)MORR, cor rivficdl selktted émohfoRniilk (a), (b), (c) or
db@ﬂndependently Hor G _6 alkyl; R and R7 together

ith Nin each NRR7 may forma 5-6 menbered ring

containing 1-3 heteroatons selected fromN, 0 and S,
and glonally sRib SR Ptﬁ?ed with o 1and 1 3 R5 qbOWi3; R15

s 1- sR164;nga OR4 5] N R16
above# (4), Xray b nDrphoI|B§ (R

pi periazi nyl , perﬁwiﬁMZ- onyl, oxazelidin- 27yl me RM
pip§§|d|n 2-00yl each of which is gybstltuteﬁ a any
sub$titutable ring dPtrogen by C1 6”alkyl; or Xis (@
tetrahydro- 2H pyran-2-onyl; and Rl is chloro.
[ 0038b;{ & %W@R”%he?éﬁ tis i Rte. 6%"118%% RENYEAH! 107
provi des pharnmaceuti cal conpositi‘ons conprls?ng a
conp@%deh@Mkﬁngbrnula (1), (2), (3) and (4), and a
physiplQai gal |y, acceptabl e excipi ept [0017] .In_ yet
anotfe pe%t’Rthé hveﬁtr Br5v¥6%§n%ﬁ@ﬁﬁﬁ§kﬁ8gin
]Rh&ﬁhﬁh ing IGFIR in a cell, conprising contacting the
mnth an effective anmount of a conpound havi ng
Fiﬂﬂlﬁll & (1 pboyedormuB) (1aand (24) Romap b harpelgk itoxeallyl,

t th 0 Th t]
PR Raby B eteae i sast SR Risp DR BUER T 2Ry, €1
hgggngubfgp7w?g&ﬂkﬁesponds to inhibition of |G- 1R or

anapl astic homa kinase (ALK) in a manmmal suffering

100 ]s & @nOélmﬁ @mbpélrmen@dhmmvgmtngl ragvides sewnpaigdiod Fpripula
(3ga a therapeutically effective anount of a
npound having Forrmula (1), (2), (3) and (4) or a
phar maceuti cal conposition thereof, and qptlonally in
conbi nation wth a second therapeut|c 3
Al ternatively, the present i nvent ReéMm |aes for the

use of a conpound hayj Formul a (1) (3) and
(4), and opﬂi%ﬂﬁlly %n‘cbnhlnatl i th 4 second
therapeutlc en |n he nuf: le of a nmedi cament
for treati |onN edYby R®F- 1R or ALK

The conpounds of the i nventi dn maysbe adnmini stered,

for exanple, to a ngimal sufffering from an agsh oi mmune

di sease, a transplantation di sease, an infectious

dlséﬁ§@wﬁpﬁﬁr@@ﬁpﬁprol|ferat|ve di sorder. 1In

part I 58 Sa IV '

e

albch@r;rhiﬂbeubpemad € aghnt, cyamd crre(é(O)@o ¢l Whepeial R¥ie Cat bikgl;

di so per Jncluding but not limted to, nultiple

myel ﬁ@>Zﬁéﬁiggiastona, synovi al , hepat ocel | ul ar,

Ew ng's Sarcoma or a solid tunor selected froma

ost eosarcoma, nelanoma, and tunor of breast, renal,

prostate, colorectal, thyroid, ovarian, pancreatic,

| ung, uterine or gastrointestinal tunor. Definitions

[0019] "Alkyl"™ refers to a noiety and as a structural



[0032] "Carriers" as used herein include

phar maceutically acceptable carriers, excipients, or
wa@r@abiobiezer s whi ch are nontoxic to the cell orPOEIRENN9I/048428

bei ng exposed thereto at the dosages and

concentrations enpl oyed. Often the physiologically

accébuabﬂb(EéHRlbﬂ)ns an aqueous pH buffered solutlon

o RS el utielg b REr i AR G IR i

(@Rg)guanﬁ qe@gfcmmmpzq@%&eim@ﬂs udi ngR TN QCRZ)%INIQ(R)

OM/nDIecuIar MBI% ess than about 1 resi dues

(@Bk&pﬂé@)% : CEDErD gk ,SGQ(PDQlaéC%zéﬁ“Nﬂﬁl%l buni-h;C@BRat i n,
) p_)obl(? /i Ny ig)y?kragb doné@ﬂgi’n%%g?gg@ %@EE)&S gﬁ@o ?ﬁs’,'b

S@)R%am ne, asparagi ne, arginine or IyS|ne
nnnosaccharlde§ di sacchari des, and oth
L3Py RpaNBR | fict tadicalsedictrddsen f%‘ﬁ%é?é <ba>r<0>d%r>&f1} i ns;
chel ati ng agents such as EDTA; sugar al cohols such as
manmiyt gl or sor h:ﬂﬂqiqm BRIt - form nggount eri ons sﬁ]twasﬂw
0and/or no —yis ch as TWEE : 16
yl eng gicol 3 a RVCS( 1) 2 AT N "
not her a eutlﬁwagent Is a chemecal co nd R13 Rm
use&@ in theOtreatnent of cancer gxanplescpfc)
chedt her apeuti ¢ ageéhts incl ude aI&yIatlng agents suéh
as thiotepa and CNTCKAN(r) cycl osphospham de; al kyl

sul f.onat as b as S 8a,
plp&gu|%§h§’ glrﬁl“ﬂgs suc (a§q@@ﬁfﬂéb OP@Q#%oquone,
netum%dp@aémaﬁgmuredopa ethylen|n1nes and

met hy| amel am.ne cl,udi | t,retam
TT1 I oR o i R R SR bbb bR s @ and E e as

+EF§ i ophosphoram de and
d&ﬁ&&hﬁﬁy lean1ne acet ogeni ns (espeC|aIIy
l‘[0012§t aClhE ahont Barhdudd @0, i RO ne)y;be halo and R is Ci alkyl In some
del ydr ocannabi n abi Cl);
CXBBPES] %p]ééi Q< ?P%?)ééf’r%‘?& Ogﬁﬂré?ﬁ ac@h%rs <); @@tiéﬁ i {i¢ aci d;

t a
ﬁgggﬂg%g%@%ﬁbﬁaﬁ&ﬂﬁ&¥§bWc£ﬁﬁﬂg§ﬁgﬁﬁﬁ%?€%§ﬁ hP&Hﬁmﬂmf
@mmﬁ%l&#@&ﬂkxoabeﬁ@ﬁmammpbsHéanﬂlisEQEblect|n and

nocanpt ot hec . _bryostatin; callystatin
(ORI AP o M neiah R il e Lt Sl QL Rl
(4§ynthet|c anal ogues); podophyl |l ot oxi n; podophyl linic
acid; teniposide; cryptophycins (particularly

cryptophyC|n 1 and crypto yC|n 8); dolastatln
duocar nyci n (imetngi ng e nal ogues,

KW 2189 and CBZ- TM\); eﬂeut obln ?gEtXatlstatin; a
sarcodictyim s tards such as
chl oranbuci |, chl or naphazi ne, qholoph an1de,
estranustine |fosfaHMHe nechh@rethan1ne )

nmechl or ne oxi de h mel phal an,

nov e gﬁﬁ@ﬁéﬁ?@Fﬁ %ﬁg nustlne

tr Ofx%?ﬁér@i’ﬂ‘)@?s a Mf)ﬁ‘&dykhé'ﬂj‘%trﬁ&%eredl hét%‘é&cﬁﬁ%r?g‘%tﬁ%ng 1-3
carnustine, chlorozotocin, fotenustine, |omnustine,

hemrmtgms ra@lectacih fromaNi Grod Si wet optionilly shitetalmin absttable
ene ntibi tics .g. ean1 6. especially
rirR i B ki 1SRk B RN Rovegar 1 (see,
e.g.R! ﬁ@ﬁﬁM/ ChemiIntl. Ed. Engl., 33: 183-186
(1994)); quGWICIn i ncluding dynemicin A, an
espelf a#riddR rare gachidl | as neocar zi nostatin chromophor e
and rel ated chronoprotein enediyne antiobiotic
chromophor es), acl aci nonysi ns, actinomycin,
aut hranyci n, azaserine, bleonycins, cactinonycin,
carabi ci n, cam nonycin, carzinophilin, chrononycinis,
dacti nonyci n, daunor ubi ci n, 5det or ubi ci n,
6- di azo- 5- oxo- L-nor | euci ne, ADRI AMYCI N(r) doxor ubi cin
(i ncl udi ng nor phol i no- doxor ubi ci n,
cyanonDrphoIino-doxorubicin 2 pyrrollno doxorub|C|n



are independently selected fromH, Cl_6 al koxy; Cl-6

al kyl, C2_6 al kenyl or C2_6 al kynyl, each of which may
wheolopoieshal | y substituted with hal o, am no orP¢/URIINYD48428

groups; or R11 and R12, R12 and R15, R15 and R16, R13

and Rl4, or R13 and R15 together with the atons to

whi cit’ ltSHney) hydronylt @chdlylnfly c flboxy, hal®-subpnted (ad alkyl, halo-

unsat ur at e paetially unsaturated ring

Sui’athtflggksﬁéﬂl?x% %é‘f‘%?lbé{@r%“ ge’l ected fromN, 0 and S,
and RPis I}pncql layk y8 @%tauaeﬁylaﬁ @/yIGtan(yaype@hobflwﬁclﬁ%ag HeUPS;

Lis (CR2)1-4 or a C37car@ocycllc

optiongly whstiigtedrwyith h%@ a@d/ 8L hxﬁr%ﬁﬁé?@@ HeRep 6% yt((CBe)p-
e e S N e

((H@)pNR{CRggORFe |ndependently Cl 6 al kyl, C2_6 al kenyl
}é\m e opti onaI@/ ;
(C&MR'LL@@ (H)M%Mqo%m(%@)%%%&wmo*fd@n R2)p-OR’, L-
(CR2)0( or Cl1_6 alkoxy; or R7T is H each Ris
|ndependently Hor ClL 6 al kyl; R and R7 together
L 6OVRN, L (6@ N RMRRAAEH ) NR 10 R, )5-NR RIS (BNR(CRg),OR .

TaRRO BTk st QBRE PR BRI RRE ST oLk AOH o

—LnTsd@zﬁ&élLS(O}zS(CkzﬁmNRR”ES](O%NI@(@!{ NE§ROr ¢ [0037] In

ne embodi ne e invention provides a conpound is
M(@Wﬂ(@&z);{@i (2) wherei n one of R5a, R5b

and age%%} a@fﬂ;{ ldsétrh%%ﬁﬁc%g %)%@ggjgfate@fz@}' og@f?kyl,

cyano or C(0)004R8 V\,her%| n RBis 6 al kyl; and R1, 5
, R4, E, A\ % BRd z3 are g defined in rFUFaB

10 003 ] | { QeR'e ntSO4 he in en —R'6
es a ¢ nd 1Forrrula (3)v or a- §n‘§~oms 01
; ereip’3R_k is H and 'R3a and RS5g\are R'3 R4

ind@pendentlyohal o, C1-6 alkyl, Cli§ al koxyQ O
hal o< substituted Cl(B al kyl , cyano or C(0)004R8 (d)
wherein R8 is Cl1_6 al kyl; Zl and Z2 are CH2; Z3 is NR6
or N¢RE) 00s; NRE \Mﬁaré‘h i 81 ak '%ﬂlk;@md) qial] ¢o,R®,

substltuted W|th an and/or hy rroxyl ™ groups;
( CRB 3~ KIR7R > RERR) @i Onde (illd@endenﬂﬁyleeleetnd froisH1€ 84 alkoxy;

C ( %@52)%1%5&%’\' a&%?(%q?zl) %Wﬁﬁj}b mﬁh Cn:{ y)qae OPEOI&U(% Sﬂl?stltuted

with £410) arﬁ{EiBBr hydro&(1®ro BICBE)aﬂd MRRR'2 and R, R” and R'®, R
- NR- 0) -1LS(0) 2R8,
anELR§ 5 & -NRRATer vath télae ptaisda Whid ey aig attaghpd may form a

rioneeEwn sty i Ryl o MR L3

hefdrofiomk Kthtec&ﬁdeN OR3d Sl:\’éﬂnd EpfionmBy suBLGtutddbdith MlRand 1-3 R’
R13, R14, R15, R16, - , KL, Y, p, g and E are as
erde?¥ ned in Formula (1). [0039] In another aspect,

t( Z)e: @ﬁﬁ@g}h_4iopg%g£&;on provi des a conpound of Fornul a
Y is C;.7 carbocyclic ring, Ce.1¢ aryl, or a 5-10 membered heteroaryl or 4-10
membered heterocyclic ring, each of which is optionally substituted with 1-3 R’
groups;
R7, R® and R® are independently C; ¢ alkyl, C,¢ alkenyl or C,_¢ alkynyl, each
of which may be optionally substituted with halo, amino, hydroxyl or cyano; (CR»)qY

or Cy¢alkoxy; or R’ is H;



I NNN,,...... L, Lt -7 %,, . ...,V X R3R4(4)
or a physiologically acceptable salt thereof;
wok@p®d2ssX i s a nonocyclic 5-6 nenbered heter or:(nginsm09/04s428
ring containing 1-3 heteroatons selected fromN, 0 and
S, and optionally substituted on a substitutable ring
car lt‘ﬁ@nh\RiitShld@R@l@ndy Bl ordnys adptist i t ut abl e ring nit rogen

haI Sﬁ a Q/Ré; I{B&?P‘ %1‘[115\? andil %@rrga eﬁa%g{;% 6 member(l,:\c)fl5 rmg

conedifin g WIBShdidryhteehs Gdlebied H&)kﬁ N, Oahass H&Sépddﬂb%}d subbtifited with
al koxy cyano or C(0)004Rs; 1 6 al kyl,

oxopng 1ad Regspupsr C2_6 al kynyl, each of which nmay be
optllgngly substituted with hal o and/or hydr oxyl
gr oups, (CRZ)p OR7, -(CR2)pCH(OH)CtF2t+i wherein t is
1-3,n{sARZ) p-CN; (CR2) p- NR(R7), -(CR2)p-C(0)OR7,
(CR2)pNR CR2)pOR7, (CR2) pNR-L-C(0) R8, C(0) (CR2) qOR8,
¥p- NRR7, -C(0) -(CR2)p-OR7, L-Y, L-C(0)R7,

RR7
ég) NR- ( CR2) p- NRR?, - L- C( 0) NR( CR2) pOR?,
L[O‘E(SJ) In( GR2p v NRr@(uly) (AREX maly-bE(r) iR CR2 ) piBidzinyl, piperazin-2-

on@%%ﬁwgfs 0%%@5%@%%&@% %L}l}%chol_ﬁ %ﬁbstiguc‘ggcg at any

subst%tgﬁ)l% %3:9'%%1 .Cal a'll%fl natt Ysecl:ﬁfahyaﬁ) bH- ﬁrir@@'oﬁ?f and R'is
r o m (b)

sel ect ed ornul a ,
chlpr§, NR17 wherein R17 |s H, C1_6 aI kyI S()2R8a or

: RL R12, 3, R14 5 d K- l )
e I B L SR e e i ey Ao pigal
codp¥ition fikeNYdmpFunthabing IFeyAMla. (1eah(® fan&Mﬂ)C thd@y

be optionally substituted with hal o, am no or hydroxyl
phypiglagécally pcRptablgrgkciont. R12 and R15, R15 and R16, Ri13
I‘
AT B o O S ROl By R e

1 RS it dkredit e@inprmm@tmaﬂmg tiey Ceﬂlla{/ﬂt}i ad bifedtins ainotad @ donip@und
containing 1-3 heteroatons selected fromN, O and S,

haying Ispmulddl 13- SHeedilurePharmeeesien! sprPesisorbeobups:
L[.O{)PS ( %}n]ve alb Q%Ofdies methodnﬁeﬂréa C%aeqlo?zﬂé Be )é%ﬂtgl

ring, ary , -10 ne teroary
coddition nxéndjemembnkietcemhﬂymxbn of IGHR oeamlplasﬁc l/;dmnpdiomaskmase

i.onal ly substi.tu roups;, ... .R7,
ARBOR A S D HBE BBt (g Corf RO issmigistaripar fhe
meﬁm@?aﬁleﬁi ElYt‘IBéhK eﬁ@@t’[\/eoafmdmt 6 E@Mp(ﬁﬁd@]ﬁhng P3khla (D), (2),
substituted with halo, am no, hydroxyl or cyano;

([ aR2(yr @ph@maeelaicwo;oynp%nloﬂThar@ofmndeaﬁmnﬂly i combination

|nde H or al k R7 t oget her
O Rl BlerCrale P e movmaR P Ru pg Rl R ne
usé @ﬂﬁ abmpHehdlradinratemart QW82 5 €3)eatied), ﬁﬁ@ﬁptMnaﬁ anebnSbination
and optionally substituted with oxo and % gr oups;

wigh p secpnd thepapegtiq agpnt, pn the manpfaciyrg of aunsed@:amen[ f@@&l@}tﬂn&ﬁ

coéﬁﬁllgﬁ%?e ha“t‘éd(@fﬂ?ﬁt I\(ftf *rl\eLFEt ”’fﬁ%ﬁ?ﬁo&ﬁgy HESn B HAY Be

or rru
administered, for example, to a mammal suffering from an autoimmune disease, a

transplantation disease, an infectious disease or a cell proliferative disorder. In
particular examples, the compounds of the invention may be used alone or in
combination with a chemotherapeutic agent to treat a cell proliferative disorder,
including but not limited to, multiple myeloma, neuroblastoma, synovial,

hepatocellular, Ewing’s Sarcoma or a solid tumor selected from a osteosarcoma,



I (R5), R3R4(1l) or physiologically acceptable salts
thereof; 9 wherein Xis a 4-7 nenbered heterocyclic

WO 201g/068% ai ning NR6, -NR', , 0 or S, and opt i PCEUE3009/048428
substituted with 1-3 R5 groups; wherein Rl is hal o,
C _6 alkyl, or a halo-substituted C1_6 al kyl; R2

m«i:lsncamua @pd onel diypreagt seniat, presthts-celarestdd ethgbitheatveriamr v |
nber.ed hetero |i.c ring, each having 1-3
PRI g T LE ORI U8 End S and opt f onal 'y
substituted with 1-3 RO groups; R3 and R4 are
Démdepgndently H, C(0)R8, C 6 al kyl or
hal o-substituted C1_6 al kyl; R5 and R9 are
i [Udﬁﬂenﬂﬁ@l § ﬁéfe@-nﬁa ﬁi'o{@)z’}i and%.a@t@kﬁ@ﬂ)élen‘&rnt g@olﬁer groups, for

al kynyl , éach of may be optionally substituted
exainple Hed- silbsamterdealbvl ahnyldtﬂ@xyl alglrroupb,e stepi gtRShaimed Robranéhed.

A%Pf)(jte(%aﬁg %étsgyutecal %-l?%l algo%% or a%ﬁée RS p.l]s%d Itle%ie,l}%lag'f%e%ptlonally
M’( 2@F3)'\18(rRZ9 hax@%@)oNRB?e Cafr%)tﬂatem‘t@ﬁﬁ}d@l(lﬁ7

C( 0) R8, E& NR- C(0) - R8,
rep!ew%w BN GBI RTeh & RN (o B CRR L Py thiols,
0) NR( CR2) pOR7, C(0) NR( CR2) pSR?,
th%%@‘)%kg( %&@R% %&} 2%3,)3 §0) 022R8, scg OgZN(RR7,)g
([OY2NR( £RA) p:fﬂR@ RY) mo@bcﬁ@1@b2 Nﬁémyalm%pmatlc ring Bonthi®ing
H G _6 alkyl, C2 6 alkenyl or C2 6 al kynyl, each of
Camn@itp%y fbréleaﬁt PBAR 4 ?V%le'&tsr@sh%ltdéaweﬁl frﬁmr?éll Byl Hmolor

exgﬂﬁ [eo 515( wgroﬁgﬁg&ybe I\II%%@Z)IB C%NIW) N%)I "flap%@rp B 373 4-

tet{dl}y@(@)aﬁlﬁlhalémZWQRB may(l@Rg))lpnﬂ(ﬁngMuRa in ﬂlf,:— @(HD) mNFRRY para
0) 004- CR(R7) - NRR7, -L-C(0)-NR(CR2)p-NRR?,
POSLIOP:( 0) NR( CR2) pOR7, -L-C(0)-(CR2)g-NR-C(0)-R8,
[b@if(]) P‘Bét@t%%}ﬁ’sggused e £l PIsNRAEFEISE Ql)yj-a]?cR%; Where one or
S(0) 2R8, ("CR2) pNR(CR2) p0127, (CR2)pNR-L-C(0)R
mor@o@@@) Igm]_lgmbers lis ng@;:@m(rc@ p:pqm@pzl?:) a peteroaryl substltuent for
use li'IrS élgzcérdl\lll[:\)) ﬁ)?r%)o? 5 r%ﬁycagntt %rnqgiyzllbe;/ ) %hs)cychc t){ﬁicycehc SC ;t% 11,
méBeredRideroRiy? coffdiirnd4 hd@roshah idledd fade N, O, and S.
i ndependently selected fromH or C1_6 alkyl, C1 6
E@mpé@éw

[ hewragirdp jashydle byt areog lignRg iy Pyridvhdyraginyhindolyl.

t
BB PRb AN Lot R e el by AL ey ROy
beRi(q,l 3]dipdde, imidazKlyarignREdnidaroliR] Bydmndlild SfuiangE tolkezolyl,
he carbon and/qr nitraogen ato t.o whi ch_t hey

IS%aéolé{f Rt ti?ﬁ?‘)tFlB%q?d’late’Emi?OlWe Ry SHERY RYSEPLYL:

dﬂgﬁ%ﬁﬂ%ﬁ%ﬁﬁr&ﬁrmﬁ’ﬁﬁﬂ %t‘rz}ﬁn%ﬂ%h%tﬂfa%gl 'oE&le%leona' l'y

cont ai pto atoms Or groups s I'ect ed fron1C(O)
beNaDQdamdyB@&)O 2; RL7 is 0 or SO2R8; L is (CR2)1 4 or

d; .. IS C3 7 cC rboc icrin 10 aryl,
DI st e B SRR e P i
urRALRKQRC WonbEydlit NBisede@et1Rfor WhL & Ibociy@féhd: ﬁﬁgbbﬂtammg carbon
substifuted with 1-3 R5 gr oups; R7 and R8 are
atq)msj gﬁgﬂd@ﬁy ppti@rllg bg|sklg/qt1tut@ f@r eHaretgy Witr=@2Egamples of
car aﬁ arii %allr(fclri%lcgeobut are roé)li:H 1te§§o ggél(lﬁ%%s}l(llcéf?qw 3t/1| (t:yu opgntyl
cyalolh@%ysl,, cy@IopRYpyﬂ@el‘bycﬁﬂféhaané Setdld or C1_6 alkyl; mis
is 1- E is 1-4; and q is 0-4. [0041] In the
a[BQZAJ réorh%ﬂr%pye 9ﬂnéxw%§er6m is agdphiPHd PedicHBR @ aripe
| I: c
abgg(% Qxéhreéélﬁ g?@ {)].e ot d"% &ﬁyﬁlrs ééz:% flétPl’%aggl}. glg(ﬁ%’ﬁmbﬁ, Lﬂgtgrocychc
ritghioo pteainyhe cqpypduntdofitib inveatxamal jbb a 4py miedpbred heterocyclic

nrtagicfop%ég g%lfileégzg‘%%lrs] Is p{:t%@ FrgH‘H;I 5 ?é;arna con'l_‘t-ntnarlltllg)ny tﬁlgrréof
t et rahydropyran, piperidine, 1,2-dithiin,
1, 2-dithiane, 1,3-dithiin, 8§, 3-dithiane, 1, 4-
dithiin, 1,4-dithiane, 1,2- dioxin, 1,2-dioxane,
1, 3-dioxin, 1,3-dioxane, 1,4-dioxin, 1,4- dioxane,
plpera2|ne 1, 2- oxathlln 1 2 oxathlane 4H 1,

oy A ~ T o o oy



[0044] The invention includes various isotopically
| abel ed conpounds as defined herein, for exanple,

W bhasmoient o whi ch radi oactive isotopes such asPGHUSZ8U)48428
and 14C, are present. Such isotopically |abelled

conpounds are useful in nmetabolic studies (with, for
suelx arm(@) 01]_45(9))2— Examples of heterocycli¢ rings mehekeibuhakinegtiimgted

o lbhRg o derSERER Butdhbinrhoe MRBPRhT biflioiny

pip@BG16RNY A BETI-3 QFa-ShiRg U SiRRE-9IN 1 218, $.5dtRANyEOHRMbEEN, etc.
tonngraphy (SPECT) including drug or substrate tissue

Hegeroeyqlisutrnigo as aspddipecin grayienceraplise aeyseammeanehicydic
(hﬁgﬁegnts In other exanples, an 18F or | abel ed
conmpound may be used for PET or SPECT studi es.
[[8024]1piAs uval heitinpnsHaiorh heagosupaitaes ghaps (6.8eCH,)
potential to change a conpound's npetabolic fate and/or
eneaa@a%%e%wﬂablﬁa@%c V%fl%wyg,%% Hpdbpt t-es such as
t{bﬁfﬁpﬁ‘ﬂp tecfn:%lt %haﬂh@eﬁtﬁl cl:drhﬁn tidn® Q% ggédCheYé'}ﬁ 'réﬁll QB3 product
al so "have t potential to en%ance efficac é
obsafiet fyomemhmg(m cbmd)mnm daaive lingrydientsl dndllrﬁchhdefs é)ptfeﬂvteelrand

r i ndi n han bi odi stribution ase. the
B AR R B A R R A e
mé Mk bRNcAle fn%?&ﬁén\(@ Q' a LOMbGu MBS aRALIQS) and a co- ageélt are

| sotopically | abel ed conmpounds of this |nvent|on an
boplr adinugteredhsr apfticoanmgaeoatlly yn e fpme péa em:igbyancafr qrydongge.

t he dur.es di scl os n the
T RGPS s S eal Pr e SERSIRAY Lo edfouna
of Febstilat(Vf Ardich &-i@adiat/bAN allhatiierell 504 pRicRkd ephabedrtides

reagent for a non-isotopically |abeled reagent.
cifhgougpltpieoady eogrun¢nalyats soeuenBalbuwih nesperildptime rhlmHSy

w Q [tRL& P YeDFher lﬁgﬁtﬁéaﬁlt ctillell eq:g'e{Gth gt}/\le
B A R R p P OB B By

mgmthleﬁm ah the tHodly 09 HféqiaadntOTh@pttBDﬂﬁi ilpphlaaw mkaﬂa&rrb@n e.g.
that may be replaced or substituted wwth N, S, 0, or a
th% BBInAE oM O ﬁli‘é"reé%ﬁfm?rﬁ SFUEAREHEShy dr oxyl G - C8al kyl ,
ak » 0
TR L (A Kb R Qe s Bl il humans.
doaidsgnt gt faunyimmzﬂl; agd abdx,@pylca b petydnjmalarsoaimoydqesGraty cattle,

alkylcarbann ano, o0xo, nitro, or an

i S PJE oMt FERN B b BUCTERT EH TG Hrdniupge g

Ipogz] ahY lerQr 2L BERAOK oﬁsddﬁﬁﬁytbﬁﬂgi N tHesHdR8Smpound

har macol ogy and Utility [ 0046]  The conpounds of

m¢dne prawding e enmanend dighe mhlatncrmm@mro@am fhemot ept atbl]c@t in

sal xhi bit . val Ie“ har mac al ert mhen
Seg R A A O B
th&@pdudicakes R)ikles finthl@h&uk NemeheR) M&Bédﬂ'seo%ﬁve administration

phar maceut i cal s. thIOO47 I n one aspect, the
1n@6ﬁ96@h@§d@¥muW@uF SHIIYHIHN. i nhibit insulin |ike

fa ;

gﬁ)@%ﬁ] r ‘eég EFPE‘%?‘ X 'ﬁF Cg._f]a &h%%ué astaé%ﬁ‘? Jégg%fﬁgle}ftst% clﬂ’ry out

a dpeaifiphlgsstabd bpolRAEdifattd dnaedsSesy badétuaeinbditmairieally

not limted to prollferatlve dlseases such as tunors,

angd dp aé@(‘g’r’i‘ﬁlr’éar'é‘%é%¥6 atjogig the %%t pypese. col or ect al ,
t[mﬁﬂﬂ' Fhe %Yﬁr“'ﬂ?e@a eﬂﬁ&ﬁf {%ctl{;\aeé{ﬁ&ﬂﬁ"l’ refdi¥2@an %Qﬁﬂt%@a
and gast ro i nt eStI nal unors, as wel | as osteosarconms
comp@un@ [cagnoarpKGF-TRengibnist eﬁfe«:ﬁvetth &treas] h'pm) {(nldd Refedihed

) t hi bi t f I1GE-1R ty Ki
i S THES o BB he by ettt dhe T grSieaTE Spgrive

anﬁhhﬁ&%hkﬁnhﬁm, ARISAY the BILBRCSH dahket cfls; rBfice A0S 2O
the invention agalnst (1 GF-1) -induced
aut ophosphoryl ation of the G- 1R is determ ned.
[0048] In another aspect, the conmpounds of the
invention may inhibit the ty9rosine kinase activity of
anapl astic | ynphoma ki nase (ALK) and the fusion
protein of NPMALK. This protein tyrosine kinase
results fron1a gene fu3|on of nucleophosn1n (NPN@ and

'Y Yl . o g,



solution pronoters, salts for regulating the osnotic
pressure and/ or buffers. Suitable preservatives
w0 pabaasshut are not limted to anti oxi dants sSPCTUSH09/048428
ascorbic acid, or mcrobicides, such as sorbic acid or
benzoi c acid. The solutions or suspensions may further
inkibiir.¢. sBowits ewné extentrnod padenablyastam cancer pedl udliltregiobunto

not ljimted. .. saodi um car box ose
el hesalritn gt Rt BB B GEl P pbemssne,
m&edtadid; Mshibieto SShb Bk tehZ &infor BoWth; ANWENeBOve to some extent one or
(polyoxyethylene(20)sorb|tan nmono-ol eat e) . [ 0059]

MG Hh éhtﬂssymomﬁasap@atﬁﬁywwdh@mr@er See theeleGhitiop defsoment
“ttIeat?t% % E&?Ag?enit ?}lyegc% g %ﬂa‘fx ur eg§ gr%t@ﬂg/gr%t 1%X8{1+%(éancer cells,
1thmgbedwbahﬁyamﬂmdgeﬁbﬁbs that contain as the acid
agﬁnent a | ong-chained fatty acid having from8
r B8R teamoaIces refass Kothe PRibagiswlogditipp étrmf@rtaés gt is
Wﬁﬁ%ﬁﬁ%ﬁ%ﬁ%ﬁs?@k&%@tﬁtﬁd{% e B BBy of comcer
induded butye inst limited iod carpmotradbymyihiomaabliagtpmp ad IEIIIKBHHE [ Mpre
aric acid stearl ng’ ara hidhﬁ aﬁ%d“ Eﬁgenic.
Paata T&ragp FSE%‘H% YA e PRl REG: chrgpic Lympeytic
letgie%hQ (@chfdjurRl ﬁfcﬂidﬁqg%ndsma@tfdéﬁl(ﬁs&cq bx@ﬁs@%ﬁﬂaﬂh& RFichI,
linoléic acid, and if desired, may contain
endmnﬂmal aontale, cbbtre@adammsenallca@mqnd Bbladgdes greitiemangeatic,

3, 5- t ol ue he .al cohol onent
hegpiiG @SE%O?GEIPF%/) é‘&l? &é%%tée/ffl aﬁ% epuéwn%%ag%lh“g%%&%na
mé&dthelBihabgnBPADILA @I, ofEoRRloyvahedt andfeEk SRARRIUS cal

nmono-, di- or trivalent, al cohol . SU|tabIe al coho
cagchRseh dvwiesile pesopherybgeal argofkspmas.iHppetrcersa. ieymishglelanoma,

. , or isoners
lm%ﬂ%?@g%?“%ﬁ%@%ﬁgghﬁg&pﬂ@%#g aﬂgﬂ{%@%kﬂ O her suitable
f[e031 &TicdtigSt@r Srehtiehtrde “bldviaiod” nefersl tb rthtthderapeuttc

et hyl -ol eate, isopropyl nyristate, isopropy

treﬁgntﬁttaa@ arophﬂeﬁmrmr?‘)enwg ﬁseastrﬁwhmlétwb&?éls to prevent

or SN 08 Uy ATRER Al phohAE ool BRNGER B disorder rhose

inaped cloteakeeniencladd tha:mjahceaahpwnh |tltﬁgdtgcbrylezeasmtéhasahdse prone to
ol yet hyl ene CQ| ter),.L m sat rate

ol et (oo h o ULt iR SOty har Bl (PEPavigrs)

WhEMRNEFC AR gk 0iri&as talRer, aRdbiee! o ShdihEINe selck &Ly

ester; all available frontGaKefosse France), and/or
“tﬂvlat@i’YQ]_s(hO)Vs 81radyoed |tlgh<yrdfetr¢1€uhelf cfftes mp@watgeadthélap@ylcammt of

in |length .t 1
an €18t G e et o R p BT he ey iSRRG e pH2R
shOlvk ¥Bse@Vdble LRIFrAhea@hitableSEGRHBN & br; abSENRABNO bF Mo of the
roundnut oil. [ 0061] Pharmaceutical conpositions
fofleywing; edueti initeg muphas e Asirebeelisior abseaer; offtbe cancangslle;
regt}/ﬁu%g rﬁgglrlglrttﬁg(r)tts ﬂ?e %‘g{li)];{l%n neg rs &Uz ?@E(}%ﬂné){l rﬁgﬁd 8fef&zgﬁl§ stop)
offeesdel telnthfidirattonrigto I&nﬁhqsmkmgml mcgudhhg tid sptasdef @tincer 1nt0

granules by the |nclu5|on of addltlonal exci pi ents,

SOftdspie el t@pg ighibitig (B¢~ tlgpde some exigpigpd 6551 wop)’ of timor

m@tgsrt{tét@ rﬁnbtﬁ%h Utg %OBH texéft? of Rttmdr' g%\;/t%d aﬁd?orf Ileitéfetf) %e)m% légtt%nt
as sugars, for exanple l'actose,” saccharose, mann

ongror sunrddf ik symplomsl vseiqpedpiah did pasific amtdv’eu rrectlm:led Immﬂl)ldlty

ates, .for exanple trical.ci.um
oo IR aR-Rydingencrogp sty SERE el BT REgkEnChe g4z
an®leBh &gy f&ént@f@tﬂm AR K e MRBRE canbdr&811QNit A BE Sytostatic
star ch, nethy cel | ul ose, hydroxypropyl
nethylcellulose sodi um car boxynet hyl cel | ul ose, and/ or
pol yvi nyl pyrrolidone, and/or, if desired,
di sintegrators, such as theltabove-nentioned starches,
car boxynet hyl starch, crosslinked
pol yvi nyl pyrrolidone, alginic acid or a salt thereof,
such as sodluntalglnate Addltlonal ex0|p|ents |nclude



limted, by the follow ng and Exanples that illustrate
the preparation of the conpounds of the invention.

WO nilenmsas ate 1 PCT/US2009/048428
2,5-dichloro-N (5-nethyl-1H pyrazol - 3-y1l) pyri mdin-4-a
m ne HN-N CIN ---_ IL NNCI H [0079] A m xture of

anslqmytmqu IRegycrtamoJfﬂ&-samgne of §ngooms nBY aBorhedkl) by the
El trichloropyrimdine (5.67 g, 30.9 mmol, 1

pa SIEhv and Na2CO3 (3.60 g, 34.0 mmol, 1.1 equiv.) in
E0O321( 1@%1‘1’6{3 evyaﬁednﬁ@%ﬁﬂn@hdélpha@nfa@erut@ﬂl;haccarﬁt@blé QhRAY,
was renoved in vacuo. The resul ti nﬂ resi due was

exgiiants, obsfebilipers whiedh are oprioxig 50 theicpll op mapwanad rbe(tlg(@@pﬂﬁ@)i

B Sored o PRI M Bl PSR o
acEéh;ﬁaﬂﬂe smlent iis@n ay@sue phdaitferal @ihtion. Kaahifles @ﬂphymllcr@cauy
t he prod

acgersat&‘? E%TlérrSdncrlpi%bqf@%wh FRPPYsPEZE! ciBiatg1gndyatheriogganigacds;

b BB EARAAL a€ibiQadddw bacdhdouldy W GERERL bty Bouc 10

resill)gsy polypetitie 4pratﬂur$e such ad BeremNblrhinHREING, or Mdmuhibglobulins;

00 A m xtu

hyglr Ozf’%gdccﬂﬂlml%r 5 @uﬁx SRR IRET AP ByATRP AFiHE Syl a5 glygine.

glﬁltal%ﬁlma}agn@ ARt ordikkiRY. rﬁ@t@sa&h%&edlgfczga&%nd other
nmol ) d Sodi um carbonate (2.06 g, 19.4 mol )

ca_ﬂl@(hyﬁl@te@ﬁn@@hg waisost inanegbe a0r deytyimst @mmgtawrés such as

The r act| on. oncentrated in
LT e ot R S Bl st o A B bl it gt as
so@fgh; Wad BF nonibic c@Tkitneds Rh @8 MVEEXEY, 6lysth ?@h@ eBicbE®EG),
( Na2SO4), concentrated in vacuo, and pur i
andiNLUBRONK Y®at ogr aphy (Et OAc/ hexanes: 1/1) to af ford

e R LR Sl P ppd LT R T

trdatrh@tt e dirte EXamptes ok olﬁ@n&hmpdmylb -agbntﬁ clude alkylating agents

nmet hy1- 1H-pyrazo| yrimdin amne H3C H \Ni |1
such as thiatepangqey Xﬁé@ﬂ/clgsg}ﬁom}@pgd%@lkyl sulfonates such as

P D BB IR G SR 3 BT g
maqwldvpa) aaahdremlaﬁac@aaymmﬁmeg anBrheytamdlgmibedinetpding ) i n

Et OH. (100 was heat ed for.24 h. The sol vent
al(petam 3@%“!‘?“\?2?6‘386 tW¥%P%éms% si due was
triB@bylédelRHRd s PRI MRRI ol %ﬁe&?@%rﬁéﬁmﬁﬁd add Rhink 108e Oy

The Et OAc | ayer was washed Wi th water (3x) saturate
bl&lq@emmdmamta@mw)e) @hiﬁa&jte@‘ab}’drmsmnola(dmn@bmob ntrat ed

[ uIt r.odu t vvass ni cat ed
MR bk B PR D B e B PR O PGPl
(ilYuding the 3yhtB&ic aHalcpup pdescanasy CUM ITEN® aHTed] wibhecan,

Et 20, Q,Sfr ovi di ng the product

CAMH|Qyy/ds®haeetylcamp(othagsy, kgopoladtipyangd Yormimogampothiegingi n
brKE s{agmg Q%lysﬁlﬁg@%@ 1?0|6r%n glcllud&‘lgly &s) a]dg}élestlérrllta%%ggﬂzaoP%éz%lesm

syathelit\aral dNOE pbﬂ(ﬁ)hyll{)t@@ﬁiZbodﬂpﬁyMnld aei® teniposide; Cryptophycms

5- rrethyllsoxazol 3 am ne n% 1.0 mol), 2,4,
n

(Piieelarly copyDNEig; I (ngmowhysl dolastain; dua‘f?am%lammﬂudmg
th& @m&taﬁal()%ﬁ)& K8y - 2%8@211{[11@13)1 Tl\@l)?’ e@uth%fob?ﬁ and@fistatin; a
heated at 60C overnight. The reaction m xt’ e was
sagpodreni;rspbeg statia mﬂnegenpamstards orvhachs bhlbvwﬂmcﬁt ﬂﬂmnamzme
bri The coll ected o ext wer e dr
chploaB i Mo st Gt doF A SR ch BT tiRr G i enine
ox3dd liz}ﬁ%cwiindéhh@@ﬁl@ﬂ rRREMb{ARD b!ﬁ&féMenﬁé %)fedn@ma{tfn@r d
5-di chl oropyri ni di n-4-y1)-5- et hyl'i soxazol -
am ne; ESMs mz 245.0 (M+ 1-1). Internediate 5
2,5-dichloro-N (5-c ycloprop y1-1Hp yraz ol -3-yl)p
yrimdin-4-am ne [0083]1 A m xture of
5-cycl opropyl- 1H pyrazol - 3-am ne (246 ng, 2.00 nmol),
2,4,5-trichloropyrimdine (367 ng, 2.00 mol, 1
equw ) and Na2C(13 (233 Ny, 2.20 rmol 1.1 equiv.) in

s o~ 1 o AN O~



HNNNCI H O [0084] A m xture of

()-a-am no-c-caprolactam (256 ng, 2.0 mml), 2,4, 5-
W0 eo10k0dwsDpYri m dine (366 ng, 2.0 mMmol, 1 equi RCH/USIA9/048428

NaHCO3 (168 nmg, 2 mml, 1 equiv.) in a mxture of MOH

(12 nL) and H20 (6 nL) was stirred at roomtenperature
trdfosfarhilehuradih elusasillntitr%grq@s ewihpistcateusiias, chbirbadean, by

fo*vsgbjlac l#né?sh II{[)‘E{‘[@I‘:F rggllug%ed Fuillcgrhal?lﬁ%r\{mlﬁ igﬁfﬁgﬁtgti?gg%ﬂtag th%fenediyne

anﬁbfb‘ﬁb@% )’(falhﬁhéiﬂrrﬁmﬂ é/sb@élhlﬂboéaﬂiéﬁﬁﬁlﬁc% QR IEMPcall cheamicin
275.0 }—&g | nt er nedi ate

ongegabl Gealiceh dgnspy CiheindnH- ﬂd ﬁ%}n #0) 139 r1i86i(h%H)1 dynaspisin,

oG AT, b R0 P R o
relansdl chrdm@stbtiein nediyde MalkBiRid chorgphddes)! Qaclﬁ(fﬁiomyims

equiv.) in a mxture of MeOH (6 rrL) and H20 (3 nL) was
acgfl@my%a thraHyeH, %@Pﬁﬁé&ea‘?lﬁ?@wlé? codtinemyfHke c1@kiging i ng

co R T R O LR B VA L S TR0 4 g

detheblmedWZOSS—Q)ﬂ) -b- norleucme ADRIAMYCIN® doxorubicin (including

B S RO P e B

de()'xsyd@((ﬂ:b)bllaﬁ-) éﬁl%‘tﬁ(ﬁﬁ)’é&lf)ﬁl‘o% Qdéfﬁ@i@m mai/c]elloﬂﬂ i, Bfl'it@ﬁlycms
yl)p yrimdin- 4-am ne P N_NC

supl@@@m}tofﬁacm (rinxraepkenplic acid, nogalamycm ohvomycms peplomycm

dichloro-N-(5-nmethyl -1 razo rimdin-4-

peRi et Py oins gueTRigy i o BT Sl Plegpn:
tubEihy dbatidek, LiRGtatih0zdFaBikhn; hifti-fidkaboBRE sidh) as rﬂ&ﬁot@&d&%nd
DHP (4. 25 50 mml). After stirring overnl% t he
5-fleeretiasi (T-iikneolie peidranalngyessuehpcdamppigtinonethphiexate,

| th
PRSP Ry e ool BRSNS SPUSNIROP
thiaaspiidee thivashid; pyrithidifel anelogsl suchichs auieitabsed haueitkiidd, 8t e

and concentrated in vacuo to afford_2,5- Dichloro-N
azelgi%q Wlfmo_l_fur cytarabine, dideoxyuridine, doxifluridine, enocitabine,

fddBtfRDY O Mmﬁl%seéﬂ%ﬁ Il(gfo%g@aﬂb B%b R {el lqbﬂan%l

- amne as At yel
mqubtss&wemtotaeamb; onsadseriahowich fasi amhmghp«uhmﬁlde,anmmmne,

il Tafie Bl & mlen e Suchlis ST kb ags 1P gagitippBg phamide

gl%d’@)tsﬁi%nﬁﬂin@k%uﬁmc acid; eniluracil; amsacrine; bestrabucil; bisantrene;
Di chloro-N-(5-(trifluoronethyl)-1H pyrazol -3-y1)py

edair:ma(t;ﬁ eipfaminneddmegoleheCHiaziquond; Mlfomithine{ ellipfiniF@Gcette; an

epf)%lgﬂgl}ﬁ‘/ igﬁl?%{% Lﬁﬁ@lu T¥11trfa|teu?1 r%%n? a)ler:llhnag lroglzd%{mr?’e am ne

méyrlnsfirodds sueh 4s Rb@xdindank absirhitbdib@mbiguagmeNmAofi€rone;
(5. OO(% 27 mmol ) and hydrazi ne (1 05 gf@ i n anhydr ous
on 5

mﬁtléwn(l itFRYTiRGs SeRfp§tatin dphenangy: Rirarpbigins lOsPHrong|2-

LA O P O S SRS DS B,

Eubbge, E)OAG; hayans, rhﬁbﬁmc sindfiuruacl s;aflrgerrﬁzﬁﬁmtﬁnﬁah@dzbmc acid;
washed with water mL)., brin nmL), dried over
UriREauRng; dda? é%B]cS’F%fflé@‘cha@l@? G@C@ﬂvqcelpﬂs (BiPsHAlLpil F4toxin,
Veh%t%ﬁr‘rwg ro-{llaﬁl &rd8n ﬂﬂeféturé’ﬁﬁa% QH{dbglh@(jEquISﬁgE@:a
chromat ogr aphy (30-100% Et OAc I'n hexanes gradient) to
FI@DESIB@()idalcﬁﬂbannmrmaﬂmph])usuﬂddﬁpyxbmﬂol 3nitothaiel; afpohmnufnf
whi t.e sol.i.d; \ z.152.0 (MAL). St ; :
2asylgsifip: SRR Q@r?? ﬁhla@%ﬁm@% f&ﬁffb%?&%@acw% Dy
(Blikst91- 0y quiBORBolo gy, [F¥R8&hn AN M %XABR%)QANETM Cremophor-free,
5- (trlfluororrethyl) 1H-pyrazo| am ne (500 ng, 3.3
mmol ), 2,4,5-trichloropyrimdine (607 ng, 3.3 mmol)
and sodi um carbonate (525 ng, 5 mml) in anhydrous
EtOH (10 nL) was stirred ati2t. After one day, LCMS
showed the reaction was not conpl ete. Additional

2,4,5-trichloropyrimdine (0.15 nL) and sodi um
car bonate (525 rTg) were. added and the react| on

— o g,



[0090] To a solution of

2-chloro-4-nethyl-1-(trifl uoronethyl)benzene (6. 65g,
w@Z010/00%53 ) in conc. sulfuric acid (25 nL) at PCTUSEE9/048428

added potassiumnitrate (3.46 g, 34.1 mol) in

sulfuric acid (15 nmL). After stirring at 0 Cfor 1.5
alyminkmgingearct! |nanpmtial¢1foenm@$i0p olipeditixet ABedcamiPhofmaceatical

P s RHELCE) DA RRREl Gt ghAcRoRR
Aﬂmﬁ@lm&e’ﬁcmow{b@g& gfgicﬁNtf\i/%nga EMZAR@; grt«htdgfﬁhalhegze g e

m%igggpl{?‘gl%n%%h%?rg;(asqgﬂzggmmmalo o) sg@oés(cgsplag{q;) an(c)ircg;bo)platm;
vi s?fng?gﬁﬁgg\g\i(%), ll_aoa}t %g%métoé?ﬂgé Qy I!’ lé) b nfgtcs:félgﬁc?é; %Siglg)xtdﬁtr&n%;

viflesdne (@NCOV IN@)ebfm@ﬂaameleﬁ&oﬁivaf tvidvgelvint INAVELBINE®);
2- br ono- 4- net hyl benzonitri] e

nOZﬁIHF%WD@@Pl%%tﬁﬂwBQ%‘V@PofH@W?B‘ﬁPflfllbﬁl%firﬂ?\%%e SPROHRISS a

B R T TR T R e e

capeddabime { XELOMIO® % -phretnimeck tdraile racd:etptdbha salts, amds[o(ﬁﬁ@rZ\]'atfﬁes of

a IU|ono br o 4-net h 5-ni trobenzonitri
anéfé)ggﬁga OBC 9 v&ﬁﬁlcﬂs)co 11@{13%%%(;/‘[W()2{§ﬁ1!1_(3re \%ggle QugsUe ﬁs CHOP,
an%b%iaﬁll%n ¢4 BoE@mbifledlthe AP b eyclBihodprabHEE ddRSubREd, uxed

for 5 h. After cooling {0 roomtenperature,

vingrisghéryeind pradeisplonglapd RQLFMEBI §n sbsevaeidwdor T heatmrient igganen

R RESGTEL RO s8N Sy B hbhg T SaB Y ahf frasories
qoasi]1eplithdrmoad, faO‘EHJerﬁotﬁéPap@m&agent may include anti-hormonal

br ono- 4- et hyl benzonitrile a as bei ge solid; ESMS mz
agonts thiaypat tppggulateyreduesdhlagke o1 iphitethp gffects of hormones that can

émfi{e‘%ﬁé’ %r%\xnﬁgpé{alncgr Qlll& gr%g) Q6 At éorsr% Pf %}Iesgeglg%,] or whole-body

procedure as
trdaﬁh@ftl‘fﬁdﬂyahaey Eelh(ﬁ‘tr@hés thgmyéltds. ArRfifyles include anti-estrogens and
2- brono- 4- net hyl benzoate, the title conpound

seloB Y §789 g%&regew m@dléléqorso(SEBMWc](ug xam\p!\{%stamoxifen
(ugc[\écf?ﬁ%](:?}g%@]zﬁg) A)%Qféx{fén) EV%STZ@%&l%x{fénet é@lom?én@ 67 (s,

'ntermedi ate 15
hyﬁrcaay'tammﬁfebr toiopHehenedxylehe 120H7018, onapns[t@w 4jd FARESTON®
Fol. the same procedure as descri b
o R B R e BRI (LDt MR Ig: agents that

fuﬂ&i(ﬁﬁ'o %ﬁ’%ﬂrgss OESME d¥h (B4 Gy A ""fof"é’;)amﬂl@ tl&[tﬁﬁﬂh@h@rn;&le

Br ono- 5- met hoxy- 2- met hyl ani 1i ne
reNas(IEg hemivor (LAREDRgyhiplh ensh e)saIdéEI&@N&anq EDES'}RH@ lguprolide

ution. of mol ). and
BBl Rl RO £ReGndoTyendinoo figiny-Fifseqy soen
as(fRRarAid}, Afutdhile aﬂw&c@l‘d%ﬁd@(éﬁﬂ ytorkdihgRrihBitork Gha Tnhgbit the
7.2 mml) drog]lvcvl se. The mxture was stirred at room

eng WP aroaMalase. Vaich 1egudnies estrageny pradeqtion indy adicaatglapdsapydh as,
SR S RO, S SEh AR RO AS ML Gl e

AR@B/BCEH\@I dxansemn] ﬂoﬁh&sﬂiarﬁ@ fadregole, RIVISOR® vorozole,

5- met hoxy 2-meth henyl ) acet am de as needl e- sha ed
FF&YI Loz, @%@Bﬁ\éﬁ%%é ANREE07Qlce N P4l p S?fé%&ef@ftéﬁl of

ch\éfn%ﬁl‘%%&)eﬁtﬁ’cr 104l 19&1{1&1&'&% onadbE€Rich as clodronate (for example,
- met hox phenyl ) acet am de

BONEFOS® or OSTAC®), DIDROCAL® etidronate, NE-58095, ZOMETA®

zoledronic acid/zoledronate, FOSAMAX® alendronate, AREDIA® pamidronate,

SKELID® tiludronate, or ACTONEL® risedronate; as well as troxacitabine (a 1,3-

13



[0096] To a solution of
N- (5- met hoxy- 2- net hyl phenyl )acetam de in acetic acid
w@ daomo6ssvas added Br2 (3 g, 19 mol) sl owl y. HEEUS2009/048428
m xture was capped and stirred at 50 C for 5 hours.
The reaction was cooled to roomtenperature, then
digudarshedlenkitlt cptosine amadog)f altt'eemqwéi@usu@mtildm onrticalady those

RS et 3T GS ridy S st e e &

pro@feitivg, ©chde fHF &dmple, PKC- alpha Raf, H-Ras, and epidermal growth
br omo- 5- met hoxy- 2- meth | phen acet ami de as a br own

faggpr recopipicthi(daR u@@@ntwup as R ASkQREQRivep@ng ardugenp derapy
Vag&g%sg Irfro%?e%lalgl‘g hgt)%i;e)z\;?EC %N(I? Vacclme LEUVE(E%I%(I% vaccine, and
VAX(B&braoome; ELWrRT@CI‘EYSAZ\J m&ﬂwdq&t&eml 1) 1abﬁltamﬁd}AREEIX®

di ssol ved i n nmet hanal ]% 5 nmL) and concentrated HCl
rmRH; lapgiwibgligasylee @adirpldsd apd %1% dug] tyrogiie kmawmalkfrw&cule
1nﬁ199!)11 1% lgl%v&tp%r@}%ﬁggf@,t #Hdzpétahﬁgcemleglly a%c 10 s e&lds or

to ice water, and il conc

deNaEﬂrVea«pﬁemuef&elaneon The m xture was then extract ed

with ethyl acetate (3 x 50 nL). The conbi ned organic
MJ er s.drjed oyer 2504 and concentrated. The
mm%ﬁed by SI I i ca chromat ogr aphy

% o.ethyl acetate jn hexanes) [

I

IS inyehHIkpropidaeReNAl awilmt%e fgewaﬂtseé. a5 Phgmageutiqal
N&%sﬁ%gpth@}é%f AP e odé- fgpus(r%v su%ﬁ'):on}_l'?oﬁlas(s 1H), 4.6
r 3.82 (s, 3H . Internediate 17
2[0636]0 i[roert'f:— avptdiythe drvedtidn proSideet campoundlof To8nRladil bxabo
rolan-2-yBaniline H2 N [0098] A m xture of
4- br ono- 2-f | uor o- 5- net hyl ani |l i ne (2232 g, 9.8 mmol), 40
b|s(p|nacolato§% (2. 747 '8 I),

trlcyclohexylphos hi ng (274.
Pd2(dba) 3 (448 49 gPaSS|un1acetate
(1.92 g, 19. 6 I)N|n

xane was
degassed and pugged with 4n| t rogéﬁ mThe rea@al on
m xture was he ed at 80C over ni ght and th cooled to
r oonartagingeioaigitally albptabiodaltrtieraes partiti oned between
Et OAc. and water and the collected organl c extracts
wer eVriadingNarspepliori canibt dehin and
gg;'%;%‘i‘tzgyzs d'Z“%s KROOTREGAH2BNY(h EL a%cthé otﬂ%}%aﬂ@%m,

2- fIRJ]OJIsmaE)-m‘mhh)pherﬂale%aIbgﬁnﬁedéfﬁgaikpll; hyl-1, 3 2-

::“n? %]E:ﬂ)gflga@e%ggny aagletl)a{n 0n§'7:lso|\r/§ nrlr(i)nzocgghzc g 6 member d
h&ergfrn?ﬁlgﬁﬁ’@(y 3%@6&?&!& &iédedBERWN -DLRES! DR ofsiibh-iPhen

yl
Oplwbaltmwbsutﬁltetd@nbstﬂutﬁé iR Zwinirein doengendkyl, Cj-oBg63lkfior Cs.

80 i i on of 2-brono-4-fluoro-1-nethyl benzene (5 g,

7‘?803 ol ) di ssolved in conc. sulfuric acid (20 niL)

was @ﬁgﬁm‘pgga&:hilqm nitrate (2.67 g, 26.4 mmol) in

sulfuric acid (5 nL) at 0 C. After stirring at 0 C for

| hr ,Rtkdaloghrdrpuy. Wasalliyl G- e@lkwm halpatugptituied tr1a@tked halo-
yl.jagetat The conbi ned organic
Suénhtétgtegw al \A&’S‘Wag gl;)’gﬁo ur at ed sodi um bi car bonat e
sol urf em; zmq alkyl, 8. Gaﬁ@uﬁrﬁrlcal lajkyngin dadhherwidel @dy ever

Na2504. The crude product obtained after concentration
Omgalbumbﬁtlf@adwﬂsh@lp erd/gehydont grounr dhBtogapH- Ralet h

t ( ) f
A Rl T A A SR
(C30) NR(CRR),ORR (400 MHz, chloroformd) 8 7.93 (d, 1H,
J=7.6 Hz), 7.50 (d, 1H, J= 10 Hz), 2.43 (s, 3H). Step
2: 1-Dbrono-5-i sopropoxy-2-net hyl-4-nitrobenzene
[0100] To a solution of 14
1- brono-5-fl uoro-2- et hyl - 4-ni trobenzene (Step 1, 1.5
g, 6.4 mmol) in 2-propanol (30 nL) was added cesium
car bonat e (5 3 9, 16 rmol). The mxture was heated at

N o~ o T e 1



Step 2: Tert-butyl

4-(4,4,5,5-tetranmet hyl-1, 3, 2-di oxaborol an- 2-y1) -5, 6-
walehg@owpyri di ne- 1( 2H) - car boxyl at e [ 0105] P&T/US2009/048428

solution of tert-butyl

4- (trifluoronethyl sul fonyl oxy) -5, 6-
(Ctﬂzbb)NRr b@(l())ﬂl A0V (Bar H@@Da@zoplNRB g;Ce. QCRH)EBDR L-
YI n DVBSO (200 nmL.) was treated with

bi s(pi nacol at o) di boron (12.6 g, 49.6 nmol), potassi um

La@gb R e [(HHOBNRR’, 140 (N R-(@RY, - meﬁ@@)&l%(@&g)
6 mol ). The so uti on was W th é]gx f)or
hTCﬁQi @Rz)aﬁ@ CE@hRseht(é(@)HMCE@ d -TaC(QONR( )pS;(@)lth

T react | v d re and poured

R R R ORI & o1 ety
IaS(ﬂ)gtIE((CISZ)l;OH@O rrL) The corrbl ned organic phase was
washed with brine, dried over sodiumsulfate,

conciisrnatively. Rnisyadisal seiseted fipme [9smyla @t %éc)@ar(ql)f. ed

with silica gel chromat ography (15% ethyl acetate in

hexanes) to aff qgd m@rm15butyl R\! R'2 R15
F%% t et ramet 1N3 e di %1 2- yj{ 5, 6 h)N R'6
I'di nez Oxyl at I'te sof
3 and 4 Terhrsbﬁ’myl //\\ R13 R14

4- (4-am no-5-Ql uor o- 2- net hyl phenyl 2cg))| peri di ge- tcar boxy

Iat@) [0106] To ® mi xture of d)

5'-chloro-N, 2' -di net hyl-4'-nitrobi phenyl-4-carboxam de

20 7)., ter 1but 8
‘ (R 05 TR MR R T L B0 S GO 5, 6.
dl hyml‘rl ORY R RE- R(S?dﬂ)i Kléﬁﬂ@QKd/dpaﬁ@nﬂ?Zéleﬁgd fbm2HND{ dlkoxy;
and sodi um car bonat e (742 in DMF/ H20 (12/3
Crialkyhels: edigray] oiet et @ipt: ﬁ?ﬁh@ﬁw‘yhlﬁhmmer?@}l%ﬂdm @ ptied

5 I h 8 n i S 6 pl3
wfﬂgilallg)ﬁ %tn% eorag&%'gg %ou-g Sr% %%Ei l% %?dnwghlé ea%h%j R
ankderdt gt i 290K Ltﬂgke]ﬁer NAtH the awertn vaghkth théhererapactiedanay@sm a

gool ed to roomtenperature, and poured jinto satur at ed

3-4 pEeRrEeLHHBRATY:, WRIBRIGOr Ity g satpried i gontainpg il oh

hélrShtHS sYRGe @ bIAG! 6dntist bhed ﬁ()lna ﬁfb@ﬁt%te{de’w%h d=o Md 1-3 R’
The organic extracts were co |ne washed with brine

gramgh; concentrat ed. The crude product was purified with

silica chro graphy (20% et hyl acetate in

hexalzégs()qﬁ{zb‘“é)ff‘ga?ﬁtert but yI

4- (4y 3T DPcapbddybiRd Ang-(HEE Byt RAaY 1) memBedl My@rQpMIdrdi 1

e- 1(24»1-% tgcar boxyl ate as a yeI | ow oil. The obtained qil
S

mopaBerg foggelid mngreadhaiorhi¢chp o qpupnalmdubﬁéu@dlmth bA Rias
rgd ed Pd/C (10% . The reaction m xture was degassed

& "purged with H2 for several tinmes and stirred under
H2 (R, & mhd e¥eraigilpendthty O xilkyleCwaskényl beCedalaghl, each
concentrat ed to afford the tert-butyl

0 4y}(1qh 03y e ogtenallysgbsituted with halo, amino, hydroxyl or cyano; (CR2),Y

Jpiperidine-1-carboxylate as a white

Or@ gl&gs%éknggpm? (M-Boc+ Internediate 20

2 5 dﬁlchrﬁtlbynﬁeper(denrbﬁﬂi @i@y-c21:1 ani | i ne [0107] To

a m t br o 5- di h ni tr obenzene, (185
}Ogaghir yltg?\‘ W@f%r%w §wgPra SR Wﬁg@g
co%tal-mﬂ%@@ hdt@roiWhs (Gieftkd rYRSNaddgd S, and optlonall substituted with
tetra tri phenyl phosphi ne)’ pal I adi um'( 0) (%8 ny, 5%
OWH)I -3 Rherompsict i on tube was seal ed, the m xture was
purqB glth N2 for 3 mmand then heated at 120 C under
S oVer ni ght. The reaction was cooled to room
temersatsyre and poured into saturated agueous ammoni a
chloride solution. The crude reaction mxture was
extracted wth ethyl acetate (3 x 15 nL). The organic
extracts were conbi ned, washed wth brine and
concentrated. The crude product was purified with
silica gel colum chromatography (60% ethyl acetate in
hexanes) to afford 2-(2,5-di methyl-4-
n| t rophenyl ) pyr| d| ne as a \Nhl te sol i d. The obt ai ned

o . ] —— — S AT 3 ] SN



brine (20 m.), dried over Na2SO4 and evaporated. The

crude product was purified by silica chromatography
W@ 2016002688 OAC i n hexanes gradient) to give PCT/US2009/048428

2,5-dinmethyl-4- (pyridin-3-yl)aniline as a yell ow

solid; ESM5S mz 199.1 (MAl). Step 2:

2, 5-Disnted;tapd- 4- (pi peridin-3-yflaniline [0113]
2,5-EX3£éhyl-4-(pyridin-3-y|)ani|ine (403 ng, 2.03
nmol 9 *was di ssol ved in MeOH (5 nl) and conc. aqueous

H6037] 1 bde ehiddi@vwadihbYnRddbh pRRidRE a RbSoltDis B Fornfile (2):

flask was purged with H2 and the reaction was

vigorously stirred at rt under H2 (1,atm. After two
days, LCMS shows the conpletiggzotyf%ézseaction. The
catal yst was renoved by filtr&tior abd|the remaining

sol uti on was congengxat ed in s ol ove

2, 5- Di net hyl- 4- ( pi erLEhh- g.qas a white

solid, whichggan u ' gent reactions

wi t hout furtherNpurilNicatN on; mz 205.2 (MAI).

| nt er medi ate 24l L. R

1-(tert-butoxyd%?bony|(ngihyl)anino)cyclop@@panecarbox

yli Cwﬁuﬂai% o PR gaoall d R Esofj]( 14 fh-léootﬁlerg' grlel'{}lcliegggn ol halo, C;.

1- (tert-but oxycar bonyl am no) cycl opr opanecar oxfilg
¢ ARYIOC ( 2OReRY, hdloGubarhited 0, DMy, CRarvldr WanOgddeshdiain R® is C .

120 , 3.0 mol) at 0 C. The resulting m xture was
cdkyly#¥d at OC for 10 nin. before the addition of M

(56 2 Q4 1) o2 ' : med up to

Foonk By N UFe L Mp e g LORRMEDIRC R

d0038juin awithitricotbodRnirithe inasntaadedvided ©cdrhgoumidiof oemula

and the solution was extracted with EtOAc (3 x 10 ni).
B¥he conbi ned organi c |l ayers were concentrated and the

resi due was dissolved in MeOH (3 m) with NaOH (3 N

ImL). This nixture was stirred at 80 C f&x_1 hr and

cool ed down to room tenperature. fRbe r £sol ut i on

was purified directlﬁ1on preparatilve

=

provi de HN—N
cl opr opanecar boxy

N
1-(tertbutgg%gsﬁ?;yyggléra I)amlS!m
lic acid. ni N 7 I'rter nedi ate 25

N
ES
5a

(R)-2-bronopropananyde Br .rINH2 Q. Step 1:
(R) - 2- br onopr opanoygs chl ori d&* [ 0115] Undgz

nitrogen, to the solution of (R)-2-bronopropanoic acid
(5. Oorgy, ta@Rm@Btherel) in 100 nlL of DCM was added t hi onyl

chlorjde (5ol A 04 ). and of

c ooty ST et a o indboue e fo- S et i
alkSAPBAIBLMHRitAUE (N Aiklyl, cid GANCHOL [RY RRerkiA RFS U0, alkhe

resul ting crude product was directly used in next step

wi t houwndf4irarh€H puri fi cation. Step 2:

(R) -2 RQIOR, g de [0116] (R)-2-bronopropanoyl

chId%T%e mégbggguﬁgladded to a 37% ammoni a hydr oxi de

wat er® 86, t,isarkytogticadlly ouGutdhwith @alotandfor Wadroryll QuEs;
warmto roomtenperature an

to and was stirred for 2 h, .
-(GRep Mo d bR 2 SHER I Rler-e hgieitht it adCR A (i CRolot R tRe ¢

ani t7r r§pdr d 0 0 at ed

R B B S R D G AR P AL 2
1104 @)-NRK "atle-(26)-NER| CR,) pINRRY; N-TEOMYC R o PEENORR®, -1.-
&g 7] (R)-2-bronopropanoyl chloride was slow y added
S *met hyl am ne wat er sol ution cooled to 0OC. The
1-S@HL-(OR, AR boyBdidaPseRYdD (- TORRI4 BNP®S,at Hhgaand
was stirred fof 2 h. The product was extracted wth

Et OAc and the collected organic extracts were dried
(Na2504) and concentrated in vacuo to afford

(R) - 2- br ono- Nret hyl pr opanani de. | nternediate 27
1-(tert-butoxycarbonyl (et hyl)am no)cycl opr opanecar boxy
lic acid NHQci3c)c Step 6 Ethyl 1-(tert

but oxycar bonyl (et hyl ) am no) cycl opr opanecar boxyl at e
[0118] Under nitrogen, to the solution of

1- (tertbut oxycarbonyl am no) cycl opr opanecar boxylic acid

S NN A ~

Z)



Step 2:
1-(tert-butoxycarbonyl (et hyl)am no)cycl obut anecar boxyl
WO eo1a00s55 [ 0121] The crude product from St epPdT/MER09/048428
di ssolved in EtOH (4.0 nL) and water (1.0 nmL). LiOH
(164.0 ng, 4.0 mmol ) was added to the reaction. The
reagty on was heafq1edq1atR1f200 in a gigrLowave reactFpr Ff1@rR15
10 1The r eact S BON in vacuo, R16
gt Ride Joned' betdween and;5§1vaj/er eN
wat r Layer "wis neﬁtgrﬁhl zed with 4Miaq. HCL jR pHdis g
and t hen extrgcted with EtOAc. The combi nedcprganic
extf3cts were dried (bNa2504), and & ncentrated in (d)
vacuo to afford 1- (tertbut oxycar bonyl (et hyl)am no)

cycl olut I|c a»y:l D§(§ € 2 8a,

1- (t]grt1S @ug ca‘?( 6‘?}9I tqifﬁl)ﬁaﬁfyﬁe %I%@?é{%e’car boxy

I i ¢ REiPCpcakdPNindt ep 1: Met hyl

-(tert-bu y n hyl ) gm no) cycl obut anecar boxy|

B Rl e R (P B AT R Y o) oot e oY

car bonyl am no) cycl obut anecar boxyl i c

de%mgém(ﬁd“’tﬁ) 250 ol ) im 4 L of DVE was added NaH

([863910 Im@hotier Aspaanthe tsddCGinvAid@r provided 4 Benp&ind3P Formula

mn., iodonmethane (0.62 nL, 10.0 mmol) was added to
4he reactl on. The reaction was warnmed to room

tenperature gradually and stirred overnight. The

reaction mxture was oned en Et OAc and
wat er. The co I Ne org n| ts dri ed
(Na2504) , nc a ford crude
nmet hyl 1- (tert b oxymar bdnyl eJ hy no)

cycl obut anecar boxyl at Step 2'
1-(tert-but oxycarbon (rret hyl )gm no) cycl obﬁl) anecar boxy
lic @Gigh s1oldg%ﬂil]ac£@ﬁab¢déaﬁ&hé}é@fdum fromStep 1 was
di ssol ved in MO .0 nm) and water (1.0 mL). LiCH
( 164wkerpig, X B, mnmnyyh@\ésé ragigeered beterpeyelwadng eomtaining 1-3
hei%gﬁgﬁlg rs]ellgagd Pr%%t ﬁdo%hd §29n% (5 ‘[10?211'1.n é:ué)gm\[/e% orneaas(’ilﬁ:)gtltafa%{e
mn. € reaction was’co
ridgh@risdnielizh VRS amBttany |s@md1thxﬁé viagnitki@AbyRId water. The
wat er, | ayer was neutralized with 4N aq. HCl to pH 4,
and Rhéhal®xtracted with EtOAc. The combined or gani ¢
ext rgc ied (Na2SO4), and concentrated in
vaculg %1%1%“? %!hlﬁ(t ert - but oxycar bonyl (et hyl ) ani no)
CyCIR) ﬂlah)ehﬁl'rbmydyﬂ callyl 611 Gidkb;e;r, el saubetit8@d C;.¢ alkyl, halo-

uﬁ Hgﬁ &ﬁpam de Under nitrogen, to a
BtFtHiﬂ O3YHPERBBUEH Od ’CI d (2.0 g, 12.0 nmol) in
DCM 1 5Q Hﬂ@ Galky@ @%@ﬂ&nﬁ%l@@allﬁhgﬂ eaqtct%ﬁlm aay |be

chl ori de (
optieaeliy mbsm@dawﬂohvéd ancil:{omlasrdwxsd ropm {@Rp)m(ﬂi ur(@%hd

rred overni.g re t
S SRR R MRS SR TR I
(dl@%NHICRprOW% aqueous anmoni a hydr oxi de was added
slowy. The geaction was, allowed to warmto room
(Ghe BtCHOREAS OMER 31OR 5 QB CR - NBR o) b-Ra)p- OR’, L-
extraction with EtOAc. The conbined organic extracts
Wwere dried (I\IaZSO4) and concentrated in vacuo to

La@t@)er l—b)(@prNRR araiti(de-NR-NCRs)pH R -€ -CID)NR(CR2),0R’,
2P TRL OV Bt anam e, o IR TkaE ) s@ror

T o B T N R R RIS Ioa|5| n

Is$(CDNﬂR(GIh£p®Eact| on was allowed to warmto room

t enper at ur g. was st . ver act

i e R niserios Rtlouler o SEu iy @haR: ESor

OC. Thirty (30) nL of 40% net hyl am ne wat er sol ut| on
was added slowy. The reacti®on was allowed to warmto
roomtenperature and was stirred for 2 h foll owed by

extraction with EtOAc. The conbined organic extracts
wer e dr| ed (Na2804) and concentr at ed |n vacuo to

Y B .. - ~




5-chl oro- N2- (2-fl uor o- 5- met hy1- 4- (pi peri di n-4-yl ) pheny
1) - Nd- (5- net hyl - 1H pyrazol -
wa@20pb)pmess m di ne- 2, 4-di ami ne (2) HN-N ' N N RCTMUBHH09/048428
[0130] A mi xture of
2, 5-di chl oro-N-(5-net hyl - 1H pyr azol - 3-y1) pyri m di n- 4-

am I nt er medi @t ey 12, R1f32 0. 1rgm)I ) and Rtt g12 R'®
t er AC 4- (4- a no- uuor - l{l R16
gmst enyl~ -I - carboxy e ?(I nt e.S{‘re,dLat €
19, € O 54 14| n 2- propanek (15 niL \vvas 13 R“‘
t reat e VVI t h gonc. aqueous HC1 (14 rops) e(jn xt ure
deal ed and heatdt)in a mcr owald at 130 C for 60d)

m'n The m xture was concentr at ed to afford

1) <N (SRS NG T ORI LT Lo Rt OB Ui e

as y[elll RW RE| RE, RAR pAR'? &R iRdepbh®nell UdectBd BHCH; VRSalkoxy;
purifi ed wt preparat| ve RP-HPLC to afford

Cs-adhl oy oe-allgenybort (Ew]]@m{yl each of which may be optionally substituted
pi_pe |d| n- an 1@5 tshyls- 1H-pyr
Wﬂﬁhgxyﬁrym)%ﬂrﬁé %1 gio é‘pgmaﬁé)Ra?& ({Tge ﬁé(oll S §5
andl Rz k&R 'L afdWR ¥ thethdvdtipthe stodnsab @vidch they are attached may form a
éS) 3- (5-chloro-2-(2-fluoro-5-nethyl-4-(1-nmethyl pi per|
inprahefed) saHEAe s HEYatgsh QT e Ly - w%nalﬁﬁdrm)ga@@&amn&

5
hef%)ggtgr_ne g@lg%tf:% frgm N, ((3 aﬁi goarlrbd %ptlonalfl%l ubj-tl?lied Wlﬂh())fop?ngelr I3 R
grdupy; 4- yl ) phenyl am no) pyri m di n-4-yl am no) azepan- 2- one
(11
()- SL(SSQC&%PldPBa%O’@% f1 uor o- 5- met hy1- 4- (1- net hyl pi peri d
i n- 4y 1&@%»}3@&9@/& I"&HQ%R}’G b ByHiRas- W ARBeRAHERARTA-RRe10
was synt S|ze e same series of procedures’ as
mejmberei betdrdcmd@aamg; eachlof witich isziptignallt smbstisdied tva the] -2 iRd
Internediate 19. Chiral separation of the racemc
&R ur e was conducted with normal phase HPLC using
Chi rrl, R&AKNARSCHE umagémbmgy thealkol bgg\am.éh;ﬂ@k ¥eRhhlkynyl, each
syst em hexanes (80% i Pr nodi fied wth

OfOth% Diag bR pPaeRahly sulrtisutedyithialch ua@en% REdOK Pras cypreakSR2) Y
[ ed . separately:
Or\@)ﬁ%ggg i olgglsz (2-f1 uor o- 5- met hy1- 4-
( 1- retch Rl ipinepédiend ¢Hlydr)heamyii:am no) pyri m di n-4-yl am n
0) azepan- 2-one and

-3-
( 5- chied B- sogether W&B&%%IBQ%N%E Ry formet hl IpsrpReFG iR 4-

0
con a)uﬁﬁg 1%2?%& n?[))ﬂ% gliil@‘%tg% ﬁo@ﬁ{?ﬁ@ﬁeh@; ?’)réllraﬂye Fﬁb‘%nm@&f With
xmaﬂdlCRR monp6 mn.) and the |ater eluting peak (RT
10. 17 n.) were arbitrarily assigned as the (S) and
(R Bi% ¥ oner , respectively. Exanple 5
5- Chl @rio3.N2- (4- (14(3, 5-di net hyl i soxazol -4-yl ) methyl)p
peri di n-4-y1)-2-fl uor o- 5- nethylphenyl) N4- (5
-nenhyﬂringyrazol 3-y1) pyri m di ne-2, 4-di an ne (19)
0132% 2 a mxture of
5- chi ro 'N2- (2-fl uoro-5-net hyl-4- (pi peridin-4-yl)pheny
1[1)040] In yet another aspect, the invention provides compounds of Formula (5):
N4- (5- et hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne
(0.122 mmol ) and triethylamne (83 uL, 0.6 nmmol) in DM
(1.5 nm), was added 4-(chl oronethyl)-3, 5-
di met hyl i soxazole (35 ng, 0.24 mmol ). The m xture was
stirred at roomtenperature for 3 hours. The reaction
was filtered and the filtrate was purified by
preparative RPHPLC to afford
5- Chl oro- N2- (4- (1-((3,5-di met hyli soxazol -4-yl)methyl)p
i peridin-4- yl1)-2-fluoro-5-nethyl phenyl)-N4- (5
-met hyl- 1H pyrazol - 3-y1) pyri m di ne- 2, 4-di am ne as a
white solid. 1H NWVR (400 MH8 MeOD-d4) 8.12 (s, 1H)
7.75 (d, 1H), 7.03 (s, 1H), 6.27 (s, 1H), 4.25 (s,
2H), 3.69-3.67 (m 2H), 3.27-3.20 (m 3H), 2.54 (s,
3H), 2.37 (s 3H), 2.34 (s 3H), 2.30 (s, 3H

"~ AN oA ~ - AT N ™ r~A oM~ 1 N - A N ~



HN- N IN---*L NN H [0134] The m xture of
5-chl or o- N2- (2-f | uor o- 5- et hy1- 4- (pi peri di n-4-yl ) pheny

W 2610/002655 PCT/US2009/048428
N4- (5- et hyl - 1H pyr azol - 3- yI)p i m di ne-2, 4-di am ne
(0.122 mol ), 3-brono-1,1, 1- | uor opr opane (85.0 uL,
0. 60 mmol ) and triR&{h mne O uL, 0.60 mmol) in
2 mL of DMF was stirfled ernlght |The reaction
m xture was purgfied by epar t v RP-HPLC to afford
50h|oro|\|2(2f| roﬂ 3, 3, 3-
trlfluoropropyl)pl erldln 4J I)pherﬂj'%)n
N4- (5- net hyl- 1H py azoI pyrl ni di né2) 4- di ani ne.

ESMS mz 512.2 (M + H). Exanple8
3 (40r( é/glgl'ogmag%Qcéép{aﬁle'@ftp%re%ﬁ pyrazol - 3-yl am no) pyr
2 nethylphenyl)plper|d|n l-y1)-1,1,1- trlfluoropréban 2
Tgl \(/ﬁ&%m )QSB%‘- “HiMientBerddhdNebt yclic Tﬁ%‘t%ﬁhﬂ'ﬂ'NR '[‘(N-ﬁm Oor
e mxture o
S Wéﬁpﬁ@@lwuk@mﬂm@@@@ 153 ReQFYEDS4- ( pi per i di n-4-yl ) pheny

N (SRS RO SIS RS 0K ar e
(50.R° i’gyn O@tldl?allmﬁbétltﬂﬁdi 52 m(aﬂnbdarfsh hé)treﬁnieﬂ oy B)bmemaéled
was stirre

h%«ve%ﬁ‘ﬂl@ fing. @Pﬁ]é hﬁ@a%tl %lpﬁt?ﬁO%pmSée%@d B N Qde;$ and
ord 3-(4- (4- (5-chloro-4-
p?ir()ﬁgr@ﬁ}b Ht%ﬁapyl'rdggg Kg% éllHfim no) p§/r| m( di n( 2-
yl ank m1)d1542frb uuﬂepermenﬂyH C(O)R®, C'6 alkyl or halo-substituted C ¢
t hyl phenyl ) pi peridin-1-y1)-1,1,1-trifl uoropropan-2-o
kYL ESVE 2 528 2 (M +1-1). Exanple 9
2- (4R-‘( Ard(@é;m&re etﬂl'eﬁ@y (T‘?E £11€}1 & preRd ok €3; Mk AWNQLRY!

i mdin-2-ylam no
Wmcmahwem@nwyymub@trtu@d nvn_hl}aig aunan lmbéqumgroups MR and

R r‘]‘fdglP%“dﬁngElFi’W%S’éyo hégnse%%%m&%ﬂ%} B ol afld i J1- hy
CROGR )R OR’, O(CRy),-OR’, NR(R"), CR(R")NRR’, (CRy, GNR(CRz)pOR

t hyl 1H- I d
<c(1b>@w”§3p%cm g Tyé@f)f’{gmamymfé R eb Tt (603 Gwomit

7 24
C%§ﬁ )Tﬁ?j%qmtwﬁre \Ag ég?l r rg?%ﬁ%?k?”b?@ %&]{"%Pg)f or
C@)Nweagpsmé G(@alﬁR(comzmm@)me@(@sﬂﬂénwmamwI trate

r|f arative RP, HPLC to give 2-

5@21‘{15 C(%ﬁpé‘{ﬁ@rﬁ%s 2R {2 2:QRE: 'pyrazol - 3-yl ani no) pyr| m
i di p Y
pi pgl}(lzl %FP & acet gyn&gg cgsng‘%v{ﬂM%l E‘?d(i)ﬁ]dlf .thh "R (400
opﬂdnaHMIDW)ed@&ﬂilﬂal(),sa,mlmb-l)hyd?oleﬁ of dkdHy), -(CROOCNAC(QHY],,

CRIGE R (gReh0 {OR S ARRD, CalRRERE Y. 2506019, gecRo),
RZZ(Cthgl )Y I\gbé)erESﬂyBc@j)mﬁB R Wb)@olI -ARR")-Braplie (1O)-NR-
or o- | uor o- 5- met’hy1- 4-"(1- ( 2- (et hyl sul f onyf

(CRethYRR; pe@qcaNaa.(@Rz>pOR L0 (CRo ) NRCONRY L

CHRNPRI M M SR R Tho R R ot

(CTQ)meL@(Ia))R O1.-S(0),NRR’, -L.-S(0),NR(CR,),NR(R) or -I-
chl 7(2f|uor05m=,~thy14(plper|d|n4yl)pheny
S(g);NR(CRz)pO

I

zate%ttlk)gllya%gksw&@l%% ﬁe%&%ﬁ)f%gdnnﬁian(gj ébm o?r(r&)
(1 5 nm), was added nethyl vinyl sulfone (38 ng, O. 36
mol ). The m xture was stirred at roomtenperature for
1 hour. The reaction was filtered and the filtrate was
purified by preparative RP-HPLC to afford
5- Chl or o- N2- (2-f | uor o- 5- nethyl 4-(1-(2-(met hyl sul fonyl
) et hyl) pi peri di n-4-
yl ) phenyl) - Nd- (5- net hyl - 1FprrazoI 3-yl)pyrimdine-2,4
-diamne as a white solid. ESM5 mlz 522.1 (M + H+).
Exanmpl e 11
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[0138] To a m xture of
5-chl or o- N2- (2-f | uor o- 5- et hy1- 4- (pi peri di n-4-yl ) pheny

WA 2610/002655 PCT/US2009/048428

N4- (5- et hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne
(O 12 nnDI) and triethylamne (50 uL, 0.36 mmol) in

1. b mas added net hanesul fonyl chl ori de (1§ﬂ1lqm R!5
The m xtyie was stirreNat room l
;§ N?fb 2 h 9@ r eact RiTilteledldan
{ Le was pu i i ¢ by prepdr at | RP- H ES\ M
g 2 \ "~ R™R
5- Ior hQ (2-fluoro-5- hﬁﬁhyl 4-(1- (QgﬁhylsulF%n§1)p|(d)

per |d|n yl)phenyl)
N4- (5- et hyl - pyrazol - 3-yl) yr|n1d|ne-2,4-d|an1ne as
a whivh@cia@ 't d{u E[S’%//,ERW R154194R2 z(rMmldebl}ndenEy @&T@it&i &@m H or
Et hyl 4- (4-(5-chlo

Cqol allédﬁaqﬁ lﬁ(@&)(ypcg,f, qﬂ}wqyl ﬁr (2'32 Wlli}’ﬁ%tﬂagg Qf WBIC% may be optionally

Sufbhﬂﬁl{e%vﬁlﬂw ﬁhﬁ,ﬂ_@ oY lk))d%%)@? gl:lggj eor%l 1§(1$ %FCER)(;?/ i{azt a‘:fld(}@GS)R15 and

RS; RHlaod &' \2r R £nduRT codsthe tvith Theledrporperd/ i mir deep by phetoy

Wh%h ey gt #Achadmgy foybt 33 e RRSrPY Mthaled: Bsatptegpheartially

u&@tuﬂa@ed‘ﬁ@é %ptﬁﬁglﬂf Ed)rﬁﬁlmﬂgafﬂ tB% AGHs Hﬂ—gro@p@s@lé&@ﬂl f}orh T(0), N,
DMF (1 eth chl or of or mat e

O@HQSGﬂhni) The n1xture mas stirred at room
rat ur g2 hours. The reaction was filtered and

the |I§ba s purified by preparative RP-HPLC to

gi ver, &t R,),, or a bond;

4- (4-(5-chl oro-4- (5 met hy1l- 1H pyrazol - 3-yl am no) pyri m

di n-BiyCansaipycyslic fingidreoe 2yt By Fhaapbyis heter e yler 4110

t
BRSSO SR
erbuR8 (s, 1FD 4.30-4.26 (m 2H), 4.14 (q, 2H

2. 99- 2 96 3H), 2.33 (s, 3%%% 2.29 (s 3%%,

1.8-% azrﬁll’crﬁre pdepengdegiy Ci.e kYl frp-s glikgnyl pr Ogs glicynydygach of
wﬁ% o%?gn%g‘%%ht{lﬂ)&i ﬁf@{aﬁg’% l%m’kéo héih(o%ylo §Igcyano; (CR2),Y or
CmmmeMRmmmnm 5-fl uoro- 2-

th N- di et hyl di | - b d
(69 bR R En R T 10740 To A mixtare o
5- chhq§ 94N2- (2- f | uor o- 5- met hy1- 4- (pi peri di n-4-y1) pheny

N4- (Bisntedshyl - 1H pyrazol - 3-yl ) pyri nmi di ne- 2, 4-di ani ne

(O 12. qhgﬁﬁ>and triethylamne (83 uL, 0.6 nmol) in DM
g added di net hyl carbam ¢ chloride (39 ny,

O 3G]ﬂﬂph) The m xture was stirred at room

[ﬂgferature for 1 hour. The reaction was filtered and

t

Klj I thapbovgalorpld ) cxamples & iy memberefbe ey g 5-7
e Thteioryils s 8 sevmy Rl Byt BB B m

pyﬁiﬂolhﬂZth}dp&Bmyi@yrﬁmdmyl isoxazolyl, pyridyl, azepan-2-onyl, 2H-thipyran,
| uor o- 2- met hyl pheny1) - N N—dlnethylplperldlne 1- car box
3%&11@&3@54% tlmwfaél hrhrothegyeng H-ppgan, Hepyran. ) |

Wp@ra&‘l 1 lsl&ﬁ]ie,( 1“:2 d(tﬁuﬁ: hll ?ﬁﬁ’hlﬁne (155 &%lﬁly |1 3 !ﬂ’[hlané’ Nag

rimdin-2- "yl am no) - 5-

dlmnmel hyihtptaeﬂ,yll X{ﬂlplelm HB{d—ld&any,]l),?a -gioxin, 1 3 dloxane 1,4-dioxin, 1,4-

di da{age[glg rlezilgﬁ] Z)I-et n Eoég iane, ml-ll,\lg—lol)\clat_hiih,' B,S—%‘)](a%thlane,l\lA
ox%lﬁllﬁl o1 Qsxhridnd; iﬂlll%—ﬂnéﬂﬁ@ Eé’ﬂﬂéﬂly&lm( P2-RaRAiAE PTA VI HRheanry

N4- (5- et hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne
(0.122 mmol ) and triethylamne (50 uL, 0.36 mml) in
DMF (1.5 nL) was added 2- (i net hyl am no) acetyl
chloride (38 ng, 0.24 mmol ). The m xture was stirred
at roomtenperature for 1 hour. The reaction was
filtered and the filtrate was purified by preparative

~Es O N N 2

R16



1-(4-(4- (5-chloro-4- (5-nethyl- 1Hp yraz ol -3-
yl am no) pyri m di n-2- yl am no)-5-fl uoro-

wQ20mssphenyl ) pi peri din-1- y1)-2- PCT/US2009/048428
(4- et hyl pi perazi n-1-yl ) et hanone (105) HN-N CIN NN
H [0142] To the solution of

4PBIC$Hﬂdazin¢xI:_53 ézlilf}idm)ﬂH tBiagiehdtl-14 d{thiapiee. telicahydro- 1, 4-thiazine,

2y BT T PR DY BN AR A S o fuhe
4184 dedx 27 6d) nrpRgeyiioRhQ), heel, 023ufhiw, 1,0 328t ) 3amd
trlethylan1ne %67 0 uL, 0.48 mpl equentlally The

triphdanet hovahygrs-1s3.i - wiaginas tewrdfoidrothie atetrelydrofuran, Ryt plge.
R R RN L

imidazdBdipe,odRdioxolthe, 2Cd1bbdﬁamsr, QQl-.mbeB,SI, BiKechlmet BH-1,2-

1- nethé(flpera2|ne &1 mmol) in 3 nL of
dighigte.dnd-dithéolpncad SrdHiolas! %ﬁithw&aleo%%w » Is9Kabigic,
oxta%ml%r @iali()ffdl %h[%a&ﬁﬂl%t ﬂhfﬁ% Ujﬁ lm@%x%{dlé lﬂopa}fhlolane

preparative A to af
5H.—-1 (24ex(athi(ls; tBlcanticle,(153- nmthlpllanéj—lt py3-aibiole3,2, 3-trithiolane,

I di n- 2- - 5- h
LR 21 S S o g st o séxa%ﬁ’me
anBEIVB 3044, Rfne3 (M + H). Exanple 16

Azetidin-3-yl(4-(4-(5-chloro-4-(5-methyl-1H pyrazol -

VD843 1n &) gagh iofiitgi apoge formula, any asymmetric carbon atoms may be

PriRE 5 N R SRR LB P g tﬁ%iﬂ%g‘e%

as@hixtures of isomers or as pure isomers, for example, as pure enantiomers or
5-chl oro- N2- (2-fl uor o- 5- nethyl 4- |per|d|n 4-yl| ) pheny
digsfereomers. The invention further encompasses poss1ble tautomers of the inventive

COF% &gdymthyl 1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne
nol ), diisopropyl ethylam ne (50 uL, 0.36 nmol)

8[0043']|A:Ndy ([{&nuty given héretmivla)soiifehddd 16 Tepfresth) uniail@ddads as
-(tert-butoxycarhonyl)azeti di ne-3-carboxylic acid (29
W%as leot@alcwafele%qu o thergompyuads. lsgapice) P@F@F@nmnds
ne e D0 EO B Mg B e A ERS b e s
aratep&@edtbﬁ on a®@h haminglheclentod atpmiovagssfar intass edmberdExamples of

urifjed b aratve RP-HPL l.ve
st b g b SRR S Fp gy 5 Wgemwtlawwdsz%ﬂwnss of
hykGEh N hfﬁo%bﬁ‘ 03( en hosphorous fluorine, and chlorine, such as *H,

ylan1no) | yor ylph yl) pi peridin-1-y1)nethan
ToNE, é@v&ﬁté\lggﬂu 8. ”EHSNN?C %DGMQZUVWBOD d4) 8 8.08

@9@(&‘] Hﬁ‘h% glvg%l&&]ig‘fl%d S \éaglo?fg' és%gd(p}ﬁar% "l_ﬁbeleﬁ CQ&_pguacgs') d(s r%efmed
heddib),, foﬂe)ﬂahlgplér 1B%e (b vﬂlﬁl)h radio&divd iédto tmsu&}lrﬁts IB.'25 and ' 24,

(m 07-3.04 (m H),287280 ,233
arg grese\nq) Suc@ 1%0];(1§allyjp.])elle§ cgppeuigls aggpyse n rrgpta@ghq_ stggies

T MU G o ST

de&X:tld@ OBHﬁd'ghwb})rﬁqmr dudh as ﬁesuron emission tomography (PET) or
phenyl) - Nd- (5- et hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2,
Sm&!ﬁ ah‘i’tﬁ% efnisgion Con@rqudnongr SPEQJT)NP?IBdlﬂg grug or[ss&m}e
tis$& distribution assays, or in radloactlve treatment of patients, In other examples, an
5-chl oro- N2- (2-fl uoro-5-net hyl -4-(pi peridin-4-yl)pheny
18]3.))1: Melédi eompound may be used for PET or SPECT studies. Isotoplc variations
|n1d|ne 2,4-di am

oféh %n 51? %qr,lv%zé %Wtflél%? })an%g C%]aa(élald S metagohc I?E’J.‘[e a{}%/or
crédi é}ﬁﬁlﬁﬂﬁmée@mqi ?MQ&I%T@&rtlﬁs@h%héjﬁycﬁéﬁldﬁﬂ:lt yOantite like.

nmmol ). The resulfing mxture was then heatéd to 130 C
for 2 hr.. After cooling down to roomtenperature, the
m xture mas concentrated and purified by preparative
RP-HPLC t o provide 21
5-chl oro- N2- (2-fl uoro-5-met hyl -4-(1-(tetrahydro-1, 1-d
oxi do- 3-
thlenyl)plperldln 4- yl)phenyl) N4- (5- nethyl 1FprrazoI

e~ A~



nmmol) in acetonitrile (1 n.) was added Cs2CC3 (47 ng,

0.15 mmol ) and 4- i odotetrahydro-2Hthiopyran (48 ny,
w@2@8/00%63 ). This m xture was then stirred at BOI/C0S1009/048428

16 hr. After cooling down to roomtenperature, the

m xture was treated with saturated aqueous NHACL
IS@oplgtvananqrts afso)haze thegwotansigh tednhirtch eHi@Ay afBsadetyl onhadee

i.ned d ntrated. Th
TN iR A
pr6 e Qﬂic‘u@e B MR Ghi2/6iL decds B tNHB M At R nVTQVAcE®e or toxic

-chl or o-

mgtab@itef. rié(tthgflstalm laheled eqmpanpdp of it inMesispraad predypgsgherept

caiﬁgelﬂe);“l:l%ﬁ grle?%%%l}ay §arr§ E % out the forﬁ:gdlgesé‘r(-ha?lgsrﬁd A tlg,sscgemes or
in\thy dx@npidsiadd pE@hﬁtlm‘nZ déi;ﬂ:ﬁbéli lﬁeMbW‘ biAkubstitfthkdGtadbtyepadable

R
isegeiﬁqﬂbﬂabfﬂed (et dpirtyisolppically tabeled igagent 21 t hi opyr a

?4 I]pg} fl:agh of t 1e ﬂbo e]feorgr)}lﬂ Rﬁ:h Oé)tlonal slu:bitﬁ_utedrnéozl%ﬁy néa
sup qﬂyutlemv\dthr(él &lléd,dfﬁgmlktay( dlng”@,lkyn@B 5a¢h’mﬂ \)fhlb]m n@yidel 2

ortiedT bl e B 6 o iaralk ke A Rash gt A B seRar g and

su?mtﬁt@e Uifhx, SO Doofiiioh aelraAYRR RN SGIULEOMCy

mL) was then added and the crude product extract ed
Cofi ek Gy L Ralk 8l) MBgriamind hgmidiond i nedkaiyghydrexylayer s

ncent ate ur.i fi b reparatjve.thin
By G Bone Bt Spng reitoasl Gur M E5 oM R D o
al lédﬂb I, fiu‘l)faﬁfog}/ |c &ho, 0x0, nitro, or an optionally substituted carbocyclic
-chl oro- N2 dlneth 1- 4- (1 (tetrahydro-1, 1-
ring;, bs@ﬁ@éyczmmlrﬁ 8py pahetﬂmyny} ppPiseioudlysescripey pheny 1) - Na- (
5-net hyl - 1H pyrazol - 3- yl ) pyri mdi ne-2, 4-di am ne. ESMS
niz 544. 2 M+ H). Exanple 19
&) - 5- nethyl

I.oxi do- etan .
Jﬁ?iqﬁenyiforﬁﬂou(ngs o% P]ﬁ 1]|’1Veil PFIJ )Q}Irlcg glg r p@ a)ceutlcal &cceé)tai)le
satt€léxeihin @al( 8 pharfabblb gﬂcﬁl ;ﬁblab“rhesﬁvheﬁm teﬁe(@n{ Q&4 7 cbfree

5-chl oro- N2- (2-f | uor o- 5- net pi peridin-4-yl)pheny
kinase ggsaysand in cellular assays, and are therefore useful as pharmaceuticals.

33@‘%' SRR St i oL R GG oEh BIRER i 1D
grw - cox raeptod by F-0RD 28d mayl be seful oviae tlbgttm'EEA)f([(ErgR
ture was stirred at roomtenperatur

e resultin
megﬁlw% dispasgh %%Iﬁesc%frié?@nflﬁ gredyeddigeas ety traé%mfdgmted

g?@hf@ﬂdﬁbé Eh@tgaspsy sﬁ’d'hea[ﬁﬁﬁbfsvﬁ)r%?arhﬁle@reagt Pérfa}/ CE) tate
| or o- N2- [ 'uor o- 5- net xi do-'3

cobitreaiyll dhyrpé, rovdnmn Lagdreph eﬂyﬂzl)al lung uterme and gastro 1ntest1na1
razol dlan1ne
R B0 P e b o R TSl S o
thd in¥éntiSh asliibitdrs ®F IGFa Rlihosirf Idask %etnl:g) mayb@mdéhstdted
(m 2H), 4.12-4.07 (m 2H), 3.22-3.18 (m 1H),
usmegaechlulp cgpipre IS A2 Ig ghip agy.(thg ackivyty tlgzco@g)ougql&) of the

in\%:e'é]%}'én (asa’un Z‘%FFZ% md_]zlce_(f ut(%(ﬂo n%}r@rylﬂéor? %f t:f'le ?éF (llﬁ 1s4d'_Qerm1ned

0048]0 [IQaINZhE(I‘ ﬁsﬁel;t {1 @inhpdupyly binthdinvertiod py Rihicihe tfroyine
1) - 2-fl uoro-5- et hyl phenyl)

kipgse aeli st QfWFlalllPﬁtWV@?B@m% kwayep(yﬁirlﬁi didribe fusipngpratginyed NPM-
A]f,%d'i%]\ telrr %re)?%nlerknll\gse resHis frgmzl\gne DNidh O Ihllél&)phosmm
(I\EPM)‘drﬂrmLKere(l@eﬂﬂguhe prdfeimetrhyide Kingg qearitgdbhALKYligapbdeny

lnﬁ@vﬁ{l@@nﬁwﬁ%—% Py 82 KFY EIG/Am signal HRRTHESI N WU ch et
(0.20 mmol ) and triethylamne (83 uL, 0.6 nmmol) in DM
(1.5 nmL), was added 2-chl orz® 5- ethyl pyrimdine (27
ng, 0.20 nmol). The mi xture was heated in a mcrowave
at 120 C for 10 min. The reaction was filtered and the
filtrate was purified by preparative RP-HPLC to afford



[0152] Step 4: A solution of
4-(4-(5-chl oro-4-(5-net hyl - 1H pyrazol - 3-
wQ b@awiomsypyri m di n- 2- yl am no) - 2, 5- di met hyl phenpd¥/us2009048428
met hoxybenzyl ) pi peridin-2- one(45 ng) in TFA (0.5 nL)
was heated to 100 C for 24 hr. After cooling down to
hem@rpoeecnm ethenrfeymanhellsricatng ¢o hermatobrrorhandnaglaanddiseases,

rof ey €t e R Rt 2l eh e L DL UrsE by 1 i

lyshpRord f?o fy e neeikhy B8RRI Sini {1 fin
R b 5 (M ) EXatpl o 2 1 e AORe

mgoigtiphlpBicNgmEDs. (&MJ@ ﬂgg nel{rqblnfé@m?r pilpesiar ¢tral 12001 Yargogene
20'%{3%30 ? é)g]ﬁ t ﬂ}/l}c}éf;% éjb}lflydééﬂﬁm)tger n%e_nﬁ ,ﬁj-s-l%l}sahr%vﬁ gee(nllgelstlﬁed in

huGlaN HenfalN)lbglNi'ﬂ and neopladtid Ux3hseSt fop edample, BPMB- IOV fision of

reacti on tube was added 4-bronp-2-fl uoro-5-
nopgs¢le FOPoRELHY M@ i he (256 ng, 1.0 mmol)

ORI DAL RAGRBne iR R EPR) Fonf St Belsing
krﬂiwntmethects’u for bk@hpK'usbie-the relcembmamylhbasp hlempin &-the ALK in

o iaF YO B R WO es teb el an [ bpd ehl ey B 60

21988985 e bl iivtid Ayl ben RS TDRBKS okt

in a mcrowave reactor The m xture )
tywametklttme pypeddrmed o %awelt ala@d aNHcfrllEr bigdmgussayoh @b inor Tris

Gk guir &5y SyRiSHEER o Mg daBvudhESR PR S v
PPeSTHUBNBSTRUS [if/Addpdly ( Gluagi&z@ql)p E‘hf(gizﬁiaqgoaw)yl %

(SI i ca gel, gradient C12 10O provi de
DMLSQ), 46 m@_AqLK enzyme Assays are incubated for 10 min at amblent temperature.

t t
AR Y B TR B A,
is Bansferral oty b M AIFOMultiscreen plate (Millipore, Bedford, MA, USA),
2-fluoro- 4Hé4 nmet h Ip| erazin-| - g 1)-5- )
pr%ww&ly wet g mt/hla)na iapg ff'élY@@vedrf@r in 3vithoklfp.) Felipyving
B S TP, PR o A gl sl soupies [Cr
values @‘d c(a]cuﬂmed b\ﬁhﬂ@d dexaleskiCh a(lél@ﬁls lof_theépl&rqentage ombdrnedn.

o I R S R R et i o]f%uman
NPVXA BKEWRS phek 8 Btk BAFS 31K @97 NRdEERe 941HS!

solution (5 m_) and extracted with Et0Ac (3 X 5m_)
Mﬂkhieorea@anemuméﬁér@ltw@mbﬁbﬁnwnahdThﬁmqmﬂsroatOé@JPMhoeLK

i Reiafaby Bk ieeRY BB PN it et

p@h&/M QPro':ﬁlf%h'(er ; M2d{sdn W, USA) codmé for NPM-ALK and subsequent
fluoro-4 ylplperazm (trifluoronethyl)p

seleehg gL <|i|4118( wsiganhells 1 Neyrt@zléﬁectsd;ﬁaf éyﬁlﬂsfﬁle@r%ﬁ%om g3 épa%ll

Subg%lZ lﬁfg@?‘%g W tlﬁ“ 'ﬁ Milf-rl? %%/nrgalg%%n% I(lga%leﬁi o] apF )? ri NPMdf%L

hereiha&terNeh Iﬁelﬁﬂeﬂwe’ - tHe absence of IL-3 because they obtain proliferative

si grngig%%)upg%e]ﬁ# nge l 1If1ajsle nPu]‘EatyV]e 1&21%?[8}2 a(l)rfnthqe,engM A%‘K kinase

th%r)efel?e AW AN g%o&lltﬂjﬁ b énc'l.rﬁ{agnfesuﬁ i thﬂﬁf)hfehﬂwé 'an‘)lBh efhé
anNgeo(ierattdadivitiHo pyutadal inBibytbspy theNBMIALK Kinglicaan hewever

L T T A e R A A Y

mol) in 2 nL of DM was heated at 150C in a m crowave
reactor for 30 mm The reaction mxture was directly
purified by preparative RP-HPLC to afford (S)-2-(4-(4-
(5-met hyl- 1H pyrazol - 3-yl am no) pyri m di n- 2-yl am no) - 5-
fluoro-2- nethyl phenyl) pi pe23 di n-1-y1) propanam de;
ESMS nmlz 487.2 (M + H+). Exanple 24
(S)-2-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-yl am no
) pyri m din-2-yl am no) - 5-

L 1 AN T T



met hyl phenyl ) pi peridin-1-y1)(1-

(et hyl am no) cycl opr opyl ) net hanone (169) [0158] A
WORKDAO0BSDF PCT/US2009/048428

5-chl oro- N2- (2-f | uor o- 5- et hyl - 4- (pi peri di n-4-yl ) pheny

1) -
AINA-iidspeedeny hedhdnmpr. aao landogaus wyH isydtein mein2 FA-Igdi lamdsa das also

bG8 PR 85 ATRRRGE ¢ el SP5S il B 45+ GB%Rcar boxy
i[0050q1 dhé BhilltomP actiith of IO ompdidfddbi(hS nﬂfeﬁt'ﬂon Ray be

mml ) and d||sopropylethIamne(57'IL 34 mmol) in

deferppiinedfas o wiadn gengrale Bakid- NPé\étﬁI@Iéﬁplé?(étS @ﬁ)@/rmv@ﬂtrﬁ ghate
W(?Ngearer &ﬁf’sﬁééqoe@ tgn]gé tvxlfl élemyg?&ltpegglgte% I ?&? gor\%g(gl%g lalsls:’(glg/_}? n and

difnbena SHAfoxaled DIMISO) srondént inatsetled (bf Ol)aeémratloﬂ'd'l(ehlutlon series) in
resulting crude m xture was di ssol ved

sugh g manper that theling] cangeagrational IMSQ Bdof é’featff Hlafldl %dw@a

A%%ﬁrrtﬁ? ngggtn%{; %@aﬁi %eti@&g)g%e gletax}i{ c%ﬁ%_? dﬁ’ﬁl?éj%ﬁfchvﬁﬁescontrol

cu(tﬁres letitioot @st(conmpetiny dre bblepy nadake 3wy bailivosi @y eychdsdiine 2

e BB NN ol is geporedt by gpas s naO BSOS siaigigg [T
IdbﬁFeﬁJ@apwe[mIﬁ%h@ M%oég ﬁs@ izM 258](1@@5) %{s?s7buﬂ3er

4-(5-chl oro-4- (5- hyl -1Hp vy razol am no)
coyrmrmn(glﬂﬁ) eMydodivinm oiyrage, BE 4 @ll%éi i mdelrtylcm@mge rQh. éli%wNP40

ﬁé%) Wﬁhﬁ%%\ﬁﬁﬂfﬁq}) F@Wg%ﬂ‘%ﬁgi’yp 1<§|1§Jf?n&lﬁle%$ v&lghm 230 H}{n at

ro8madinp&atird grd taf %@%t%%@?[(@%@hwho DK QY éeirided by
yl am no) pyri m di n-2-yl am noﬁ 2, 5-di net hyl phenyl ) pi perii

MeHSALeMopt ysipe ihéﬂmfbm PPt we éea(dSh@’erSFp@m mmtsfmﬁhwﬂh the

fo ﬁ\%n%%gftt&lg %&AUWW@%@?@OE@% enpe ur e gr m{gl )

ros2]bahetemphmdadtlibiciioventbn Gialy a(H betisel@l G38e eminent and/or
The resulting m xture was then stirred at room
preveRpen gt v prgihranic pilpamptery; disegees of ﬁ@&f@éﬁ Ot qufpimmune

digAtddre HGQURLONT gg’tegé;.llﬂ{ﬂt %nﬁ&(“ e?Pﬁatt us,
A AR e P

Et OAC organic rs we i ned,
Hobimc@n's It}&tl‘eld],tlsaﬂltﬂttﬂh@Sdl@‘S$ldUEyaﬂﬁ$nngra\ﬁ$ eimlable;cs (type I and IT)

reparative thin | aye hrorrator silica_,gel, 8%
arf B R0t BREty By P A s PRk OB L
1nﬂ£r(ﬁﬁ’1§fo@§f liv& 1ﬁﬁr§Hpﬂﬂ‘arﬁrﬁatﬁf§p%bgﬁrular injury, cutaneous manifestations

(4~ (5- chl or o- 4- (5- net hy1- 1H pyr azol - 3- yl am no) pyr
of jippirdinnlogiop|Ipmmeadadted disorders or 111nesses 1nﬂammatory and

iR R TB LB REF Bk e LG Ll P

dei?lﬁatlt(s4 irrifeht contact dermatitis and further eczematous dermatltls seborrhoeic
(5-chl oro-4- (5-net h%sl 1H pyrazol - 3-yl am no) pyri m di n-2

dermppiatis) rigflamgmptayy ey discaserpeigy Pioraish s ppidseme dicratpegpiynctivitis
or%%)g(]? %,lrlgﬂ%rpﬁl)aﬁ)\@ EQ@%’I@&&E@@%}?&%&JSJ gt) ulcerative chth]s.6 o] A
J003%3]ofradddrdaded Wit (te-forageinay the préspniaveéndion phowdgspheny

1) - o .

N4- (82 AspRpPuntrpfdle wyention.for yisyasiarhhgrmaeestivtldi ani ne

(50. @ MWomPouirl SFTRL duvention for use as an IGE- 1R inhibitor, for example

1-(t ert but oxycar bonyl (et hyl ) am no) cycl obut anecar boxyl'i
focugcincng 29th2 mg1cumrilﬁilcamh$ hertibefofd&t Bortty, 0. 12 mmol )

and hlamne 20.!'1L,. 0.12 [). in 1 L.

£ e ARl P ¢ Enipbbistinay 56 B Rt phgin

b&&@%éﬂ BRh N pHsth MBS iiuhil bE gREdvdRebae ﬁbtﬁ‘é%ﬁre@@ﬂt together

wat er. The conbi ned organi c extracts were dried

(Na2SO4), and concentrated in vacuo. The resulting

crude m xture was dissolved in 5 nL of DCM and 4 nL of

TFA and was then stirred fa2z4 2 h fol |l owed by

concentration in vacuo. The crude product was purified

by RP-HPLC to afford (4-(4-(5-chloro-4-

(5-met hyl- 1H pyrazol - 3-yl am no) pyri m di n- 2-yl am no) - 5-



Exanple 31 2- (2-(4- (5-Chloro-4-(5-nethyl- 1Hp yraz
ol -3- ylamno)p yrimdin-2- ylamno)-2,5-
walemebbssphenyl ) pi peri din-1- yl)ac etani de (18BYT/US2009/048428
HN-N CIN NN H [0163] To a m xture of
5- Chl or o- N2- (2, 5- di met hy1-4- (pi peri di n-2-yl)phenyl)-N4
W'Lth ()6@ orenbre| phain gy niacadlly -a8eapitabby/dilueinthi argaieds; di ani ne

(3 TR0l St B b Bt tiang Sy, " OV

hdﬂé’lﬁlbdfore"[ﬂ@ sﬁbjé&ttiﬁ QeBdebl WhRE B FHoSadniReRrat Uh erft@lve
3 h. The reaction was filtered and) the filtrate was

ampQunit pf @ gorpporRE-aiphagnyentiphfasadharmaceutical composition comprising
Sa%le(z (4-(5-chl oro-4-(5-nethyl - 1H pyrazol - 3-yl ami no) pyr
m di n- 2-yl am no) - 2, 5- di net hyl phenyl ) pi peridi n-1-y1l)ac
et arr(lS;tiEheafSe af &\bd)lhﬁoﬁﬂl dfdhe ihtiidnr f()14@1@ nMﬂﬁfachﬁ@Bf 9.‘14)
8..09 , .43
mgcpﬁamqpstffg the t;rgfat{rwpt Meveglgg an QQez?Sﬁ]or Q(p_])dltl(@ rplwl(lgh IGF-1R

acgg%/é‘@lg 6@162%@%?‘% ExarrgIH)es gzlgné gg (m 71 (9

5- Chi6o the-mih ¢RasSdediinng bbyv-uhd ¢l ired iyt pin p es-adinim Rrayibi.phg.

enyl) - - 9- . .
Con%%/rﬁbim I—Q(rd]&} FHBEPECB LR hﬁ{ﬂpel‘r‘i“‘diuﬁ lisctpemgnnh gl ¢ gegyound of
thyi\llivlélntl(g\lll anid one-or mord Rurther dNY shBbtaddes, said furthérF@rug substance
| oro- N2- (2, 5-di met hy1l-4- (1- net hyl pi peri di nZ2-yl ) ph

beelrg/lls)efu‘lun {uﬁy of the partlcular indications set forth hereinbefore;

'\?)ﬁl) Ncom fée 601&11 11)1gp A m@ﬁpt?%ﬂgf e?fegttv%%%%ng)g%) 1:
B%oanarbxth@ ﬁﬁve‘ﬁﬁoﬂ- ald OiBordn Sre dhfikdr iyde s’-{rb@ﬂahcfd@ beRzRMBer drug
85 ng, 1 mmol) and 2-(tributyl stannyl) 1»pyr i di ne (202
ance, b_plwp§ul ihaDvE thapatiyulppiadiggdens set forth hereinbefore;
t et ' phl
0- os i - REHATIFETIfeP Rae G M d A R
fonde tmaﬁ@@iﬂ oVpiteheMibnf ira dseasdwhichl réspemdsheattebitiah ol 2@ C

under N2 for overnight. The reaction was cooled to
anlaB]@?HCtlé(FﬁR@?%l@llﬂr@s%nd poured into saturated aqueous

a [

\Na“S“D(e@;)(tﬂlreg%%g ogtﬁn @2 \Qﬁkarl%lg?%f gl'éé(h Etd l?eat%a!t@ %%&H& from
anaplgsind largmﬂaymphom aond{dnilghmd; lymphdﬁmds wftamrbatbrye and

concentrated. The crude pro Yva Eurifi.ed W th
MEPHRTR a%tf?rtBPPﬁfsoﬁ?%{Bﬁ?St?%‘G% PP et SEE Y n hexanes)

t o afifpihd vde foRti ¥ iréih IRNEMPouRM id £l T tie

whi ta<fe gol |ud Tl(w)e lg%@:gﬂed@go‘rl d 1Was di sléol véd |ynrkﬁle t
eX@ﬁ@iﬂSCOIammeMU(lifﬁlyrﬁgﬁtzﬂ&iﬂd Bjlt th¥rgof:hi s sol uti on was

degaab P EATEE He Hur L S B b i et

th¥ b@ BUS l ynSdnkd IEdadeNePecidllyph Mscdde sovecdi@ht anaphistic large-
m xture was filtered and the filtrate concentrated to

Ce%iflff@phiorza,de@ghylf-lampb@rp@% inflamrpatory) mpefihralelagiic tymors,

ne\rﬁn?(ibtléé%rﬁés a’nglégg@ %fdé%%? %prﬂ%%&rdn}}hgge%%g a§t ctgv.e A

anydynpyf 4 oorepsund-canhaiavéntidn org,phlrmidetnill)y aam;ttable salt thereof.
2,5-dimethyl-4-(piperidin-2- yl)aniline (100 ng, O0.49
mmol ) in 2-propanol (10 mL) was treated with conc.
aqueQsiniktdation afld DRSmacdhiRaln¥hpsseiods seal ed and
heated in a mcrowave at 130 C for 45 mn. The m xture
WA954 o Ft gaieradt comnpogngss 9fghgjinvention will be administered in

- o - - (. - | - .
TR it AL Iy b U R e AL B ol
therhz, edth2r dinglMot itH)ambihaicnrwitle opr @duoite thaspansiedgelits.eAt | y

for then t step without fur,éﬁ rlflcalon
thiranesicaléy glfective FEOUNGBILYATY N IGHY SRR B SRYGED 9B
the previous step in THF (1 niL) and met hanol (1 nL)
was sequentially added forn dehyde (100 uL, 1.3 mol)
and 5 drops of AcOH The reaction m xture was stirred
at roomtenperature for 1 h, then sodi um
cyanoborohydrlde (160 Ny, 2.45 nnDI) was added in one

oy o R




HH [0168] Step 1: To a solution of
5-chl oro- N2- (2, 5-di net hy1- 4- ( pi peri di n-4-
W@ k)iploaasyd) - / V4- ( 5- met hyl - 1H pyrazol - 3-yl ) pyr i PETHURBOR(48428
4-diamine (78 ng, 0.19 mmol) and TEA (0.52 niL, 3.78
mol) in DCM (10 nL) was added
digaghther aggrog adleliveshenttonfytheshbjoeti the pP8Bcyrgl the .ceﬁlpmlmi used

anyt gt Ty b whhtrboscrat iRl R [t S BRreRaG, 16 G
tredBahR O Wedplasteldeeaded anm-rﬂmulw $REn( diQordbak, thdréfike@VBSage

Na2504 and concentrated in vacuo. The crude product

willegdsopury fleneading ogithe made pf elrainsgpagh yha prtiota, EndiNen ity be
to give
tr%?e?%ﬁgi%e-g@%t ﬁ&%g'(& ghl or opropyl sul fonyl ) pi peri di n-4-

VOD53, Br general, satisfactory results are indicated to be obtamed systemically at
di met hyl pheny N4- ( 5- net h?/1 1H pyrazol - ylgpyrl m_ di n

doly st eive HEVHH) brrangit 1 Bekbe By EB. Shprseuly
L N e

lalgeajnanhnwil al.g.fhamaosn enatydwrm tAduan pefromi abouwas npuoi abbed2 (169
RP- HPLC t o, gll Vedé- .
M HEE REUEHABY direr RO e e-1p 8B HRGMS OBYBEH ¥ Ul £ on
ad)ﬂlﬁlﬁie[%%r f&'e&arﬁﬁ}él ﬁlQﬁ@iﬁé’é-&loses up to four times a day or in retard form.
pyrazol - 3-y1) pyri m di ne-2,4-di am ne as
Slatamlun@ dp@a@éormﬂ‘swsra}mdmemarazo(l M}mprlseamlael 8550 mg active
. 1&%{4{ (4- (5-chloro-4-(5-methyl- 1Hp yraz ol -3-
m%frl‘3 1ho) pyrimdin-2- ylamno)-2,5-
d0omg1hylopipetnds) ditReilehitiim maybd aBhiRkter€d WIRRhRuAAEC

arb onitrile (198) HN, NNH C N NLN H [0170] To
compesitigns byamyf conventional route;, for example, enterally, e.g., orally, e.g., in

ol LR B TRt SRR S YA

su@p},nsﬁn@%ﬁl tepiadlly, ¢.p., acet oo of lbﬁoﬁslgas Jdiptnwas @dgechs, or in a
cyanocycl opr opyl ) met hyl 4- met hyl benzenesul f onat e
na@@@rﬁﬂ’l@o@m}?@ ¥l , prepared according to the procedure

dgaen Pgaggeanm@ggfwgnaggagggggg Bt £ CLEBUER Sy EAn

invegioh tin frge furmt arrie a\phsrnlw&!amt&xzilly ace‘k@taﬁla‘ satt fodn m @xekidtiven

cool ed do to roo ure The suI t| m X
wiREL It B8 oAl g R ST Pedienprehg grantfactufed
in RIOMY GRiotal hAmbAb ﬁn)ﬁhé chrﬁﬁﬂﬁt{n% 1h¥ ldlélsldhﬂ]y ¢ 8ZQbpHtizing
yl am no) pyri m di n- 2-yl am no) - 2,75di hyl phenyl) - pi peri

proéassck- Forl §xpmis p}l@ly@aceptn@bmwnm icomptieing ESMBpaind of the
insgshtigh afydsieiaban T APeBs $8e RbampeeyispLassrrahls paengs dient

mhyTbehinBndaythain @dm@nﬁbﬁh@ ffmner by mixing with a pharmaceutically
2- met hyl phenyl 1) pi peridin-l-yl)acetonitrile (199)
acepighlg cargerorghiugn. dfipglosage forms for oral administration contain, for

ex%nf)pal, ol zm%ug (g.'l fnlléjf%ra%ogt %tﬁg ) actﬁv@'sﬁﬁsrtén%l n- 4-yl') pheny

mooia vebdvydmHddipyritache ph3mydcppical mrﬂpd’sﬁto?.ls 4retbotione of the
20 ,..0.048 mmol ) in acetonitrile OSrrL? was added
ac @@@eede@i IRgudige GOWCATIONS) OrARPCEHINGr BISB 8t BRIANIG Jaiepys
solBon?: B98e BTRIo} 1yo }hﬁu&&é&h@b%rﬁ‘cﬁhﬁﬁn@% ShiE § ecﬁént
roomterrperature 14 h before it was treated
algwt arnedetitbr aqieocsri®i-a Gl a{ thamdijoLahshbeestérsac tsegpensivis can be

0A The or ic layers were conpi ned,
gl s s, T e Re e GOm NGO B AR PedeBgeed antor
coﬁfaﬁpﬁ[ Mdn¥e sl aHFf#&eFV@n K@BilPe, wetting or emulsifying agents,
64 (5-chl oro- 4- (5- nethyl pryrazo 3-yl amino) pyri

nldln 2-yl am no) - 5-f | uor o- 2- et hyl phenyl ) pi peri di n-1-

yl)acetonitrile; ESMS mz 455.2 (M+ Ir). Exanple 37

3-(4-(4- (5-chloro-4- (5-nme2thyl- 1Hp yraz ol - 3-

yl am no) pyri m di n-2- yl am no)-5-fl uoro-

2- met hyl phenyl ) pi peridin- 1-yl)prop anenitrile (200)

[0172] To a solutlon of

S T ] A VA L Y L A 1N T



Exanpl e 40
5-chl oro- N2- (2-fl uor o-5-net hyl - 4- (1- (tetrahydro-2H pyr

wW@re1d/0y2b3pi peri di n- 4- PCT/US2009/048428
y1) phenyl ) - N4- (5- net hyl - 1H pyrazol - 3-yl ) pyri m di ne-2, 4
-di am ne (209) [0174] To a suspension of

soButioh|poerootheE, §ats ffoopdatugréi loyinotdce pmssp]eq: i/ pr-bpifers. Suitable

| ).pheny.l) - 5- net
pr;xs&}%&eg%m@w R LR R GRS N
micfobidTlids, Ay aPCHIHILRidTh) baaSic ABIE Whe solutions or suspensions may
di hydr o- 2Hpyr an-4(3H)-one (3.33 nL, 36.0 mmol) and TEA

furtBerzemprise BOHCEitiatryasinghecpsakeiudm vk nof lemiiestoh seskieg

o T 21 LR OB 3R S A

geb0idk a0 sdawhizes, €.90MvEa@Ngiealydk ¢ theeha(2@dorti thimbeMo(a:).
dry | oaded onto silica gel (12.5 g), and purified

m_
695%?l| SE%)GQ@PH%IH%]@%@QW a @m%qrhpomlwhe vegstahtos,

sygﬁgﬁ S Oé@@%ﬁ% O gﬁgoﬂﬁﬁ%ﬁfﬁi& %ﬁ’ FQ t%%’éas amp%es 1nc1ude

licauind Phity acid esters that contain as the ac1d component a long- chamed fatty ac1d

o R B a2 4k o O RGBS SOk 17 R Carbo
at&r@ivsglga@le 1{](91% Mﬁ%})acﬁl eg?erfbl%cflﬁé putldid notglll_rlgﬁec( eraur;d'goqd
trlseathzmd;UH)yrlstic @31 (pdntadecylio a¢11dealm_l_tH) acidg n%gz(rb‘ramdl |spear1c

ac%q?irgacéi%%’gac llg)emd_l_%j:l% oworfeﬁpé_l!}dng %thsaii&%%d %crﬁis g%example

oldic aéid,zeliialo(Jﬁd BHcic doid, brdss {0l atHinol ESYBd Mg i50&iRd,
(M+ H). Exanple 41 L :

ma&y eitaip entpgxidanty, forexamplsroaylip Epdcpgianer g Py digestibysio-

Ry TR SO A mmg o by i ey Pty

caf‘tQ)h7a5c}msT ndamsp beltrioatvént or polyvalent for example a mono-, di- or

5-chl or o- N2- (2-f | uor o- 5- met hy1- 4- gerld n- 4- yk}pheny
trlﬁlent alcohol. Suitable alcohol componénts 1nc1ude ut are not hmlte to

O A TR

gyﬁﬂﬂng 0.58 nmmol ), (1-

e OGP Rl Bt 7 Byl @bl o

isd’fﬁ%gl) yi inhyrs@ik, @40 f ﬁlﬁﬁfﬁﬁ’f pABRA FIR® M ﬁﬁefﬁﬂ}%xty&ﬁylene

t|on of 14 nmg, 0.216 mol).
glyasal), thAi@RAFkIt@ M I%%CS Hemsagirated e@lygltYC@l&ed: gmﬁnd% [hepared
and cp ole at ure. tura ed

oy B3 o e SRR iy Eing Bt B S A By5 P Rieng etyeol
esitir, DABHXSOL. 3" Kathiritkd polVEI§cE10RDIoNREri@s G ged BYHESholysis of

were concentrated and purified by preparative RP-HPLC
TG¢M q@ﬁ@@g@gm@g glycerides and polyethylene glycol ester; all available from

|
Gzﬁ&%fgg S?’pﬁlé )%?ﬁiﬁ%ﬁﬂwlﬂf@I éagée]'?ldg of g*%tm%}eldm Qc1§s20f
chathr lelmghﬂgeo Cler(Nh/ﬂ%hﬂsmO} Melzmarlve (Haddégetﬁﬂle ls fsch akH) ,

7.84 (d, 1H), 1H), 6.93 (d, 1H) 6.29 (s,
co_tltp’)lsee og 3ah(n§nd 91]*) ohvgt 08]@c2(s|1;ﬁ»r oilk_ﬁesa@e@ s((gf’bemﬂ 0b gg)glndnut
oil S 3H) 2.24 (s, 3H), 1.96 (m 1H), 1.80-1.85(m 2H),

1.65-1.75 (m 2H), 0.2-0.7 (m 6H); ESMS mz 456.2 (M

410041] Ekaitrptlceltﬁ;ﬁl ca@posidion§ for ofd ad(mnzisﬁtzitidinrmay be obtained, for

ex\%g{\ﬂe; ggz&gﬁ@%r‘%}gg ﬁéh‘g?]p}%l gr%crhlent Wlth one or more solid carriers, and if

5-chl oro-/V4- (5-net hyl- 1H pyrazol - 3-yl1) pyri m di ne- 2, 4-

dlamne (214) HNNCIN---\* NN H 9, N
..... .0 [0176] Step 1. To a solution of
azetldlne (12 ng, 0.21 mmol) and TEA (0.1 ni, 0.71

mol) in DCM (5 nL) was sl y added a sol ution of
3-chl oropropane- 1- sul fonyl chloride (34 ng, 0.19
nmmol) in DCM (1 nlL). After stirring at rt overnight,
the solvent was reaned |n vacuo. The resul ting

~ o o . o I Y T o



1- (4-(4- (5-Chloro-4-(5-nethyl- 1Hp
yrazol - 3-yl am no) pyri m di n-2- yl am no) -2, 5-
walemebbssphenyl ) pi peri di n-1- y1)- 3- nor phol i nopPOPUS20L/048428
one (225) O NNOHN NC I NNNHH [0180] Step
1: A solution of HATU (108 ng, 0.28 mol),
deSurggh lgomopitiop amedudtingontktyrg Qandpro@sidg theohixtie dr Plaides by the

. (;0..1 i. 0 S S jrre t rt. After 3 mn,
ingliidn SR e M ief B Bl a8 ditison of
J00611080:t e (vidrs Ghd1Bdd Bt ufr dR iR dd Fiflei! sueh e Viloard, Yt
- (5-net hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne
exgpletlpgnse; sacehargse, qapmitohnssyrbiital, Rl serepayationp.eand/or
s Ul ] e jrr rni w.he
S PRI RS A LT Hh rpPYR AR
phokpHatd-bfPals¢ BidBrsidukch ad b@robedivdmsdmipldAen | vahyear, $icaF potato
washed with brine (10 rLLV?11 dri ed over Na2504 and
starehh casiib Ylegl Bdse nhxgaeip ropph B eghyigrdu s e daeitmas  puri i ed

R el TG POL PO R AT S L 25 .

distetepsalord Hugly asatho lhib@veyinemti amod pyrdhes, dhrmoRymbigi nayrh2, 5- d

I net hyl phenyl ) pi peridin-1y1)prop-2-en-1-one as a.light
cri B AT B B R - o2l g g szt
al%ﬁ%tg.t l'%@cﬂti%al excipients include flow conditioners and lubricants, for example

4- (5-chl or o- 4- (5- net hyl - 1H pyrazol - 3-
siydiaadidhaloystearicdicnl @-spltathiereof,-sB¢ibagdinagtaapinphiesajdiyipisperate,

pn-1 - rop;2-en-1.-on 4 0.88 mmol ) and
o BREH BB LEo R S5 AR eE) “uns otirted at rt
q0e631i ghblet e rﬁﬁjg Cﬁil@wﬁuzxtithm&alslu,réﬁdoﬁ@hwm&&, bkfags
- or o- 4-

to give 1-(4-(4-( , . :
thl(oygl%ﬁtww HRigy plagz 6PBNitadHReY polatipnsaviNCly mpy gainpoye gum

sl e RRnPY Y one el elveel sndly anium dignidy o
coRtids s cutidiis tie syl eibtbarrp arkSMBvertZ o5Bvedt (Mdittdes, drxfomiee 45

S)-4- (4- . . . .
pr%@?r%trﬂn&(f §nigric sostingsysolutigns of sigblexellploss PSPHHHL: tHeh-29

\ . ) ) . Cdin.on o 0)
T A
pigvdeesl may e xatldedetoahe hbletsorrah1&-abatied shiok-e4amplerfobidnatdimtion

1.15 g, .5,.0 , .di butyl vinylbgronate (1.16 g, 6.3
putiisFy oo P 8 angY oS IBRIL Cor (2. 280, 15
NOD64] PRSI ACHHECeHY 4RIV for oral administration may also include hard

(1, 2-di net hoxyet hane/ MeOH=2: 1, 15 nl). The ri xture was
cagagersetbraing stdinau softtsbrlpdcapthles reapitsiangslessaid aas

t hen heated to 130 C | i crowave reactor for, 15 mm
PR Seraoehd o Qerblto TR Tl RSy SRR ol g et
inpedieadinithd r:adfraiu@d, N Cdmpld e auHixadt withanles3Qudnas corn

and extracted with EtOAc ( 3 x 50 nL). The conbi ned
stagely diidery, agdpeclidants. sued g rlopt Maghosiyan gpafalgr jnsigoptionally

4 [ Vi ng .t [ t .
sepRPSdn ol LR TR s IS R RS s syrpendscdn
subyblt ligsid exoipiumms, sluhairaiogsidsy pyra(fi dil cialiged pol@eBPime glycols

Et OAc .i n hexanes gradient) to provide 1,4- .
ordthpiqiy 9sters qf £ygleBe oF HPPRISRS 8lECla o Wkishp@piliegrs and
S T e B e R uan A FRL e Ra g oy atso
betdddedasynmetri ¢ synt hetic nethod reported by N. Barta

.(Org. Lett. 2000, 2, .2821) followed.by .

Thef; eheth e cosiptiont B Rebristsl AN Giige are. for
exﬁ%e‘,‘rs p%o@i‘t(gieg‘%&ﬁ%gisiﬂ aRbEbARNEN Y] %8R! indicAicAr LA

ESMS mz 237.1 ( +|—§. [0184] Step 3: To a
sol ution of
(S)-4-(2,5-di nmethyl-4-nitrophenyBoxazolidin-2- one (55
nmg, 0.23 mmol) in MeOH (5 MY was added Pd/C (5ng, 10%
ww) . The m xture was degassed and stirred at room
tenperature under 1 atm H2 for 14 h. The Pd/ C was
renoved by filtering through Celite. The filtrate was

o,



N HN [0187] A m xture of
5-chl or o- N2- (2-f | uor o- 5- net hyl - 4- (pi peri di n-4-yl ) pheny
W 2610/002655 PCT/US2009/048428
N4- (5- et hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne
(40 ng, 0.096 nmol), 2-
suppesorntEtseniutable supipdsitagrivsgscdrogpogamel¢, 3atugal vy syiohdiy:

) [),and teiethyl amn 0,2.'1L, 0,14 mol),,in.1 nmL
wigh et et e o RS SRS ety Sl SRR B o
30068 Plhhacsdirial &fn@lﬂﬂﬁionkl\@tﬁta@wﬂof p@enteyal REntHRHatib® may
afford 5-chloro-N2-(4-(1
copyppisQ aglicops gl elegns|ob gr @@iwe)lﬁ@teﬁyny i et elyhlg foym) farexpmgple

T ———
1n<EﬂE:an‘£g)§1b2ta(1Ms +foH):xarEp<la@@h&m@rboiym(eﬂry(o@}lulose sorbitol and/or

(5-Chl org-4-(5-nmethyl - 14 pyr.azol - 3- ylan1no yrimdin-2
dexgrﬁlarﬁl%f desingd, S(ﬂﬁ’”%]é%qligll Bhsetefivg ek thlfna@ togehpr with

SRt B b form VS PR AR i ing iy

beflor¢ parenetdi pmitistpatioa bylthSadditi yofi suitdbln eelRemls. demlms such

as%r WE’Bﬁ?r F}fang[])]gd)ogp W%a?f%{g M%Z apqn %ﬁ%ge %1{1?1:03'
inBRiok sbRKioAD ”hhe ﬂa%a&ﬁretd'f 'nﬁecﬁ%l@ bre%ﬁ&%nst ﬁ%sﬁzﬁ?%h‘i’&l out

was not conplete, so additional acrylam de
ungesstertld edndinonst heisrteaiGlingnfoe ommmg,edtoumpduleL ©W81a$h @n@ the
t.he rfe[gct n_was conpl ete. The crude product was
5¢ %ﬁalﬁ'ﬁ HPLC to give 3-(4-(4- (5-Chloro-4- (5
-[08611Y Thd EbRy6aEe bf areyhsaaﬁhaﬂmrtie nidghiistéreyl a8 M WD)e tife
di net hyl phenyl ) pi peridin-| - ])pro panam de as a white
ingigdiger or PerBervith a8 drugnmsdful againghisioplagtce digeasgyor useful in
H
1m§nfun% é)(&H g[lg rc%nmgl?s) r%)‘ir?%gmo]g‘l tﬂe ¥5r%5(91!lnd§ of th%rﬂlye%)uen may be
uséd imeddayitdahenyith piefavdntion ideoryBinationitlp pidrinacdusicaln- 1-

one (246) HN NCIN--\.N NN HH [0189] A
CORPEPiliPRS gffective 1n various Jiseases as described above, e.g. with

cy%ogams%gm{&%, § 2rublotRLR: BadBAMNL -AricRAMAL icslpRaad DS Yiin,
Vlﬂ.dﬁkﬂ(lﬁ ~vimgtldvyine Idtbpypidazioino®@ey, ppolitaxnl diovetaRel drithixami ne

| orol- ol i nobut an- 1-one (29
g s S, oL it AT L Veloms R R (
aséﬂfﬁ%d%ﬁssoﬁhélf [REuRSsufPrelsivéidalies 1@% ToycR@rd RN&)closporin G,

| or o- 1- nor phol i nobut anl- one nmy) was added, and
FE-H86.rsérabtrive nr exmolimus dowigesterioght ¢. gTM@dm;%mecwﬁcmlmmhamlde,

fi

azvﬁs A#e%ni?l %ﬁleﬂ'fa%art% ggﬁgﬁ%@ §aY¥|1_1i}e %tggegflrl%s brequinar,
1eﬂ1hraﬂmﬂ@)rﬂi3tbmmmellrﬂy&)phémim@1)d Brytbpreneai; metdy] phenyl ) p

i peridin-l-yl)-1- norpholinobutan-1-one as a white
degyyiereualgyBnpupo-syaRressye(vprlongkaiippdies - 2. mpanoclonal
angﬂ?(ﬁ uot&%e%ogg{e rgﬁ%gﬁo%l %'1%0 REQPYEDIEEDY! ¢ PuPEH dRng-¢bds, 1
CID4o, (B4 5B, (EBSDyCESGJ CB1y2)CI%E37, CD154, ICOS, LFA-1, VLA-4 or

(tr| fl uoronet hyl ) pyri nm di ne- 2, 4-di am neT(251) Fj F,
thfrar ligpndgy qpeUpsr Ninpgnomogudgtory comppuggs. e NAFE: of

é} fﬂlé’ ﬁfvgnéoﬂﬁg&yﬂovﬂfeg Rir%?ﬂ hafh et ):Qﬁﬁfﬂ)i&%nsl\% fg(z;r:’l'ﬂt,

met - 1H pyrazol fluoromet hyl ) pyrimd

coﬁ‘;pﬁi-si]hlgamarﬁﬂst(ag@m Witgch B aZSbmmmhd of the invention as disclosed herein,

. 2- om)mat i fluor opr opa 76. 4 ,
i 8O ANy aShOET B B A 1 3 B o pgent
Thk Hﬂ—ca%fco%s&vﬁfétrﬁ&ﬁin%oﬁ%s a@%ﬂs@atﬁqnm crowave reactor

for 2 h. The crude product was purified by RP-HPLC to

afford

N2- (4-(1-((2,2-difluorocycl opropyl)nethyl) pi peridin-4-
y1) - 2-fl uoro-5-net hyl pheny1)9 N4-

(5-nmet hyl - 1H pyrazol - 3-y1) - 5-
(trifluoromethyl)pyrimdine-2,4-diamne; ESM5S niz
540.2 (M + H+).



Exanple 51 N2- (2, 5-dinethyl-4-
(pi peridin-4-yl)phenyl)-N4-(5-nethyl-1Hp
W@ e@Enob2635 y1) - 5- PCT/US2009/048428
(trifluoromethyl)pyrimdine-2,4-diamne (257) FNH N
HN NN H N HN [0191] A n1xture of
2- chlProc@SGN-fOB STLE pdun Bvop(

n[h{gﬁ @g@r{ﬁ %’(V?urf?rn]]ergl}{?g %)rIrT]gDr(])un(gs (%Ifsthe 1nr;rfg1’1t10n are

deddripRt by tRTeaMIpIRL P dh AR deaddhb QXY BEE ré282e FundBond). 9
mml ), and concentrated aqueous HCl (10 drops) in

grpufpy O egamplgihydigas, Heiap ciniag, thiBECCRHOEY giawpsweiese these are

ﬁ%&ﬁ&;%éle fn%l é)?(?dura %T%frétegtgg & 5&9& fHeir RS aREG! pfahﬁ:gpa?y)n in

thel ramﬁ@ml %n@@ittaﬁall whredny troppemyil be Mkkbd(ib-as®@irdtce Wthpy r
azol - trlfluoronethyl) rimdine-2,4-di am ne;
stgndprd Rﬁtcztlcg 4%362: ¢ MW (g%éz Wauts in “Protective Groups in

Ot Heftidly ,(J?oh‘h'WH&Pafcré&ls,( {girihsopropyl-1,2, 4-oxadi az
V0Pt Alie yanpemiddiofithé-igdontiba,rie¢lhyinp ieysh)ts, Nde §1Se wetimble
in it}%fl%%roiﬁ%r;%%eé,r%)%%lp c\{rgflstnfsdmall’]yemgluée golr%gpanqgle(tges g()lvent used for
cr%t@ﬁ&ﬁfoﬂ'(ﬁl%‘s&g af Ld194i86) 5 SR bl wstlal{yPhd&InvEid th-bhpBBEIWin
frepVigen( 5. grebhirbatinig vl suriebledayic ppents, fpiokxagpl; withliabkali meetal

42 , 0.1 I 5- . )
o BRI e apnas o g Ao i gh o
poRasi@nidm@bonatng sBllied Ky@6oxille. LA cBmPotimbf) the hveMior ih dBake
was stirred at rt overnight. The reaction was dil uted
adgjtion et Gonen 18D barEynvarad iaidh serroipphdina fise agigybsreptingwéth a
A r
suﬁzﬂg 301d%%g hy@?clﬁ hg gﬁg’( %%';ﬁg\ﬁ% fo?ﬂ% cg&%cfg]]g{l&?shﬁ)dbét\geen
th@ h@mlra@%gﬁlaﬂbyn Nfzrs@fol:ﬂl@&fdlfh&éen the thax aﬂeﬁlrgamj ligiding those
e 5 or o-
sa% thet Bax be wsqd2s m@%%ﬁ% Tor examplsyig dhepyitioatign 9ivet hyl )
1déﬂtﬁ} bfi &Lgfn tf/iei %é?mpou tdﬁ ?ny fﬁ{egynrcg %00 he §r6§, cor&[/)})lllr}%s Is ‘hoe‘tze
unﬁﬁmo@daweferrmg agsovth |theecmbpcd1,duﬁfﬁv3s ras appibPride ( VAl ) .

le 53 ) ) . .
CHOTH. Baicsfihs v oamnayadsunithy sl Brming B HBY Y i m
préShir&tt -aYh&MeR RAowen per se. Acid addition salts of compounds of Formula (1),
f1uoro-2- nethylphenyl)plperldln | -y1) (3-isopropyl-1, 2,
(22 (Ohandi (41 oday3hus eghrenedinpreat2eGyith an acid or E»@th%a]ultSnlep

1: A solution of isobutyronitri
anfin e RS P st 9 €0 Mol o e
in@dnfiaR @hay(h2Gofhdd, W@Sexaibld, 8facd ad@ftibn §00, WR of)R.orThe
sol vent was evaporated. The resi due was coevapor at ed
1nqar@p]@gta@é|s )fr(wl cpmpeyngs wé Fp@mép b, (2), (3) and (4), with a basic
m\(,g% dr oxyi sobutyri m dam de as a |ight yellow
id; 1H NVR (400 MHz, CDC13) 6 7.50 (br s, 1H)
40022]( Buitghle Qlld)ganﬁz #RIs(isdpdebnt ake nbt Bmitzd tol Mjlpgdn ddds, such
= 6.8 [0194] Step. 2. A solution of
é?E)if%h]Wa raslféyw%’alatam AT RROSPIeRYIC as1ds 13itaBleprganic agids include,
bukt ﬁfe%k ﬁﬁﬁ’@g & 'cﬁrb%leYéjE) gsﬁ)h()gc ?S%tlfgmc br SyIFFRL )ac1'dE‘ for example
tol uene (2 Irred at C. After 4 h,
acppaadtid qmopmamc dcﬂdubc&ﬂhm adid Eteﬁd-mnc( &0d rdo)igacawas“fvedi ‘g]l}&hhc

acgﬁﬁ]acrggtéglg ueo%Bldg Fqﬂglmc éc?Ic)i( 1a ipic 21c1d prl}n%fjc ac18 rsu er‘%c5 gcélld

azShal SRRT, YPMicIe(d fr@hL atianaiydcld, hndn faQ¥a di @z oBut@Sicacid or
clear I'iquid which was used w thout further

purification; 1H NVR (400 MHz, CDC13) 6 3.16 (septet,
J= 7.2 Hz, 1H), 1.39 (d, J= 6.8 Hz, 6H). [ 0195]
Step 3: A mxture of 30

5-chl oro- N2- (2-fl uoro-5-met hyl- 4- (pi peridin-4-

yl ) phenyl) -/ VA4- (5-met hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2,
4 dlan1ne (42 ng, 0 1 nnDI)

o RS A ~

A Y L A~



HN-N C1IN HH [0198] A suspension of
5-chl or o- N2- (2-f | uor o- 5- net hyl - 4- (pi peri di n-4-yl ) pheny
W 2610/002655 PCT/US2009/048428
1V4- (5- net hyl - 1H pyr azol - 3-yl ) pyri m di ne- 2, 4- di am ne
(20 ng, 0.05 nmol ), 3-chloro6-nethyl pyridazine (13 nyg,
aspartic perd] thalgivcicCh 2@OExyB8lengpcid nctirholaleid avidli oxane (1

vial. Af
oyt RrRb o ERer adlnfiobRyfTRuss) HuPpiseid SighRe feia.
4 £58ide5Bic(ROad1l) phiiRilie aaidprbnyEREd RAE nhAHAe M@ SCiC Ukattedid,
for an additional 3 h. The crude reaction mxture was
meghaner preghang-spboppracidt Fhyiipayethanesulfonic acid, ethane-1,2-disulfonic

ac?d:'3 g@;{;z)%{lgsu%nl%?ac{d pAn Bﬁtﬁalggésmﬂ)mé a&l%i i § nqsfltﬂXleRg bl sgggrluc

acjd )ZQ I'Be(ﬂyéﬂ.ﬂleﬂi@*}b(eﬁzdﬁehhﬁdmda‘dicpylﬁalzﬂkulﬁrriﬂ a):my Etlh@flsdlfﬁh@e Zid,
e solid; ESMS mlz 508

doég%}flfwl@glc ggldawd:ys}phexylsulfamlc acid, N-methyl-, N- et(hyl of N-propyl-
I
su??@?@n%c? )})F?E%ﬁﬁ{%ﬁ? rp?otgmg%t:ﬁ){, suh 6§ AcBIbR) acda. MBENYIRE &for

puldicftbommtrpydes, lits pysogoedibld-ty bijeppirarmatiuies] B, vhadicprabivesalts,

279 ) ) )
f0§ ’@H%Pé? Bierges o3 Pefhlrges - Bt hgreatie vgs- Oplyop g psAuHr by |
acgééﬂa‘tﬁe Ya{h)sQ)li‘?l@X@%mbHunds are employed (where applicable in the form of
1H pyrazol - 3-yl ) pyrim di ne- é) 4-di am ne (280)
h[a(nggpmgd epeparatigngol ut i on of

t 6,}-]b 1-2-C[Tet 1.-é x%pl %rl in 1- car box Iaglre —
PleSORRSIds G ¢ (20t 968 é’H“E% '$8 ?18“%1
060808 dofipdhdebf heligRmdibe by uShiikd wiH a 3@t gQipef (e lgD/%ulfur
{3 75rrLof 1.5 Msolution in cycl ohexanes, 5.63 muol)
su

fr dipide 2@ipheny] pherpmendthiuph borfobgdsidee podimbarah ydede,
PRt RERhopf ol Blr Ao T o S R Fieb e

acé'ﬂdﬁltl(lEQeth’h.I)ol dgakbewlingint f‘t}rsheaﬂkh)tat 0o 8(0‘1@3 reaction
warnmed to roomtenperature and stirred for

dOW 4]Tﬁ§)dpé?a‘éftr}V8HV‘¥/§d§f thoemerpungs of e Argndereiak b Pigparsd by
mgisTncBln (6 BoLE BF Bl AHY 00H I, Miticlc, . Tok AL Bail soe

SatGferrdt abf( 1 %@ABl(ﬁ)rghnidmldl My@cmah@h@nlsey) deatredVolThep. 1985).
ani c er. was washed th wat dried ov
Foéiﬁ a Blﬁc ?Pa’{‘ca&‘dpm*?"ﬂlés By P PRFRIER Y%%““ﬁlfrrm ‘ied"NgE}Z@d
coﬁiﬂohﬁ@of?ﬁ%‘?ﬁ%ﬁﬁgﬁ anhv s(lﬁalﬁQ%/argﬁ&l tih %@%@@gﬂ gr adi ent
and checked by TLC stained with 2% o0 Mhat i n EtOH)
acyloxadlk plearbamachlosidnigl p@am@ttcmhgn)d.carbonate or the like).

0GR NSy TS S G SPGB R LDy
m&dnX kH6w®n @ those of ordinary skill in the art. A detailed descné)tlon of techniques

2-fluoro-5-methyl-4-(4,4,5,5-tetranethyl-1
aPHh@ﬁbéﬂo@ﬁb‘F aligatpory o f papter e o BB andgheipresm vy be found in T.

ut rd
W BRI STERN r Oresuin Cemisty 3 aediign b ilspy
Son@,almboxwgate (968 rrg 2.80 nmmol ) and sodi um car bonate
([é in DMF/ H20 (20/5 nl). was added
9765k {ftpp}lw@mlep%@mﬂnﬁéﬁy ?fawrﬁ%ﬁ%ﬁ% {heiy indigigualy - 504
sté}wgamerg_g? réa%ﬁﬁ% h?ﬁeﬁﬁtbﬁn%@l% of @l?é &ﬁin otuH§ v&rﬂhxatn céﬂﬁﬁactlve
pur ged or 3 mn and then hepat ed at 106)C urder
reNIVlﬁg rgtin fofmer padaditdioeraasommoal @uponndgoeeparating the
erature and poure 0 saturated aqueoys.a ni a
aigsirings S rprie el ot feteRt She s Remaifn
en8XidAGS GfhyWelcBrrRlk uaRetRlagent diaXteldnFhik dedfiRives 8phEC
extracts vvere conbi ned, washed with brine and
concentrated. The crude product was purified with
silica chromatography (50% ethyl acetate in hexanes)
to afford tert-butyl 4-(4-ak no-5-
fl uoro-2- et hyl phenyl) - 6- met hy1-5, 6-di hydropyri di ne- 1(
2H) -carboxylate as a yellow oil. The obtained oil was
d| ssol ved in nmet hanol (20 m_) To the sol ut| on was

7~ £ A NN S, . o o



[0205] To a sol ution of
5-chl or o- N2- (2-f | uor o- 5- et hy1- 4- (pi peri di n-4-yl ) pheny
W 2610/002655 PCT/US2009/048428
/ V4- (5- et hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne
(45 mg, 0.1 mmol) and pyrim di ne-5-car bal dehyde (32
compoudd ithoinyentrpnDOMY dsig disjooidde coidexeNABEY, OAslaBine64

iR T B 8P Gtk RSB G i getine
pd‘lnrg§ bbBlirdd pdifts, SoRMALticQNreNAE/IGUADS BRH MM bB r&ddhcefapled b%

. The reaction m xture was sequentially washed wt
talgiag edvangage of fhespdis ﬁénl(aatlm) Theidiaglgreomers eSO partEd by

frac91 1“1"2?9& %x@%tgﬂlza 1onc gﬁfé ato %phasg ée?%raﬁg %HW?EGCEPJ@ &

bagefdiﬁboal’ﬁlffmh&bs 16 (B‘ﬂh&ht;n Mﬂua@ll%r pure ehartu@ngalr Wethen recovered,
5- Ch] oro- N2- (2-fl uoro-5-nmethyl-4-(1-( i n-5-
algngnitiniheypioheng ageit zbywn)v;mw&l) mms (ﬂsat N@PF%/IPQt 1¢$9ByR azo

raéeﬁ%%&np%m&ﬁ%ﬂﬁﬁrgﬂéﬁgoggl }ﬁawfs B%fMg."fB% t5 %Ze' d;
re@Qn(of, stetdd)isontery 3f (cdnpoimd@fréml—ﬂhelr ﬂdd)amlcﬁm%urédnay\]be found in
Jeéﬁﬂa%q%es7én%cg ?S %uﬁlﬂgl g\}}%’ “E?riagtsl%r%gr’(ssl% %%a%és%%%ém
Re%smutlgﬁg J(;hns@’ﬂé @%d@@hs ‘HTQ 1959M5 m' z 508.2 (MtH) .

0206] The fol ovm ng conpounds in Table 1 are obtai ned
H9077dpéammrgaltyhéle spupeudsed thicioreritivadnayrbeaxadephyes process as

and a opriate starting materials. Table

deic%ﬁﬁb%ﬁféé“ﬁgﬁﬁ g‘EJESMS | GF-1R B a/F3 1C50 (uM 1 N
1H (A8 colv@ide a cbmPedd of.the mvadhliddh Ene@utiBall
10,33 (oo Ey e Ta0E (PR a0 NN L T machiBally

acemtaulﬁyals 22(3 1H), 7.56(d, 1H), 7. 00(d,
oA s A o8 g o
saB.fofn;( M 2H) 3.16-3. 10
Py a(%:?lopgor)l/all y%ﬁ'vg?ugé Qr? ur%oxdfdgclac? frgn?leof (argognlg)our%d 8f7 the2 1ngv%nt10n
into a pharmaceutically acceptable N-oxide;
(d) optionally converting an N-oxide form of a compound of the invention to
its unoxidized form;
(e) optionally resolving an individual isomer of a compound of the invention
from a mixture of isomers;
(f) optionally converting a non-derivatized compound of the invention into a
pharmaceutically acceptable prodrug derivative; and
(g) optionally converting a prodrug derivative of a compound of the invention
to its non-derivatized form.

[0078] Insofar as the production of the starting materials is not particularly
described, the compounds are known or can be prepared analogously to methods
known in the art or as disclosed in the Examples hereinafter. One of skill in the art
will appreciate that the above transformations are only representative of methods for

preparation of the compounds of the present invention, and that other well known

methods can similarly be used. The present invention is further exemplified, but not
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(m 1H), 2.81(d, 3H), 2.26 (s, 3H), 2.16 (s, 3H),
1.94-1.91 (m 2H), 1.83- 1.73 (m 2H); ESMS 'z

WA 30000684 + H) . WO 2010/ 002655PCT/ US2009/ 04 8BCBUS2009/048428
STRUCTURE NMR or ESMS I G--1R Ba/F3 1C50 (uM 2 NH HN-N
CK %--.--.-"""--N410 NNN HH

liritesh by the- o ¢ ingfand dixemPlasehdt yllustraeghpprepatianon of the

| ) phen -N4- (5 -nmethyl - 1H pyrazol - 3-
9 PEOSS}‘%#%‘?%?‘%}OA%di amine ESMS mz 416.1 (M+ H).
0. 050
Intermediate 1

2.5-dichloro-N-(5-methvl-1H-pyrazol-3-vDpvrimidin-4-amine

HN*N le\N
N\ \ |
Rane

[0079] A mixture of 5-methyl-1H-pyrazol-3-amine (3.00 g, 30.9 mmol), 2.,4,5-
trichloropyrimidine (5.67 g, 30.9 mmol, 1 equiv.) and Na,COj; (3.60 g, 34.0 mmol, 1.1
equiv.) in EtOH (100 mL) was heated at 40 °C for 24 h. The solvent was removed in
vacuo. The resulting residue was partitioned between EtOAc (350 mL) and water (100
ml). The EtOAc layer was washed with water (3x), saturated aqueous NaCl (1x) and
dried over Na,SOy4. The resulting EtOAc solution was concentrated in vacuo,
providing the product 2,5-dichloro-N-(5-methyl-1H-pyrazol-3-yl)pyrimidin-4-amine;
ESMS m/z 244.0 (M + HY).

Intermediate 2

2-chloro-N-(5-methyl-1H-pvrazol-3-vD)-5-(trifluoromethyDpvrimidin-4-amine

F
F

F
I

SN
N/)\CI

[0080] A mixture of 2,4-dichloro-5-(trifluoromethyl)pyrimidine (1.06 g, 4.86
mmol), 5-methyl-1H-pyrazol-3-amine (472.2 mg, 4.86 mmol) and sodium carbonate
(2.06 g, 19.4 mmol) in 100 mL of EtOH was stirred at room temperature overnight.
The reaction mixture was concentrated in vacuo. The crude solid was partitioned
between EtOAc and water. The combined organic extracts were dried (Na;SOy),
concentrated in vacuo, and purified by silica chromatography (EtOAc/ hexanes: 1/1)
to afford 2-chloro-N-(5-methyl-1H-pyrazol-3-yl)-5-(trifluoromethyl)pyrimidin-4-
amine; ESMS m/z 278.0 (M + H").
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3 NHNNck.--/".--- N4O -..... ), L. NNN HH
5-chl or o- N2- (2-i sopropoxy-5 -nethyl-4-( 1 -
woredtopbssperi di n- 4-yl ) phenyl) - N4- ( 5- met hyl - 1H PCT/US2009/048428
pyrazol - 3-yl) pyrim di ne-2,4-diamne ESM5 mz 470.2 (M
+ H. 0.104 4 HNO ).., _ NHNHESMs mz 450.2 (M +
H. 0.150 F Intermediate 3

N2_(22:—f| D- -m N 51 4_‘[_ —I_ 4! Irdlzori:34§/1¥]|3\)rpnqi%ﬂ¥ﬂ'—)afnine
(trifluoromethyl)pyrimdine-2,4-diamine F F - S5 NNN
HH N2- (2-1 sopr opoxy- 5- net NG

4-yl ) phenyl) - 5- net hyl H '}' 5- tf@i-

3-yl) pyrimdine-2, 4- éi v neHN N CI

- met hyl pi peri di n1H pyrazol - ESM5 miz 450.3 (M + 0. 805

ob#R1 % AR2GRIFSThRAR VGRS amttRSODEB0.9 mmol), 2.4-
dichloro-5-methylpyrimidine (5.03 g, 30.9 mmol, 1 equiv.) and Na,COs (3.60 g, 34.0
mmol, 1.1 equiv.) in EtOH (100 mL) was heated at 40 °C for 24 h. The solvent was

removed in vacuo. The resulting residue was partitioned between EtOAc (350 mL)
and water (100 mL.). The EtOAc layer was washed with water (3x), saturated aqueous
NaC(l (1x), dried over Na,SQOy, and concentrated in vacuo. The resulting crude
product was sonicated in Et,O (200 mL) and the resulting precipitate collected by
filtration. This powder was further washed with Et,O, providing the product 2-chloro-
5-methyl-N-(5-methyl-1H-pyrazol-3-yl)pyrimidin-4-amine; ESMS m/z 224.1 (M +
HY).

Intermediate 4

N-(2.5-dichloropyrimidin-4-vl)-5-methylisoxazol-3-amine
N
|
2
HN N )\CI

/

N/

0
[0082] The mixture S-methylisoxazol-3-amine (98 mg, 1.0 mmol), 2,4,5-

trichloropyrimidine (344 ul., 3.0 mmol), and sodium carbonate (106 mg, 1.0 mmol) in
3 mL of EtOH was heated at 60°C overnight. The reaction mixture was concentrated
and then partitioned between EtOAc and brine. The collected organic extracts were
dried (Na,SO,), concentrated in vacuo, and purified with silica gel chromatography
(MeOH/DCM: 1/9) to afford N-(2,5-dichloropyrimidin-4-yl)-5-methylisoxazol-3-
amine; ESMS m/z 245.0 (M + H").

Intermediate S

2.5-dichloro-N-(5-cyclopropyl-1H-pyrazol-3-yvD)pyrimidin-4-amine
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NVR or ESMS IGF-1R B a/F3 I1C50 (uM 6 NHNNC NO *
NNN HH 5-chl oro- N2- (2, 5-di nethy1-44 1

wo pevioydeps peri di n-4- yfl phenyl)-N4- (5 -nmet hyl -PCT/US2009/048428
1H pyrazol - 3- yl)pyrimdine-2,4-diam ne ESVM5 nlz 426.2

(M+ H). 0.015 7 H\N-NCL " --- - - :’\" N411DNNNHH

5-chl oro-N2- (5 -chl oro- 2(-3I

nmet hyl pi peri di n- 4- yI)phen (5 nethyl

pyrazol -3-yl ) pyri m di ne4g%4 (ne ESMS n12 446.1 (M

+ H). 0.015 8 NH H NN HN Lk NCINF

5-chl or o- N2- (4-f | uor o- 2Nﬁe hy1-5- ( pi perldln 4-

yfl phenyl) - N4- (5 rrethy—lN H pyrazol -

yl) pyri m di ne- 2, 4-di am ne m z 4612(M+ H. 1.93
9NCI NO

[0083] A mixture of 5-cyclopropyl-1H-pyrazol-3-amine (246 mg, 2.00 mmol),
2,4,5-trichloropyrimidine (367 mg, 2.00 mmol, 1 equiv.) and Na,COs (233 mg, 2.20
mmol, 1.1 equiv.) in EtOH (10 mL) was heated at 40 °C for 16 h. The crude reaction
mixture was diluted with EtOAc and sequentially washed with: water (3x) and
saturated aqueous NaCl (1x). The resulting EtOAc layer was dried over Na,SO4 and
then concentrated in vacuo, providing 2,5-dichloro-N-(5-cyclopropyl-1H-pyrazol-3-
yl)pyrimidin-4-amine; ESMS m/z 270.0 (M + H).

Intermediate 6
3-(2,5-dichloropyrimidin-4-vlamino)azepan-2-one
HN N \N)\CI

@)
[0084] A mixture of (+)-a-amino-g-caprolactam (256 mg, 2.0 mmol), 2.4,5-

trichloropyrimidine (366 mg, 2.0 mmol, 1 equiv.) and NaHCOs (168 mg, 2 mmol, 1
equiv.) in a mixture of MeOH (12 mL) and H,O (6 ml.) was stirred at room
temperature for 15 h. The resulting precipitate was collected by vacuum filtration and
washed with small amounts of MeOH and water, providing the product 3-(2,5-
dichloropyrimidin-4-ylamino)azepan-2-one; ESMS m/z 275.0 (M + H").

Intermediate 7

3-(2,5-dichloropyrimidin-4-vlamino)pyridin-2(1H)-one

T

N Cl
H

o)

[0085] A mixture of 3-aminopyridin-2(1H)-one (99 mg, 0.90 mmol), 2.4,5-
trichloropyrimidine (165 mg, 0.90 mmol, 1 equiv.) and NaHCO; (76 mg, 0.90 mmol,

1 equiv.) in a mixture of MeOH (6 ml.) and H,O (3 mL.) was stirred at room
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HN NN HH O 345 -chloro-2-(2-fluoro-5-nethyl-44 1 -
nmet hyl pi peri di n-4-yl ) phenyl am no) pyri m di n- 4-

W@ b@miomsyazepan- 2-one ESMS mz 461.2 (M + H). BCD8%2009M28428
2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMR or ESMS
IG-1R B a/F3 1C0 (uM 10 HANNHO HC O NH

teihSyra@u¢ tr @i lhoridie2e{utinfd procipit8e mrs hgllected(ty- vacuum filtration and

t hyl pi peri di n- 4-yl nyl anm no) pyr.i m di n- 4-
wifRhi B B3l s tat pfRATAN IR b Piodig 36e514
dieMbrodtimidih -4l yladNind)pyridin-2(1H)-one; ESMS m/z 257.0 (M + H").

(R)-3-(5-chloro-2-(2-fl uoro-5-nethyl-4-(1-
nmet hyl pi peri di n-4-yl) phenyl am no) pyri m di n- 4-
yl am no) azepan- 2- one ESNRrtdiade&®l. 2 (M + H).

2.5-Dichloro-N-(5-methyl-1-(tetrahydro-2H-pyran-2-v1)-1H-pvyrazol-3-yDpyrimidin-

4-amine

THP
N\ N
N“ N e

[0086] To a mixture of 2,5-dichloro-N-(5-methyl-1H-pyrazol-3-yl)pyrimidin-4-
amine (2.44 g, 10 mmol) and 4-toluenesulfonic acid monohydrate (1.9g, 10 mmol) in
THF (200 ml.), was added DHP (4.25¢g, 50 mmol). After stirring overnight, the
reaction turned clear. After concentration, the residue was dissolved in ethyl acetate
and washed with Na,COs saturated aqueous solution. The organic layer was then
washed with brine, dried over sodium sulfate and concentrated in vacuo to afford 2,5-
Dichloro-N-(5-methyl-1-(tetrahydro-2H-pyran-2-yl)- 1H-pyrazol-3-yl)pyrimidin-4-
amine as light yellow solid, which was used in subsequent reactions without further
purification; ESMS m/z 244 (M-THP+H"); TLC Rf=0.6 (Silica; 1:1 ethyl

acetate/hexanes; starting material Rf=0.2).

Intermediate 9

2.5-Dichloro-N-(5-(trifluoromethyl)- 1 H-pyrazol-3-yDpyrimidin-4-amine

HN\N le\N
FSCM \NJ\CI

N
H

Step 1: 5-(Trifluoromethyl)-1H-pyrazol-3-amine
[0087] A mixture of (F)-4-amino-4-ethoxy-1,1,1-trifluorobut-3-en-2-one (5.00 g,

27 mmol) and hydrazine (1.05 g) in anhydrous EtOH (20 ml.) was stirred at 80 °C in a
sealed vial overnight. The reaction was quenched with water (50 mlL.), and extracted

with EtOAc (100ml, then 2x50 mL). The EtOAc layers were combined and
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Step 2: 2.5-Dichloro-N-(5-(trifluoromethyl)-1 H-pyrazol-3-yDpyrimidin-4-

amine

[0088] A mixture of 5-(trifluoromethyl)-1H-pyrazol-3-amine (500 mg, 3.3 mmol),
2.4,5-trichloropyrimidine (607 mg, 3.3 mmol) and sodium carbonate (525 mg, 5
mmol) in anhydrous EtOH (10 ml.) was stirred at rt. After one day, LCMS showed
the reaction was not complete. Additional 2,4,5-trichloropyrimidine (0.15 mlL) and
sodium carbonate (525 mg) were added and the reaction continued for two more days.
The solvent was evaporated, and the residue was extracted with DCM (3x20 mL.). The
combined DCM layers were washed with brine (10 ml.), dried over Na,SO,4 and
evaporated. The crude product was purified by silica chromatography (0-50% EtOAc
in hexanes gradient) to give 2,5-Dichloro-N-(5-(trifluoromethyl)-1H-pyrazol-3-
yl)pyrimidin-4-amine as a light tan colored solid; ESMS m/z 297.9 (M+H").

Intermediate 10

2.5-Dichloro-N-(5-ethvl-1H-pvyrazol-3-v)pyrimidin-4-amine

N\ X
H N CI

[0089] A mixture of 5-ethyl-1H-pyrazol-3-amine (1.00 g, 6.77 mmol), 2,4,5-
trichloropyrimidine (1.24 g, 6.77 mmol) and Na,CO5 (1.79 g, 16.9 mmol) in iso-

propanol (15 ml.) was stirred in a sealed vial at rt for two days. Water (10 mL) was
added. The solid was collected by filtration, washed with water (10 ml.) and dried to
give 2,5-Dichloro-N-(5-ethyl- 1H-pyrazol-3-yl)pyrimidin-4-amine as a light yellow
solid; ESMS m/z 258.0 (M+H").

Intermediate 11

1-chloro-5-methvl-4-nitro-2-(trifluoromethvl)benzene
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[0090] To a solution of 2-chloro-4-methyl-1-(trifluoromethyl)benzene (6.65¢,
34.1 mmol) in conc. sulfuric acid (25 mL) at 0 °C was added potassium nitrate (3.46
g, 34.1 mmol) in sulfuric acid (15 mL). After stirring at 0 °C for 1.5 h, the reaction
mixture was poured into 500 mL of ice water. The precipitate was collected by
filtration and washed with copious amounts of water, yielding 1-chloro-5-fluoro-4-
nitro-2-(trifluoromethyl)benzene as an orange solid; 'H NMR (400 MHz, chloroform-
d) 8 8.356 (s, 1H), 7.543 (s, 1H), 2.660 (s, 3H).

Intermediate 12

2-Bromo-4-methvl-5-nitrobenzonitrile

CN
Br

O,N
[0091] Following the same procedure as described in Intermediate 11 starting with
2-bromo-4-methylbenzonitrile, 2-bromo-4-methyl-5-nitrobenzonitrile was obtained as

a yellow solid; 'H NMR (400 MHz, chloroform-d) 8 8.290 (s, 1H), 7.742 (s, 1H),
2.683 (s, 3H).

Intermediate 13

5-Amino-2-bromo-4-methylbenzonitrile

Br

HoN

[0092] To a solution of 2-bromo-4-methyl-5-nitrobenzonitrile (500mg, 2.07
mmol) in ethanol (20ml.) was added tin chloride (785mg, 4.14 mmol). The mixture
was refluxed for 5 h. After cooling to room temperature, triethylamine (1.01g, 10

mmol) was added. The mixture was concentrated and purified by silica
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[0093] Following the same procedure as described in Intermediate 11 starting with
methyl 2-bromo-4-methylbenzoate, the title compound was obtained as a white solid;

'H NMR (400 MHz, chloroform-d) 8 8.505 (s, 1H), 7.711 (s, 1H), 3.967 (s, 3H),
2.640 (s, 3H).

Intermediate 15

Methyl 5-amino-2-bromo-4-methvlbenzoate

OOMe
Br

HoN

[0094] Following the same procedure as described in Intermediate 13, the title
compound was obtained as a beige solid; ESMS m/z 244 (M + H").

Intermediate 16

4-Bromo-5-methoxy-2-methylaniline

Me
Br

HoN

Step 1: N-(5-methoxy-2-methylphenyl)acetamide

[0095] To a solution of triethylamine (2.9 g, 14.4 mmol) and 5-methoxy-2-
methylaniline (1.0 g, 7.2 mmol) in DCM (30 mL) at 0 °C, was added acetyl chloride
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50 °C for 5 hours. The reaction was cooled to room temperature, then quenched with
sodium sulfite aqueous solution, and extracted with ethyl acetate (3 x 50 ml.). The
combined organic layer was dried over Na,SO,4 and concentrated to give crude N-(4-

bromo-5-methoxy-2-methylphenyl)acetamide as a brown oil, which was used in the

next step without further purification.

Step 3: 4-bromo-5-methoxy-2-methylaniline

[0097] N-(4-bromo-5-methoxy-2-methylphenyl)acetamide was dissolved in
methanol (15 mL) and concentrated HCI (30 mL). The mixture was refluxed at 95 °C
overnight. After cooling to room temperature, the mixture was poured into ice water,
and basified to pH = 12 with conc. NaOH aqueous solution. The mixture was then
extracted with ethyl acetate (3 x 50 mL.). The combined organic layer was dried over
Na,;SO4 and concentrated. The crude product was purified by silica chromatography
(15% ethyl acetate in hexanes) to give 4-bromo-5-methoxy-2-methylaniline as a beige
solid; "TH NMR (400 mHz, CDCl3) 7.20 (s, 1H), 6.37 (s, 1H), 4.6 (br, 2H), 3.82 (s,
3H), 2.12 (s, 3H).

Intermediate 17

2-Fluoro-5-methvl-4-(4.4.5.5-tetramethvyl-1.3.2-dioxaborolan-2-yl)aniline

4

B~

HaN
F

[0098] A mixture of 4-bromo-2-fluoro-5-methylaniline (2.0 g, 9.8 mmol),
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Wt{ermed GN ;S04 85nc25trirled in vacuo, and purified by silica chromatography
(EtOAc / Hexanes: 20/ 80) to afford 2-fluoro-5-methyl-4-(4.,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)aniline; ESMS m/z 252.2 (M + H").

Intermediate 18

2-Isopropoxy-5-methvyl-4-(1-methyl-piperidin-4-v1)-phenvlamine

HoN N—

Q

)7

Step 1: 1-bromo-5-fluoro-2-methvl-4-nitrobenzene

[0099] To a solution of 2-bromo-4-fluoro-1-methylbenzene (5 g, 26.4 mmol)
dissolved in conc. sulfuric acid (20 ml.) was added potassium nitrate (2.67 g, 26.4
mmol) in sulfuric acid (5 mL) at 0 °C. After stirring at 0 °C for 1hr, the reaction was
diluted with water, extracted with ethyl acetate (3 x 40 ml.). The combined organic
phases were washed with saturated sodium bicarbonate solution and brine
sequentially, and then dried over Na,SQO,. The crude product obtained after
concentration was purified by silica gel column chromatography with mixed solvent
hexanes/EtOAc (95/5) to afford 1-bromo-5-fluoro-2-methyl-4-nitrobenzene as an
orange solid. 'H NMR (400 MHz, chloroform-d) 8 7.93 (d, 1H, J=7.6 Hz), 7.50 (d,
1H, J=10 Hz), 2.43 (s, 3H).

Step 2: 1-bromo-5-isopropoxy-2-methyl-4-nitrobenzene

[0100] To a solution of 1-bromo-5-fluoro-2-methyl-4-nitrobenzene (Step 1, 1.5 g,
6.4 mmol) in 2-propanol (30 mL) was added cesium carbonate (5.3 g, 16 mmol). The
mixture was heated at 50 °C overnight. The mixture was concentrated and partitioned

between ethyl acetate and water. The organic layer was concentrated and the residue
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g, 3.65 mmol), pyridine-4-boronic acid (490 mg, 4 mmol), 2-
dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (300 mg, 0.73 mmol) and potassium
phosphate (1.55g, 7.3 mmol) in mixed solvent of dioxane (15 ml.) and water (7.5 mL)
was added tris(dibenzylidene-acetone)dipalladium (0) (334mg, 0.36 mmol). This
mixture was sealed and purged with nitrogen for 3 minutes and then heated at 120 °C
for 5 hours. The mixture was cooled to room temperature, filtered, and the filtrate
was concentrated. After concentration, the crude product was purified with silica gel
flash column chromatography (60% ethyl acetate in hexanes) to afford 4-(5-
isopropoxy-2-methyl-4-nitrophenyl)pyridine a as yellow solid: ESMS m/z 273.2 (M +
H").

Step 4: 4-(5-Isopropoxv-2-methyl-4-nitro-phenvyl)-1-methyl-pyridinium iodide

[0102] 4-(5-Isopropoxy-2-methyl-4-nitro-phenyl)-pyridine (Step 3, 217 mg, 0.797
mmol) was dissolved in anhydrous THF (9 mlL.). Iodomethane (0.10 mL., 1.61 mmol,
2 equiv.) was added, and the reaction was stirred at 40 °C in a sealed tube for 2 days.
The volatiles were removed under vacuum, generating 4-(5-Isopropoxy-2-methyl-4-

nitro-phenyl)-1-methyl-pyridinium iodide as a brown solid: ESMS m/z 287.1 (M+).

Steps 5 and 6: 2-Isopropoxv-5-methyl-4-(1-methvl-piperidin-4-vl)-

phenylamine

[0103] 4-(5-Isopropoxy-2-methyl-4-nitro-phenyl)-1-methyl-pyridinium iodide
(Step 4, 0.697 mmol) was dissolved in CH;OH (20 mL) and cooled to 0 °C. NaBH4
(264 mg, 6.97 mmol, 10 equiv.) was slowly added. After this addition was complete,
the cooling bath was removed and the reaction was stirred at room temperature for 1
h. The reaction was quenched by the slow addition of 1N aqueous HCI (14 mL). The
CH;OH was partially removed by vacuum. The resulting residue was partitioned
between EtOAc and 1 N aqueous NaOH. Additional 50 % aqueous NaOH was added
until the aqueous layer had a pH >12. The EtOAc layer was washed with 1 N

aqueous NaOH (2x), the organic layer was then dried over sodium sulfate, filtered,
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NaOH. Additional 50% aqueous NaOH was added until the aqueous layer has a pH
>12. The EtOAc layer was washed with 1 N aqueous NaOH (2x), the organic layer
was then dried over sodium sulfate, filtered, and concentrated under vacuum to give
2-isopropoxy-5-methyl-4-(1-methyl-piperidin-4-yl)-phenylamine, which was used in
subsequent steps without further purification: ESMS m/z 263.2 (M + H+).

Intermediate 19

tert-butyl 4-(4-amino-5-fluoro-2-methvlphenvl)piperidine-1-carboxylate

0
o<

HoN

Step 1: 4-Trifluoromethanesulfonvloxy-3.6-dihydro-2H-pyridine-1-carboxvlic

acid tert-butyl ester

[0104] A solution of N-fert-Butoxycarbonyl-4-piperidone (10.17 g, 0.05 mol) in
THF (100 mL) was added dropwise into a cooled (-78 °C), vigorously stirring solution
of LDA (40 mL of 1.5 M solution in cyclohexanes, 0.06 mol) in THF (100 ml.), under
N,. The reaction mixture was left at -78 °C for 30 min before adding a solution of
phenyl trifluorosulfonimide (19.85 g, 0.055 mol) in THF (50 mL.). Then the reaction
mixture was warmed to room temperature and stirred for 3 h. The reaction was
quenched at 0 °C with 100 mL of saturated aqueous NH4Cl and filtered through
Celite. The filtrate was added to 100 mL of EtOAc, and the layers were separated.
The organic layer was washed with H,O, dried over MgSO, and concentrated. The
crude product was purified by silica gel chromatography (0-30% EtOAc in Hexanes
as eluent and checked by TLC stained with 2% of KMnO4 in EtOH) to afford 4-
Trifluoromethanesulfonyloxy-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl
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treated with bis(pinacolato)diboron (12.6 g, 49.6 mmol), potassium acetate (14.65 g,
149 mmol) and Pd(dppf)Cl, (790 mg, 0.96 mmol). The solution was purged with N,

(g) for 5 minutes, and then sealed and heated at 80 °C for 15 h. The reaction was
cooled to room temperature and poured into ice water. The mixture was extracted
with ethyl acetate (3 x 100 mL). The combined organic phase was washed with brine,
dried over sodium sulfate, and concentrated in vacuo. The crude product was purified
with silica gel chromatography (15% ethyl acetate in hexanes) to afford tert-butyl 4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,6-dihydropyridine-1(2H)-carboxylate

as a white solid.

Steps 3 and 4: Tert-butyl 4-(4-amino-5-fluoro-2-methylphenyl)piperidine-1-

carboxylate
[0106] To a mixture of 5'-chloro-N,2'-dimethyl-4'-nitrobiphenyl-4-carboxamide

(204 mg, 1 mmol), tert-butyl 4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,6-
dihydropyridine-1(2H)-carboxylate (370 mg, 1.2 mmol) and sodium carbonate (742
mg, 7 mmol) in DMF/H,0 (12/3 ml.) was added tetrakis(triphenylphosphine)
palladium (0) (58 mg, 5% mmol). The reaction tube was sealed, the mixture was
purged with N, for 3 min and then heated at 90°C under N, for overnight. The reaction
was cooled to room temperature, and poured into saturated aqueous ammonia chloride
solution. The crude reaction mixture was extracted with ethyl acetate (3 x 15 mL).
The organic extracts were combined, washed with brine and concentrated. The crude
product was purified with silica gel chromatography (20% ethyl acetate in hexanes) to
afford tert-butyl 4-(4-amino-5-fluoro-2-methylphenyl)-5,6-dihydropyridine- 1(2H)-
carboxylate as a yellow oil. The obtained oil was dissolved in methanol (20 mL). To
the solution was added Pd/C (10%). The reaction mixture was degassed and purged
with H; for several times and stirred under H, (1 atm) overnight. The mixture was
filtered and concentrated to afford the fert-butyl 4-(4-amino-5-fluoro-2-
methylphenyl)piperidine-1-carboxylate as a white solid. ESMS m/z 207 (M -Boc+
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[0107] To a mixture of 1-bromo-2,5-dimethyl-4-nitrobenzene (185 mg, 1 mmol)
and 2-(tributylstannyl)pyridine (202 mg, 1.1 mmol) in DMF (4 mL.) was added
tetrakis(triphenylphosphine) palladium (0) (58 mg, 5% mmol). The reaction tube was
sealed, the mixture was purged with N, for 3 min and then heated at 120 °C under N,
for overnight. The reaction was cooled to room temperature and poured into saturated
aqueous ammonia chloride solution. The crude reaction mixture was extracted with
ethyl acetate (3 x 15 ml.). The organic extracts were combined, washed with brine
and concentrated. The crude product was purified with silica gel column
chromatography (60% ethyl acetate in hexanes) to afford 2-(2,5-dimethyl-4-
nitrophenyl)pyridine as a white solid. The obtained solid was dissolved in acetic
acid/TFA (15 mI./200 uL.). To this solution was added PtO, (10% w/w). The reaction
mixture was degassed and purged with H, for several times and stirred under 1 atm.
hydrogen gas overnight. The mixture was filtered and concentrated to afford 2,5-

Dimethyl-4-(piperidin-2-yl)aniline as a yellow oil. ESMS m/z 205 (M + H).

Intermediate 21

tert-butyl 3-(4-amino-2.5-dimethylphenvyl)azetidine-1-carboxvlate

NH,

Boc
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2-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-

yl am no)pyr| m d| n- 2-yl am no) - 2, 5-

b AR . - (Heamidp - 3-d th Nipheg

%iOé‘]S ?él’?—B(ll\}/lfl 3 (5?5‘—dimethyl—4—nitrophenyl)azetidine— I-carboxylate was
reduced to fert-butyl 3-(4-amino-2,5-dimethylphenyl)azetidine-1-carboxylate by

standard Raney Ni hydrogenation at room temperature using MeOH as the solvent.

Intermediate 22

5-Ethyl-2-methvl-4-(piperidin-4-yl)aniline

NH

Step 1: tert-butyl 4-(4-amino-5-methyl-2-vinylphenyl)-5.6-dihydropyridine-
1(2H)-carboxylate
[0110] To a mixture of 4-bromo-5-chloro-2-methylaniline (500 mg, 2.27mmol),
tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,6-dihydropyridine-1(2H)-

carboxylate (840 mg, 3.73 mmol) and sodium carbonate (2.52 g, 15.9 mmol) in
DMF/H,0 (20/5 ml.) was added tetrakis(triphenylphosphine) palladium (0) (131 mg,
5 mol%). The reaction tube was sealed, the mixture was purged with N for 3 min and
then heated at 100°C under N for overnight. The reaction was cooled to room
temperature and poured into saturated aqueous ammonia chloride solution. The crude
reaction mixture was extracted with ethyl acetate (3 x 15 ml.). The organic extracts
were combined, washed with brine and concentrated. The crude product was purified
with silica chromatography (80% ethyl acetate in hexanes) to afford fert-butyl 4-(4-
amino-2-chloro-5-methylphenyl)-5,6-dihydropyridine- 1 (2H)-carboxylate as a yellow
solid. This obtained product (322 mg, 1 mmol) was dissolved in dioxane/NMP
(anhydrous, 4 ml., 3/1). To this solution was added tributyl(vinyl)stannane (380 mg,
1.2 mmol), cesium fluoride (304 mg, 2 mmol) and palladium bis(tri-tert-butyl-
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Step 2: 5-Ethvl-2-methvyl-4-(piperidin-4-ylaniline

[0111] The product obtained from the previous step was dissolved in methanol
(20 mL). To this solution was added conc. aqueous HCI1 (200 ul.) and platinum oxide
(23 mg, 0.1 mmol). The reaction mixture was degassed and purged with H, for
several times and vigorously stirred under 1 atm. H, for 3 h. The mixture was filtered
and concentrated to afford 5-Ethyl-2-methyl-4-(piperidin-4-yl)aniline as a yellow
solid. ESMS m/z 219.2 (M + H).

Intermediate 23

2.5-Dimethyl-4-(piperidin-3-vlaniline

ZT

Step 1: 2.5-Dimethvl-4-(pyridin-3-ylaniline

[0112] A suspension of 4-bromo-2,5-dimethylaniline (4.00 g, 20 mmol), pyridin-
3-ylboronic acid (2.70 g, 11 mmol), Pd,(dba); (0.55 g, 0.6 mmol), 2-
dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (0.98 g, 1.2 mmol) and Na,COs
(10.6 g, 100 mmol) in n-BuOH (50 ml.) was degassed by a stream of argon gas for 15
min. The reaction flask was sealed and placed in a pre-heated oil bath (115 "C). After
stirring overnight, the reaction was cooled and filtered. The filter cake was washed
with DCM and the filtrate was concentrated in vacuo. The resulting residue was

dissolved in EtOAc (150 mL). EtOAC was sequentially washed with water (20 mL),
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[0113] 2,5-Dimethyl-4-(pyridin-3-yl)aniline (403 mg, 2.03 mmol) was dissolved
in MeOH (5 mL) and conc. aqueous HCI (1 mL), followed by addition of PtO, (40

mg). The flask was purged with H; and the reaction was vigorously stirred at rt under
H, (1 atm). After two days, LCMS shows the completion of the reaction. The catalyst
was removed by filtration and the remaining solution was concentrated in vacuo to
give 2,5-Dimethyl-4-(piperidin-3-yl)aniline as a white solid, which can be used in
subsequent reactions without further purification; ESMS m/z 205.2 (M+H").

Intermediate 24

1-(tert-butoxycarbonvl(methvl)amino)cvyclopropanecarboxylic acid

OH
)

N

Boc

[0114] To a solution of 1-(tert-butoxycarbonylamino)cyclopropanecarboxylic acid
(201mg, 1.0 mmol) in DMF (2 ml.) was added NaH (120 mg, 3.0 mmol) at 0 °C. The
resulting mixture was stirred at 0°C for 10 min. before the addition of Mel (568 mg,
4.0 mmol). The mixture was then warmed up to room temperature and stirred for 2 hr.
Saturated NH4Cl aqueous solution (20 ml.) was added into the mixture, and the
solution was extracted with EtOAc (3 x 10 mL). The combined organic layers were
concentrated and the residue was dissolved in MeOH (3 ml) with NaOH (3 N, 1mL).
This mixture was stirred at 80 °C for 1 hr and cooled down to room temperature. The
clear solution was purified directly on preparative RP-HPLC to provide 1-(tert-
butoxycarbonyl(methyl)amino)cyclopropanecarboxylic acid. ESMS m/z 238.2 (M +
Na").

Intermediate 25

(R)-2-bromopropanamide
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[0115] Under nitrogen, to the solution of (R)-2-bromopropanoic acid (5.0 g, 32.68

mmol) in 100 mL of DCM was added thionyl chloride (7.1 ml., 98.04 mmol) and 1

mlL of DMF sequentially at 0°C. The reaction was stirred at room temperature
overnight, and concentrated in vacuo. The resulting crude product was directly used

in next step without further purification.

Step 2: (R)-2-bromopropanamide

[0116] (R)-2-bromopropanoyl chloride was slowly added to a 37% ammonia
hydroxide water solution cooled to 0°C. The reaction was allowed to warm to room
temperature and was stirred for 2 h. The product was extracted with EtOAc and the
collected organic extracts were dried (NaxSQy) and concentrated in vacuo to afford

(R)-2-bromopropanamide.

Intermediate 26

(R)-2-bromo-N-methylpropanamide

Br

H
/kn/N ~
@)
[0117] (R)-2-bromopropanoyl chloride was slowly added to a methylamine water

solution cooled to 0°C. The reaction was allowed to warm to room temperature and
was stirred for 2 h. The product was extracted with EtOAc and the collected organic
extracts were dried (Na,SQ,) and concentrated in vacuo to afford (R)-2-bromo-N-

methylpropanamide.

Intermediate 27

1-(tert-butoxycarbonvl(ethvlamino)cvyclopropanecarboxylic acid

ﬁ%oc
HO’ KNV
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between EtOAc and water. The combined organic extracts were dried (NaxSOy), and
concentrated in vacuo to afford crude ethyl 1-(fert butoxycarbonyl(ethyl)amino)
cyclopropanecarboxylate, which was used in the next step without further

purification.

Step 2: 1-(tert-butoxvycarbonvl(ethyl)amino)cvclopropanecarboxvlic acid

[0119] The crude product from Step 1 was dissolved in a mixture of EtOH (4.0
ml.) and water (1.0 mL). LiOH (82.0 mg, 2.0 mmol) was added to the reaction. The
reaction was heated at 120°C in a microwave reactor for 10 min. The reaction was
concentrated in vacuo, and the crude product was partitioned between EtOAc and
water. The water layer was neutralized with 4N aq. HCI to pH 4 and then extracted
with EtOAc. The combined organic extracts were dried (Na,SO,), and concentrated

in vacuo to afford 1-(fert butoxycarbonyl(ethyl)amino)cyclopropanecarboxylic acid.

Intermediate 28

1-(tert-butoxycarbonyl(ethyvlamino)cyclobutanecarboxyvlic acid

ﬁ%oc
N~
HO

Step 1: Ethvl 1-(tert-butoxycarbonvl(ethyl)amino)cyclobutanecarboxylate

[0120] Under nitrogen, to the solution of 1-(tert-
butoxycarbonylamino)cyclobutanecarboxylic acid (430.0 mg, 2.0 mmol) in 4 mL of
DMF was added NaH (240.0 mg, 6.0 mmol) at 0°C. After stirring for 30 min.,
iodoethane (0.8 ml., 10.0 mmol) was added to the reaction. The reaction was warmed
to room temperature gradually and stirred overnight. The reaction mixture was

partitioned between EtOAc and water. The combined organic extracts were dried
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(1.0 mL). LiOH (164.0 mg, 4.0 mmol) was added to the reactlon The reaction was

heated at 120°C in a microwave reactor for 10 min. The reaction was concentrated in
vacuo, and the crude was partitioned between EtOAc and water. The water layer was
neutralized with 4N aq. HCI to pH 4 and then extracted with EtOAc. The combined
organic extracts were dried (Na,SQ,), and concentrated in vacuo to afford 1-(tert-

butoxycarbonyl(ethyl)amino) cyclobutanecarboxylic acid.

Intermediate 29

1-(tert-butoxycarbonvl(methyl)amino)cyclobutanecarboxylic acid

ﬁ%oc

HO N~

Step 1: Methvl 1-(tert-butoxycarbonyvl(ethyl)amino)cyclobutanecarboxylate

[0122] Under nitrogen, to the solution of 1-(tert-butoxycarbonylamino)
cyclobutanecarboxylic acid (430.0 mg, 2.0 mmol) in 4 mL. of DMF was added NaH
(240.0 mg, 6.0 mmol) at 0°C. After stirring for 30 min., iodomethane (0.62 ml., 10.0
mmol) was added to the reaction. The reaction was warmed to room temperature
gradually and stirred overnight. The reaction mixture was partitioned between EtOAc
and water. The combined organic extracts were dried (Na;SQOs), and concentrated in
vacuo to afford crude methyl 1-(fert-butoxycarbonyl(ethyl)amino)

cyclobutanecarboxylate.

Step 2: 1-(zert-butoxycarbonyl(methyl)amino)cyclobutanecarboxylic acid
[0123] The crude product from Step 1 was dissolved in MeOH (4.0 mL.) and
water (1.0 mL). LiOH (164.0 mg, 4.0 mmol) was added to the reaction. The reaction

was heated at 120°C in a microwave reactor for 10 min. The reaction was
concentrated in vacuo, and the crude was partitioned between EtOAc and water. The

water layer was neutralized with 4N aq. HCI to pH 4, and then extracted with EtOAc.
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[0124] Under nitrogen, to a solution of 2-bromobutanoic acid (2.0 g, 12.0 mmol)
in DCM (50 mL) at 0°C were sequentially added thionyl chloride (2.6 ml., 35.9
mmol) and 0.5 mL. of DMF. The reaction was allowed to warm to room temperature
and was stirred overnight. The reaction mixture was concentrated in vacuo and then
cooled to 0°C. Thirty (30) mL of 37% aqueous ammonia hydroxide was added
slowly. The reaction was allowed to warm to room temperature and was stirred for 2
h followed by extraction with EtOAc. The combined organic extracts were dried

(NaS0,), and concentrated in vacuo to afford 2-bromobutanamide.

Intermediate 31

2-bromo-N-methvlbutanamide

Br I?I H

[0125] Under nitrogen, to a solution of 2-bromobutanoic acid (2.0 g, 12.0 mmol)
in DCM (50 mL) at 0°C were sequentially added thionyl chloride (2.6 ml., 35.9
mmol) and 0.5 mL. of DMF. The reaction was allowed to warm to room temperature
and was stirred overnight. The reaction mixture was concentrated in vacuo and then
cooled to 0°C. Thirty (30) mL of 40% methylamine water solution was added
slowly. The reaction was allowed to warm to room temperature and was stirred for 2
h followed by extraction with EtOAc. The combined organic extracts were dried

(Na;S0Os), and concentrated in vacuo to afford 2-bromo-N-methylbutanamide.

Intermediate 32

2-bromo-N-ethylbutanamide
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in DCM (50 mL) at 0°C were sequentially added thionyl chloride (2.6 ml., 35.9
mmol) and 0.5 mL. of DMF. The reaction was allowed to warm to room temperature
and was stirred overnight. The reaction mixture was concentrated in vacuo and then
cooled to 0°C. Thirty (30) mL of 40% ethylamine water solution was added slowly.
The reaction was allowed to warm to room temperature and was stirred for 2 h,
followed by extraction with EtOAc. The combined organic extracts were dried

(Na2S0Oy), and concentrated in vacuo to afford 2-bromo-N-ethylbutanamide.

Intermediate 33

1-(Methvlsulfonvl)azetidin-3-one

ONpY

o

s,
O

[0127] To a mixture of 3-azetidinone hydrochloride (471 mg, 3.28 mmol) and
K>CO;5(1.50 g, 11 mmol) in CHCI3/H,O (5/5 ml.) was added methanesulfonic
anhydride (1.14 g, 6.57 mmol) in one portion at O "C. After stirring for 2 h, the
reaction was diluted with saturated aqueous NaHCO; (5 ml.) and extracted with DCM
(3x25 mL.). The combined DCM layers were washed with brine (5 mL.), dried over
Na,;SO;4 and evaporated to afford 1-(Methylsulfonyl)azetidin-3-one as an off white
solid, which was used without further purification; 'H NMR (400 MHz, CDCl3) o
4.82 (s, 4H), 3.05 (s, 3H).

Example 1
5-Chloro-N2-(2-fluoro-5-methyl-4-(1-methylpiperidin-4-yl)phenyl)-N4-(5-methyl-

1H-pyrazol-3-yl)pyrimidine-2.4-diamine (1)
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[0128] Step 1: A mixture of 2,5-dichloro-N-(5-methyl-1H-pyrazol-3-
yD)pyrimidin-4-amine (Intermediate 1, 132 mg, 0.54 mmol) and ter#-butyl 4-(4-amino-
5-fluoro-2-methylphenyl)piperidine-1-carboxylate (Intermediate 19, 166 mg, 0.54
mmol) in 2-propanol (15 ml.) was treated with conc. aqueous HCI (14 drops). The
mixture was sealed and heated in a microwave at 130 °C for 60 min. The mixture was
concentrated to afford 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-N4-
(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a yellow solid. A portion of
the crude product was purified with preparative RP-HPLC to afford 5-chloro-N2-(2-
fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-N4-(5-methyl- 1H-pyrazol-3-yl)pyrimidine-
2,4-diamine as a white solid; ESMS m/z 416.1 (M + H"). The remainder of the crude
product was used directly for the next step without further purification.

[0129] Step 2: To a solution of the crude product from previous step in THF (5
mlL) and methanol (5 ml.) was added formaldehyde (100 ul., 1.3 mmol) and 10 drops
of AcOH sequentially. The reaction mixture was stirred at room temperature for 1 h,
then sodium cyanoborohydride (175 mg, 2.78 mmol) was added in one portion, and
the reaction was stirred for an additional 30 min. The reaction was quenched by
saturated aqueous NH4Cl and concentrated in vacuo to give an oily residue. The
residue was purified with preparative RP-HPLC to afford 5-Chloro-N2-(2-fluoro-5-
methyl-4-(1-methylpiperidin-4-yl)phenyl)-N4-(5-methyl- 1H-pyrazol-3-yl)pyrimidine-
2,4-diamine as a white solid. 'H NMR (400 MHz, DMSO-d6) 6 10.33 (br, 1H), 9.90
(br, 1HO, 9.60 (br, 1H), 8.22 (s, 1H), 7.56 (d, 1H), 7.00 (d, 1H), 6.20 (s, 1H), 3.53-
3.50 (m, 2H), 3.16-3.10 (m, 2H), 2.97-2.92 (m,1H), 2.81 (d, 3H), 2.26 (s, 3H), 2.16 (s,
3H), 1.94-1.91 (m, 2H), 1.83-1.73 (m, 2H); ESMS m/z 430.1 (M + H").

Example 2
5-chloro-N2-(2-fluoro-5-methvl-4-(piperidin-4-yl)phenvl)-N4-(5-methvl- 1H-pyrazol-

3-yDpyrimidine-2.4-diamine (2)
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propanol (15 ml.) was treated with conc. aqueous HCI (14 drops). The mixture was
sealed and heated in a microwave at 130 °C for 60 min. The mixture was concentrated
to afford 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine as yellow solid. A portion of the crude
product was purified with preparative RP-HPLC to afford 5-chloro-N2-(2-fluoro-5-
methyl-4-(piperidin-4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine as a white solid; ESMS m/z 416.1 M + H").

Examples 3 and 4

(H-3-(5-chloro-2-(2-fluoro-5-methvyl-4-(1-methvlpiperidin-4-yl)phenylamino)

pyrimidin-4-ylamino)azepan-2-one (10)

(R)-3-(5-chloro-2-(2-fluoro-5-methvl-4-(1-methvlpiperidin-4-yl)phenvylamino)

pyrimidin-4-ylamino)azepan-2-one (11)

HNQ
R 7~
& 5 NH N
~
N)\N
H
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0. 005 63 N. SO2Me HN-N cl Nei NNN HH 5-chloro-N2-(2,5
-dinmethyl-4-(1 -

w@ e@biogdesul f onyl ) pi peridi n-4-yl) phenyl) - N4- (5 PCTES1099/048428
1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne ESMS m z 490. 2
(M+ 1-1). 0.002 64 <\ .00 s," --- 411-HNN-NH HN-'/ Cl
NO53tlh| (¢9-6-(Rzh{oto-212-flwyelSapebplyd-< Linfetmyhpippiigiard- di n-

i B FS TR P50 By
setiedotlprocdulR%s dVRriBEd B 10026588 PRI 100 Ad841% and

STRUCTURE NVR or ESMS | G=-1R B a/F3 1C50 (uM 65 F
Ingwmediatec]9. 1gipyal sepgron @f ppe racemic mixture was conducted with normal

e LT e RED A AT, O s 5 RO P g st
hekbhd3y 8@Z® hnBPYOHR 0 Veirinthidiféed2y dh dil@Dighylamine. The two purified
enantiomer peaks were collected separately: (5)-3-(5-chloro-2-(2-fluoro-5-methyl-4-
(1-methylpiperidin-4-yl)phenylamino)pyrimidin-4-ylamino)azepan-2-one and (R)-3-
(5-chloro-2-(2-fluoro-5-methyl-4-(1-methylpiperidin-4-yl)phenylamino)pyrimidin-4-
ylamino)azepan-2-one; both peaks: ESMS m/z 461.2 (M + H"). The earlier eluting
peak (RT = 7.26 min.) and the later eluting peak (RT = 10.17 min.) were arbitrarily

assigned as the () and (R) enantiomer, respectively.

Example 5
5-Chloro-N2-(4-(1-((3,5-dimethvlisoxazol-4-yl)methyl)piperidin-4-v1)-2-fluoro-5-

methylphenyl)-N4-(5-methyl- 1H-pyrazol-3-yDpyrimidine-2.4-diamine (19)

HN\NC|f\N 0
\ \ |
’Q)\N Sy

H H ¢

[0132] To a mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-

N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol) and
triethylamine (83 ul., 0.6 mmol) in DMF (1.5 mL), was added 4-(chloromethyl)-3,5-
dimethylisoxazole (35 mg, 0.24 mmol). The mixture was stirred at room temperature
for 3 hours. The reaction was filtered and the filtrate was purified by preparative RP-
HPLC to afford 5-Chloro-N2-(4-(1-((3,5-dimethylisoxazol-4-yl)methyl)piperidin-4-
yD)-2-fluoro-5-methylphenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
as a white solid. 1H NMR (400 MHz, MeOD-d4) 8.12 (s, 1H), 7.75 (d, 1H), 7.03 (s,
1H), 6.27 (s, 1H), 4.25 (s, 2H), 3.69-3.67 (m, 2H), 3.27-3.20 (m, 3H), 2.54 (s, 3H),
2.37 (s, 3H), 2.34 (s, 3H), 2.30 (s, 3H), 2.10-1.95 (m, 4H);ESMS m/z 525.1 (M +
H+).
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ESMS nfz 557.2 (M+ H). 0.076 Fi N-Nck----5% N0 --ck
NNN HH Et hyl 4-(4-(5-chl oro-4-(5-nethyl-1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2- PCT/US2009/048428
met hyl phenyl ) pi peri di ne-1-car boxyl ate 1HNVR(400MHz, '
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(M+ H). 0 06% n@&h@p%ﬂvap@ndm 1' Vl‘)etTlano’i Mg - |
NN H et hyl 4-(2-chloro-4-(5-chloro-4-(5- rr%hhyl-
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nmet hyl phenyl ) pi perjidi ne-I -car ESVMS mi z 504.2
(M+ H. 0. 18N8\ NHN-N N1 >7. ... * NNN HH

| sopropyl 4-(’1&/53\05@&\4- - 1H pyrazol -

3-yl am no) pyri m di i 2-§1 afj noY- 5- f | uor o- 2-
nmet hyl phenyl ) pi peri d| ne-1| -car boxyl ate ESMS m z 502. 2
(M+ H). 0.080 WD 2010/002655PCT/ US2009/ 048428

JORSST IR MY 22 - FR)S-5-methyl-4-(piperidin-4-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol) was dissolved in anhydrous
DMF (1 mL). TEA (50 uL, 0.36 mmol, 3 equiv.) was added followed by 2-bromo-
ethanol (0.018 ml., 0.24 mmol, 2 equiv.) dissolved in anhydrous DMF (0.7 mL.). The

reaction vessel was sealed and heated in a microwave at 100 °C for 20 min. After
cooling to room temperature, the reaction was concentrated and the crude product was
purified using preparative RP-HPLC to give 2-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-methylphenyl)piperidin- 1-
yl)ethanol as a white solid: ESMS m/z 460.2 (M + H+).

Example 7
5 —chloro—Nz—( 2-fluoro-5-methyl-4-(1-( 3,3,3—tn'ﬂuoropropVl)piperidin—4—vl)phenvl)—N4—

(5-methyl-1H-pyrazol-3-yl)pyrimidine-2.4-diamine (24)

F
N/\)<F

— L
N N N
H H ¢

[0134] The mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol), 3-bromo-1,1,1-
trifluoropropane (85.0 ul., 0.60 mmol) and triethylamine (102.0 uL., 0.60 mmol) in 2
ml. of DMF was stirred overnight. The reaction mixture was purified by preparative
RP-HPLC to afford 5-chloro-N2-(2-fluoro-5-methyl-4-(1-(3,3,3-
trifluoropropyl)piperidin-4-yl)phenyl)- N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-
2,4-diamine. ESMS m/z 512.2 (M + H").
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[0135] The mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (50.0 mg, 0.12 mmol) and 2-
(trifluoromethyl)oxirane (67.8 mg, 0.60 mmol) in 2 ml. of DMF was stirred
overnight. The reaction mixture was purified by preparative RP-HPLC to afford 3-(4-
(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-1,1,1-trifluoropropan-2-ol. ESMS m/z 528.2 (M + H").

Example 9

2-(4-(4-(5-Chloro-4-(5-methvyl-1H-pyrazol-3-ylamino)pvrimidin-2-vlamino)-5-fluoro-

2-methylphenypiperidin-1-yl)acetamide (39)
N /\n/ N H 2

HN\NC|j\/\N O
\ |
/vN \N)\N

H H

[0136] To a mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-

N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol) and
triethylamine (50 ul., 0.36 mmol) in DMF (1.5 mL.), was added 2-bromo-acetamide
(33 mg, 0.24 mmol). The mixture was stirred at room temperature for 2 hours. The
reaction was filtered and the filtrate was purified by preparative RP-HPLC to give 2-
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl) piperidin-1-yl)acetamide as a white solid: 'H NMR (400 MHz, MeOD-
dy) 8 8.11 (s, 1H), 7.76 (d 1H), 7.09 (d, 1H), 6.27 (s, 1H), 4.0 (s, 2H), 3.75-3.73 (m,
2H), 3.22-3.13 (m, 3H), 2.34 (s, 3H), 2.30 (s, 3H), 2.04 -2.00 (m, 4H); ESMS m/z
473.2 (M + H").
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4-(4-(5-chl oro-4-(5-net hyl - 1H pyrazol - 3-
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[0137] To a mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-

N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol) and
triethylamine (83 ul., 0.6 mmol) in DMF (1.5 mL), was added methyl vinyl sulfone
(38 mg, 0.36 mmol). The mixture was stirred at room temperature for 1 hour. The
reaction was filtered and the filtrate was purified by preparative RP-HPLC to afford
5-Chloro-N2-(2-fluoro-5-methyl-4-(1-(2-(methylsulfonyl)ethyl)piperidin-4-
ylDphenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a white solid.
ESMS m/z 522.1 (M + H+).

Example 11
5-Chloro-N2-(2-fluoro-5-methyl-4-(1-(methylsulfonyl)piperidin-4-vl)phenvl)-N4-(5-

methyl-1H-pyrazol-3-yl)pyrimidine-2.4-diamine (62)

_SOM
NI

HN=N le\N
F

[0138] To a mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol) and
triethylamine (50 ul., 0.36 mmol) in DMF (1.5 mL) was added methanesulfonyl
chloride (18 ul., 0.24 mmol). The mixture was stirred at room temperature for 2
hours. The reaction was filtered and the filtrate was purified by preparative RP-HPL.C
to give 5-Chloro-N2-(2-fluoro-5-methyl-4-(1-(methylsulfonyl)piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a white solid: ESMS m/z
494.2 (M + H").
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[0139] To a mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-

N O

N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol) and
triethylamine (50 ul, 0.36 mmol) in DMF (1.5 mL) was added ethyl chloroformate
(26 mg, 0.24 mmol). The mixture was stirred at room temperature for 2 hours. The
reaction was filtered and the filtrate was purified by preparative RP-HPLC to give
Ethyl 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidine-1-carboxylate as a white solid: 'H NMR (400 MHz,
MeOD-d,) 8 8.13 (s, 1H), 7.54 (d, 1H), 7.10 (d, 1H), 6.28 (s, 1H), 4.30-4.26 (m, 2H),
4.14 (g, 2H), 2.99-2.96 (m, 3H), 2.33 (s, 3H), 2.29 (s, 3H), 1.8-1.77 (m, 2H), 1.64-
1.55 (m, 2H), 1.28 (t, 3H); ESMS m/z 488.2 (M + H").

Example 13
4-(4-(5-Chloro-4-(5-methvyl-1H-pyrazol-3-vlamino)pyrimidin-2-vlamino)-5-fluoro-2-

methylphenyl)-N.N-dimethylpiperidine-1-carboxamide (69)

X
7
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F

[0140] To a mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol) and
triethylamine (83 ul., 0.6 mmol) in DMF (1.5 mL) was added dimethylcarbamic
chloride (39 mg, 0.36 mmol). The mixture was stirred at room temperature for 1 hour.
The reaction was filtered and the filtrate was purified by preparative RP-HPLC to
afford 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)-N,N-dimethylpiperidine-1-carboxamide as a white solid.
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75 0 ESM5S mz 497.2 (M + 0.011 NN H). HN- - NCI NO *
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Example 14
1-(4-(4-(5-chloro-4-(5-methyl- 1H-pvyrazol-3-ylamino)pvyrimidin-2-ylamino)-5-fluoro-

2-methvlpheny)piperidin-1-yl)-2-(dimethylamino)ethanone (73)

0

[0141] To a mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol) and
triethylamine (50 ul., 0.36 mmol) in DMF (1.5 ml.) was added 2-
(dimethylamino)acetyl chloride (38 mg, 0.24 mmol). The mixture was stirred at room
temperature for 1 hour. The reaction was filtered and the filtrate was purified by
preparative RP-HPLC to give 1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-methylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone as a white solid: 'H NMR (400 MHz, MeOD-d,) § 8.08 (s,
1H), 7.71 (d, 1H), 7.03 (d, 1H), 6.26 (s, 1H), 4.71-4.67 (m, 2H), 3.81-3.77 (m, 2H),
3.14-3.12 (m, 2H), 2.98 (s, 3H), 2.96 (s, 3H), 2.90-2.83 (m, 1H), 2.34 (s, 3H), 2.28 (s,
3H), 1.87 (d, 2H), 1.76-1.55 (m, 2H); ESMS m/z 501.2 (M + H").

Example 15
1-(4-(4-(5-chloro-4-(5-methyl- 1H-pvyrazol-3-ylamino)pvyrimidin-2-ylamino)-5-fluoro-

2-methylphenyl)piperidin-1-yl)-2-(4-methylpiperazin-1-yl)ethanone (105)

7

@) N
IS
HN\NCer
\
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F
[0142] To the solution of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-
ylDphenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (100.0 mg, 0.24
mmol) in 4 mL of DCM was added 2-chloroacetylchloride (23.0 ul,, 0.29 mmol) and

triethylamine (67.0 ul., 0.48 mmol) sequentially. The reaction was stirred at room
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1-(4-(4-(5-chloro-4-(5-nmethyl-1H pyrazol - 3-

W@ b@wiomsypyri m di n- 2- yl am no) - 2- met hoxy- 5- PCT/US2009/048428
met hyl phenyl ) pi peridin-1-y1l)-2-
(di met hyl am no) et hanone WO
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prodic@ Rk mixdd With NOh&M§IpIPetiziited116.0 mg, 1.16 mmol) in 3 mL of DMF
and the reaction was stirred overnight at room temperature. The reaction mixture was
purified by preparative HPLC to afford 1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-methylphenyl)piperidin-1-yl)-2-(4-
methylpiperazin-1-yl)ethanone. ESMS m/z 556.3 (M + H").

Example 16

Azetidin-3-v1(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-yvlamino)pvyrimidin-2-

ylamino)-5-fluoro-2-methvlphenvl)piperidin-1-yl)methanone (131)

NiCNH
N\ X
N~ N N
H H ¢

[0143] To a mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-

N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol), di-
isopropylethylamine (50 ul,, 0.36 mmol) and HATU (55 mg, 0.14 mmol) in DMF (1.5
ml.) was added 1-(tert-butoxycarbonyl)azetidine-3-carboxylic acid (29 mg, 0.14
mmol). After stirring at room temperature for 4 hours, the mixture was diluted with
methanol (1 mL) and conc. aqueous HCI (1 mL). The mixture was stirred at 50 °C for
30 min. The mixture was filtered and purified by preparative RP-HPLC to give
azetidin-3-yl(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)-5-fluoro-2-methylphenyl)piperidin- 1-yl)methanone as white solid. 'H NMR
(400 MHz, MeOD-dy) 6 8.08 (s, 1H), 7.68 (d, 2H), 7.04 (d, 2H), 6.26 (s, 1H), 4.74-
4.68 (m, 2H), 4.39-4.35 (m, 1H), 4.29-4.24 (m, 2H), 4.11 -4.07 (m, 1H), 3.74-3.71 (m,
1H), 3.25 -3.24 (m, 1H), 3.07-3.04 (m, 1H), 2.87-2.80 (m, 1H), 2.33 (s, 3H), 2.28 (s,
3H), 1.87-1.84 (m, 2H), 1.66-1.56 (m, 2H); ESMS m/z 499.2 (M + H").

Example 17

5 —chloro—Nz—( 2-fluoro-5-methyl-4-(1-(tetrahydro-1.1-dioxido-3-thienyl)piperidin-4-
Vl)phenvl)—N4—( 5-methvl-1H-pyrazol-3-vDpyrimidine-2.4-diamine (145)
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[0144] To 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (30 mg, 0.072 mml) in EtOH (0.5
ml.) was added thiophene-2,3-dihydro-,1,1-dioxide (17 mg, 0.144 mmol). The
resulting mixture was then heated to 130 °C for 2 hr.. After cooling down to room
temperature, the mixture was concentrated and purified by preparative RP-HPLC to
provide 5-chloro-N2-(2-fluoro-5-methyl-4-(1-(tetrahydro-1,1-dioxido-3-
thienyl)piperidin-4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-
diamine. ESMS m/z 534.2 (M + H").

Example 18
5 —chloro—Nz—( 2.5-dimethyl-4-(1-(tetrahydro-1,1-dioxido-2H-thiopyran-4-

Vl))pipen'din—4—vl)phenvl)—N4—( 5-methvyl-1H-pyrazol-3-vDpyrimidine-2.4-diamine
146

| N
HN N/)\NH

o

o”s“o
[0145] Step 1: To a solution of 5-chloro-N2-(2,5-dimethyl-4-(piperidin-4-
yD)phenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (30 mg, .073
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1(4(4(5 chl or o-4- (5- methyl 1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2- PCT/US2009/048428
met hyl phenyl ) pi peridin-1-yl1)-2- (nmethyl am no)et hanone
ESl\/Sn124872(M+H).010381FN0| NyC | ONH N

¥
10%’(1)‘%%?}](,}%15%;{;1( oﬁgfr%ng4é Fﬁ%g%rg]ﬁ-ﬂﬁg %121)%ure was then stirred at 80

ok My hP bﬁfﬁf'c))@lhlﬂgeddvﬂi ookt mperafuid, eﬁ&mb@ﬁﬂewe@ﬁea@ﬂ QNeh
ESMS iz 529. § H. 0.030 82 HN HN, NNH C | N40

sapratnd pueops NEQC slhetmrb@onu) (Bl axtiapipd With O eAdK3 gil). The
T
chESNBogﬂaphﬁ&?raale(lM)dS%MeOH/CH2C12 with NH3) to provide 5-chloro-N2-
(2,5-dimethyl-4-(1-(tetrahydro-2H-thiopyran-4-yl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a white solid. ESMS m/z 512.2
(M + H".

[0146] Step 2: To 5-chloro-N2-(2,5-dimethyl-4-(1-(tetrahydro-2H-thiopyran-4-
yD)piperidin-4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (18
mg, .035 mmol) in CH»Cl; (1 ml) was added m-CPBA (16 mg, .0.71 mmol) at 0 °C.
The mixture was then warmed up to room temperature and stirred for 30 min;
saturated aqueous NaHCOj5 solution (3 ml.) was then added and the crude product
extracted with CH»Cl, (3 x3 ml.). The combined organic layers were concentrated
and purified by preparative thin layer chromatography (silica gel, 12 %
MeOH/CH,Cl, with NH3) to provide 5-chloro-N2-(2,5-dimethyl-4-(1-(tetrahydro-1,1-
dioxido-2H-thiopyran-4-yl))piperidin-4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine. ESMS m/z 544.2 (M + H").

Example 19
5 —chloro—Nz—( 2-fluoro-5-methyl-4-(1-(1.,1-dioxido-3-thietanyl)piperidin-4-
Vl)phenvl)—N4—( 5-methvyl-1H-pyrazol-3-vDpyrimidine-2.4-diamine (148)

B
2
HN N)\NH
F
N
\ N
NH
)>
o”S\\O

[0147] To 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine ( 30 mg, 0.072 mmol) in MeOH (1
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N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine. 'H NMR (400 MHz,
DMSO-d6 + 1 drop D20) 6 8.02 (s, 1H), 7.37 (s, 1H), 7.02 (s, 1H), 6.23 (s, 1H), 4.28-
4.22 (m, 2H), 4.12-4.07 (m, 2H), 3.22-3.18 (m, 1H), 2.95-2.92 (m, 2H), 2.68-2.62 (m,
1H), 2.22 (s, 3H), 2.13 (s, 3H), 2.07-2.01 (m, 2H), 1.71-1.55 (m, 4H). ESMS m/z
520.2 (M + HY).

Example 20
5-Chloro-N2-(4-(1-(5-ethylpyrimidin-2-yl)piperidin-4-vl)-2-fluoro-5-methylphenyl)-
N4-(5-methyl-1H-pvrazol-3-yD)pyrimidine-2.4-diamine (149)

HN=N le\N
\ |
/vN \N)\N
H H E

[0148] To a mixture of 5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.10 mmol) and
triethylamine (83 ul., 0.6 mmol) in DMF (1.5 mL.), was added 2-chloro-5-
ethylpyrimidine (27 mg, 0.20 mmol). The mixture was heated in a microwave at 120
°C for 10 min. The reaction was filtered and the filtrate was purified by preparative
RP-HPLC to afford 5-chloro-N2-(4-(1-(5-ethylpyrimidin-2-yl)piperidin-4-yl)-2-
fluoro-5-methylphenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a
white solid. ESMS m/z 522.2 (M + H+).

Example 21
4-(4-(5-chloro-4-(5-methvl-/ H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2.,5-

dimethvlphenvl)piperidin-2-one (151)
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[0149] Step 1: In a 5 mL microwave reaction tube was added 2-(2,5-dimethyl-4-
nitrophenyl)-4.,4,5,5-tetramethyl-1,3,2-dioxaborolane (143 mg, 0.516 mmol, prepared
from 1-bromo-2,5-dimethyl-4-nitrobenzene by standard protocol), 1-(4-
methoxybenzyl)-5,6-dihydropyridin-2(1H)-one (56 mg, 0.26 mmol, prepared by
following a similar procedure as reported by Lerchner etc. in Chem. Eur. J. 2006, 12,
8208), chloro(1,5-cyclooctadiene)rhodium (I) dimer (13 mg, .026 mmol), KOH (0.13
ml 1IN aqueous solution) and dioxane (1.2 mlL.). The tube was degassed, filled with
N, and sealed. The reaction tube was then heated to 100 °C in a microwave reactor for
10 min. After the reaction tube was opened, the mixture was treated with saturated
NH4ClI aqueous solution (3 ml.) and extracted with EtOAc (3 x 4 mL.). The organic
layers were combined and concentrated. The residue was purified by flash column
chromatography (silica gel, gradient 0%~70% EtOAc/hexane), to provide 4-(2,5-
dimethyl-4-nitrophenyl)- 1-(4-methoxybenzyl)piperidin-2-one. ESMS m/z 369.2 (M
+H"Y.

[0150] Step 2: To 4-(2,5-dimethyl-4-nitrophenyl)-1-(4-methoxybenzyl)piperidin-
2-one (63 mg, 0.17 mmol) in MeOH (10 mL.) was added 10% w/w Pd/C (6 mg), the
mixture was degassed and stirred under H; at room temperature for 14 hr. After
removing the catalyst by filtration, the filtrate was concentrated to provide 4-(4-
amino-2,5-dimethylphenyl)-1-(4-methoxybenzyl)piperidin-2-one as a pale yellowish
oil. ESMS m/z 339.2 (M + H").

[0151] Step 3: To a mixture of 4-(4-amino-2,5-dimethylphenyl)-1-(4-
methoxybenzyl)piperidin-2-one (23 mg, 0.094 mmol) and 2,5-dichloro-N-(5-methyl-
1H-pyrazol-3-yl)pyrimidin-4-amine (29 mg, 0.086 mmol) in iPrOH (1 mL.) was added
HCI (60 ul., 4N in dioxane). The reaction vessel was then sealed and heated to 130 °C
for 4 hr. After cooling to room temperature, the mixture was treated with saturated
NaHCOs aqueous solution (3 mL) and extracted with EtOAc (3 x 4ml.). The organic

layers were combined and concentrated. The residue was purified by flash column
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chromatography (silica gel, gradient 0~10% MeOH/CH,Cl,) to provide 4-(4-(5-
chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)-1-(4-methoxybenzyl)piperidin-2-one. ESMS m/z 546.2 (M + H").
[0152] Step 4: A solution of 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-dimethylphenyl)-1-(4-methoxybenzyl)piperidin-2-
one(45 mg) in TFA (0.5 mL) was heated to 100 °C for 24 hr. After cooling down to
room temperature, the mixture was concentrated and purified by preparative RP-
HPLC to provide 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)-2,5-dimethylphenyl)piperidin-2-one. ESMS m/z 426.2 (M + H").

Example 22
5-chloro-N>-(2-fluoro-4-(4-methylpiperazin-1-y1)-5-(trifluoromethyl)phenyl)-N*-(5-

methyl-1H-pyrazol-3-yl)pyrimidine-2.4-diamine (157)

N
|
~
HN N)\NH
F
B
N FC

N
[wj

[0153] Step 1: To a microwave reaction tube was added 4-bromo-2-fluoro-5-
(trifluoromethyl)aniline (256 mg, 1.0 mmol), 1-methylpiperazine (300mg, 3 mmol)
Pd,(dba); (91.5 mg, 0.1 mmol), di-tert-butyl(2',4",6'-triisopropylbiphenyl-2-
yl)phosphine (60 mg, 0.2 mmol), NaOtBu (144mg, 1.5 mmol) and THF (3 mL). After
the reaction tube was degassed and filled with N, the tube was heated to 120 °C in a
microwave reactor for 40 min. The mixture was then poured into saturated NH4Cl
aqueous solution (10 mlL.) and extracted with EtOAc (3 x10 mL). The organic layers
were combined and concentrated. The residue was purified by flash column
chromatography (silica gel, gradient MeOH/CH,Cl,, 0~10%) to provide 2-fluoro-4-
(4-methylpiperazin-1-yl)-5-(trifluoromethyl)aniline as a white solid. ESMS m/z 278.1
(M + H").

[0154] Step 2: To a mixture of 2-fluoro-4-(4-methylpiperazin-1-yl)-5-
(trifluoromethyl)aniline (37 mg, 0.133 mmol) and 2,5-dichloro-N-(5-methyl-1H-
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1-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-

W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2- PCT/US2009/048428

met hyl phenyl ) pi peridin-1-yl)-2-nethyl - 2-

(et hyl am no) pr opan- 1- one 88 \ ESMS mz 531.2 (M +
py0a®@Q-3-yl)pyrimidin-4-amine (36 mg, 0.147 mmol) in iPrOH (1 mL) was added
HCI (100 ul., 4N in dioxane). The reaction vessel was then sealed and heated to 130
°C for 4 hr. After cooling to room temperature, the mixture was treated with saturated
NaHCOs aqueous solution (5 mL) and extracted with EtOAc (3 x Sml.). The organic
layers were combined and concentrated. The residue was purified by preparative thin
layer chromatography (silica gel, 8% MeOH/CH,Cl,), to provide 5-chloro-N2-(2-
fluoro-4-(4-methylpiperazin-1-yl)-5-(trifluoromethyl)phenyl)-N4-(5-methyl-1H-

pyrazol-3-yl)pyrimidine-2,4-diamine. ESMS m/z 485.2 (M + H").

Example 23
(H-2-(4-(4-(5-methvl-1H-pyrazol-3-vlamino)pyrimidin-2-vlamino)-5-fluoro-2-

methylphenyl)piperidin-1-vl)propanamide (163)

NH
A

o)

HN=N al rN
wu | A
F
[0155] A mixture of 5-chloro-N>-(2-fluoro-35-methyl-4-(piperidin-4-yl)phenyl)-

N*-(5-methyl- 1 H-pyrazol-3-yl)pyrimidine-2,4-diamine (50.0 mg, 0.12 mmol), (R)-2-
bromopropanamide (90.6 mg, 0.60 mmol), and triethylamine (102.0 plL., 0.60 mmol)
in 2 mL of DMF was heated at 150°C in a microwave reactor for 30 min. The
reaction mixture was directly purified by preparative RP-HPLC to afford (S5)-2-(4-(4-
(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin- 1-yl)propanamide; ESMS m/z 487.2 (M + H").

Example 24
(H-2-(4-(4-(5-chloro-4-(5-methvl-1H-pyrazol-3-yvlamino)pyrimidin-2-vlamino)-5-

fluoro-2-methylphenvyl)piperidin-1-v1)-N-methylpropanamide (164)

HN~N Cer
v
A A

H H

F
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1-(4-(2-chloro-4-(5-chl oro-4-(5-nethyl -
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met hyl phenyl ) pi peri di n-1-y1) - 2- net hyl -

(et hyl am no) pr opan-1 -one

[0156] A mixture of 5-chloro-N*-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-

N*-(5-methyl- 1 H-pyrazol-3-yl)pyrimidine-2,4-diamine (50.0 mg, 0.12 mmol), (R)-2-
bromo-N-methylpropanamide (100.0 mg, 0.60 mmol), and triethylamine (102.0 ulL,
0.60 mmol) in 2 mL of DMF was heated at 150°C in a microwave reactor for 30 min.
The reaction mixture was directly purified by preparative RP-HPLC to afford (S)-2-
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-yl)-N-methylpropanamide; ESMS m/z 501.2 (M + H").

Example 25
(8)-2-(4-(4-(5-chloro-4-(5-methyl-1H-pvrazol-3-ylamino)pyrimidin-2-yvlamino)-2.5-

dimethvlphenvl)piperidin-1-vl)propanamide (166)

NLH/NHZ
HN=-N O NN 0o
M jl\/\/)\
N N N
H H

[0157] A mixture of 5-chloro-N*-(2,5-dimethyl-4-(piperidin-4-yl)phenyl)-N"-(5-

methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (50.0 mg, 0.12 mmol), (R)-2-
bromopropanamide (90.6 mg, 0.60 mmol), and triethylamine (102.0 plL., 0.60 mmol)
in 2 mL of DMF was heated at 150°C in a microwave reactor for 30 min. The
reaction mixture was directly purified by preparative RP-HPLC to afford (S5)-2-(4-(4-
(5-chloro-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-dimethylphenyl)piperidin-
1-yl)propanamide; ESMS m/z 483.2 (M + H").

Example 26
(4-(4-(5-chloro-4-(5-methvl-1H-pyrazol-3-vlamino)pyrimidin-2-vlamino)-5-fluoro-2-

methylphenvyl)piperidin-1-vD)(1-(ethylamino)cyclopropyl)methanone (169)

g lex @/O et

[0158] A mixture of 5-chloro-N?-(2-fluoro-35-methyl-4-(piperidin-4-yl)phenyl)-
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2-am no-1-(4-(4-(5-chloro-4-(5-nmethyl-1H
pyrazol -3-yl am no) pyri m din-2-ylamno)-2,5
N a{ v tyl-p Hemyy b )obi3pe ipydinridibe y214-d 2miet (67 13pmedah? mmahd -(kr-

bu_lzg@g:H%Ppﬁlzé%@l?ag}}iggﬁégogolpaﬂejégrb’(;')’}'ylll_é f'cf' (%%50 r_n%,h (1)?5 %n%lg,s
H%&:rgg@ ?l)rg%,feoﬂ %igfl%)gir?ﬂgciﬁﬁ???é%lgt(h??amme (57 uL, 0.34 mmol) in 1 mL
of (Ipdi hyd sastirad peypohoemppsakirerevdrargbh eThe reaction mixture was
partitioned between EtOAc and water, the combined organic extracts were dried
(Na;SO,) and then concentrated in vacuo. The resulting crude mixture was dissolved
in 5 mL of DCM and 4 mL of TFA and was then stirred for 2 h followed by
concentration in vacuo. The crude product was purified by RP-HPLC to afford (4-(4-
(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-(ethylamino)cyclopropyl)methanone; ESMS m/z
5272 (M + HY).

Example 27
1-(4-(4-(5-chloro-4-(5-methyl-1 H-pyrazol-3-ylamino)pvrimidin-2-ylamino)-2.5-

dimethvlphenvl)piperidin-1-vl)-2-(ethylamino)-2-methylpropan-1-one (175)

H
NYN
Ny |
Cl
Ox N HN <N,
NH
iN)“ Tﬁ
[0159] To a solution of 2-amino-1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-dimethylphenyl)piperidin-1-yl)-2-methylpropan-
I-one (6mg, 0.012 mmol) in acetone (0.5 mL.) was added K,COs (11 mg, 0.079
mmol). The mixture was stirred at room temperature for 10 min. before the addition
of EtI (6 mg, 0.038 mmol). The resulting mixture was then stirred at room
temperature for 14 h before it was treated with saturated aqueous NH4Cl (1 mL) and
extracted with EtOAc (3 x 2ml.). The organic layers were combined, concentrated,
and the residue was purified by preparative thin layer chromatography (silica gel, 8%
MeOH/DCM/NH3) followed by further purification with preparative RP-HPLC to
provide 1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin- 1-yl)-2-(ethylamino)-2-methylpropan- 1-one; ESMS m/z
525.3 (M + HY).
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[0160] A mixture of 5-chloro-N?-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-

N*-(5-methyl- 1 H-pyrazol-3-yl)pyrimidine-2,4-diamine (50.0 mg, 0.12 mmol), 1-(tert-
butoxycarbonyl(ethyl)amino)cyclobutanecarboxylic acid (29.2 mg, 0.12 mmol),
HATU (45.8 mg, 0.12 mmol) and di-isopropylethylamine (20 ul., 0.12 mmol) in 1
mlL of DMF was stirred at room temperature overnight.. The reaction mixture was
partitioned between EtOAc and water. The combined organic extracts were dried
(Na2S0Oy), and concentrated in vacuo. The resulting crude mixture was dissolved in 5
mlL of DCM and 4 mL of TFA and was then stirred for 2 h followed by concentration
in vacuo. The crude product was purified by RP-HPLC to afford (4-(4-(5-chloro-4-
(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-(ethylamino)cyclobutyl)methanone; ESMS m/z 541.3
(M + H").

Example 29
(4-(4-(5-chloro-4-(5-methvl-1H-pyrazol-3-vlamino)pyrimidin-2-vlamino)-5-fluoro-2-

methylphenvyl)piperidin-1-y1)(1-(methylamino)cyclobutyl)methanone (177)

H
N N~
N\
N N/ N
H H ¢

[0161] A mixture of 5-chloro-N?-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-

N*-(5-methyl- 1 H-pyrazol-3-yl)pyrimidine-2,4-diamine (50.0 mg, 0.12 mmol), 1-(tert-
butoxycarbonyl(methyl)amino)cyclobutanecarboxylic acid (27.5 0.12 mmol), HATU

71



yl am no) pyri m di n-2 di net hyl phenyl ) pi peridin-1
(di met hyl am no) cycl obut yl ) met hanone NHNONNH

WO ehboows3- (5 - met hyl - 1H pyrazol - 3- -yl am no) - PCBHUS2009/048428
-yl)(1 - ESMS mMz 537.3 (M+ 1-1). 0.015 93 0.17\J
H2N (1 -am nocycl opropyl) (4-(4-(5
(4$Jﬂ-mgz,r03]z%innﬁ>l»dmlrdiﬂ®pmgyﬂeﬂlyihmi@ (20 uL, 0.12 mmol) in 1 mL of

M{ oarlqos-tlzq-eaﬁt[p 0I tempy ()a)u%le %%Ihgéhé hhﬁ%/ Hgagt?ct(rgﬂal{]x%?r% WFasN 10
parﬁ‘f%tféﬂ |beb(4/e%H1Eﬂ©)%c %nd \XJ%@}/STHé CoiBRed ofémﬂb e'i')ract@ WeRSdRdl

5 ylam no) pyri m di n-2-ylam no) -5
(N’ﬁe$®yl mderwbérmapf@rm dawol The resulting crude mixture was dissolved in 5

?321{]@}/ g ?:lgnn]e?g?éﬁ“ﬁélo g&(ﬁ@%@%‘[gﬁe& %Q ﬂ%ol?q\y%! llzyoc%lcentratll(;'n n

vacd) e crude product was purified by RP-HPLC to afford (4-(4-(5-chloro-4-(5-
methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-(mthylamino)cyclobutyl)methanone; ESMS m/z 527.2
(M + H").

Example 30
($H-3-(4-(2.5-dimethvyl-4-(5-methyl-4-(5-methvl-1H-pyrazol-3-ylamino)pyrimidin-2-

ylamino)phenvyl)piperidin-1-yl1)-1,1.1-trifluoropropan-2-ol (179)

[0162] To a solution of N*-(2,5-dimethyl-4-(piperidin-4-yl)phenyl)-5-methyl-N*-
(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine hydrochloride (36.0 mg, 0.084
mmol) in DMF (0.5 mL.) were added TEA (23.4 pl., 0.168 mmol) and (.5)-2-
(trifluoromethyl) oxirane (72.8 pL., 0.84 mmol). The reaction mixture was stirred at
room temperature overnight, and purified by preparative RP-HPLC to provide (5)-3-
(4-(2,5-dimethyl-4-(5-methyl-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)phenyl)piperidin-1-yl)-1,1,1-trifluoropropan-2-ol; ESMS m/z 504.3 (M +
H").

Example 31
2-(2-(4-(5-Chloro-4-(5-methyl-1H-pvrazol-3-vlamino)pyrimidin-2-ylamino)-2.5-

dimethvlphenvl)piperidin-1-vl)acetamide (181)
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[0163] To a mixture of 5-Chloro-N2-(2,5-dimethyl-4-(piperidin-2-yl)phenyl)-N4-

oh i noet hanone

o)

(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (0.12 mmol) and triethylamine
(83 ul,, 0.6 mmol) in DMF (1.5 mL.), was added 2-bromoacetamide (35 mg, .24
mmol). The mixture was stirred at room temperature for 3 h. The reaction was filtered
and the filtrate was purified by RP-HPLC to afford 2-(2-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-dimethylphenyl)piperidin-1-
yl)acetamide as a white solid; 'H NMR (400 MHz, MecOD-d4) 8.09 (s, 1H), 7.65 (d,
1H), 7.43 (s, 1H), 6.41 (s, 1H), 4.79-4.74 (m, 2H), 3.83-3.48 (m, 2H), 2.71 (s, 3H),
2.42 (s, 3H), 2.34 (s, 6H), 2.15-1.84 (m, 7H); ESMS m/z 469.2 (M + H").

Examples 32 and 33

(5) 5-Chloro-N2-(2.5-dimethvl-4-(1-methvlpiperidin-2-yl)phenyl)-N4-(5-

methyl-1H-pvrazol-3-vD)pyrimidine-2.4-diamine (183)

gy fx o

(R) 5-Chloro-N2-(2.5-dimethyl-4-(1-methvlpiperidin-2-yl)phenvl)-N4-(5-

methyl-1H-pvrazol-3-yDpyrimidine-2.4-diamine (184)

[0164] Step 1: To a mixture of 1-bromo-2,5-dimethyl-4-nitrobenzene (185 mg, 1
mmol) and 2-(tributylstannyl)pyridine (202 mg, 1.1 mmol) in DMF (4 mL) was added
tetrakis(triphenylphosphine) palladium (0) (58 mg, 0.05 mmol). The reaction tube

was sealed, the mixture was purged with N, for 3 min and then heated at 120 °C under
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HN, NO)
1-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2- PCT/US2009/048428
met hyl phenyl ) pi peridin-1-yl)-2- norpholinoethanone
ESMS nfz 543.2 (M+ H). 0.020 WO
N2t OV 02556 SIPETEAIS20 0N 04842 8 rOSWRm"PUREdrNW pour&ENB®
al F3 1C50 9 NH CI N
Sab’r%tscif%%‘ie&?l%aﬁmw ?”Ef@ °¢ ﬁl{@nl\t %’P%e rEa‘( in LYY Ve
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fl uor o- 2- net hyl phenﬁl ) p| peri di n-1-yl)et hanone ESMS m z
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ch%?rg%%%f%g & gtﬁlgf %:e{a?e ?rile,g)’l{j ﬂ%r@égb 53d1methy1 4-
mtrophenyl)pyrldme as a white solid. The obtained solid was dissolved in acetic
acid/TFA (15 mI./200 uL.). To this solution was added PtO, (10% w/w). The reaction
mixture was degassed and purged with H» for several times and then vigorously
stirred under 1 atm. H, overnight. The mixture was filtered and the filtrate
concentrated to afford 2,5-Dimethyl-4-(piperidin-2-yl)aniline as a yellow oil; ESMS
m/z 205 (M + HY).

[0165] Step 2: A mixture of 2,5-dichloro-N-(5-methyl-1H-pyrazol-3-
yD)pyrimidin-4-amine (120 mg, 0.49 mmol) and 2,5-dimethyl-4-(piperidin-2-
yDaniline (100 mg, 0.49 mmol) in 2-propanol (10 ml.) was treated with conc. aqueous
HCI (7 drops). The mixture was sealed and heated in a microwave at 130 °C for 45
min. The mixture was concentrated to afford 5-Chloro-N2-(2,5-dimethyl-4-(piperidin-
2-yl)phenyl)-N4-(5-methyl- 1H-pyrazol-3-yl)pyrimidine-2,4-diamine; ESMS m/z
412.1 (M + H"). The crude product was used directly for the next step without further
purification.

[0166] Step 3: To a solution of the crude product from the previous step in THF
(1 mL) and methanol (1 ml.) was sequentially added formaldehyde (100 ul,, 1.3
mmol) and 5 drops of AcOH. The reaction mixture was stirred at room temperature
for 1 h, then sodium cyanoborohydride (160 mg, 2.45 mmol) was added in one
portion, and the reaction was stirred for an additional 30 min. The reaction was
quenched by saturated aqueous NH4C1 and concentrated in vacuo to give an oily
residue. The residue was purified with RP-HPLC to afford (+)-5-Chloro-N2-(2,5-
dimethyl-4-(1-methylpiperidin-2-yl)phenyl)-N4-(5-methyl- 1H-pyrazol-3-
yl)pyrimidine-2,4-diamine as a white solid; ESMS m/z 426.2 (M + H).

[0167] Step 4: Chiral separation of the racemic mixture was conducted with
normal phase HPLC using ChiralPaK AD-H column using the following solvent
system: hexanes (95%), EtOH (2.5%), MeOH (2.5%). The two purified enantiomer
peaks were collected separately: (R)-5-Chloro-N2-(2,5-dimethyl-4-(1-
methylpiperidin-2-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
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met hyl phenyl ) pi peridin-1-y1)-2-(pyrrolidin-1-
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1-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-
yl am no) pyri m di n- 2-yl am no) - 2, 5-
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5-Chloro-N>- (2.5-dimethyl-4-(1-(3-morpholinopropvlsulfonyl)piperidin-4-yl)phenvl)-
N*- (5-methyl-1H-pyrazol-3-yl)pyrimidine-2.4-diamine (194)

\ !
N AN,
H H

[0168] Step 1: To a solution of 5-chloro-N*-(2,5-dimethyl-4-(piperidin-4-
yl)phenyl)-N*-(5-methyl- 1 H-pyrazol-3-yl)pyrimidine-2,4-diamine (78 mg, 0.19
mmol) and TEA (0.52 ml, 3.78 mmol) in DCM (10 ml.) was added 3-chloropropane-
I-sulfonyl chloride (63 mg, 0.36 mmol, in 1 mI. DCM). After stirring at rt for one
hour, EtOAc (100 ml.) was added. The mixture was sequentially washed with water
(10 mL), brine (10 mL), dried over Na,SO,4 and concentrated in vacuo. The crude
product was purified by silica chromatography (0-100% EtOAc in hexanes gradient)
to give 5-chloro-N2-(4-(1-(3-chloropropylsulfonyl)piperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl- 1H-pyrazol-3-yl)pyrimidine-2,4-diamine as an off
white solid; ESMS m/z 552.2 (M+H").

[0169] Step 2: The product from Step 1 was stirred in neat morpholine (0.5 mL) at
100 °C in a sealed vial for one hour. The reaction was purified by RP-HPLC to give 5-
Chloro-N2-(2,5-dimethyl-4-(1-(3-morpholinopropylsulfonyl)piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a white powder; ESMS m/z
603.2 M+H").

Example 35
1-((4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-yvlamino)pyrimidin-2-ylamino)-2.5-

dimethvlphenvl)piperidin-1-yl)methyl)cyclopropanecarbonitrile (198)
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[0170] To a solution of 5-chloro-N*-(2,5-dimethyl-4-(piperidin-4-yl)phenyl)-N"-

(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (30 mg, 0.078 mmol) in
acetonitrile (1.0 mlL.) was added (1-cyanocyclopropyl)methyl 4-
methylbenzenesulfonate (16 mg, 0.10 mmol, prepared according to the procedure
described in patent W02005063247) followed by DIEA (30mg, 0.23 mmol) and KI
(catalytic amount). The resulting mixture was heated to 70 °C for 14 h and then
cooled down to room temperature. The resulting mixture was directly purified by
preparative RP-HPLC to provide 1-((4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5dimethylphenyl)-piperidin-1-
yl)methyl)cyclopropanecarbonitrile; ESMS m/z 491.2 (M + H).

Example 36
2-(4-(4-(5-chloro-4-(5-methyl-1 H-pyrazol-3-vlamino)pyrimidin-2-vlamino)-5-fluoro-

2-methylphenyl)piperidin-1-yl)acetonitrile (199)

Pol
= N/\\\

N NH N
Oy
L
N N
H

[0171] To a solution of 5-chloro-N>-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (20 mg, 0.048 mmol) in
acetonitrile (0.5 mL) was added Cs,COs (31 mg, 0.096 mmol) and chloroacetonitrile
(7 mg, 0.096 mmol). The resulting mixture was stirred at room temperature for 14 h
before it was treated with saturated aqueous NH4CI (1 ml.) and extracted with EtOAc
(3 x 2ml). The organic layers were combined, concentrated, and the residue was
purified by preparative RP-HPLC to provide 2-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-methylphenyl)piperidin- 1-
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[0172] To a solution of 5-chloro-N>-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (20 mg, 0.048 mmol) in
MeOH (0.5 ml.) was added acrylonitrile (5 mg, 0.096 mmol). The resulting mixture
was stirred at room temperature for 14 h and then purified directly by preparative RP-
HPLC to provide 3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)-5-fluoro-2-methylphenyl)piperidin- 1-yl)propanenitrile; ESMS m/z 469.2 (M
+H"Y.

Examples 38 and 39

(R)-2-(3-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pvrimidin-2-

ylamino)-2.,5-dimethvlphenvD)piperidin-1-yv1)-N-methvlacetamide (207)

HN=y ©

—A

Tz

($H-2-(3-(4-(5-chloro-4-(5-methvl-1H-pyrazol-3-vlamino)pyrimidin-2-

ylamino)-2,5-dimethvlphenvl)piperidin-1-y1)-N-methvlacetamide (208)

SNH

\ |
’«\)\N \NJ\N

H H
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HOUVEB3 ImAzs a5 n2of (ke horh V- @, DEMADS-4- (PhpaedinN3-yl)phenyl)-N*-(5-

0l.-=7--...--0N4AO ,.11.. NN HH F2-

G LR R0 R HOTih A ATEI (GDRms: | 20 TpaphA-bromo-N-
mddiyRYéta@fle-(358th &N M1 AHAAFEA 2.3 h@i8hm® 1y in DMFE (4 ml)
fluoro-2-net hyl phenyl ) pi peridine- 1 -carboxylate ESM S

wag stirgd pt ot fonaOrmp. The rgmsgon ggs puriapd\d HRPNIPLC to give the

prﬁl_hzci :a% %E’%:ﬁﬁlg;eé Eﬁ%m/%%ymia FC)gllirrglzsgPa_lréti(_)n of the racemic
mixture was conducted with chiral HPL.C (ChiralCel OD-H,
Hex:EtOH:MeOH/80:10:10, 15 min run time, 1 ml./min). The two purified
enantiomer peaks were collected separately, both as white solids: (R)-2-(3-(4-(5-
chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-methylacetamide and (.5)-2-(3-(4-(5-chloro-4-(5-
methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-dimethylphenyl)piperidin-1-
yl)-N-methylacetamide; both peaks: ESMS m/z 483.2 (M+H"). The earlier eluting

peak (rt = 5.63 min. vs. rt = 7.62 min.) was arbitrarily assigned as the (R) enantiomer.

Example 40
5 —chloro—Nz—( 2-fluoro-5-methvyl-4-(1-(tetrahydro-2H-pyran-4-vl)piperidin-4-
Vl)phenvl)—N4—( 5-methvl-1H-pyrazol-3-vD)pyrimidine-2.4-diamine (209)

[0174] To a suspension of 5-chloro-N>-(2-fluoro-5-methyl-4-(piperidin-4-
yl)phenyl)-N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (2.50 g, 6.0 mmol)
in a mixed solvent of MeOH (42 ml.) and DCM (10 ml.) was added dihydro-2H-
pyran-4(3H)-one (3.33 mL, 36.0 mmol) and TEA (8.36 ml., 60.0 mmol). The reaction
mixture was heated at 60 °C for 1 h before NaCNBH;3 (1.66 g, 26.4 mmol) was added.
The mixture was heated at 60 °C for another 2 h, cooled down to room temperature,
diluted with DCM (60 mL.), dry loaded onto silica gel (12.5 g), and purified by silica
gel chromatography (DCM with 1% NH; to 10% MeOH in DCM with 1% NH;
gradient) to provide 5-chloro-N2-(2-fluoro-5-methyl-4-(1-(tetrahydro-2H-pyran-4-
yD)piperidin-4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a
white solid; "TH NMR (DMSO-ds, 400 MHz) 6 12.08 (br, 1H), 9.58 (br, 1H), 8.65 (d, J
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[0175] To a solution of 5-chloro-N>-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (30 mg, 0.072 mmol) in
MeOH (0.7 mlL.) was added AcOH (35 mg, 0.58 mmol), (1-
ethoxycyclopropoxy)trimethylsilane (37 mg, 0.216 mmol) and a small amount of 4A
molecular sieves. The mixture was stirred at room temperature for 1 h before the
addition of Na(CN)BHj3 (14 mg, 0.216 mmol). The resulting mixture was then stirred
at 60 °C for 14 h and cooled to room temperature. Saturated aqueous NH4Cl1 (2 mL)
was added and the mixture was extracted with EtOAc (3 x 3 ml.). The combined
organic layers were concentrated and purified by preparative RP-HPLC to provide 5-
chloro-N*-(4-(1-cyclopropylpiperidin-4-yl)-2-fluoro-5-methylphenyl)-N"*-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine; 'H NMR (400 MHz, MeOD-d4) §7.97 (s,
1H), 7.84 (d, 1H), 7.50 (s, 1H), 6.93 (d, 1H), 6.29 (s, 1H), 5.33 (s, 1H), 2.80 (m, 1H),
2.58 (s, 2H), 2.28 (s, 3H), 2.24 (s, 3H), 1.96 (m, 1H), 1.80-1.85(m, 2H), 1.65-1.75 (m,
2H), 0.2-0.7 (m, 6H); ESMS m/z 456.2 (M + H").

Example 42
Nz—( 4-(1-(3-(azetidin-1-vlsulfonyl)propvl)piperidin-4-v1)-2.5-dimethylphenvl)-

5-chloro-N* -(5-methvl-1H-pyrazol-3-vD)pyrimidine-2.4-diamine (214)
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sulfonyl chloride (34 mg, 0.19 mmol) in DCM (1 mL). After stirring at rt overnight,
the solvent was removed in vacuo. The resulting 1-(3-chloropropylsulfonyl)azetidine
crude product was dissolved in NMP (1.9 ml,, 0.1 mmol/ml.) and used in the next
step without further purification; ESMS m/z 198.0 (M+H").

[0177] Step 2: A mixture of 5-chloro-N*-(2,5-dimethyl-4-(piperidin-4-yl)phenyl)-
N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (42 mg, 0.1 mmol), 1-(3-
chloropropylsulfonyl) azetidine (Step 1, 0.1 mmol), TEA (70 pL.) and sodium iodide
(150 mg) in NMP (1 ml.) was placed in a sealed vial which was heated in a
microwave for 30 min at 150 °C. The reaction was purified by RP-HPLC to give N2-
(4-(1-(3-(azetidin-1-ylsulfonyl)propyl)piperidin-4-yl)-2,5-dimethylphenyl)-5-chloro-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a white powder; ESMS m/z
573.3 (M+H").

Example 43
1-(4-(4-(5-Chloro-4-(5-methvl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2.5-

dimethvlphenvl)piperidin-1-yl)-4-morpholinobutan-1-one (224)

\ |
H H

[0178] Step 1: To a solution of HATU (95 mg, 0.255 mmol) and 4-chlorobutanoic
acid (36 mg, 0.25 mmol) in DMF (1 mL) was added DIEA (0.1 mL). After stirring at
rt for 3 min, 5-chloro-N*-(2,5-dimethyl-4-(piperidin-4-yl)phenyl)-N"-(5-methyl- 1 H-
pyrazol-3-yl)pyrimidine-2,4-diamine (100 mg, 0.24 mmol) in DMF (2 ml.) was
added. The reaction was stirred at rt for 90 min. at which point LCMS indicates the

reaction was complete and that 4-chloro-1-(4-(4-(5-chloro-4-(5-methyl- 1H-pyrazol-3-
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dimethylphenyl)piperidin-1-yl)-4-morpholinobutan-1-one as a white powder; ESMS

m/z 567.3 (M+H").

Example 44
1-(4-(4-(5-Chloro-4-(5-methvl-1 H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2.5-

dimethvlphenv)piperidin-1-v1)-3-morpholinopropan-1-one (225)

o)

N)K/\N/\

HN=n 12 K/o
O
H H

[0180] Step 1: A solution of HATU (108 mg, 0.28 mmol), 3-chloropropanoic acid
(30 mg, 0.28 mmol) and DIEA (0.1 mL) in DMF (1 ml.) was stirred at rt. After 3 min,
this solution was transferred to a solution of 5-chloro-N*-(2,5-dimethyl-4-(piperidin-
4-yl)phenyl)-N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine solution (111
mg, 0.27 mmol) in DMF (10 mL). The resulting mixture was stirred at rt overnight.
The reaction was quenched with water (20 mL) and extracted with EtOAc (3x30 mL).
The combined EtOAc layers were washed with brine (10 mL.), dried over Na,SO,4 and
concentrated in vacuo. The crude product was purified by silica chromatography (0-
10% MeOH in DCM gradient with 1% NHs additive) to give 1-(4-(4-(5-chloro-4-(5-
methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-dimethylphenyl)piperidin-1-
yl)prop-2-en-1-one as a light brown oil; ESMS m/z 466.1 (M+H").

[0181] Step 2: A solution of 1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-dimethylphenyl)piperidin-1-yl)prop-2-en-1-one
(41 mg, 0.88 mmol) and morpholine (0.1 mL) in DMF (1 ml.) was stirred at rt
overnight. The crude product was purified by RP-HPLC to give 1-(4-(4-(5-Chloro-4-
(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
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[0182] Step 1: To a microwave reaction vessel was added a mixture of 1-bromo-

NH

2,5-dimethyl-4-nitrobenzene (1.15 g, 5.0 mmol), dibutyl vinylboronate (1.16 g, 6.3
mmol) , Pd(PPhs)4 (289 mg, 0.25 mmol), CsF (2.28g, 15 mmol) and a mixed solvent
(1,2-dimethoxyethane/MeOH=2:1, 15 ml.). The mixture was degassed and sealed
with N». The reaction vessel was then heated to 130 °C in a microwave reactor for 15
min. After opening the reaction vessel, the mixture was poured into saturated NH4Cl
aqueous solution (30 ml.) and extracted with EtOAc ( 3 x 50 mL). The combined
organic layers were washed with brine and dried (MgSQO,). After removing the drying
agent by filtration, the filtrate was concentrated and purified by flash column
chromatography (silica gel, 0-30% EtOAc in hexanes gradient) to provide 1,4-
dimethyl-2-nitro-5-vinylbenzene as needlelike crystals; ESMS m/z 178.1 (M + H").

[0183] Step 2: 1,4-dimethyl-2-nitro-5-vinylbenzene was reacted via the
asymmetric synthetic method reported by N. Barta et al. (Org. Lett. 2000, 2, 2821)
followed by purification with preparative RP-HPLC to provide ($)-4-(2,5-dimethyl-4-
nitrophenyl)oxazolidin-2-one; ESMS m/z 237.1 (M + H").

[0184] Step 3: To a solution of (§5)-4-(2,5-dimethyl-4-nitrophenyl)oxazolidin-2-
one (55 mg, 0.23 mmol) in MeOH (5 ml.) was added Pd/C (Smg, 10% w/w). The
mixture was degassed and stirred at room temperature under 1 atm. H, for 14 h. The
Pd/C was removed by filtering through Celite. The filtrate was concentrated to
provide (§)-4-(4-amino-2,5-dimethylphenyl)-oxazolidin-2-one which was used in the
next step without further purification; ESMS m/z 207.1 (M + H").

[0185] Step 4: To a reaction tube was added (§)-4-(4-amino-2,5-
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Example 46
5 —chloro—Nz—( 4-(1-ethvlpiperidin-4-vyl)-2-fluoro-5 —methvlphenvl)—N4—( 5-methyl-1H-

pyrazol-3-yD)pyrimidine-2.4-diamine (232)

NS
X
N
|
HN N/)\H
y F

A
HN

[0186] A mixture of 5-chloro-N?-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N*-(5-methyl- 1H-pyrazol-3-yl)pyrimidine-2,4-diamine (400 mg, 0.96 mmol),
iodoethane (92.5 plL., 1.2 mmol) and triethylamine (201.5 pL., 1.4 mmol) in 4 mL of
DMEF was heated at 60°C for 2 h. The reaction mixture was partitioned between
EtOAc and water. The combined organic extracts were dried (Na, SO4) and
concentrated in vacuo. The crude product was purified by silica gel chromatography
(MeOH/DCM: 1/9) to afford 5-chloro-N*-(4-(1-ethylpiperidin-4-y1)-2-fluoro-5-
methylphenyl)-N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine; 'HNMR
(DMSO-dg) 6 8.01 (s, 1H), 7.35 (m, 1H), 7.02 (d, 1H), 6.22 (s,1H), 2.97 (d, 2H), 2.62
(m, 1H), 2.34 (q, 2H), 2.21 (s, 3H), 2.13 (s, 3H), 1.98 (t, 2H), 1.64 (m, 4H), 1.01 (t,
3H); ESMS m/z 444.2 (M + H").

Example 47
5 —chloro—Nz—( 4-(1-((2.2-difluorocyclopropvl)methyl)piperidin-4-vl)-2-fluoro-5-

methvlphenvl)—N4—( 5-methyl-1H-pyrazol-3-vl)pvrimidine-2.4-diamine (235)
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[0187] A mixture of 5-chloro-N>-(2-fluoro-35-methyl-4-(piperidin-4-yl)phenyl)-
N*-(5-methyl- 1H-pyrazol-3-yl)pyrimidine-2,4-diamine (40 mg, 0.096 mmol), 2-
(bromomethyl)-1,1-difluorocyclopropane (32.8 mg, 0.19 mmol) and triethylamine
(20.2 uL, 0.14 mmol) in 1 mL of DMF was heated at 150°C in a microwave reactor
for 30 min. The crude product was purified by RP-HPLC to afford 5-chloro-N*-(4-(1-
((2,2-difluorocyclopropyl)methyl)piperidin-4-yl)-2-fluoro-5-methylphenyl)-N*-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine; ESMS m/z 506.2 (M + H").

Example 48
3-(4-(4-(5-Chloro-4-(5-methyvl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2.5-

dimethvlphenvl)piperidin-1-vl)propanamide (236)

2
HN\NCI Z N
L
N N N
H H

[0188] A solution of 5-chloro-N>-(2,5-dimethyl-4-(piperidin-4-yl)phenyl)-N"-(5-
methyl-/H-pyrazol-3-yl)pyrimidine-2,4-diamine (41 mg, 0.1 mmol), acrylamide (24
mg, 0.33 mmol) and DIEA (87 pL., 0.5 mmol) in NMP (1 ml.) was stirred at 80 "C for
10 h. LCMS at this point shows the reaction was not complete, so additional
acrylamide (2x36mg) was added and the reaction continued until LCMS shows the
reaction was complete. The crude product was purified by RP-HPLC to give 3-(4-(4-
(5-Chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)propanamide as a white powder; ESMS m/z 483.2
(M+1).
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[0189] A mixture of 5-chloro-N*-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (41 mg, 0.1 mmol), 4-chloro-
I-morpholinobutan-1-one (29 mg, 0.15 mmol) and DIEA (0.1 ml., 0.58 mmol) in
NMP (1 mlL) was stirred at 80 “C. After 10 h, additional 4-chloro-1-morpholinobutan-
I-one (51 mg) was added, and the reaction continued overnight. The crude product
was purified by RP-HPLC to give 4-(4-(4-(5-Chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-methylphenyl)piperidin-1-yl)-1-
morpholinobutan-1-one as a white powder; ESMS m/z 571.3.3 (M+H").

Example 50
N2 (4-(1-((2.2-difluorocyclopropyl)methyl)piperidin-4-v1)-2-fluoro-5-methylphenvyl)-

N4—( 5-methyl-1H-pyrazol-3-v)-5-(trifluoromethyl)pyrimidine-2.4-diamine (251)

F F
SN
PR
N
F

[0190] A mixture of N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-N4-(5-

\
HN

methyl-1H-pyrazol-3-yl)-5-(trifluoromethyl)pyrimidine-2,4-diamine (100 mg, 0.22
mmol), 2-(bromomethyl)-1,1-difluorocyclopropane (76.4 mg, 0.45 mmol) and
triethylamine (60.6 ul., 0.42 mmol) in 1 ml. of DMF was heated at 60°C in a
microwave reactor for 2 h. The crude product was purified by RP-HPLC to afford
N2-(4-(1-((2,2-difluorocyclopropyl)methyl)piperidin-4-yl)-2-fluoro-3-methylphenyl)-
N*-(5-methyl- 1H-pyrazol-3-yl)-3-(trifluoromethyl)pyrimidine-2,4-diamine; ESMS
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[0191] A mixture of 2-chloro-N-(5-methyl-1H-pyrazol-3-yl)-5-
(trifluoromethyl)pyrimidin-4-amine (513.0 mg, 0.9 mmol), tert-butyl-4-(4-amino-2,5-
dimethylphenyl)piperidine-1-carboxylate (282.7 mg, 0.9 mmol), and concentrated
aqueous HCI (10 drops) in i-PrOH (12 ml.) was heated at 150°C in a microwave
reactor for 30 min. The crude product was purified by RP-HPLC to afford N*(2,5-
dimethyl-4-(piperidin-4-yl)phenyl)-N"-(5-methyl- 1 H-pyrazol-3-yl)-3-
(trifluoromethyl)pyrimidine-2,4-diamine; ESMS mi/z 446.2 (M + H").

Example 52
5 —Chloro—Nz—( 2-fluoro-4-(1-((3-isopropvl-1,2.4-oxadiazol-5-
yDmethyD)piperidin-4-y1)-5 —methvlphenvl)—N4 -(5-methyl-1H-pyrazol-3-

yl)pyrimidine-2.4-diamine (259)

N
Cl N/\(g/ />/<
HN\N = “N
U U
N N N
H H £

[0192] A mixture of 5-chloro-N*-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-

N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (42 mg, 0.1 mmol), 5-
(chloromethyl)-3-isopropyl-1,2,4-oxadiazole (17 mg, 0.10 mmol) and DIEA (86 pL.,
0.5 mmol) in DMF (1 ml.) was stirred at rt overnight. The reaction was diluted with
EtOAc (50 ml.) and washed with water (2x5ml.). The EtOAc layer was dried over

Na,SO4 and concentrated in vacuo. The crude product was purified by silica
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BaF31C0 (uM 131 1H NVR(400MHz, MeOD-d4) 88. 08(s,
1.25 1H), 7.68 (d, 2H), 7.04 (d, 2H), 6. 26(s, 1H),

Wad 2004082668 (m 2H), 4. 39- 0 4.35 (m 1H), 4.POFUSRM9/048428
(m 2H), 4.11 -4.07 (m NNH 1H), 3.74-3.71(m 1H),
HN-NCR---/---"-N* 40 3.25 -3.24 (m 1H), 3.07-

chgorodto giraphyH50- X087 EOB80 in hexanes gradient) to give 5-Chloro-N2-(2-

fluoro-4-(1-((3-isopropyl-1,2,4-oxadiazol-5-yl)methyl)piperidin-4-yl)-5-
methylphenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a white
solid; ESMS m/z 540.2 (M+H").

Example 53
(4-(4-(5-Chloro-4-(5-methyl-1H-pvrazol-3-ylamino)pvrimidin-2-ylamino)-5-

fluoro-2-methylphenyl)piperidin-1-v1)(3-isopropvl-1,2.4-oxadiazol-5-
yl)methanone (265)

ON
N/U\« N

HN=) C j\/AN N—
F

[0193] Step 1: A solution of isobutyronitrile (4.49 mlL., 50 mmol) and
hydroxylamine (12.3 ml., 200 mmol) in anhydrous ethanol (20 mL) was stirred at 60
°C for two days. The solvent was evaporated. The residue was coevaporated
repeatedly with toluene to give (E)-N'-hydroxyisobutyrimidamide as a light yellow
liquid; "H NMR (400 MHz, CDCls) & 7.50 (br s, 1H), 4.52 (br s, 2H), 2.43 (septet, J =
6.8 Hz, 1H), 1.15 (d, J = 6.8 Hz, 6H).

[0194] Step 2: A solution of (E)-N'-hydroxyisobutyrimidamide (0.51g, 5 mmol)
and trichloroacetic anhydride (2.31 g, 7.5 mmol) in toluene (20 mlL.) was stirred at 80
°C. After 4 h, the reaction was diluted with EtOAc (50 mL), washed with saturated
aqueous NaHCOs (2x10 mL), dried over Na,SO4 and evaporated to give 3-Isopropyl-
S-(trichloromethyl)-1,2,4-oxadiazole as a clear liquid which was used without further
purification; 'H NMR (400 MHz, CDCl3) 6 3.16 (septet, J=7.2 Hz, 1H), 1.39 (d, J =
6.8 Hz, 6H).

[0195] Step 3: A mixture of 5-chloro-N*-(2-fluoro-5-methyl-4-(piperidin-4-
yl)phenyl)-N*-(5-methyl- 1H-pyrazol-3-yl)pyrimidine-2,4-diamine (42 mg, 0.1 mmol),
3-isopropyl-5-(trichloromethyl)-1,2,4-oxadiazole (46 mg, 0.2 mmol) and DIEA (40
ul, 0.23 mmol) in MeOH (1 mL) was stirred at 70 °C overnight. The crude reaction
mixture was purified by RP-HPLC to give (4-(4-(5-Chloro-4-(5-methyl- 1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-methylphenyl)piperidin-1-yl)(3-
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CH&L) d 9.6':}'\8'br S, 2H)!\§\.|H8|9s, 1H), 8.07 (s, 1H), 7.57 (d, /= 8.4 Hz, 1H), 7.05 (d,
J=12.4Hz, 1H), 6.16 (s, 1H), 5.53 (s, 1H), 3.98 (d, J=13.2 Hz, 1H), 3.34 (dt, J =
2.0, 2.8 Hz, 1H), 3.15 (m, 1H), 2.82 (m, 2H), 2.62 (t, J = 4.8 Hz, 2H), 2.34 (s, 3H),
2.259s, 3H), 1.90 (m, 2H), 1.76 (2 H); ESMS m/z 554.2 (M+H").

Example 54
5-Chloro-N>-(4-(1-(2-(3-isopropyl-1.2.4-oxadiazol-5-yl)ethyl)piperidin-4-yl)-2.5-
dimethylphenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2.4-diamine (269)

g fx

[0196] Step 1: A mixture of (E)-N'-hydroxyisobutyrimidamide (510 mg, 5 mmol),
3-chloropropanoic acid (542 mg, 5 mmol) and dicyclohexylcarbodiimide (1.24 g, 6
mmol) in anhydrous dioxane (20 mL) was stirred at 0 °C for 1 h and then at room
temperature for an additional 1 h. The reaction was then heated at 80 °C for an
additional 18 h. The reaction was filtered and the filtrate was evaporated. The
resulting residue was purified by silica chromatography (0-100% EtOAc in hexanes
gradient) to give 5-(2-chloroethyl)-3-isopropyl-1,2,4-oxadiazole; 'H NMR (400 MHz,
CDCl3) 0 3.85 (t, J=7.2 Hz, 2H), 3.27 (t, / = 7.2 Hz, 2H), 3.03 (septet, J = 7.2 Hz,
1H), 1.13 (d, J = 7.2 Hz, 6H); ESMS m/z 175.1 (M+H").

[0197] Step 2: A mixture of 5-chloro-N,-(2,5-dimethyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (14 mg, 0.033 mmol), 5-(2-
chloroethyl)-3-isopropyl-1,2,4-oxadiazole (9 mg, 0.053 mmol) and DIEA (29 ul,,
0.17 mmol) in NMP (1 mL) was stirred at 50 °C for 3 days. The crude reaction
mixture was purified by RP-HPLC to give 5-Chloro-N2-(4-(1-(2-(3-isopropyl-1,2.,4-
oxadiazol-5-yl)ethyl)piperidin-4-yl)-2,5-dimethylphenyl)-N4-(5-methyl-1H-pyrazol-
3-yl)pyrimidine-2,4-diamine as a white solid; ESMS m/z 550.3 (M+H").
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Example 55

S-Chloro-N,-(2-fluoro-5-methyl-4-(1-(6-methylpyridazin-3-ylpiperidin-4-yD)phenyl)-

Ny-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2.4-diamine (277)

HN=N le\N
F

[0198] A suspension of 5-chloro-N*-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (20 mg, 0.05 mmol), 3-chloro-
6-methylpyridazine (13 mg, 0.1 mmol) and Cs>COs (33 mg, 0.1 mmol) in dioxane (1
ml) was stirred at 150 °C in a sealed vial. After 15 h, additional 3-chloro-6-
methylpyridazine (26 mg) and Cs,CO; (66 mg) were added. The reaction was
continued for an additional 3 h. The crude reaction mixture was purified by RP-HPLC
to give 5-Chloro-N2-(2-fluoro-5-methyl-4-(1-(6-methylpyridazin-3-yl)piperidin-4-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine as a white solid;
ESMS m/z 508.2 (M+H").

Examples 56 and 57

5-chloro-N2-(2-fluoro-5-methvl-4-((trans)-2-methylpiperidin-4-vl)phenvl)-
N4-(5-methyl-1H-pvrazol-3-yD)pyrimidine-2.4-diamine (279)

SN
T
- A
HN-N N - N NH
H

%

5-chloro-N2-(2-fluoro-5-methvl-4-((cis)-2-methvlpiperidin-4-vl)phenvl)-N4-

(5-methyl-1H-pvrazol-3-yD)pvrimidine-2.4-diamine (280)
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H'. (R -(4-(4-(5-chloro-4-(5-nethyl- 1H pyrazol - 3-

yl am no) pyri m di n-2-ylam no)-2,5 - di net hyl phenyl)
w@Rpendssh- 1-yl) (1 - nethyl pyrrolidin-2-yl) nmePtiENS2089/048428

WO 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NVR or ESMS

IG-1R B a/F3 I1C50 (uM 134 F Nlal Ny- CI Orl...1.1H
NREINHStepN: A solution of tert-butyl-2-methyl-4-oxopiperidine- 1-carboxylate

O Ry ST R D 5 B o5 il iy 1

vi @aﬂwu@ml sysﬂcmﬁomﬂwtaowmldfdlsm s%imiohrmw@mnes 5.63
SMS mz 527.2 (M+ H). 0.021 135 F, 1.1N ?°| H

mb) iN TR @91(114), 08dqr N hhereaction Bixvee hyds st gir-43 onsn 30
m#! l%%r@%hgl){l LRl 3t iﬂle%ml DHiorssulRhal (1.84 g, 5.16 mmol) in
THF (20 mL). Following this addition, the reaction mixture was warmed to room
temperature and stirred for 3 h. The reaction was cooled to 0 °C and quenched with
100 mL of saturated aqueous NH4Cl, followed by filtration through Celite. The filtrate
was added to 100 mL of EtOAc and the layers were separated. The organic layer was
washed with water, dried over MgSQO, and concentrated. The crude product was
purified by silica chromatography (0-30% EtOAc in hexanes gradient and checked by
TLC stained with 2% of KMnOy in EtOH) to afford ters-butyl 2-methyl-4-
(trifluoromethylsulfonyloxy)-5,6-dihydropyridine-1(2H)-carboxylate as a yellow
solid.

[0200] Step 2: To a mixture of 2-fluoro-5-methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)aniline (587 mg, 2.33 mmol), tert-butyl 2-methyl-4-
(trifluoromethylsulfonyloxy)-5,6-dihydropyridine-1(2H)-carboxylate (968 mg, 2.80
mmol) and sodium carbonate (1.73 g, 16.35 mmol) in DMFE/H,0 (20/5 mL) was
added tetrakis(triphenylphosphine) palladium (0) (135 mg, 5% mmol). The reaction
tube was sealed, the mixture was purged with N, for 3 min and then heated at 100°C
under N for 8 h. The reaction was cooled to room temperature and poured into
saturated aqueous ammonia chloride solution. The crude reaction mixture was
extracted with ethyl acetate (3 x 15 ml.). The organic extracts were combined, washed
with brine and concentrated. The crude product was purified with silica
chromatography (50% ethyl acetate in hexanes) to afford fert-butyl 4-(4-amino-5-
fluoro-2-methylphenyl)-6-methyl-5,6-dihydropyridine-1(2H)-carboxylate as a yellow
oil. The obtained oil was dissolved in methanol (20 ml.). To the solution was added
Pd/C (10%). The reaction mixture was degassed and purged with H; for several times
and stirred vigorously under 1 atm. H, overnight. The mixture was filtered and the
filtrate concentrated to afford tert-butyl 4-(4-amino-5-fluoro-2-methylphenyl)-2-
methylpiperidine-1-carboxylate as a white solid. ESMS m/z 267 (M -56+ H").

[0201] Step 3: A mixture of 2,5-dichloro-N-(5-methyl-1H-pyrazol-3-yl)pyrimidin-
4-amine (346 mg, 1.42 mmol) and tert-butyl 4-(4-amino-5-fluoro-2-methylphenyl)-2-
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met hyl phenyl ) pi peridin-1-y1)(1-
i sopropyl pyrrolidin-2-yl)nmethanone ESM5 niz 555.3 (M +
wQ23@p/00B5048 136 F N 1. NI ONC | H NNs NH N (44P&BUS2009/048428
-chl oro-4-(5 -nethyl - 1H pyrazol - 3-
yl am no) pyri m di n- 2-yl am no) - 5-f | uor o- 2-
metbyhpyepldereyl -y pbperitd (352 myg.11). (%4 mmetl hipl Drpaiol 510 mL) was

e SaRs BT R0 6) B3 et irire b dPed s
mlcEwakiR 4B 1360 FS fdr@B0ninthe adduN WhdhSentrated. The residue was

yl am no rimdin-2- Iam'no)-5-f|uoro-2-
pusgteHyply folopéiordy ﬁIhioro -N2-(2-fluoro-5-methyl-4-(2-

mgth% C;E%(lld SQ ﬂ?g&ﬁ%ﬁ ggﬁh@’ipyr g%ra%)l%—yljjgl\% JEl]éil_l!legﬁ\lél- Iéhlmme
as a white solid. ESMS m/z 430.1 (M + H).

[0202] Step 4: 5-Chloro-N2-(2-fluoro-5-methyl-4-(2-methylpiperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (20 mg, 0.046
mmol) was dissolved in a solvent mixture of DCM and methanol (0.5 mL, 10/1 v/v +
0.175N NHj3). The mixture was applied to preparative TLC in order to separate the cis
and trans stereoisomers (eluent: 6% MeOH in DCM with 0.1N NHj3) of 5-Chloro-N2-
(2-fluoro-5-methyl-4-(2-methylpiperidin-4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yD)pyrimidine-2,4-diamine as white solids. The frans isomer was the preparative TLC
top band and the cis isomer was the preparative TLC bottom band; ESMS m/z 430.1
(M + H"); cis stereoisomer 'H NMR (400 MHz, MeOD-d4): ¢ 8.03 (s, 1H), 7.84 (d,
1H), 7.02 (d, 1H), 6.24 (d, 1H), 3.90-3.85 (m, 1H), 2.32 (s, 3H), 2.27 (s, 3H), 2.03-
1.84 (m, 2H), 1.65-1.54 (m, 1H), 1.55 (d, 3H), 1.38-1.19 (m, 4H).

Example 58
3-(4-(4-(5-Chloro-4-(5-methvl-1 H-pyrazol-3-ylamino)pyrimidin-2-vlamino)-5-fluoro-

2-methylphenyl)piperidin-1-vl)cyclopent-2-en-one (282)

[0203] A mixture of 5-chloro-N*-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (43 mg, 0.1 mmol),
cyclopentane-1,3-dione (89 mg, 9.1 mmol), sodium cyanoborohydride (19 mg, 0.3
mmol) and DIEA (0.2 mL, 11 mmol) in MeOH (1 mL) was stirred in a sealed vial at
60 °C. After 2.5 h, additional sodium cyanoborohydride (19 mg, 0.3 mmol) was added
and the reaction continued to stir at 60 "C overnight. The mixture was purified by RP-

HPLC to give 3-(4-(4-(5-Chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-
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ESMS mfz 539.2 (M+ 1-1). 0.018 138 F N 1.1I ONC | H

NNs NH HN (S)-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol -3
WO 2¢bamesd) pyri m di n- 2-yl am no) - 5-f | uor o- 2- PCT/US2009/048428

met hyl phenyl ) pi peridin- 1 -y1)(2-nethyl pyrrolidin-

2-yl ) met hanone ESM5 mz 527.2 (M+ 1-1). 0.091 139 F N
yldrhinbN S -flyorgdaanéthid phidisy | Igifte ridirHO y 4 1l dient-€ hdnepre-a4 -ap BT white

soyﬁgf#‘ﬁM@%%fzﬁyéQ% 997 6oy JH-:83 (brs, 1H), 8.90 (s, 11D),

sz’mtdwylzp@smzl 1R, esd @ﬂ P=112-/fry ((1256.93 1, 131) Mrﬂ(mm 5130 (br
- et h¥ d>1/r rolidin- yl ) met hanone ESNGS m 2 (M
s, 1H))4.70(d1 75 12‘/(1}‘1204@)/ 807655PC-452004). @M@s lH) 3.53 (rn

P%Tg%YHBEH')\,I%SD{S, 538 deTE; 3B, BIoFPad (R Uity Msmist,Fide 2

(M+H").

Example 59
4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenvl)-1-ethvlpiperidine-1-oxide (289)

Q/\
+N
O
HN N H
z
-t
[0204] To a solution of 5-chloro-N>-(4-(1-ethylpiperidin-4-yl)-2-fluoro-5-
methylphenyl)-N*-(5-methyl- 1H-pyrazol-3-yl)pyrimidine-2,4-diamine (22.2 mg, 0.05
mmol) in DCM (10 mL) and MeOH (1 mlL.) was added MCPBA (11.2 mg, 0.07
mmol). The reaction was stirred at room temperature overnight. The reaction
mixture was partitioned between DCM and saturated aqueous NaHCOj3, the combined
organic extracts were dried (Na>SQy), and concentrated in vacuo. The crude product
was purified by RP-HPLC to afford 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-methylphenyl)-1-ethylpiperidine- 1-oxide;
'THNMR (MeOD-dy) 87.91 (s, 1H), 7.69 (d, 1H), 7.00 (d, 1H), 6.15 (s, 1H), 3.28 (m,

4H), 2.91 (m, 1H), 2.32 (m, 2H), 2.20 (s, 3H), 2.16 (s, 3H), 1.83 (s, 2H), 1.64 (d, 2H),
1.31 (t, 3H).; ESMS m/z 460.2 (M + H").

Example 60
5 —Chloro—Nz—( 2-fluoro-5-methvl-4-(1-(pyrimidin-5-vlmethvyl)piperidin-4-yl)phenyl)-
N -(5-methvl-1 H-pyrazol-3-vD)pyrimidine-2.4-diamine (314)

92



N OY 1 NONHNO----, NN- NNoH N -N (44445
-chl oro-4-(5 -nethyl - 1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2- PCT/US2009/048428
met hyl phenyl ) pi peridin-1-yl)(1H tetrazol -
yl ) met hanone ESMS mz 512.2 (M + 0. 139 141 (44445
yl am no) pyri m di n- 2- yI am no) - N

met hyl phenyl ) pi perd, di n<| -yl) -5 ' P

(trifl uoroms I‘]\ona ol hanone FMN 0' 1 1C1 H
N----- t hyl - 1H pyrazol - 3-
ESVB i z 593 2 (M} H)N ONO69 142 Q) HN ..---... 0

6-(4-(4-(5 ylam no)pyrl m d| n-R2-yl am no) - 5-f1 uoro- 2-

:@&Rﬂ E%e?s%{)_lztg)ﬂ 0_? % oro N —(%?f{uo%? %l&ﬁhﬁei (plperlc? n-4- ylg\lphenyl)
N*-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine (45 mg, 0.1 mmol) and
pyrimidine-5-carbaldehyde (32 mg, 0.3 mmol) in DCM (1.5 mlL) was added
NaBH(OACc); (64 mg, 0.3 mmol), followed by addition of AcOH (12 ul.). After
stirring at room temperature in a sealed vial for 16 h, the reaction was quenched with
EtOAc (50 mL). The reaction mixture was sequentially washed with water (10 mL),
brine (5 mL), dried over Na,SO4 and concentrated in vacuo. The resulting residue was
purified by silica chromatography (0-10% MeOH in EtOAc gradient with 1% NH; in
MeOH additive) to give 5-Chloro-N2-(2-fluoro-5-methyl-4-(1-(pyrimidin-5-
ylmethyl)piperidin-4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-
diamine as an off white solid; 'H NMR (400 MHz, CD;0D) 6 9.09 (s, 1H), 8.81 (s,
2H), 8.00 (s, 1H), 7.73 (d, /=8.4 Hz, 1H), 6.99 (d, /= 13.2 Hz, 1H), 6.23 (br s, 1H),
3.65 (s, 2H), 3.03 (m, 2H), 2.76 (m, 1H), 2.27 (s, 3H), 2.25 (s, 3H), 2.25 (m, 2H),
1.80-1.68 (m, 4H); ESMS m/z 508.2 (M+H").

[0206] The following compounds in Table 1 are obtained by repeating the

procedures described in examples above and using appropriate starting materials.

Table 1
STRUCTURE NMR or ESMS IGF-1R
Ba/F3
IC50 (uM)
1 N~ 'H NMR (400 MHz, | 0.011

HN~NC'j\/\)\

5-chloro-N2-(2-fluoro-5-methyl-4-(1-
methylpiperidin-4-yl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

F

DMSO-d6) & 10.33 (br,
1H), 9.90 (br, 1HO, 9.60
(br, 1H), 8.22 (s, 1H),
7.56 (d, 1H), 7.00 (d,
1H), 6.20 (s, 1H), 3.53-
3.50 (m, 2H), 3.16-3.10
(m, 2H), 2.97-2.92
(m,1H), 2.81 (d, 3H),
2.26 (s, 3H), 2.16 (s, 3H),
1.94-1.91 (m, 2H), 1.83-
1.73 (m, 2H); ESMS m/z
430.1 M + HY).
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H -chloro-4-(5 -nethyl -1H pyrazol - 3-

541.2 (M+ 1-1). 0.282 WO

one ESMS m z

WQOm0AB2H555PCT/ US2009/ 048428 STRUCTURE NVR oPCEBMS09/048428

|GF-1R B a/F3 1C50 (uM 143 FH

O NyN1 NON 7H N

0---- HNNN OH
(5)-(4-(4- (5 CRigag-riyee: Mot hyl - 1t YT azQbeer Esms IGF-1R
yl @am no) pyri m di n-2-yl am no) - 5-fl uono- 2- Ba/F3
i n-3- yHmet hanone 1C50 (uM)
ON "1 NC|
O 1 NCl HNN, NH
25- ¢hl or o- N2- (2- net hy1- 5} chi or §24- (1- ¥ Sra'ﬁ/fdéruoq'1 M+ 0.050
1, 1- di oxiHhop3 yl) i n- 4- yl|) phieny1) - N4-
(51 met hytQl azh] - )pyri m di ng-2, 4-di ami ne ESMS
nillz 550.1 ( +Ih|).m.07145
F
5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine
3 N ESMS m/z 4702 (M + | 0.104
HN=r, CInz HH.
g
\
_—Q\)\N \N)\N
H H OY
5-chloro-N2-(2-isopropoxy-5-methyl-4-(1-
methylpiperidin-4-yl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
4 HN ESMS m/z 4502 (M + | 0.150
F HY).
by
HN-N  N7SN
M l
N
He——r
F
N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)-5-
(trifluoromethyl)pyrimidine-2.,4-diamine
5 N ESMS m/z 4503 (M + | 0.805
o).
ESDe!
N\
N \N N
H H

3-yD)pyrimidine-2,4-diamine

N2-(2-isopropoxy-5-methyl-4-(1-methylpiperidin-
4-yl)phenyl)-5-methyl-N4-(5-methyl-1H-pyrazol-
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FNSIN | CL 0"NHNN, 0, , SaNH
5-chl oro- N2- (2-fl uor o-5-net hyl-4-(1-(tetrahydro-
wQ 2@06028%35 do- 3-t hi enyl ) pi peri di n-4-yl ) phenyl) - MAF/US2009/048428

(5-met hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4- di am ne ESM5
nilz 534.2 (M+ H). 0.018 WO

2010/ 002655PCT/, %%ﬁéﬁé8428 STRUCTURE % ﬁ@%ﬁ
S IGF-1R
| GF-1R B a/ F3 | (u 146 ESMS nijz 544. ?{\}F_'_ -1). Ba/F3
0. 258 41fr\ HNSf ' O N-" N Cl HN- - 1C50 (uM)
6 N~ ESMS m/z 4262 (M + | 0.015
o).
\ \ |
— KL
H H
5-chloro-N2-(2,5-dimethyl-4-(1-methylpiperidin-4-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine
7 N/ ESMS m/z 446.1 (M + | 0.015
o).
N\
N \N N
H H
5-chloro-N2-(5-chloro-2-methyl-4-(1-
methylpiperidin-4-yl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
8 NH ESMS m/z 4612 (M + | 1.93
H H H+)
NN~ N :
~ST XX
AN"T g F
5-chloro-N2-(4-fluoro-2-methyl-5-(piperidin-4-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine
N~ ESMS m/z 4612 (M + | 0.087
o).
)
o M F
3-(5-chloro-2-(2-fluoro-5-methyl-4-(1-
methylpiperidin-4-yl)phenylamino)pyrimidin-4-
ylamino)azepan-2-one
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5-chl oro- N2- (2, 5-di net hy1-4-(1-(tetrahydro-1, 1-
di oxi do- 2H-t hi opyran-4-y1)) pi peri di n-4-yl ) phenyl) -

w261050268% hy |
147 2 HN, Lj Sz. -.

-1H pyrazol
O NNHN CI O NN H

-3-yl) pyri mdine-2, 4- PCHDBI069/048428

5-chloro-N2-(2-chloro-5-nethyl1-4-(1-(1, 1-di oxi do-
3-thi etanyl) pi R§R yl ) phenyl) - N4- (5 bWks IGF-1R
1H pyrazol - 3-yl) p)}jrthﬁr)%lJ I ne-2, 4-di am|ne E@@i nlz %[36 1 Ba/F3
(M+ 1-1). 0.016 148 F ESMB mz 520/2 (M+ 1-1). 1H | 1050w
NMR (400 WMHz, DMSO-d6 + 1 drop D20) |8 8. .02 (s, 1H)
. 37(s, .02 (s, 1H), 6.23 (s, ZH—SIM 8
1gH} 4.1 o7\ (m 2H), 3.22- 3.18 |ﬁ3 %4””% 4@522(]\@% 0869
(m 2H), 2.62 (m 1H), 2,22 (s, ,213(s
3H), 2.07- I'NEm  2H), 71.55 (m 4H). 0.018 ,P
HN| .0 Sy
N/)\N
o
(S)-3-(5-chloro-2-(2-fluoro-5-methyl-4-(1-
methylpiperidin-4-yl)phenylamino)pyrimidin-4-
ylamino)azepan-2-one
11 ESMS m/z 461.2 (M + | 0.065
HN HY).
R re
=
| N
N/)\N
HoF
(R)-3-(5-chloro-2-(2-fluoro-5-methyl-4-(1-
methylpiperidin-4-yl)phenylamino)pyrimidin-4-
ylamino)azepan-2-one
12 ESMS m/z 4542 (M + | 0.010
= o).
HN, _ J\
N~ "NH N
"2
N/ N
H
5-chloro-N2-(4-(1-isopropylpiperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine
13 ESMS m/z 4582 (M +

HN—¢

e
O
N

7
AN
F

5-chloro-N2-(4-fluoro-5-(1-isopropylpiperidin-4-
yD)-2-methylphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine

H").
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N

(N-NH Cl HN- -

5-chl oro- N2- (2-fl uor o-5-net hy1-4-(1- (1, 1-di oxi do-
w@2d1bioezeany| ) pi peri di n-4-yl ) phenyl) - Nd- ( 5- net hp¢'F/US2009/048428

1H pyrazol
CINO NNN HH F 5-chl oro- N2- (4-(1-(5-

-3-yl)pyrimdine-2, 4-di am

ne 149 NN I HN-N
thyl pyrim din-2-

yl'} pi peridi n- 4y CZHH glor o- 5- met hyl phenydae W]Eé IGF-1R
mef hyl - 1H pyrazo?¥>U pyrim di ne-2,[4-di am ne éﬁg Mzl  paF3
522.2 (M+ H+). 0.955 WO 2010/ 0026%5PCT/ US2009/ 048428 | {5 (uM)
STRUCTURE C50 (uM 150 NH
NN C "m0 HH
1? chl or o- N2- (2- f | uor o- 5-ethyl - 4- (1, %rrgd% mz 4122 M+ 1 0.016
t ef r ahydr opyri di n-4-yN) pheMy1) - N4- ( 3- et hyl -
pyrazol - 3-y b di g , 4-di am ne |[ESMS m z 414.1 (M
+ HN~N d=n
Cl N\ 7/ NH
N
5-chloro-N2-(2,5-dimethyl-4-(piperidin-2-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine
15 NH ESMS m/z 4122 (M +| 0.050
o).
:’\|:>_NH_N
c—\ /—NH
N
5-chloro-N2-(2,5-dimethyl-4-(piperidin-3-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine
16 ESMS m/z 4262 (M +|0.019
o).
NH
5-chloro-N2-(2,5-dimethyl-4-(1-methylpiperidin-2-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine
17 F ESMS m/z 4422 (M + | 0.160

N NN
= L\lf
HN-N cl N

5-chloro-N4-(5-cyclopropyl-1H-pyrazol-3-yl)-N2-
(2-fluoro-5-methyl-4-(piperidin-4-

NH

yDphenyl)pyrimidine-2.,4-diamine

H").
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1-1).

0. 025 151

NH HN-- NCI N411D NNN HH

4-(4-(5-chl oro-4-(5-net hyl - 1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 2, 5-
di met hyl phenyl ) pi peri di n-2-one ESM5S nmlz 426.2 (M +

PCT/US2009/048428

1-1). 0.009 152 0 -- HNNH N N C
4-(4-(5-chloro m@@yl - 1H pyrazal - 3- N\MR or ESMS IGF-1R
yl %_Ln no) pyri m gi n-2-yl am no) - 2, 5- or Ba/F3
di met hyl phenyl ) t et r ahydr o- 2H pyran- 2- one ESMS i n& IC50 (uM)
427.2 (M+ 1-1). 0.155 153 |.NCl N NH --- NNN)I- HH
-¢hl oro- N2- (2-fl uor 9- 4- por phol i no-5%
1§“if|uoro tay NQ%?FV _(5_neth)£§£/§ m/z 4382 (M + | 0.095
pytaz yr mifin /- di ami ne mz 472.1 (M
+ ). 0. N | 0/ 08¢ ST US2009/ 048428
STRUCTURE NI\/RCor ESMS | G NH
5-chloro-N4-(5-cyclopropyl-1H-pyrazol-3-yl)-N2-
(2,5-dimethyl-4-(piperidin-4-yl)phenyl)pyrimidine-
2,4-diamine
IH NMR (400 MHz,
19 N N MeOD-d4) 8.12 (s, 1H), 0.056
N | N 1775 @ 1H), 7.03 (s,
PN-N j\/ﬂlN © | 1H),6.27 (s, 1H), 4.25 (s,
S 2H), 3.69-3.67 (m, 2H),
H H ¢ 3.27-3.20 (m, 3H), 2.54
(s, 3H), 2.37 (s, 3H), 2.34
5-Chloro-N2-(4-(1-((3,5-dimethylisoxazol-4- (s, 3H), 2.30 (s, 3H),
yDmethyDpiperidin-d-yl)-2-fluoro-5- 2.10-1.95 (m, 4H):ESMS
methylphenyl)-N4-(5-methyl-1H-pyrazol-3- m/z 525.1 (M + H+).
yDpyrimidine-2,4-diamine
20 ESMS m/z 5212 (M + | 0.011
= o).
HN, _
N NH
Cl\fQN
|
N/)\N
H
5-chloro-N2-(4-(1-((3,5-dimethylisoxazol-4-
yDmethyl)piperidin-4-yl)-2,5-dimethylphenyl)-N4-
(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
21 ESMS m/z 5042 (M + | 0.002

N NH N/\(w
>
Cl\fj\l\ N,N
P
N N
H

5-chloro-N2-(2,5-dimethyl-4-(1-(pyridazin-4-
ylmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-

H")

diamine
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Ba/ F3 1C50 (uM 154 p ESMS mz 447.1 (M + 1-1). 0.012
HN- NH NN C N
WG 2@hl0aas6s N2- [ 4- (1, 1- di oxo-tetrahydro-12, 6- PCT/US2009/048428
t hi ophen-3-y1) -2, 5-di net hyl - phenyl ] -N4-(5-nethyl -
1H pyrazol -3-y1)-pyrim di ne-2, 4-di am ne 155 NH
HNyNHE NN O RppycTur NMR or ESMS IGF-IR
1-(4- (5-chl oro-I— Pé: rret%yl-ll—l— pyrazol - 3- or Ba/F3
yl am no) pyri m di n- 2-yl am no) - 2, 5- 1C50 (uM)
di et hyl phenyl ) pi perazi n-2-one ESMS|mz 427.2 (M +
-1). 1.65 156 HHFF NNN s LI F_ HN-ANC
2%- c¢chl oro- Nd- (5-net hyl |1 pera/zFI/- 3- %Sj;?\%r?/f 460.2 M+ 0.059
met hy| g4~ Ch hyl pi s K D~1-y1) - 54 '
(t1i_fluofomefhyy ph ) pyri mi di ne- 2, 4- di ani ne ESMVB
m z 482 M /J.\,qr S
H F
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)ethanol
23 NT-OH ESMS m/z 456.21 (M + | 0.006
cl H).
HN-N = |
\
g SN
H H
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)ethanol
24 £ ESMS m/z 5122 (M + | 0.085
F
N/\)<F o).
HN=p CINS
N N N
H Ho L
5—chlor0—N2—(2—ﬂuor0—5 -methyl-4-(1-(3,3,3-
trifluoropropyl)piperidin-4-yl)phenyl)- N*-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
25 H \ ESMS m/z 5082 (M + | 0.031
hd | o).
i NS "Sa
N HN
F>i\/ W
N-N
H
5-chloro-N2-(2,5-dimethyl-4-(1-(3,3,3-
trifluoropropyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
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157 C 1IN |

HNNNH j 4N NO HF3C N |

5-chl or o- N2- (2-f | uor o- 4- (4- et hyl pi perazi n-1-yl) -

WG 2(10dIesaior onet hyl ) phenyl) - Nd- ( 5- met hyl - 1H

PCT/US2009/048428

pyrazol -3-yl ) pyrimdine-2,4-diamine ESM5 mz 485.2 (M
+ 1-1). 0.075 WD 2010/002655PCT/ US2009/ 048428
STRUCTURE NWVR R?%gﬁnhg:- 1R B a/F3 |C50N§Hi\/@ ]%SﬁﬁSH N IGF-1R
3-(5-chl oro- 2- ?FZF -di net hy1- 4- ( pi peni di n-4- r Ba/F3
yl') phenyl am no) pyri m di n-4-yl am no) pyri di n2(1H) -one 0 | ;54 (uM)
HINONII N/ NHC ESMS mz 425.2 (M+ 1-1). 0.062
2459 >1 ESMS m/z 4982 (M + | 0.142
D o).
HN, _ F
N" > NH N
O A For
LA
N N
Ho ¢
5-chloro-N2-(2-fluoro-5-methyl-4-(1-(2,2,2-
trifluoroethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
27 ESMS m/z 5282 (M + | 0.044
HN, _ F H).
N~ NH N/\)<F
Cl N
P
N)\N
H
5-chloro-N2-(5-chloro-2-methyl-4-(1-(3,3,3-
trifluoropropyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
28 /\&F ESMS m/z 5122 (M + | 5.46
+
aas
5-chloro-N2-(4-fluoro-2-methyl-5-(1-(3,3,3-
trifluoropropyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
29 H ESMS m/z 5242 (M + | 0.023
N~ +
NH N -
CI\ﬁN OH
P
N)\N
H

3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl) piperidin-1-y1)-1,1,1-
trifluoropropan-2-ol
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NHCI

met

hyl pi peri di n-4-yl ) phenyl) - Nd- ( 5-

N NN H 5-chl oro- N2- (2-fl uoro-5-net hyl -4-(1-

woredlopbiesdxazol - 3-yl ) pyri m di ne- 2, 4-di am ne el PCEBMB09/048428

mz 431.2 (M+ H. 0.073 160 QH HN 1 \ I NN\yN
3-(5-chloro-2-(2,5-dinethyl-4-(piperidin-4-
yl Y phenyl am no)gpyi @ -4-yl am no) pyri dig & ks6s NH  1gFar
2(1H) - one ESMS rT#ZUCFZ ]g (M+ 1-1). | 161 Ell_l? I %N Ba/F3
C1N 5-chl oro- N2- (2-i sopropoxy-5-net hy1l-4-( 1- IC50 (uM)
net hyl pi peridin-4-yl)phenyl)- NA- (1Hpyrazol - 3-
syl Jpyrimdine-2,4-diamne 1 )\1 | Npovms m/z 5282 (M + | 0.071
HN, _ /\XF H )
N™ “NH N =
CIng Ny OH
P
N)\N
H o F
3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino) pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl) piperidin-1-yI)-1,1,1-
trifluoropropan-2-ol
31 ROF ESMS m/z 528.2 (M + | 6.47
1 L |
(T
HN’NCI N E
3-(4-(5-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2-fluoro-4-
methylphenyl)piperidin-1-yl)-1,1,1-
trifluoropropan-2-ol
32 ESMS m/z 5132 (M + | 0.042
- H").
HN, _ H
N~ NH N
OISy o)
LA
N N
H
2-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-N-methylacetamide
33 ESMS m/z 5092 (M + | 0.006

H
N /\n/ N
@ °
N/)\ N
H
2-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-

dimethylphenyl)piperidin-1-yl)-N-
methylacetamide

H").
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ESMS nilz 456.2 (M+ H). 0.332 WO
2010/ 002655PCT/ US2009/ 048428 STRUCTURE NWVR or ESMS
w0 BHoARBR/ F3 1 C50 (uM 162 H NN 1 0 N/ ONCl PCTYNS2009/048428
H O ethyl 4-(4-(5-chloro-4-(5-nethyl
ylam no) pyrimdin-2-ylam no)-2, 5-

- 1H pyrazol - 3-

diﬁethylphenylh | hebwe- | - car boxyllat e H&vé38- 9| [GF-1R
(M + . 0.013 ?%%%N, NNHN Cl [N O s Ba/F3
(S)-2-(4-(4-(5-chloro-4-(5-nmethyl- 1k 1C50 (uM)
pyttazol -3-ylamno)pyrimdin-2-yl am no) - 5-
| yor o- 2- nethylphenylgplper|d|n -y a
34 yor o2 2 ('% nenyippiper di E@i@%& Bsle FPVB| 0.049
).
S
HN'NCl o
N\/’U\NH2
2-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)acetamide
35 ESMS m/z 4952 (M + | 0.011
Fives
HN’N
\/J\NH
2-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)acetamide
36 HoN 2O ESMS m/z 5272 (M +|0.019
T .
N
C'N—NH
F
F e
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
(trifluoromethyl)phenyl)piperidin-1-yl)acetamide
37 ESMS m/z 4692 (M + | 0.013

HN>:L
G\T:ibN o
|
N/)\N
H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-

H").

dimethylphenyl)piperidin-1-yl)acetamide
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HNO HN, NN HN' CI_N 101 NN H
(S)-2-(4-(4-(5-chloro-4-(5-nmethyl-1H

W@ranades3- yl am no) pyri m di n- 2-yl am no) - 5- PCT/US2009/048428
fl uoro-2- et hyl phenyl ) pi peridin-1-yl1)-N
nmet hyl propanam de ESMS mz 501.2 (M+ H); 11-1NMR

(MpOD- d4) 6 8. , 7.56 (m 1H), H), .

6.46 (s,1H), 3. é?({&nﬁgﬂﬁ;ﬁ,ﬁs. 79 (m1H),| 3. Glgw%gﬁ“(%%"% Iﬁf,;;‘
3.25 (m 3H), 2.84 (s,3H),2.40(d, 6H), 2.08 (m 1C50 (uM)
4H) . 1.62 (m 3H). 0.033 WO

32010/ 002665PCT/ US2009/ 048428  STRUCT 0

G--lR Ba I C50 (uM 165 HNH2N , Nﬁgwl\%ﬁs{m%ﬁ\@[ + | 0010
(RY-2- (4N %chloro- byl -1 7

pyrazol - 3-yl a no) 1 gi n42-yl am no) - 5-

fldioro-2-ne Nph piperidin-1- yl)propanam de ESMS
mz 487.2 ( {J\ 11- INMR (MeOD-d4) 6 8.22 (s,

1Hf, 7.61 (t, , 17.18 (d, 1H), 6.40 (

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylacetamide

39 e 'H NMR (400 MHz, | 0.019
HN= Cl = o) MGOD—d4) ) 8.11 (S, IH),
/Q\/{“L r){“\ 7.76 (d 1H), 7.09 (d, 1H),
NTONTON 6.27 (s, 1H), 4.0 (s, 2H),
H Ho L

3.75-3.73 (m, 2H), 3.22-

3.13 (m, 3H), 2.34 (s,

2-(4-(4-(5-Chloro-4-(5-methyl-1H-pyrazol-3- 3H), 2.30 (s, 3H), 2.04 -

Y thyiphenybpiperidin 1 ybacetumige | 200 (i ATD: ESMS s
473.2 M + HY).

40 ESMS m/z 4692 (M +
HN, .
~
Cl X o)
Ct
N/ N
H
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)acetamide
41 ESMS m/z 4692 (M + | 0.026
- o).

NH o
=N N\)J\NHZ
N/)\N

H

2-(3-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)acetamide

103




1H),3.79(m1H), 3.65 (m 1H), 3.54 (m 1H), 3.22 (m

3H), 2.39 (d, 6H), 2.08 (m 4H), 1.66 (d, 3H) 0.038
wae@omess HN, NNHN' CIN4/1 NN H PCT/US2009/048428

(S)-2-(4-(4-(5-chloro-4-(5-nethyl-1H

pyrazol - 3-yl ani no) pyrim din-2-ylam no)-2, 5-

di met hyl phenyl }g f}ﬁ% -1 -yl) propanam d IGF-1R
483.2 (M + 1- 1;5 ?5 00 127 H2NO HN, NNHN WWWH gafF3

(R{-2- (4-(4-(5-chloro -4- (5-nmethyl- 1C50 (uM)
pyftazol -3-ylamno)p yrimdin-2-ylam no) 2 5-

i et hyl phenyl ) pi peridi n-1-yl) pyoparn
4%83 2 (M+ 1-1) 0.006 \€ mzﬁtﬁg‘?@%ﬂ%mzﬁ 0.019
(

uM 168 |

STRUCTURE N\R qr ESME | &F- 1R Ba/F3 |
ESVS m g f@y +
N \N H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-N-methylacetamide

43 | ESMS m/z 4832 (M +

N/\H/NH H+).

\ |
SN N
H H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylacetamide

44 ESMS m/z 4832 (M +0.015
9 i),

N/\[rH\
O

2-(3-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylacetamide

45 H ESMS m/z 5032 (M +|0.018

Cl N/\H/N\ 0.
)\

2-(4-(2-chloro-4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
methylphenyl)piperidin-1-yl)-N-methylacetamide
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HNO H) HN, .,, NNHN' CI)N 40) NN H
(S)-2-(4-(4-(5-chloro-4-(5-nmethyl-1H

w@olanades3- yl am no) pyri m di n- 2-yl am no) - 2, 5-  PCT/US2009/048428
di met hyl phenyl ) pi peridin-1-y1l)-N nethyl propanam de
169 F ESMS nmfz 527.2 (M + i HNVR 0.004 40N |

STRUCTURE NMR or ESMS IGF-1R
Ba/F3
I1C50 (uM)
46 ’\|“_| ESMS m/z 499.2 (M + | 0.013
OMe N/\n/ o).
HN~N CINF ©
\ \ |
’K)\N L
H H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2-methoxy-5-
methylphenyl)piperidin-1-yl)-N-methylacetamide

47 HszO ESMS m/z 5232 (M + | 0.022

H").
" N)l\N/ N/L/)\
H H

F

N

F

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-methyl-2-
(trifluoromethyl)phenyl)piperidin-1-yl)acetamide

48 ESMS m/z 4872 (M + | 3.68
HN—</ H).

N~
;m} oy

NHz

2-(4-(5-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2-fluoro-4-
methylphenyl)piperidin-1-yl)propanamide

49 N0 ESMS m/z 4872 (M + | 0.015
HN, _ I H).
N~ NH N

NN
N
8
NN
H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)propanamide

F
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H; (MeOD-d4) 6 8.24 (s,1H), 7.49 (d, O 1H), 7.23
(d,1H), 6.47 HN ONH NN NH (s, 1H), 4.52(d, 2H),

w@206/00p62+) , 3. 18(m 3H), 2.40 (s, 6H), 1.91(d,PCI/H§2009/048428
1.71(m 2H), 1.49

(4-(4-(5-chloro-4-(5-nmethyl-1H pyrazol-3- (m 3H),

1.39 (t, 3H). STRUCTURE NMR or ESMS IGF-1R
yl @am no) pyri m di n-2-yl am no) - 5-fl uono- 2- Ba/F3

met hyl phenyl ) pi peri din-1-y1)(1-
(et hyl am no) cycl opropyl ) net hanone 170 H N ESMS nfz 1C50 (uM)

523-3 (M+ H 0.003 | ESMS m/z 5012 (M + | 0.022

— HN._O Ho)
HN, _ i '
N” NH N
NN
|
~
N)\N
H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-N-

methylpropanamide
51 HoN_O ESMS m/z 4832 (M + | 0.009
== +
HN, _ :E HY).
N NH N
o] | \)N\
N/ N
H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)propanamide

52 I ESMS m/z 4972 (M + | 0.006
HN O +
H T .
HN, _
N NH N
Sy
|
N)\N
H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylpropanamide

53 R =~ ESMS m/z 5212 (M + | 0.078
F>§F_H<Nﬂ H).
VA

2-(4-(5-fluoro-2-methyl-4-(4-(5-methyl-1H-
pyrazol-3-ylamino)-5-(trifluoromethyl) pyrimidin-
2-ylamino)phenyl)piperidin-1-yl)propanamide
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s NC ONH NNs NH HN ---/
(4-(4-(5-chloro-4-(5-nmethyl-1H pyrazol - 3-
w@Q b@awiomsypyri m di n- 2-yl am no) - 2, 5- PCT/US2009/048428
di met hyl phenyl ) pi peridin-1-y1)(1-
(et hyl am no) cycl opropyl ) net hanone WO
2010/ 002655PCT/GYRe G0 8428 NMR or ESMS IGF-1R
Ba/F3
IC50 (uM)
54 - HOw O E§MS m/z 4882 (M + | 1.53
e )¢ ),
N NH N
CIne Ny
|
N/)\N
H o F
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)propanoic acid
55 ~_-SOMe ESMS m/z 522.1 (M + 0.024
N H+).
HN‘N Clj\/\
)\
F
5-Chloro-N2-(2-fluoro-5-methyl-4-(1-(2-
(methylsulfonyl)ethyl)piperidin-4-yl)phenyl)-N4-
(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
56 \S/,O ESMS m/z 5182 (M + | 0.006
o” — H".
N
HN—Q }u
5-chloro-N2-(2,5-dimethyl-4-(1-(2-
(methylsulfonyl)ethyl)piperidin-4-yl)phenyl)-N4-
(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
57 ESMS m/z 5362 (M + | 0.021

5-chloro-N2-(4-(1-(2-
(ethylsulfonyl)ethyl)piperidin-4-yl)-2-fluoro-5-
methylphenyl)-N4-(5-methyl-1H-pyrazol-3-

yDpyrimidine-2,4-diamine

H").
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STRUCTURE NVR or ESMS | G--1R B a/ F3

F--/----eNNrel FHN-NCIN NH
wG2abloasss N2- ( 2- f | uor o- 5- met hy1- 4- (pi peri di n- PCT/US2009/048428

4-yl ) phenyl) - Nd- (5-(trifluoronethyl)-1H

pyrazol -3-yl)pyrimdine-2,4-dianine H ESMS mlz 470.1

1 C50 (uM) 171 FHH

(M+ 0.067 17%Tlﬁd@i; HNN CI O 1 eil NN ESMS IGF-1R
2-(4-(4-(5-chloro-4-(5-(trifluoromethyl) - or Ba/F3
pyrazol - 3-yl am no) pyri m di n- 2-yl am no) - 5- 1C50 (uM
flyoro-2-nethyl phenyl)piperidin-1-y1)-N €50 (M)
thyl acetam de ESM5-mz 541.2 (M + 0 F
sgeyfy acet am do ESM- iz %h@s 92 392 FRl 4 | 0.036
2-(4-(4-(5-chloro-4<(¥ f"t\lr*'\f uor onet hyl)') -1H
pyrazol - 3-yl anmgo) m diyQ- 2.yl am no) - 5-
fl uoro-g- met hyl pleny]) pi perjdi fL1 - y1)acetam de
N AN HN N,
SN NH
| O =
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-N,N-
dimethylethanesulfonamide
59 N ESMS m/z 5232 (M + | 0.038
.7 H*
o .
N
et
N_HN \N/NH
F o HN— }m
N
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)ethanesulfonamide
60 ESMS m/z 5792 (M + | 0.011

/ N
C|‘§: Y—NH
-N_ =N
HNN
MNH
cl

N

s
o~ NQ
N2-(4-(1-(2-(azetidin-1-ylsulfonyl)ethyl)piperidin-

4-yl)-5-chloro-2-methylphenyl)-5-chloro-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

H").
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ESMS nfz 527.2 (M+ H) 0.049 WO
2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMR or ESMS
wOo BHAR6E a/ F3 1 C50 (uM 174 HN, N ClI 5-chl or op@®RUS2009/048428
2H-t hi opyr an- 4-yl ) pi peri di n-4-yl ) phenyl) - N4-

(5-nmethyl -1H pyrazol -3-yl)pyrimdine-2,4- NHNO NNH
(2)5-dinethyl- g(u’bwlhgt r ahydr odi am ne ?[@ H&vgl?2- 2| [gF-1R
(M+ H) 0.008 %:)‘ s CI1 NHNN , NH N}-ﬁ 0 Ba/F3
(5{met hyl - 1H pyr azol - 3- 1C50 (uM
yl'mno)ovrimdinZVIam'no) 2,5- €50 (M)
i met hyl phenyl ) Nperldln [ -yl)-2-
6?et hyl am no); opan 1-one (':> S m/z 563’E%I\%/I + | 006
mz 525. % (4- (4-
’/S\/’
e
N2-(4-(1-(2-(azetidin-1-ylsulfonyl)ethyl)piperidin-
4-yl)-2-fluoro-5-methylphenyl)-5-chloro-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
& stone E§MS m/z 4942 (M + 0.005
H").
N\ |
’v\N \N)\N
H H ¢
5-Chloro-N2-(2-fluoro-5-methyl-4-(1-
(methylsulfonyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
63 N SOMe ESMS m/z 4902 (M + | 0.002
cl o).
\
’v\N \N)\N
H H
5-chloro-N2-(2,5-dimethyl-4-(1-
(methylsulfonyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
64 ESMS m/z 5202 (M + 1 0.059

<L//O

oS

et

N-NH

F HN—<\ )—c

5-chloro-N2-(4-(1-(cyclopropylsulfonyl)piperidin-
4-yl)-2-fluoro-5-methylphenyl)-N4-(5-methyl-1H-

H").

pyrazol-3-yl)pyrimidine-2,4-diamine
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176 O HN _J
+ H) 0.08%

Fs yNNTci NIHNN, NH
(4- (4

W@ 2610/0086%- 4- ( 5- met hyl - 1H pyrazol - 3-
yl am no) pyri m di n- 2-yl am no) - 5- f | uor o- 2-

ESMS nfz 541.3 (M

PCT/US2009/048428

nmet hyl phenyl ) piperidin-|-y1)(1-
(et hyl am no) cy ggg}&y[y% t hanone WO E IGF-1R
2010/ 002655PCT% 009 %428 STRUCTURE W%rr %R/B Ba/F3
IGF-1R B a/ F3 1C50 (uM 1C50 (uM)
65 Fooy ESMS m/z 5572 (M +|0.076
N N +
¥ | H).
N
o Cl
N _N HN
xR \EN{NH
[ J o <
N
5-chloro-N2-(2-fluoro-5-methyl-4-(1-(pyridin-3-
ylsulfonyl)piperidin-4-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine
'H NMR (400 Mz
> 1 0.064
06 X | MeOD-dy) 3813 (s, 11,
N © 7.54 (d, 1H), 7.10 (d, 1H),
HN~N C'f\N 6.28 (s, 1H), 4.30-4.26 (m,
’Q\)\N NN 2H), 4.14 (q, 2H), 2.99-
H H o ¢ 2.96 (m, 3H), 2.33 (s, 3H),
2.29 (s, 3H), 1.8-1.77 (m,
Ethyl 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3- | 2H), 1.64-1.55 (m, 2H),
ylamino)pyrimidin-2-ylamino)-5-fluoro-2- 1.28 (t, 3H); ESMS m/z
methylphenyl)piperidine-1-carboxylate 488.2 (M + H").
67 JO]\ ESMS m/z 5042 (M + | 0.182
+
N O/\ H )
HN=N le\N
N\ |
N AN
H H
ethyl 4-(2-chloro-4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
methylphenyl)piperidine-1-carboxylate
68 ESMS m/z 5022 (M + | 0.080

X
N O
H N\N le\N
N\ ~ |
N AN
H H
isopropyl 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-

3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidine-1-carboxylate

H").
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177 F 0 C HN, NJ NH /0T1\ 11 ESMS miz 527.2 (M + H)
0.08 HN  (4- (4-

wWQ e@Enob2633 |

(5-chloro-4-(5-nmethyl-1Hp
am no)p yrimdin-2- ylam no) - 5- f PCDUS2089/048428

met hyl phenyl ) pi peridin- 1-y1) (1- (nethylam no)c

ycl obut yl ) net hanone

178 NH ESMB nfz 392.2 (M + H)

3.1

P29 NH IsrRUCTURE NMR or ESMS

IGF-1R
Ba/F3
IC50 (uM)

69

HN\N le\N

\ I
/V\N \NJ\N
H H

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-

ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)-N,N-dimethylpiperidine-1-
carboxamide

F

ESMS m/z 487.2 (M +

)j\ P H+).

0.011

70

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)-N,N-dimethylpiperidine-1-
carboxamide

o ESMS m/z 4832 (M +
Lo |
Y

0.006

71

\
/g/kN \N)\N
H H

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)-N-ethylpiperidine-1-carboxamide

0 ESMS m/z 4832 (M +
J\ ™~ HY)
N H )

0.002

72

\
’x)\N \N)\N
H H

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidine-1-carboxamide

0 ESMS m/z 4552 (M +

X

N” "NH, ).

0.006
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\1)-NH N N2- (2,5-di nethyl-4- (piperidin-4-
yl ) phenyl)-5- nethyl-N4-(5-nethyl- 1Hp yrazol-3- yl)p
W@ eomioaies®e- 2, 4- di am ne 179 HN, NH F OH N NN Pe€t/Ub009/048428
(S)-3-(4- (2,5-dimethyl-4- (5-nethyl-4- (5-
nethyl-1Hp yrazol-3-ylamno)p yrim di n- 2-
yl am no) phenyl qhgﬁ 1- y1) 1, 1,01- t MR SeESEOP IGF-1R
an{2-ol ESMS I’l’}S EL?I?M 0.12 V‘D Ba/F3
2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMR or ESMS IC50 (uM)
|GF-1R B a/F3 1C50 (uM 180 Hjv\ N[?2 O / INHNNII
78IN| NO 1-(3- (4-(5-chl oro-4- (% met hy 111 PMEAZOlaod MHz, | 0.019
yl ami no) pyri mi di n-2-yl ani ?I)JKZ/‘,@\- MeOD-d;) 8 8.08 (s, 1H),
HN\ cl 7.71 (d, 1H), 7.03 (d, 1H),
N r )\ 6.26 (s, 1H), 4.71-4.67 (m,
2H), 3.81-3.77 (m, 2H),
F 3.14-3.12 (m, 2H), 2.98 (s,
3H), 2.96 (s, 3H), 2.90-
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3- 2.83 (m, 1H), 2.34 (s, 3H)
ylamino)pyrimidin-2-ylamino)-5-fluoro-2- 2.28 (s ,3H) ,1.87 (d, 2H),
methylphenyl)piperidin-1-yl)-2- 176-1 ’55 (H’l 2H): I:ZSMS,
(dimethylamino)ethanone WZ 50'1 > (M,+ H+;
74 QO ESMS m/z 5172 (M + | 0.007
J\/N\ HH.
Cl N
HN§NC|I/\N
\ I
’V\N \N)\N
H H
1-(4-(2-chloro-4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
methylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone
75 QO ESMS m/z 4972 (M +|0.011
J\/N\ HH.
N
HN\NC|I/\N
\ I
’V\N \N)\N
H H
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone
76 QO ESMS m/z 5132 (M + | 0.009
NG [,
OMe N
HN\NClI\
)\
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2-methoxy-5-
methylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone
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di et hyl phenyl ) pi peridin-1-y1)-2-
(di met hyl am no) et hanone ESMs mz 497.2 (M + 1-1) 0.025
waQa 3dombreds CI N PCT/US2009/048428
2-(2-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-
ylam no) pyrimdin-2-ylam no)-2, 5-

di ret hyl phenyl §@W@%-I-yl)acetarn de o &v869- 2| [GF.IR
1

(M+ H) 0.024 C NH1O(HNO Ba/F3
2-(2-(4-(5-chloro-4-(5-nethyl-1H pynazol - 3- IC50 (uM)
viam no)pyrimdin-2-ylam no)-2, 5-

i tret hyl phenyl ) pi peri di n-1 - N net celam
79 gl ethylp (N¥+)Ebp0 ooy ﬁil HGCsEA5AE &PVB 0.007

20LO/002655PCT/U8200 i 0484%8 > STRUCTURE NVR or ESMB
| GF- 1R B*Nah 3 ESMS m|z 426.2 (M +
T )\

Cl

1-(4-(2,5-dichloro-4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-
ylamino)phenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone

78 )(L/\ ESMS m/z 5152 (M + | 0.138
+
N ’Tl/ H").
9§ |
’v\N \N)\N
H H

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-3-
(dimethylamino)propan-1-one

79 0 ESMS m/z 4732 (M + | 0.075

NJ\/NHz HH.
)\

2-amino-1-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-
2-methylphenyl)piperidin-1-yl)ethanone

F
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(S)-5-chloro-N2-(2,5 -di net hyl-4-

woredlhpbsper i di n- 2-yl ) phenyl) - Nd-

-N HN- NH NNNCI\/)-NHN
(1-
(5 -nethyl - PCT/US2009/048428

1H pyrazol - 3-yl ) pyri m di ne- 2, 4- di am ne 184 HH NN /

11 i0 HN-NCIN. . .,

HN / (R)-5-chl oro-N2-

(2,

(5

ES|

S5-di et hyl- &rpliie
- met hyl - 1I—|-%|2)[yrazTo -3-yl) pyrimdi

S mz 426.2 (M+ H 185 H NO 2

hyl pi peri din

- 2-y N4 -
ne- 2@(%%%2

IGF-1R
Ba/F3
IC50 (uM)

80

H
HN, _ L

N~ "NH N O

cl |\N

HoF

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
(methylamino)ethanone

ESMS m/z 4872 (M +
H").

0.103

81

OxN HN<__N,
T ~NH
~ o
J

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
(diethylamino)ethanone

ESMS m/z 5293 (M +
H").

0.030

82

H
HN, _ L

N~ NH N~ 0
Cla A
N
|
N/)\N
H o F

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
(methylamino)ethanone

ESMS m/z 4872 (M +
H").
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HN, CINA/1 NN H 2- (4-(4- (5-chloro-4-
(5- nmet hyl - 1H pyrazol - 3-

W@ b@wiomsypyri m di n- 2-yl am no) - 2, 5-
di met hyl phenyl ) pi peri di n-1-yl ) but ananm de ESM5 m z
497.2 (M+ H) 0.009 WD 2010/ 002655PCT/ US2009/ 048428

PCT/US2009/048428

STRUCTURE NMVR Q

| C5O i fiisH ON

rRERMURE 1R B a/ F3 IGF-IR
ONN rCl HNN, NH ﬁ I Ba/F3
1-(4-(4-(5-chloro-4-(5-cycl opropyl-1H IC50 (uM
pyrazol - 3-yl ani no) pyrim din-2-yl am o) -2, 5- (M)
;31\?% m/z 497 ZO(M +10.013
1-(2-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone
84 F ESMS m/z 5293 (M +
H T
N\r/N ).
Nx cl
O N HN N,
j/ __NH
/\N
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
(diethylamino)ethanone
85 ESMS m/z 501.2 (M + | 0.042

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
(methylamino)propan-1-one

H").
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(1-am nocycl opropyl ) (3-(4-(5-chl oro-4-(5-
nmet hy1- 1H pyrazol - 3-yl am no) pyri m di n- 2-
W@ b@wiomsys 2, 5- di met hyl phenyl ) pi peri di n-1- y1) neCTrafzmne048428

ESMS mlz 495.2 (M+ 1-1) 0.095 188 0 H2N Ont 1 N_NH

N) INN--"< HH (1-am nocycl opropyl) (4-(4-(5-chl oro-4-(5-
cy¢l opropyl- 1Hy krlftzlﬁh B- Yl am no) pyni m digr or ESMS IGF-1R
2-yl am no) - 2, 5- gl nmet y]%phenyl ) pi peri|din-1- or Ba/F3
yl)net hanone ESMS mfz 521.2 (M + 1-1) 0.019 WO IC50 (uM)
2010/ 002655PCT/ US2009/ 048428 STRUCTURE NVR or ESMS
GrF- 1R B\a/F3 1C50 (uM 189 H NO HN,
8?40/ H 2-Y%4- (4- (5-chl or beM~ A 5- net %%%?Eﬁ”gly??zgm\@f 0141
yl am nojRyrim di n-2-yl am no) -)2, 5- '
di met hyl pthNnyhpipi perj di i<l -y1)oN- net hyl but anam de
ESVME m z §11. M +
LA
N N
o
2-amino-1-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-
2-methylphenyl)piperidin-1-yl)propan-1-one
87 \ ESMS m/z 5152 (M + | 0.017
== HNt HY).
HN, _
N™ "NH N O
Cl | SN
A
N N
H F
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-methyl-2-
(methylamino)propan-1-one
88 ESMS m/z 5312 (M + | 0.007

\
HNt

HN, _
N~ NH N" o
NG
|
N/)\N
H

1-(4-(2-chloro-4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
methylphenyl)piperidin-1-yl)-2-methyl-2-
(methylamino)propan-1-one

H").

116




190 HI.NNi NCI1 NH NONH )

2-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 2, 5-

di nmet hyl phenyl) pi peridin-1-yl)-N ethyl butanam de ESM5

PCT/US2009/048428

m 525 3 (M+ H 0.007 191 ESMS miz 521.2 (M+ H)
0.113 NrHiJU N-N CI\ NH|N 5- ﬁMl@BIOEMS(LL IGF-1R
(1- ((3 5 -di rret I's oxazol - Ba/F3
yl Y met hyl ) pi peri d| n-2-yl)-2,5- d| met hyl pheny1l) - IC50 (uM)
N4 (5-nmethyl-1H pyrazol -3-yl)pyrim dine-2,4- di am ne
SM\D 2010/\002655PCT/ US2009/ 048428 STR%W%I\@?Q (@ISI\@ 0.023
>j NH, HH.
HN, _
N "NH N O
cl | X )N\
N/ N
H
2-amino-1-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-methylpropan-1-
one
90 / ESMS m/z 5092 (M + | 0.005
== NH H+).
HN, _
N" "NH N O
Cl | X )N\
N/ N
H
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-
(methylamino)cyclopropyl)methanone
91 ESMS m/z 5092 (M + | 0.052

H
NYN
Nx

O N HN<_N,
NH
HN ==

(1-aminocyclobutyl)(4-(4-(5-chloro-4-(5-methyl-
1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)methanone

H").
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IG-1R B a/F3 1C50 (uM 192 CH HN, NN H CI N110 NN H

(4-
W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2-

(4- (5-chloro-4-(5-nethyl-1H pyr

met hyl phenyl ) pi peridin-1-y1)(1-

azol - 3-

PCT/US2009/048428

hydr oxycycl opropyl ) net hanone ESMS mlz 500.2 (M + H)
0. 021 193 ESI\/§ 2 (M+ H 0.076 NMER IIEMI CH IGF-1R
HN{N O _N/)- NEUE\? = (4- ° Ba/F3
(5 chl or o- 4- ( 5- msthyl 1H pyrazol - 3- IC50 (uM
ani no) pyrimi di n-2-yl ami noy- 2, 5- 30 (uND
methylphenyl)plper|d|n I-y1)(1-
92 Jlroxyc opropyl)rret hanon% \ 194 Hﬁ%\@ 'ﬁ/z/ 5317I\ﬁl (MIJr 0015
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-
(dimethylamino)cyclobutyl)methanone
93 F H ESMS m/z 499.2 (M + | 0.033
IS 1)
N\r/N .
Nx
Cl
N HN
° Y
HoN N-N
H
(1-aminocyclopropyl)(4-(4-(5-chloro-4-(5-methyl-
1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-yl)methanone
94 H ESMS m/z 5272 (M + | 0.013

= o\
A A
NH N

N
N
*Nﬁjp
oo

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(1-
(dimethylamino)cyclopropyl)methanone

H").
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HN O N, pro N 0 5-chloro-N2-(2,5-dinmethyl-4-(1-(3-
nmor phol i nopr opyl sul fonyl ) pi peri di n- 4-

W@ kjiploeasyd) - N4- ( 5- net hyl - 1H pyr azol - 3-

PCT/US2009/048428

yl Y pyrim di ne-2, 4-di ani ne ESMS nfz 603.3 (M + H) 0.013

WD 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NWVR or

ESMS

| G

» P
yl

- 1R B a/ F3
NI D N2-

STRYSHAE

195 HN N\ /] INHGMWR,HNSE P

(azetidin-]
propyl sul fonyl ) pi peridi n-4-y1) -2,
di met hyl pheny1)-5 -chl oro-N4- (5-net|

IGF-1R
Ba/F3
IC50 (uM)

5-
y1-1H

H 0.027 196 ...

azol -3-yl) pyrim

T

N

~

o)

1-(4-(2-chloro-4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
methylphenyl)piperidin-1-yl)-2-
morpholinoethanone

in%42,4-dian1ne
r/Q:s:O 1N

0.006

%%Mf“s A 5952 MM
+)'

96

NN
T
N

HN

Cl

/N\
LCH

LNT

methyl-1H-pyrazol-3-ylamino)pyrimidin-2-

ylamino)-5-methylphenyl)piperidin-1-yl)ethanone

2-(azetidin-1-yl)-1-(4-(2-chloro-4-(5-chloro-4-(5-

ESMS m/z 5292 (M +
H").

0.024

97

T

N al
Oj/N HN
Q)

/N\
L@H
o

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-

morpholinoethanone

ESMS m/z 5432 (M +

0.020
HY).
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H

HNy NNF i -

(5-chloro-4- (5-nethyl-1H

WEranades3- yl am no) pyri m di n- 2-yl am no) - 2, 5-

NCI N-NH (3R 4R)-1- (3-

(4 (4-

PCT/US2009/048428

di nmet hyl phenyl ) pi peri di n- 1-
vl sulfonyl)propyl)pyrrolidine-3,4-diol ESVMS mz 619.3
(M+ H) 037 1% lﬂ@ LESI\/B mz 5242 ( Mﬂ-& l@Sl’%é N IGF-1R
N 2“5 (4- (5 -chl ro[vlﬁ- r Ba/F3
(5 met hyl 1 N . 1C50 (uM)
pyttazol -3-ylamno)pyrimdin-2-yl am no)-2, 5-
9? | et hyl pheny! ) pi peridin -1 -1 L irsms mz 5132 (M + | 0.064
i| fl uor opropan- 2- +
010/ 002655PCT/ U ! STRUCTURE NMR or ESMB
IG-- 1R Ba/ F3 J.C5 8 N, NNH
Cl
Ox N HN N,
Y o
L}
2-(azetidin-1-y1)-1-(4-(4-(5-chloro-4-(5-methyl-
1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-yl)ethanone
99 F ESMS m/z 5272 (M + | 0.038
H +
N\r/N H).
Nx cl
Ox N HN_N,
j/ __NH
O
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-(pyrrolidin-1-
yl)ethanone
100 F ESMS m/z 5232 (M + | 0.025
H +
N\r/N H).
Nx

O N HN_N,
j/ __NH
-

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-(1H-pyrrol-1-

yl)ethanone
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Cl N NNONHIZILI- ((4- (4-
(5-chl oro-4-(5-nmethyl- 1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 2, 5-

arbonitrile ESMS mz 491.2 (M + H)

PCT/US2009/048428
di met hyl phenyl ) pi peri di n-1- yl)nmethyl)cycl opropanec

. 022 199 HN, NNHNN

ciIN 401 NN grruCT H

R or ESMS IGF-1R
2-(4-(4-(5-chloro-4-( rrethyl 1H pynazo I-g/l or Ba/F3
yl am no) pyri m di n- 2-yl am no) - 5- f | uorjo- 2- 1C50 (uM)
nmef hyl phenyl)piperidin-l-yl)acetonifirile ESMS nfz

2(M+I—I)0.07720 HN, N NNHN Cl Ol}l -
1?% (4- (5-chloro-4- t|t|1 | - 1H pyn ESé\#lS - 551.3 (M +1 0007
m no) pyri m di n4 amno) 5-fl uoro- 2-
rrethyl phenyl -IN panerltrile H) ESMS niz
469.2 (M _+ . 03 O OO 55PG/ US2009/ 048428
STRUCTURE W ESMS | /F3
@
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-(piperidin-1-
yl)ethanone
102 H ESMS m/z 5393 (M + | 0.009
g "
N al
O N HN N,
Y -
My
o)
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
morpholinoethanone
103 H ESMS m/z 5653 (M + | 0.009
o "
Nx

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-(2,6-
dimethylpiperidin-1-yl)ethanone
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IC50 (uM 201 HN, F ESM5 mz 524.2 (M + H)
NN H (2S)-3-(3-(4-(5-chloro-4-(5-nethyl-1H
PCT/US2009/048428

cl

WE1anades3- yl am no) pyri m di n- 2-yl am no) -

)N

2, 5-

di et hyl phenyl ) pi peridin-1-y1)-1,1, 1-

tri

fluoropropan-2-ol F OH 202 ,NH

E HNNH2 F1 |, kKO

0.046 NNHF

FN

yl
(

M+ H):

10 N 2-(4- i 1-4-(4-(5-1
( %@%ﬁw@@%thydpyﬁim

| am no) - 5- (
m no) phenyl ) pi peri di n-| -yI ) acet ar
I HNMR (MeOD- d4) 6 23 (s

ret hygwﬁ%lpﬁéﬁéo'

nde ESMS m z 503.2
1H), 7.26 (s, 1H)

IGF-1R
Ba/F3
IC50 (uM)

1%

3H), 2.24 (s,

L |

0 (s, 1H), , 400(s
, 3.55(m 2H), , 238(
5L NO '

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-(2,2,6,6-
tetramethylpiperidin-1-yl)ethanone

'ﬂ%%rﬁ/ﬁé‘% (O +

03 J ,NH FF HN

0.018

105

7

S

HN\NC|r)\

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-(4-
methylpiperazin-1-yl)ethanone

F

ESMS m/z 5563 (M +
HY).

0.051

106

Iz

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
methoxyethanone

ESMS m/z 4842 (M +
HY).

0.002
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N 2-(4-(2,5-di nethyl-4-(4-(5-nmethyl-1H pyrazol -
3-ylam no)-5-(trifluoronethyl)pyrimdin-2-

W@ b@amiomsyphenyl ) pi peri di n-1-yl)- N net hyl acet aP€THeSTHEMBI8428
mz 517.3 (M + H) 0.015 204 HH N NO

HN-N C1IN OH

2-(4-(4-(5-chloro-4-(5-cycl opropyl-
pytazol - 3-yl am ek di N-2-yl am no) 2 ES IGF-1R
di et hyl phenyl ) pi peri di n-1-yl) et hanol ngn?r i\élg 2 Ba/F3
(M+ H 0.016 WD 2010/ 002655PCT/ US¢3009/ 048428 IC50 (uM)
STRUCTURE NMR or ESMS I GF-1R B a/F3 |1 C50 (uM 205
1FPVE Mz 466.2 (M+ H) 0. 019)'(} ESNI F:Ns152 (M + | 0.057
o).
N N\n/
HN~NC|I\ o)
)\
F
N-(2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
oxoethyl)acetamide
108 j\ | ESMS m/z 5312 (M + | 0.053
N o NS HD).
\ - |
MN N)\N

H H F 9.

(dimethylamino)ethyl 4-(4-(5-chloro-4-(5-methyl-
1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidine-1-carboxylate

109 j\ | ESMS m/z 5302 (M + | 0.060
NN THD).
H
HN\NCII/\N
\ ~
’MN N)\N
H Ho o
4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)-N-(2-
(dimethylamino)ethyl)piperidine-1-carboxamide
110 j\ ESMS m/z 4542 (M + | 0.013
o).
N

\
’vN \N)\N
H H

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)ethanone
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-N CI\-NH N

5-chl oro- Nd- (5-cycl opropyl- 1H pyrazol

WO2010402635 et hyl pi peri di n-4-y1)-2, 5-

_3_y1) -

PCT/US2009/048428

di met hyl phenyl ) pyri m di ne- 2, 4-di am ne 206 HN, NNH ClI
N NN 41) H 4-(4-(5-chloro-4- (5-nethyl-1H pyrazol-3-
yl am no) pyri m Qg g orlly[b & no) - 5-f | uoro- 2- SM IGF-1R
mef hyl phenyl ) pi peri di ne-I-carb al dehyde %Orngz §144. 2| Ba/F3
(M+H) 0.03 207 -1 ENIN ------ erO HINN CIN\ NH \--- 0 1C50 (uM)
RI-2- (3 -(4-(5-chloro-4- (5-pethyl-1H
1Ryt azol - 3-yl am no) pyri mdin-2-yl amn - ) '
gynret hyl phenyl ) p| peridin-I-yl) - ne ¥ agnééza?nwde (l%l\jé 0.008
mz 483.2 (M + H) 0.026 -11“VElN ------ er0
HN\NCI 0
fx
F
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-
yl)(morpholino)methanone
112 o ESMS m/z 5422 (M + | 0.021
JIN +
N N/\ H™).
HN\Nolf\N K/N\
{ |
’vN \N)\N
H Ho f
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(4-methylpiperazin-1-
yl)methanone
113 Qo o ESMS m/z 5242 (M + | 0.013
NJ‘J\NJL H+).
NH
al L/
HN~N =z |N
\
MN \N)\N
H H
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidine-1-
carbonyl)imidazolidin-2-one
114 ESMS m/z 569.2 (M + | 0.048

N
HN~NC'f\N j\G\J\H/
\ I
/MN \N)\N o
H Ho o i

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
methoxyethanone

H").
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HN-N CN NH N4 0 (S)-2-(3-

(4- (5

-chl oro-4-(5-nethyl-1H

WEranades3- yl am no) pyri m di n- 2-yl am no) - 2, 5-
di met hyl phenyl ) pi peridin-1-y1)-N net hyl acet am de ESM5

PCT/US2009/048428

mz 483.2 (M+ H) 0.01 WO
2010/ 002655PCT/, %%ﬁ%ﬁé8428 STRUCTURE Eﬁg@

S IGF-1R
| GF-1R B a/ F3 | (u 209 HN, NNH|[CI l\#’%\lﬁr Ba/F3
5- ¢hl oro- N2- (2-f | uor o- 5- et hyl -4-(1- 1C50 (uM)
(tetrahydro-2H pyran-4-yl ) piperi di n-

phenyl) - N4- ( 5- et hyl - 1H yrazol -3
13%# pyri m di ne- 2, 4-di am ne mz % 1\%8 WZ 5%—?)2 (N-|+ 1.7
NI\/R(DIVBQj 400 MHz)) .08 (br, 1H); 958 (br, 1H),
8()5(d4Nﬂ|f4 A 8.0>1%, 1H), 7.36 (d, J =
8.4 . 12.4 Hz, 1H), 6.08 (br, 1H),
3. 89 (dd, JH—’\}LO F3.6HZ 2H), 3.28 (t, J = 10.4 Hz
2H), 2.99 (d, J= 10 8 Hz, 2H), 2.6442.43 (m 2H),
2. 24- 20415 (§ BhloBH) (5 etifh-l AQubmy- 8H) 0.027 210 HN
ESME m1zmthafyamidM-F-ylnifd) 83RiordNH Cll N O NN
methylphenyl)piperidin-1-yl)(piperidin-4-
yl)methanone
116 0 H ESMS m/z 5132 (M + | 0.137
N)J\iw) H).
HN\NC|f\N
N\ |
’u\N \N)\N
H H F

(S)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(pyrrolidin-2-

yl)methanone

117 ESMS m/z 5132(M + | 0.099

o
N)KC\
HN~{\] C'I/\lN N~
LK,
F

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-methylazetidin-3-
yl)methanone

H").
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H 5-chl or o- N2- (4- (1-cycl opr opyl pi peri di n-4-y1) -

2-fl uoro-5-net hyl phenyl) - Nd- (5-net hyl- 1H
wWEr1anaes3- yl ) pyri m di ne- 2, 4- di am ne

NLN H 5-chl oro- N2- (4- (1- et hyl pi peri di n-4-y1)-2, 5-

211 HN, PCINEISTODMD48428

di net hyl phenyl) - Nd4- (5-net hyl- 1H pyrazol - 3-
y1l) pyri m di ne- igh@me ESVMS m z 440. 2 & EdmB- 009 1Gr-1R
WD| 2010/ 002655%@%@%@/ 048428 STRUCT %ﬂggor ESMS Ba/F3
IGF-1R B a/F3 1C50 (uM 212 HN, NNHNC) C Nel N H 1C50 (uM)
5-c¢hloro-N2-(4- (1- (2-nethoxyethyl)piperidin-
y1) -2, 5-di et hyl phenyl) - N4y (5 -ng
1g§/r azol - 3-yl ) pyri m di ne-2_4-di and ne r% 247]02 Z(N{I\ﬁ 0.081
+ 1-1) 0.013 213 HN,| NN N '
A A A
N N N
H H o f
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-methylpiperidin-4-
yl)methanone
119 Q 0 ESMS m/z 5132 (M +|2.99
N)Kﬁ H").
\ |
A AR,
H H L
3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidine-1-carbonyl)azetidin-2-one
120 o ESMS m/z 509.2 (M + | 0.025
N)%\ H).
cl N<
HN-N = |N
\
’vN \N)\N
H H
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-methylazetidin-
3-yl)methanone
121 ESMS m/z 5232 (M + | 0.017

O
HN_[\]le\lN
\
’v\N \N)\N
H H

(8)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-
methylpyrrolidin-2-yl)methanone

H").
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F CINOH 40 NNO H1 (S)-3-(4- (4- (5
-chl oro-4-(5-nethyl-1H

W@anades3- yl am no) pyri m di n- 2-yl am no) - 2-
met hoxy- 5- met hyl phenyl ) pi peridin-1I -

1,1, 1-trifluoropropan-2-ol ESVMS m z

yl) -

540.2 (M + 1-1)

PCT/US2009/048428

0.012 214 N H @TﬁlﬂﬁT nm z 573'. 2 (M +N%,EF1% ﬁsj?% IGF-1R
)/ |N ) =N c/ s'0 Ba/F3
(azetidin-1- ylsulfonyl)propyl)pi peni d| n-4-yl)- 1C50 (uM)
di et byl pheny1)-5 -chloro-M- (5-nethyl-1H
1Byt azol - 3-yl ) pyrimdine-2, 4ndi am ne | pqps mlz 5372 (M +
N o).
HN\ r N~
)\
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-methylpiperidin-
4-yl)methanone
123 H ESMS m/z 5393 (M + | 0.048
| .
| N
N H Cl
N HN N
NH
HO )
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yI)((2R,4R)-4-
hydroxy-1-methylpyrrolidin-2-yl)methanone
124 F H ESMS m/z 509.2 (M + | 0.145
+
N\r/N H").
N
Cl
Ox N HN

N\
v N,H

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-

ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-yl)(1H-pyrrol-2-
yl)methanone

127




WD 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMVR or ESMS
IG-1R B a/F3 1C50 (uM 215 FNINI N F'--/---r1.1
WO-RINORICI6BS NH 5- chl or o- N2- (2, 5-di net hy1l- 4- PCT/US2009/048428
(pi peridin-4- yl)phenyl)-N4- (5-(trifluoronethyl)-1H
pvraz ol-3- yl)p yrimdine-2,4-diam ne ESMS nfz 466.2

(M+ H) 0.047 J&{E&ﬁf NN Y | NO E IGF-1R
HN{ NCI N 5- chl oro- 2RI$I uor o-4- (1{net hy pﬁ prer$]%l| n- 4- Ba/F3

y1l)-5- (trifluoronet hyI)phenyl)-N4- (5-methyl- 1Hp IC50 (uM)
zol-3-yl)p yrimdine-2,4-diamne [ESMS mz 484, 2 (M

144- (5-chloro-4-](5 rifl uoromet
pyrazol - 3-yl am no)d i yl am|noj)- 2, 5-

di et hyl phenyl ] di nl.- acet am de ESMS nfz 523.2
(M+ H

I%ISL 1) 0.047 217 E ENIN F---l----err%}\gﬁ—‘&t Ns &3 N N2, [ 0.012

(S)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-isopropylpiperidin-
2-yl)methanone

126 Fooy ESMS m/z 5713 (M + | 0.029
NN H").
T
N cl
OxN HN

-4 /N\
F __NH
N

o

(S)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(4-
isopropylmorpholin-3-yl)methanone

127 ESMS m/z 539.2 (M + | 0.027
HN +
o\ o).
Na
Cl
(kl(NH
Na_N

HN
O

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(2,4-dimethyloxazol-
5-yl)methanone
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0.034 218 HHFF /NN Y INOiiF HN-N CI' N

5-chl or o- Nd- (5- et hyl1- 1H pyr azol
W@ 261010384 - 4- ( 1- met hyl pi peridi n-4-yl)-5-
(trifluoromethyl)phenyl)pyrim dine-

=3

480.2 (M + 1-1) 0.026 WD

- 3-y1) - N2-

PCT/US2009/048428
2, 4- di am ne ESMS

10/ 002655PCT/, 8428 STRUCTURE % yB
E
F- 1R Ba/ F3 Im 19 HN, NNH % %ﬁ

thl or o- N2- ( 5- met hoxy- 2- et hy1- 4- (1-

hyl pi peridin-4-yl)phenyl)- N4- (5- et hyl -

IGF-1R
Ba/F3
IC50 (uM)

pyrazol 3- yI)pyrl di ne- 2, 4- di ani
+ H) 0.009 220 F N,HNNhICIOlO

%

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y)((2S)-4-hydroxy-1-
methylpyrrolidin-2-yl)methanone

PENESMR- 5 8. F 4% %
+)'

0.175

129

N\>j(ﬁ\ \
N N Cl N-NH
/ O
N N N
Lo H

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yI)(1,3,5-trimethyl-1H-
pyrazol-4-yl)methanone

ESMS m/z 5522 (M +
H").

0.025

130

AL A A~
H

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-methyl-5-

(trifluoromethyl)-1H-pyrazol-4-yl)methanone

ESMS m/z 5922 (M +
H").

0.061

129




NN H 2-(4-(4-(5-chloro-4-(5-(trifluoronethyl)-1H
pyrazol - 3-yl am no) pyri m di n-2-yl am no) - 2, 5-
walemebbssphenyl ) pi peridin-1-yl1l)-N net hyl acet andTHESHEMEI8428

mz 537.2 (M+ H 0.037 221 ,NH FHNFJ F-NON
I\I2ﬁn(34- (1-ethylpiperidin-4-y1)-2, 5-
di met hyl pheny 1)1y t hyl- 1H pyrazol - dqmr IGF-1R
y1l)-5-(trifl uoronet%@%yri m di ne- 2,/4- di aRrﬁ n%rFESéKI/% Mz  paF3
474.3 (M + H) 0.034 WD 2010/ 002655RPCT/ US2009/ 048428 IC50 (uM)
STRUCTURE NMR or ESMS I GF-1R B a/F3|[1C50 (uM 222 | N
L F HN F/k FINO N 24442,5 -di nret;h (
1?8- net hyl- 1H pyrazol - 3-yl am no) - 5- HYRnk 6400 MHz, | 1.25
; PP MeOD-d,) 6 8.08 (s,
(tqifluoromethyl)pyrimdin-2-
yl am no) phenyl ) pi peri di n-1-yl) et hang LRSE8fd Adp. H04
(M + H 0.038 223 H ON Cl d, 2H), 626 (s, 1H),
4.74-4.68 (m, 2H), 4.39-
0 4.35 (m, 1H), 4.29-4.24
JKC (m, 2H), 4.11 -4.07 (m,
N NH | 1H), 3.74-3.71 (m, 1H),
HN=-N CINAN 3.25 -3.24 (m, 1H), 3.07-
— A I 3.04 (m, 1H), 2.87-2.80
HoN R (m, 1H), 233 (s, 3D,
F 228 (s, 3H), 1.87-1.84
azetidin-3-yl(4-(4-(5-chloro-4-(5-methyl-1H- (m, 2H), 1.66-1.56 (m,
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro- | 2H); ESMS m/z 499.2 (M
2-methylphenyl)piperidin-1-yl)methanone + H").
132 ESMS m/z 499.2 (M + | 0.161
>j\ <._>NH H+).
HN, _ 3
N~ “NH NAO
Cl\ﬁ'\'
2N
N N
H F
(S)-azetidin-2-yl(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-
2-methylphenyl)piperidin-1-yl)methanone
133 H ESMS m/z 5233 (M + | 0.013
e o
Nx cl
Ox N HN_N,
NH
H'E L§
~N
(R)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl) piperidin-1-yl)(1-
methylpyrrolidin-2-yl)methanone
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ONHNNs NH -. . ... -- NF | 14444- (5-chl oro-4-

(5-
WEranades3- yl am no) pyri m di n- 2-yl am no) - 2, 5-

(trifluoronethyl)-1H

di met hyl phenyl ) pi peridin-1-yl)-2-

(di met hyl am no) et hanone ESMS ml z 55

.2 (M+ H) 0.036

PCT/US2009/048428

22 HNiN-aNT«fmC \\ /O N N
1-(4-(4-(5- chl|§ro 4]§ ]F\rvethyl 1H pyna

yl
di

m no) pyri m di n- 2-yl am no) - 2, 5-
thyl phenyl)piperidin-1-yl) L4

HN NN%/H( or ESMS

IGF-1R
Ba/F3
IC50 (uM)

1%' phol i nobut an-1-one ESMS nfz 567. 3

10/ 002655PCT/ US2|009 04 428 STRUCT
GF-1R B a/F3 | HN 1\ N

N

/N

(R)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl) piperidin-1-yl)(1-methylpyrrolidin-
2-yl)methanone

R

NH HN O

0.021

135

Dl
Y N e
N H Cl
\L<NH
O ——

(R)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(1-
isopropylpyrrolidin-2-yl)methanone

ESMS m/z 5553 (M +
H").

0.048

136

r H
NYN
N

Cl

Ox N HN< N,
=

N

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(4-methyloxazol-5-
yl)methanone

ESMS m/z 5252 (M +
H").

0.035

131




ro

1\11.N1) O

1-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 2, 5-

di met hyl phenyl ) pi peridin-1-y1l)-3-

nnrpholinoprooan 1 one ESMS mfiz 553,

PCT/US2009/048428

3 (M+ 1-1) 0.017

226 HN "\ N CI fﬁk N O NI . r\Nr-
(51chl oro- 4- 91

yl
d

H pyrazol -
nino)pyrinldln 2- ylanlno) 2, 5-
thyl phenyl)piperidin-1-y1)-3- (

D 0 dmK & kévis

yrrolidin-

IGF-1R
Ba/F3
IC50 (uM)

I
1-

yl s
1-)

I)propan | - one ESMS nmz 537.3 (M
\' N'-- Ce 11E1|7"-BF 4/ \ N
4- (4-(5-chlorqg Nyetlhy 1-TH pyr

-yIJ)' 4- (py

1) but@gs Ngre E e 3 (M4
j%/ ="
\

N-O

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(3,5-
dimethylisoxazol-4-yl)methanone

IR 2R R -

az3l-3-

rrolidin-
H) 0.123

0.018

138

F

H
N\r/N
N

/N\
L<NH
HN

(S)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(2-methylpyrrolidin-
2-yl)methanone

ESMS m/z 5272 (M +
HY).

0.091

139

| Na

., N HN_N,
(;zflr ~ "NH
O ——

OH

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)((2S,3R)-3-hydroxy-
1-methylpyrrolidin-2-yl)methanone

ESMS m/z 5432 (M +
H").

0.175

132




WD 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NWVR or

IG-1R B a/F3 1C50 (uM 228 F HN, _F NNHNF Cl NOCH t NLN

woiR010M)2635 (4- (4- (5-chl oro-4- (5-net hyl- 1H

pyrazol - 3-yl am no) pyri m di n- 2-yl am no) - 2-

ESMS

PCT/US2009/048428

net hoxy- 5- et hyl phenyl ) pi peridin-1-y1)-
1,1, 1-trifluorqy ol H ESMS mz 5 A i IGF-1R
0. (023 229 \ H . H HN ESMS ni|z 52‘395@?% i- 1) Ba/F3
0.211 . \ (2R)-3-(2- (4- (5 -chljoro-4- IC50 (uM)
(54nethyl-1H
1By azol - 3-yl am no)prri m di n-2-yl am neiofs 5rh/z 5122 (M + | 0.139
di met hyl phenyl ) pi gerifdin-1-y1)-1, 1, l’H*) ' '
trifluoropropan- |
N cl
OYN HN
N
NG Y
N—N
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(1H-tetrazol-1-
yl)methanone
141 F ESMS m/z 5932 (M + | 0.069
NYN I )-
Nﬁj\m
Oa N HN
F W—'
F N N~N
F / H
oL
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(2-methyl-5-
(trifluoromethyl)oxazol-4-yl)methanone
142 F ESMS m/z 5412 (M + | 0.282
NN H).
e
N
cl
Ox N HN
TN
HN \
H
o)

6-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidine-1-carbonyl)piperidin-2-
one
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230 OO NH ESMs mz 414.1 (M+ 1-1) 0.04 c
(S)-4-(4- (5-chloro-4- (5 -methyl-1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 2, 5-

di met hyl phenyl ) oxazol i di n- 2- one

PCT/US2009/048428

231 (0,0 ---NH .-

ESMSE mz 414.1 (M+ H) 0.05 NH HNN c
(R)-4- (3 (5= chicqi@rednree et hy 1- 1H pYT 82Ok or Esms IGF-1R
yl @am no) pyri m di n-2-yl am no) - 2, 5- Ba/F3
di met hyl phenyl ) oxazol i di n- 2- one 1C50 (uM)
143 F ESMS m/z 5292 (M + | 0.071
NN H).
T
Nx cl
Ox~N HN
: LY
HN \
(o H
(S)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(morpholin-3-
yl)methanone
144 H ESMS m/z 550.1 (M + | 0.007
| .
N
cl
oN N Cl HN (N,
/,SG/ \L<NH
O o~
5—chloro—NZ—(2—methyl—5—chlor0—4—(1—(tetrahydro—
1,1-dioxido-3-thienyl)piperidin-4-yl)phenyl)-N*-
(5-methyl-1H-pyrazol-3-y)pyrimidine-2,4-diamine
145 F ESMS m/z 5342 (M + | 0.018

NN
T
Na

5-chloro-N*-(2-fluoro-5 -methyl-4-(1-(tetrahydro-
1,1-dioxido-3-thienyl)piperidin-4-yl)phenyl)-N*-
(5-methyl-1H-pyrazol-3-y)pyrimidine-2,4-diamine

H").
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WD 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMR or
IG--1R B a/F3 1C50 (uM 232 HN, NNH ci
WG 2@hloaas6s N2- (4- ( 1- et hyl pi peridi n-4-yl) - 2-

fl

uor o- 5- net hyl pheny1) - Nd- ( 5- net hyl -

el

ESMS

PCT/US2009/048428

pyrazol-3-yl)pyrimdine-2,4-dianine ESMS mz 444 .2 (M
+ H); IHNI\/R( 8.01 (s, 1H), 7.1% M, IGF-1R
7.02 (d, 1H), (s 8H) . 2.97 (d, |2H) . %“‘65% 1H | B
2.34 (q, 2H), 2 21 (s, 3H), 2.13 (s,| 3H), 1.98 (t, 1C50 (uM)
2H), 1.64 (m 4H), 1.01 (t, 3H). 0.020 233 P----- N /-
/I -,s() HN\ NNH\- N H
126 411 or o- N2 (2 1A~ 1-(3- (B %]M? [ §i 442 M+ 0.258
1-y1) propylH [ di rZ4-yl) phe y1) -
N4{ ( 5- met)i pyr azof - 3- p9r|mci|ne24 di am ne
mz 587.%__(_£M+ H) 0.054 234 J FIN N{HQ C ' NH N=EKi NN .
cl HNw
5-chloro-N2-(2,5-dimethyl-4-(1-(tetrahydro-1,1-
dioxido-2H-thiopyran-4-yl))piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-
diamine
147 { ESMS m/z 536.1 (M +|0.016
= +
N NH N
CI\(gN
|
N/)\N
H
5-chloro-N2-(2-chloro-5-methyl-4-(1-(1,1-dioxido-
3-thietanyl)piperidin-4-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine
148 R ESMS m/z 5202 M + | 0.018
n y A HY. '"H NMR (400 MHz,
N o DMSO-ds + 1 drop D,0)
Y 3 8.02 (s, 1H), 7.37 (s,
— ,N‘NH 1H), 7.02 (s, 1H), 6.23 (s,
ci HNJ\¢\ 1H), 4.28-4.22 (m, 2H),
4.12-4.07 (m, 2H), 3.22-
5-chloro-N2-(2-fluoro-5-methyl-4-(1-(1,1-dioxido- | 3-18 (m, 1H), 2.95-2.92
3-thietanyl)piperidin-4-yl)phenyl)-N4-(5-methyl- (m, 2H), 2.68-2.62 (m,
1H-pyrazol-3-yl)pyrimidine-2,4-diamine 1H), 2.22 (s, 3H), 2.13 (s,
3H), 2.07-2.01 (m, 2H),
1.71-1.55 (m, 4H).
149 ESMS m/z 5222 (M + | 0.955

N/
AT
HN\N le\N
\ I
’vN \N)\N
H H

F
5-chloro-N2-(4-(1-(5-ethylpyrimidin-2-
yDpiperidin-4-yl)-2-fluoro-5-methylphenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

H+).
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NA|
pyr azol

walzomemssphenyl ) pi peri di n-1| -

yI

sul fonyl ) propyl ) pyrrolidin-3-ol
1)

/I 0 (R-21-(3-(4-(4-(5-chloro-4-(5-nethyl-1H
- 3-yl am no) pyri m di n-2-yl am no) - 2, 5-

PCT/US2009/048428

ESMS miz 603.3 (M +
0.073 WD 2010/ 002655PCT/ US2009/ 048428 STRUCTURE

NMR or

ESMS | Gy

235 Mr HNES NS NO

3 1 G50 (uM IGF-1R
tel_NH5c:hIoro§§J L% (1-((2, 2- Ba/F3
di i1 uor ocycl opr opyl ) net hyl ) pi peri di n-4-y1)-2- 1C50 (uM)
fl woro-5-net hyl phenyl) - N4- (5-nethyl41H
tazol - 3- yI)pyrl nmi di ne- 2, 4-gi.ani ne
18} 1) 0.063 236 HN, NN NNHR a1 Si %% i 3PP 0025
3-(4- (4|-(|\'|3\ Gl f H pynazal - 3-
yl am ng)w ?ln -y 0)-2,5-
di met hyl pién IR y1) pr opanam de ESMS ni z
483.2 (M + F
5-chloro-N2-(2-fluoro-5-methyl-4-(1,2,3,6-
tetrahydropyridin-4-yl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
151 ESMS m/z 4262 (M + | 0.009
o).
NH
N\
N \N N
H H
4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-2-one
152 O ESMS m/z 4272 (M + | 0.155
0o o).
// NH
cI—4 /—NH
N
4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)tetrahydro-2H-pyran-2-one
153 O/\ ESMS m/z 472.1 (M +| 0.091

BT

5-chloro-N2-(2-fluoro-4-morpholino-5-
(trifluoromethyl)phenyl)-N4-(5-methyl-1H-

H+).

pyrazol-3-yl)pyrimidine-2,4-diamine
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0.059 237 NH ESMS nfz 384.2 (M+ H) 0.41 NHLLHN-N
CI\-NH N N2- (4-

W@ amenddsh- 3-y1) - 2, 5- di met hyl pheny1) - 5-
(5-

238 HN 101 G ONHN, .. N, NH N c

chl or oPQWS2009/048428
met hy1l- 1H pyrazol - 3- yl)pyrim di ne-2, 4-di am ne

3-4-(4-(5-chl QigafrfiRi®t hy1: 1 pyrazol N or ESMS IGF-1R
yl am no) pyri m |n2y am no) - 2, 5- o Ba/F3
di met hyl phenyl ) pi peridin-1-y1)-1-(pyrrolidin- IC50 (uM)
l-vl)propan-1-one ESMS mz 537.3 (M|+ H) 0.039 WD
1?%;0/ 002655PCT/ US2009/ 04842§ STRUCT lﬁ@%&i\"\%’zolﬁ"ﬁﬁ\@/{ +10012
~-1R B a/ F3 S\O HY)
HN~\ {
cl »—NH
\ N
5-Chloro-N*-[4-(1,1-dioxo-tetrahydro-1 A°-
thiophen-3-y1)-2,5-dimethyl-phenyl]-N*-(5-methyl-
1H-pyrazol-3-yl)-pyrimidine-2,4-diamine
155 (NH ESMS m/z 4272 (M + | 1.65
— i),
YB_ O
N~y NH
/>—NH
\ N
1-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperazin-2-one
156 H H R _F ESMS m/z 4812 (M + | 0.040
N<__N~_-N H")
HNN N
NN
5-chloro-N4-(5-methyl-1H-pyrazol-3-yl)-N2-(2-
methyl-4-(4-methylpiperazin-1-yl)-5-
(trifluoromethyl)phenyl)pyrimidine-2,4-diamine
157 Cl XN ESMS m/z 485.2 (M + 0.075
T2 i

HN N NH

N
FsC

Iz>1
M

)
N
I
5-chloro-N2-(2-fluoro-4-(4-methylpiperazin-1-yl)-

5-(trifluoromethyl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

137




I G50 (uM

239 N

HN, NNHNO CI N N*L N | ei

H 1-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 2, 5-
di met hyl phenyl ) pi peridin-1-y1l)-3-

PCT/US2009/048428

(di met hyl am no) propan-1-one ESMS nmfz 511.3 (M + H)
0. 073 240 ON T'R%dﬂ’[} --- NNN HH 5'Ch1L1M19611\ESMé4' IGF-1R
(11et hyl pi peridin-4-y1)-2- fluoro-5 Ba/F3
(tnifluoromethyl)phenyl)-N4- (5- IC50 (uM)
nmefhyl-1H pyrazol -3-yl1)pyrim di ne-2,/4- di am ne ESMS
1?‘%2! 498.2 (M + H)0.102 241 ON N - NBSMS &z 420NNMH 0.062
-¢hl oro-N2- (4- gl-ethIQiperidin-4{¥1)-2- net hyl- 5-
(tnifluoromet hyld) pieny Iy~ (5-
met hy1- 1H pyr azg y1) gyr g di ne- 2,|4- di am ne ESMS
mz 494.2 0. 068 C
2010/ 00264 009J1048gg8 STRUCTURE NVR or ESMs
| GF- 1R HN |
A
3-(5-chloro-2-(2,5-dimethyl-4-(piperidin-4-
yl)phenylamino)pyrimidin-4-ylamino)pyridin-
2(1H)-one
159 ESMS m/z 4312 (M + | 0.073
= o).
o P
N™ “NH N
Cl X
N
LA
N N
H F
5-chloro-N2-(2-fluoro-5-methyl-4-(1-
methylpiperidin-4-yl)phenyl)-N4-(5-
methylisoxazol-3-yl)pyrimidine-2,4-diamine
160 H H ESMS m/z 4252 M +
N<__N-_-N +
) g
NH
3-(5-chloro-2-(2,5-dimethyl-4-(piperidin-4-
yl)phenylamino)pyrimidin-4-ylamino)pyridin-
2(1H)-one
161 )\ ESMS m/z 4562 (M + | 0.332
H a o).

N N N
iy
HN’NCI =N

N

5-chloro-N2-(2-isopropoxy-5-methyl-4-(1-
methylpiperidin-4-yl)phenyl)-N4-(1H-pyrazol-3-

yDpyrimidine-2,4-diamine
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B a/F3 1C50 (uM 242 F N el

ESMS mz 541.3 (M + H) 0.06

TrC ONHNN, NHNc )

WQ@2(14/00265% 5- chl or 0- 4- (5- met hy1- 1H pyrazol - 3-  PCT/US2009/048428
yl am no) pyri m di n- 2-yl am no) - 5- f | uor o- 2-
met hyl phenyl )piperidin-1-y1)-1-(pyrrolidin-1-
y1)propan-1-on Rt?dlﬁu g NH - N HNC ) Gmvr HNESVEY! IGF-1R
(A 050 0 no- CIRUCTUBE R etidin. 1- o
yl sul fonyl ) propyl ) pi peri di n-4-y1)-24fl uoro- 5- IC50 (uM)
nef hyl phenyl)-5-chloro-N- (5-nethyl-1H
tazol - 3-yl) pyri m di nig- 2, 4-di am ne %
1§ZH) ol 3ybn Vs o E%?U?s% 29 ZMM | 0,013
Cl
HN<_N.
\/O\n/N QH
O
ethyl 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidine-1-carboxylate
163 >j\ H.Nw O ESMS m/z 4872 M + | 0.056
2 +
HN, _ .
N NH NT
Cla A
N
LA
N N
oo
(S)-2-(4-(4-(5-chloro-4-(5-methyl- 1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-
yl)propanamide
164 | ESMS m/z 501.2 (M + | 0.033
— HN 20O 0h; '"HNMR (MeOD-d.,)
HN, f o 8.25 (s, 1H), 7.56 (m,
N" "NH N~ 1H), 7.20 (d, 1H), 6.46
Cl XN (s, 1H), 3.97 (m, 1H),
L L 3.79 (m, 1H), 3.62 (m,
N H 1H), 3.25 (m, 3H), 2.84
F (s, 3H), 240 (d, 6H),

(S)-2-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-yl)-N-

2.08 (m, 4H), 1.62 (m,
3H).

methylpropanamide
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5-chl oro- N2- (2-f | uor o- 5- net hyl

- 4-(1-(3-

(pyrrolidin-1-ylsul fonyl) propyl) pi peri di n-4-

W@ k)1ploaasyd) - N4- ( 5- net hyl - 1H pyrazol -

PCT/US2009/048428
yl)pyri mdine-2,4-diamne ESM5 mz 591.2 (M + H) 0.084

WO 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMVR or ESNS
| GF- 1R B a/ F3 588K ]qh{g 245 NH -N Mk IGF-1R
',f:oOOSchIorolﬁiz quoro-5-rrethI-1>lIM(% % Ba/F3
(rmor phol i nosul f onyl ) propyl ) pi peri di r-4- 1C50 (uM
vl ) phenyl)-MN- (5-nethyl - 1H pyrazol - €50 (M)
pyrlmdlne24d|amneESl\/ISrﬂZE 489 2
15%() N | HNNs r N) CNNH (121 - (44 I@Iﬁg’i{e(())( dy) 0.038
(51met huke Tht pyrazol -3~ 22 s, 1H), 7.61 (,
yl am no) pyWi nudi n- 2-) fluoré
met hyl phefyl LRi peri -1- nor pHBD1 AdButall) Aotk (
ESMB iz 577} 3)&M J. 058 1), 3.79 (m, 1H),
z 365 (m, 1H), 3.54 (m,
1H), 3.22 (m, 3H), 2.39
F (d, 6H), 2.08 (m, 4H),
(R)-2-(4-(4-(5-chloro-4-(5-methyl- 1 H- 1.66 (d, 3H)
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-
yl)propanamide
166 >j\ HN_O E§MS m/z 4832 (M + | 0.007
HN, _ .
N™ "NH N~
cl I \)N\
NT N
H
(S)-2-(4-(4-(5-chloro-4-(5-methyl- 1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)propanamide
167 ESMS m/z 4832 (M + | 0.006

- H,;N<_.O
HN, _ i

N~ NH N
Iy
|
N/)\N
H

(R)-2-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)propanamide

H")
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247 F O)\1 |

Vs

W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2-
met hyl phenyl ) pi peri din-1 -
WO 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMR or

3- (4-(4- (5-chloro-4- (5-nethyl-

Cl ONHNs NH ESMB nfz 527.2 (M + H) 0.062

1H pyrazol - 3-

ESMS

PCT/US2009/048428
y1l)-N- cycl opr opyl propanamn de

-1R B a/F3 | 248 0 HN, NNHN-1 01
NN[3- (4- ( 4- (E%do]ﬁ%ﬂ% (5-met hyl 4 1H p@%ﬁ%‘i%‘?&l S
yl am no) pyri m di n-2-yl am no) - 5- f | uoro- 2- IC50 (uM)
nmef hyl phenyl )piperidin-1-yl)propanam de ESVMS mz 487, 2
164+ 1-1) 0. 14 249 | ESMS m/z 4972 (M + | 0.01
— HN._ 2O H")
HN, _ f
N NH N~
Cl | SN
N/)\N
H
(S)-2-(4-(4-(5-chloro-4-(5-methyl- 1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylpropanamide
169 S ESMS m/z 5272 (M + | 0.004
NN 0h; "HNMR (MeOD-d,)
g | 5 8.24 (s, 1H), 7.49 (d,
NS 1H), 7.23 (d, 1H), 6.47
Ox N HN_N (s, 1H), 4.52 (d, 2H),
~ NH | 326 (q, 2H), 3.18 (m,
HN% p 3H), 2.40 (s, 6H), 1.91(d,

—/ 2 H), 1.71(m, 2H), 1.49
(4-(4-(5-chloro-4-(5-methyl- 1H-pyrazol-3- | (™ 3, 1.39/(t 3H).
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-yl)(1-
(ethylamino)cyclopropyl)methanone
170 H ESMS m/z 5233 (M + | 0.003
NYN | H+)
Nx al
HN

O N _N,
NH
HN =
)

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-
(ethylamino)cyclopropyl)methanone
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HN ESM5 nfz 502.2 (M+ 1-1) 0.032 NNH C Il OFXF NN
H 5-chloro-N2- (4- (1-((2,2-

walkdiboasstycl opr opyl ) met hyl ) pi peri di n-4-y1) -
2, 5-di net hyl pheny1) - N4-

pvrazol -3-yl)pyrimdine-2, 4-di am ne

(5- et hyl- 1H

250 HN, ESMS i z

PCT/US2009/048428

452.2 (M + H) T Cl N NN |ei NMR or ESMS IGF-1R
H 5- chl or o- N2- ?’Z ( 1-cycl opropyl pi peni di n-%—y?tr) - Ba/F3
2, 5-di net hyl pheny1) - NA- (5- et hy1- 1H; 1C50 (uM)
pyttazol -3-y1)pyrim dine-2, 4-di am ne WO
10/ 002655PCT/ US2009/ 048428 STRUCT 0
1?%—- IR B a/ F3 HCBQ\I (%/D 51 , NH ESMp %%Edzi\l% %WJ(EE/I'\@/IHS 0.067
0. (52 F LY
F HN’N
NH
5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-
4-yl)phenyl)-N4-(5-(trifluoromethyl)- 1 H-
pyrazol-3-yl)pyrimidine-2,4-diamine
172 R E ESMS m/z 5412 (M + | 0.069
F H")
N
NH N
O
AN
N
A
N
o
2-(4-(4-(5-chloro-4-(5-(trifluoromethyl)- 1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-yl)-N-
methylacetamide
173 ESMS m/z 5272 (M + | 0.049

F HN’N L\I/ \%
cl \)J\NH

2-(4-(4-(5-chloro-4-(5-(trifluoromethyl)- 1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-
yl)acetamide

H")
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F HN Fy FIN110 1\( N2- (4- (14(2,2- difluoroc ycloprop

yl ) met hyl ) pi peri di n-4- y1l)-2-

wo bmo/0a265s met hyl pheny1) - Nd- ( 5- et hyl - PCT/US2009/048428
pyrazol -3-y1)-5- (trifluoronethyl)pyrimdine-
2, 4-diam ne 252 HN, NNH C 0 NN 11 5-chl oro- N2-

(2)5-di met hy1- 4rpieTu S IGF-1R
(tetrahydro2H pyran- 4- Y$)p|per|d|n 4- yI)p enyi§:¥ﬁ Ba/F3
(5{ nmethyl-1Hp yraz ol -3- yl)pyrim|dine-2,4- diam ne IC50 (uM)
+ _NQI_N_NH 0\ 1)---
1 HH 5; chl oro- N2- (2-fl uoro-4- (piper hﬁ 0.008
trifluo t hyl ) phenyl) - N4- netfig pyraz or-3 |
yl )Yp yHNM_ di ne-2, 4-di am ne ME]m z 6 1 (M+ H
0. 075 254" HNNANCI Njp NH7IIN) 1T1--- -
RO
N/ N
H
S-chloro-N2-(2,5-dimethyl-4-(1-(tetrahydro-
2H-thiopyran-4-yl)piperidin-4-yl)phenyl)-N4-
(5-methyl- 1H-pyrazol-3-yl)pyrimidine-2,4-
diamine
175 H ESMS m/z 5253 (M + | 0.005
NjéN oY
Na
Cl
O N HN N,
Y e
h}_' o
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
(ethylamino)-2-methylpropan-1-one
176 E ESMS m/z 5413 (M + | 0.084

H
N\r/N
Na

O N HN<_N,
NH
HN =
—

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-
(ethylamino)cyclobutyl)methanone

H")
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NNN
5-chl oro- Nd- (5- et hyl- 1H pyrazo

HH

W@ 2610103854 - 4- (pi peri din-4-yl)-5-
(trifluoromethyl)phenyl)pyrimdine-2,4- diam ne ESMS

3_

466.2 (M +

- 3-y1) - N2-

PCT/US2009/048428

- DN

0]
GF-1R B a/F3 |

H 0.07 WO
LO/OOZ655PCT@3§%QQ%@%§8428 STRUCT
(u 255 Na Ol j:
- ¢chl or o- Nd- (5- cycl opropyl- 1H pyr azd
1(4-(1-cyclopropylpiperidin-4-yl)-

e
1-3-y1)-
2-fluoro-

IGF-1R
Ba/F3
IC50 (uM)

I?Krethylphenyl)pyrkn1d|ne 2, 4-di am 1
5
y

+ H) 0.228 256 NH -IF -
¢hl oro- N2- ( 2, 5-
phenyl) -

NHC

plperlc
vyl N razol -
pyri ni di i am ne[ESM5 m z 4

T HN ®x N HN<_N,
NH
“N% Lﬂ
/

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-
(methylamino)cyclobutyl)methanone

=

&SRB A8 +

lln)4-
3-

112.2 (M + H) 0.044

0.08

178

NH

-
2—NH
HN~ Sy
\ 2 —NH
N

N2-(2,5-dimethyl-4-(piperidin-4-yl)phenyl)-5-
methyl-N4-(5-methyl- 1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

ESMS m/z 3922 (M +
H")

3.229

179

(S)-3-(4-(2,5-dimethyl-4-(5-methyl-4-(5-
methyl-1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)phenyl)piperidin-1-yl)-1,1,1-
trifluoropropan-2-ol

ESMS m/z 504.3 (M +
H")

0.12
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),... H\NENNN -....IL NHNHESMS nlz 446.2 (M + H)

0.064 F F N2-(2,5-dinethyl-4-(piperidin-4-yl)phenyl)-
w2610/50268% hyl - 1H pyrazol - 3-y1) - 5- PCT/US2009/048428

(trifluoromethyl)pyrimdine-2,4-diamine F 258 N NH

A- NN HESMS mz 478.2 (M+ H) 0.02 ONCI NN H

S5-¢hl or o- M- (5§ y1- 1H-pyrazc|-3 )

N2 (4-(1-cycl oprop (?ﬁlhgl?erl din-4-y1)-2, 5_NMR01~ESMS Ig:‘/;;{

di met hyl phenyl ) pyri m di ne- 2, 4-di am ne WO 1C50 (uM)

010/ 002655PCT/ US2009/ 048428 STRUCTURE NMR or ESMS

1563

-1R B a/ F3 I C5

(uM
HN—

Na
Cl

%H/NH
Nﬁ/lN

HN

I
L
N0

1-(3-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone

ESMS m/z 4972 (M +
H")

0.025

181

\/NH

2-(2-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)acetamide

ESMS m/z 4692 (M +
H")

0.024

182

2-(2-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-

ESMS m/z 4832 (M +
H")

methylacetamide

0.019
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259 HN, NNH N/ C 1lei0--N 5-chl oro-

(1-

((3-isopropyl -

N2- (2-fluoro-4-

wa2e04emxadi azol - 5-yl ) met hyl ) pi peri di n-4-y1) - 5PET/US2009/048428
met hyl pheny1) - Nd- ( 5- et hyl - 1H pyr azol - 3-

vi)pyrim dine-2,4-dianine ESMS m z

40.2 (M + H)

0. 064 260 HN. NghWHviriel O-- N N 0 2 [AN Hibrely 6sN2- | 16r-1r
(44 (1-((3 -is opropyl-1,2,4- Ba/F3
oxadi azol -5-yl ) et hyl ) pi peridin-4-y1)-2,5 - 1C50 (uM)
di et byl phenyl1)-NA- (5 -nethyl-1H pyrazol - 3-
pyri m di ne- 2, 4-di am ne 5 Mz %3@adc (M. + AP L
15%1 HN, NH2 NNH C1 - N0 t NN %@ﬁs M4k 2 R
2-(4-(4-(5-chloro-4-( y -1H-pyra2())I-3-
yl am no) py« g di n- 2-yl girfo) - 2- et hyl|- 5-
met hyl pheny] ) pi i di 1) acet am de
N =N
Cl /—NH
\ N
(S)-5-chloro-N2-(2,5-dimethyl-4-(1-
methylpiperidin-2-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine
184 H N H ESMS m/z 4262 (M +
+
< XY "
HN-N Cl N N
H N
/
(R)-5-chloro-N2-(2,5-dimethyl-4-(1-
methylpiperidin-2-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine

185 ESMS m/z 4972 M + | 0.009

- HoN_.O
HN, _
N~ NH N
C'I'Ai
P
N” N
H

2-(4-(4-(5-chloro-4-(5-methyl- 1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-

H")

dimethylphenyl)piperidin-1-yl)butanamide
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ESMS mz 483.2 (M+ H) 0.027 262 NH2 NNH CI NO
2-(4-(4-(5-chloro-4-(5-nethyl-1H pyrazol - 3-

W@ b@wiomsypyri m di n- 2- yl am no) - 2- met hoxy- 5-

nmet hyl phenyl ) pi peri di n-1-yl)acetanm de ESM5 m z 485. 2
(M+ H) 0.019 WD 2010/ 002655PCT/ US

009/ 048428

PCT/US2009/048428

ﬁmUCTURE NVR arr e 1R B a/ F3

2-

j fNH2 C 10
4-(4-(5-chloro-4-(5-ethyl-1H pyra

am no)pyrimdin-2-ylamno)-5-fl uon

| CoONMIM: Eévis HN,

wzol - 3-
0-2-

IGF-1R
Ba/F3
IC50 (uM)

vl
1?@}
5-¢

yl

hyl phenyl ) pi peridi n-1-yl)acetam ¢
+ 14) 0.033 26 NyTci HNNs (
Chi or 0- N2- {4- 1 1- 4f oxp- 1k6- t hi
- pi peri di -fN <op- et hy

O N HN< N,
j/ NH
\ o
|

1-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone

g HA$ L o
oS
| - phenyl } -

0.012

187

N NH

Cla A NYV
LA 5o
NN

(1-aminocyclopropyl)(3-(4-(5-chloro-4-(5-
methyl-1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)-2,5-dimethylphenyl)piperidin-1-
yl)methanone

ESMS m/z 4952 (M +
H")

0.095

188

(1-aminocyclopropyl)(4-(4-(5-chloro-4-(5-
cyclopropyl-1H-pyrazol-3-ylamino)pyrimidin-
2-ylamino)-2,5-dimethylphenyl)piperidin-1-
yl)methanone

ESMS m/z 5212 (M +
H")

0.019
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N4- (5-et hyl - 1H pyrazol - 3-y1) - pyri m di ne- 2, 4- di am ne
ESMS mz 534.2 (M+ H) 0.021 265 H\W N cl YNH N? N |
woio10002ess -- /, N O PCT/US2009/048428
(4-(4-(5-chloro-4-(5-nethyl -1H pyrazol - 3-
ylam no) pyrinidin-2-ylanm no)-5-fl uoro-2-
mst hyI phenyl) pig Frgikfgﬁk}t y1) (3-1sopr opyl S IGF-1R
1, 2, 4- oxadi azol net hanone ESMS |nT @%%"‘?W Ba/F3
1H|NMR (400 MHz, CDC13) 6 9.67 (br g, 2H) 8.50 (s, 1C50 (uM)
1H), 8.07 (s 1H) 7.57 (d, J =8.4|Hz 7.05 (d
5112.4 Rz, 1H), 6.16 (s, 1H), 5.53 9
1§9:r 13.2 1H), 3.34 (dt,_N.z02.0, %E;%W%E%Z g—&l?s@f 0.007
(m 1H)HN2 2 (m 2H), J =
Hz | 2H) , NI3H) , e I 4.90(m 2H), 1.76 (2 H)
0. 091 201 / 00265 [/ USP009/ 048428 STRUCTURE NWMR
or | ESMs | RNB al Co0 (uM 266 |HN, N, NNHNO Cl ---
|, N O ! )\
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylbutanamide
190 H ESMS m/z 5253 (M + | 0.007
NY/N HY)
Na cl
N HN<_N,
/I “
@) )NH
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
ethylbutanamide
191 ESMS m/z 5212 (M + | 0.113
N i
\/B— 7/ Q
— /N
#/—NH
AN~NT =N
c—4 /—NH
N
S-chloro-N2-(4-(1-((3,5-dimethylisoxazol-4-
yDmethyl)piperidin-2-yl)-2,5-dimethylphenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-
diamine
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N2 -

(4- (1-((5 -tert-butyl

-1, 2, 4- oxadi azol

- 3-

yl ) met hyl ) pi peri di n-4-y1) -2, 5-di met hyl pheny1l) -
PCT/US2009/048428
yl) pyri m dine-2, 4-di amine ESM5 mz 550.3 (M+ H) 0.025

WG 2@hl062665 N4-

(5- et hyl - 1H pyrazol -

267 HN, N, NNH Cl NN N2- (4- (1-((5
-tert-butyl - zol - NMR or ESMS IGF-1R
yl ) met hyl) pi perl I n-4- ylgi‘) 2- fI uor o- %- or Ba/F3
met hyl pheny1) - 5- chl oro- Nd- (5-net hyl-1H 1C50 (uM)
pyttazol -3-yl)pyrimdine-2,4-diamne|ESVMS mz 554.3 (M
1-1) 0,077 268 HN, NHC | NO ? N - chl
2y N b azol v i\ - Eg)ﬂ/@ AR 62 N1 + | 0.021
(14et hydnpi geri din-4-y1)-2-fl yoro-5-
met hyl phemiyl")Npyri m di neg2, 4~ dicam ne |[ESMS mz 458.2 (M
+ H) 0.02 2010 PCT/ US2009/ 048428 STRUCTURE
NVR or [1Gy-1 | C50 (uM) [269
A
N N
HoF
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-
hydroxycyclopropyl)methanone
193 ESMS m/z 4962 (M + | 0.076
N P H")
Y%NH O OH
HN~ N
c—\ /—NH
N
(2-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-
hydroxycyclopropyl)methanone
194 HN\? ESMS m/z 603.3 (M +|0.013
1 \ H+
B :
%(NH
NN
T
HN
N //O (\O
p \/\/N
S
5-chloro-N2-(2,5-dimethyl-4-(1-(3-
morpholinopropylsulfonyl)piperidin-4-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
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HIT1.N2AI | C ONHNNs NL.1NH 5-chloro-N2- (4- (1-(2-
(3-is opropyl-1,2,4-

WwWo@adioasss - 5- yl ) et hyl ) pi peridin-4-yl)-2,5- PCT/US2009/048428
di met hyl phenyl) - Nd- (5- net hyl - 1H pyr azol - 3-
yl)pyrimdine-2, 4- diarrine ESMS mz 550.3 (M + 1-1)

0. 039 270 HN Nt INH NN HIN 401N RorEsvisN O | 1GF-1R
(44 (4- (5-chloro- 4 ( rreth -1H pyra %‘ Ba/F3
yl am no) pyri m di n-2-yl am no) 2, 5- IC50 (uM)

di et byl phenyl )pi peridin-1-y1)(3-is|opropyl -

2, 4- oxadi azol »5-yl ) met hanone ESMS 2 +
1%5 018 271 HN'NTH CINs tNN H 5-chl oro- §5'Q/Z st 0+ | 0.027

5{et hyl - 1H, azol - 3-y1)-N2- (2- fljuoro-5-nethyl-4-
(11 et hyl pj nHdi n- 4- yl ) phenyl) pyr| m di ne- 2, 4-di am ne
ESMS ni z 4“4Y2(M+11) 0. 013

HN
e, -

/;\/\/

N2-(4-(1-(3-(azetidin-1-
yDpropylsulfonyl)piperidin-4-yl)-2,5-
dimethylphenyl)-5-chloro-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

196 oH ESMS m/z 6193 (M + | 0.37
+

HNY\I | N=NH

(3R,4R)-1-(3-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-
ylsulfonyl)propyl)pyrrolidine-3,4-diol

197 A ESMS m/z 5242 M + | 0.21
HN— }m HY)
N N NH
HQ, HN
F>Z_\N
£ F

(2S)-3-(2-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-1,1,1-
trifluoropropan-2-ol
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WD 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NWVR or ESM5

IG-1R B a/F3 1C50 (uM 272 HN, NNHC I N O NN H
WG 2@hloaas6s N2- (4-

fl uor o- 5- et hyl phenyl) - Nd- (5- net hy1l- 1H
pyrazol -3-yl)pyrimdine-2,4-diamine ESMS mz 470.2 (M

(1-cycl obut yl pi peri di n-4-y1l) - PET/US2009/048428

+ H) 0.050 273 z 430.2 (M[+ H)
HNE’ H NN CIS{}IW}W NI ms

IGF-1R
Ba/F3
IC50 (uM)

198 ESMS m/z 4912 (M +

H")

HN>1
N~ NH N/7A
C|\{§ //
B N
N/)\H

1-((4-(4-(5-chloro-4-(5-methyl- 1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-
yl)methyl)cyclopropanecarbonitrile

0.022

199 ESMS m/z 4552 (M +
== H+)
HN, _

N” NH NN
Oy

LA
NN

o

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)acetonitrile

0.077

200 ESMS m/z 4602 (M +
HN -~ H+)

3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin- 1-yl)propanenitrile

0.036
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5-chl oro- N2- (2-f | uor o- 5- net hyl - 4-

met

wdakpippomzdl - 3-yl ) pyri m di ne-

hyl pi peri di n-4-yl ) phenyl)-N4- (5-
2, 4-di am

N,Nj(NH2 NNHCI0 10 NNH

(2-

nmet hyl -
ne

274 PCT/US2009/048428

2-(4-(4-(5-chloro-4-(5-nethyl- 1H-ovrazo| 3-
yl am no) pyri m iy @ no) - 5-fl uono S IGF-1R
mef hyl phenyl) - g’ Uﬁ;ly[? pi peridin-1- )1) acet arr?d% 1¥:[§MS Ba/F3
Iﬂ/ 487.2 (M + 0. 006 WO 1C50 (uM)
_0/ 002655PCT/ lJ§2009/ 048428 STRUCTURE NVR or ESMS
2g9--1R al F3 150 (uM) 275 ESVS m ;:44d- 2-( 42 B + | 0.046
. 009 S NH )
HN /
18 @p &
(2S)-3-(3-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-1,1,1-
trifluoropropan-2-ol
202 ESMS m/z 5032 (M +|0.02
0h; '"HNMR (MeOD-d.,)
NH /\n/NHz 5 8.23 (s, 1H), 7.26 (s,
1H), 7.20 (s, 1H), 6.20 (s,
\N 1H), 4.00 (s, 2H), 3.75
(d, 2H), 3.55 (m, 2H),
3.14 (m, 1H), 2.36 (s,
3H), 2.26 (s, 3H), 2.24 (s,
2-(4-(2,5-dimethyl-4-(4-(5-methyl-1H-pyrazol- | 3H), 2.08 (m, 4H).
3-ylamino)-5-(trifluoromethyl)pyrimidin-2-
ylamino)phenyl)piperidin-1-yl)acetamide
203 ESMS m/z 517.3 (M + | 0.015
H")
’NH /\n/N\
\N
2-(4-(2,5-dimethyl-4-(4-(5-methyl-1H-pyrazol-
3-ylamino)-5-(trifluoromethyl)pyrimidin-2-
ylamino)phenyl)piperidin-1-yl)-N-
methylacetamide
204 ESMS m/z 4822 (M + | 0.016

>

HN-N

LY

2-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-

N~on

H")

dimethylphenyl)piperidin-1-yl)ethanol
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CI\-NH N
5-chl oro- N2- (4- (1, 2-di net hyl pi peridin-4-y1)-2-

wo bmoa265s met hyl pheny1) - Nd- (5- et hy1l- 1H

PCT/US2009/048428

pyrazol - 3-yl ) pyri m di ne-2, 4-di am ne 276 /111-1 HN,
NNHN CI N O NLN H
N21(4-(1,4" - 4-y1)-2-f1U0r o- SR or ESMS IGF-1R
nmef hyl phenyl) or o- Nd- (5-net hyl4{1H or Ba/F3
pyrazol - 3-yl) pyr| m di ne- 2, 4-di am ne |[ESM5 mz 499.2 (M| 50 (uM)
+ 1-1) 0.437 277 H NCO N ESVMS iz 508.2 (M+ H)
2B5997 /- N)NH - N=N N 411 — ESMS m/z 4662 (M + | 0.019
N H+)
MNH
HN~\
/>—NH
5-chloro-N4-(5-cyclopropyl- 1H-pyrazol-3-yl)-
N2-(4-(1-ethylpiperidin-4-yl)-2,5-
dimethylphenyl)pyrimidine-2,4-diamine
206 ESMS m/z 4442 M +|0.03
= 0O H+)
HN, _ IS
N™ “NH N™ H
Cl | SN
PN
N N
HoF
4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidine-1-carbaldehyde
207 ESMS m/z 4832 (M + | 0.026
RePes .
HN’N al \
H N\/§NH
O
(R)-2-(3-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylacetamide
208 ESMS m/z 4832 (M + | 0.01
~LTXTC "
@
(S)-2-(3-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylacetamide
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- NNH

5-chl oro- N2- (2-f | uor o- 5- net hyl -

4-(1- (6-

nethylpyrlda2|n 3-yl) pi peridin-4-yl)phenyl) -

wOZ2610/602883 hy| -

1H pyrazol -

ESMS

|&G-1R Ba/F3 1C50 (uM 278 N/ ESMS mz 577.2 (M +

3-yl) pyrimdine-2, 4- PCHIBI069/048428
WD 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMR or

P 0.009 C VG cTuRD HNN NH 4i

NMR or ESMS IGF-1R
Ba/F3
1C50 (uM)
209 ESMS m/z 5002 (M + | 0.027
= /QO H*): 'H NMR (DMSO-
NPk N ds, 400 MHz) & 12.08
ol (br, 1H), 9.58 (br, 1),
N 8.65 (d, J =28.4 Hz, 111),
P 8.02 (s, 1H), 7.36 (d, J =
NN 8.4 Hz, 110), 7.03 (d, J =
F 12.4 Hz, 1H), 6.08 (br,
5-chloro-N2-(2-fluoro-5-methyl-4-(1- 1H), 3.89 (dd, J = 10.8,
(tetrahydro-2H-pyran-4-yl)piperidin-4- 3.6 Hz, 2H), 3.28 (t, J =
yl)phenyl)-N4-(5-methyl-1H-pyrazol-3- 10.4 Hz, 2H),2.99 d, J =
yhpyrimidine-2,4-diamine 10.8 Hz, 2H), 2.64-2.43
(m, 2H), 2.24-2.15 (m,
8H), 1.71-1.40 (m, 8H)
210 >j\ ESMS m/z 4562 (M + | 0.032
== H+)
HN, _ /\
N NH N
Cla A
N
A
N N
Hof
5-chloro-N2-(4-(1-cyclopropylpiperidin-4-yl)-
2-fluoro-5-methylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
211 ESMS m/z 4402 (M + | 0.009

de

N~ NH N
Chy,
|
N/)\N
H

5-chloro-N2-(4-(1-ethylpiperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl- 1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

H")
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1 S 0\ 5-chloro-N2-(2-fluoro-5-nethyl-4-(1'-
(met hyl sul fony1)-1, 4" -bi pi peridi n-4-yl) phenyl) -
wO261050288% hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4- PUCHDBI069/048428

279 HH NN, , I TN ----e 0 HN-NCI NFNH 5- chl or o- N2-
(2-fluoro-5-nethyl-4- ((trans)-2-
met hyl pi peri di g R&enyl) - Nd- (5|-neth Illg%ﬁ IGF-1R
yrazol -3-yl)p y;[lﬁ-rgd(;l? ne- 2, 4- di am ne |ESM5 brgiKzO4 . 5 (M Ba/F3
+ H)+) 0.064 280 HH NN, rr N O HN-N|Cl NFNH IC50 (uM)
5-¢hloro-N2- (2-fluoro-5-nethyl-4- ((cis)-2-
t hyl pkperi di n-4-yl)phenyl)-N4- (5 Y,
23'i/?azol - yrim di ne-2, 4-di am ne rr’?/zZ %&PZ(N{I\W 0.013
+ |1 +)HN. 163 WO 2010/ 002651/@28 US2( 048428
STRUCTURE or ESMB NIR™MBarF3 1|C50 (uM
Cl | \)N\
N/ N
H
5-chloro-N2-(4-(1-(2-methoxyethyl)piperidin-
4-yl)-2,5-dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
213 ESMS m/z 5402 (M + | 0.012
HN, _ A‘)<
N™ “NH N -
Cl\ﬁjl\ OH
N/ N O
H I
(S)-3-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2-
methoxy-5-methylphenyl)piperidin-1-yl)-
1,1,1-trifluoropropan-2-ol
214 ESMS m/z 5732 (M + | 0.04

N2-(4-(1-(3-(azetidin-1-
ylsulfonyl)propyl)piperidin-4-yl)-2,5-
dimethylphenyl)-5-chloro-N4-(5-methyl-1H-

H")

pyrazol-3-yl)pyrimidine-2,4-diamine
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281 HN, NNHNI CINl N O NN H
5-chl or o- N2- (2-fl uor o-5- net hy1- 4- ( 1-

wQ2ybmexehy | ) pi peri di n-4-yl) phenyl) - N4- ( 5-

met hyl - 1H pyr azol - 3-yl ) pyri m di ne- 2,
m 507.2(M+I—D 0087 282 0 HN il

(pyri di n-

4- di am ne ESMS
[ NNHN CKIN . LN O

PCT/US2009/048428

N | H 3-(4-(4- (1R @ (S-net hyl - 1H- pyRRADLr Bsms IGF-1R
yl @am no) pyrim y am no) - 5-fl uono- 2- Ba/F3
nethylphenyl)plperldln | -yl)cycl opent-2- enone ESMS IC50 (uM)
mz 496.2 (M+ 1-1); 1H NVR (400 Z DVMSO-d6) 6 9. 97
s, 1H, 9.83 (br 8.90 (s,
A3 5 vor i 12.8 Hz, g%m d"%?ﬁ%ﬁﬁd(er 0047
6. 04 (fs; /I 5.80 (br 4.71|(d = 12.0 Hz,
2H|, 4G4I-(N’NOJ Ng > 3.84|(m 1H), 353(m
2H), 3.13 (m 2H), 3.08 (s, 3H)\y 2-96 (s, 3H),
2.%9-2.40 (m 4H) 0. 048 283 0 C| HNN, /0, 11aNH
\-410 spiro 1decan-8-
yl gﬁh& nfhpﬁa(gg;ghm‘ ylpheny1) - 5-
W
yl pyr IRW%ﬁ )p4/r18}1 diamine
216 F ESMS m/z 4842 (M + | 0.047
Y )
L ;
HN’N
N\
5-chloro-N2-(2-fluoro-4-(1-methylpiperidin-4-
yD)-5-(trifluoromethyl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine
217 ESMS m/z 5232 (M +|0.034
J/J "
F HN’N
\“JLNHz
2-(4-(4-(5-chloro-4-(5-(trifluoromethyl)- 1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)acetamide
218 H H R _F ESMS m/z 480.2 (M + | 0.026
N N~ N H'
HNN 57X
N\

5-chloro-N4-(5-methyl-1H-pyrazol-3-yl)-N2-
(2-methyl-4-(1-methylpiperidin-4-yl)-5-
(trifluoromethyl)phenyl)pyrimidine-2,4-
diamine

156




ESMS niz 556.3 (M+ H) 0.016 WO
2010/ 002655PCT/ US2009/ 048428 STRUCTURE NWVR or ESMS
w0 BH0AR6E a/ F3 1 C50 (uM 284 HN, N NNH / Cl el BeMUS2009/048428
5-chloro-N2- (4- (1-((3 -ethyl-1, 2, 4-oxadi azol - 5-

vl)methyl)piperidin-4-y1)-2-fl uoro-5-
met hyl phenyl) Wgﬂf?ﬁ}@yl 1H pyrazgl - 3-y S IGF-1R
yl Y pyri m di ne- lam ne ESMS m z %26. 2 mgrrlri-hﬁ Ba/F3
0.(033 285 HN, NNH C | 1401 NN 5-chljor o- N2- IC50 (uM)
(24fluoro-4- (1- ((5-isopropyl-
2, 4- oxadj azol - 3-yl ) net hyl ) pi peri di 5
23}& hyl phen - N4- (5- net hyl - 1H pyrazol%- _é”v)dz 4422 M +1 0.009
yl Y pyri mHdi ng- 2, 4-di am ne ESMS nf z § 2 (M+ H 0.068
286 OnCl N__NKHN) / NN----"N
Cl\f\
)\ .
I
5-chloro-N2-(5-methoxy-2-methyl-4-(1-
methylpiperidin-4-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine
220 Rk ESMS m/z 5372 M + | 0.037
F H")
HN, ¥
N~ NH NS
I NG o)
L
NTN
H
2-(4-(4-(5-chloro-4-(5-(trifluoromethyl)- 1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylacetamide
221 ESMS m/z 4743 M + | 0.034
_ NH i
o FHN SN N
N
N
Fol
N/)\N
H

N2-(4-(1-ethylpiperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl- 1H-pyrazol-3-
yD)-5-(trifluoromethyl)pyrimidine-2,4-diamine
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5-

(5-chl oro-4-(5-met hyl - 1H pyrazol - 3-

yl am no) pyri m di n-2-yl am no) - 4- et hy1- 2- ( 1-
woredlhgpbsperi di n-4-yl ) benzonitrile ESMS m z 43FCRUSN09/048428

1-1) 0.037 287 -- * 0- /H H\N C NH net hyl

-ch

loro-4-(5-nethyl-1H pyrazol - 3-

5- (5

yl a
met
0.0

m no) pyri m g 1 NO) - 4- net hy
hyl pi peri di ﬁ?g{}é?%lgi?}nzoat e ESMS 1

27 WD 2010/ 002655PCT/ US2009/ 0484
ESMS | GF-1R B a/F3 1C50 (uM 288

1-2-
MS

iz 4%%0"( +71-1)

128 STRUCTURE NMR

HN . NN HN | CIN N

IGF-1R
Ba/F3
IC50 (uM)

m z

or

2§2NN H 5-chl or o-
-y

et

-(2-fluoro-5-net hy
i di n-4-yl)phenyl) - N
rimd

ag\mbﬂe_ 2

| met hyl ) pi

2-(4-(2,5-dimethyl-4-(4-(5-methyl-1H-pyrazol-
3-ylamino)-5-(trifluoromethyl)pyrimidin-2-
ylamino)phenyl)piperidin- 1-yl)ethanol

s ikPYS0 S

- 7di am ne ESMS

0.038

223

NN
D
N~
Oj/N
N

1-(4-(4-(5-chloro-4-(5-(trifluoromethyl)- 1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone

ESMS m/z 5512 (M +
H")

0.036

224

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-4-
morpholinobutan-1-one

ESMS m/z 567.3 (M +
H")

0.02
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NNHN +- 0- C N O NN H
4- (4-(5-chl oro-4-(5-net hyl - 1H pyrazol - 3-

W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2-

nmet hyl phenyl) - 1- et hyl pi peri di ne 1-oxide ESM5 m z 460. 2

PCT/US2009/048428

(M+ H); i HNVR (MeOD-d4) 6 7.91(s,1H), 7.69 (d, 1H),
7.00 (d,1H), 6.ckRicEr , 3.28(m 4H) ,|. 91( E EI)Z IGF-1R
(m 2 2H), 2.253“?3, 3H), 2.16 (s, 3H), 1. I's,évzl , Ba/F3
1.64 (d, 2H), 1.31 (t, 3H). 0.37 290 F NN OCI HNNJ, ON 1C50 (uM)
H4-(4-(4-(5-chloro-4-(5-nmethyl-1H pyrazol - 3-
am no) pyri m di/n- 2-yl am no) - 5-f | uor 17
%%t hyl phenyl Y¥iperi di n-1-y1) cycl ohex %S%%Se rgél\/%%n? Z(M 00
512.2 (M + H)™p. 023 WD 2010/ 002655F US2009/ 048428
STRUCTURE wr ESMS | GF-1R B a/F3 I C50 (uM 291 F
1\1 401N |
e
HN
KIO J
N N
r
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin- 1-yl)-3-
morpholinopropan-1-one
226 HN ESMS m/z 5373 (M + | 0.061
N H")
o]
%\(NH
I
Nx N
T
HN
e,
D
o
1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-3-(pyrrolidin-
I-yl)propan-1-one
227 ESMS m/z 5513 (M + | 0.123

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-

ylamino)pyrimidin-2-ylamino)-2,5-

dimethylphenyl)piperidin-1-yl)-4-(pyrrolidin-

I-yl)butan-1-one

H")
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OHNN, ) NaNH O tert-butyl
(5-
W@ranades3- yl am no) pyri m di n- 2-yl am no) - 5-

_ - (4-(4-
chl oro-4-(5-nmet hyl- 1H

fl uor o- 2- et hyl phenyl ) pi peri di n-1-

PCT/US2009/048428

vl)pyrrolidine-|-carboxylate ESM5 miz 585.3 (M + H)
0. 067 292 HN, N, 1 O N O\ 7NN H R IGF-1R
(21fl uoro-5- net hyiﬁb}% ((5- nethyl- Mj#]oxa%w Ba/F3
ol 13 -yl ) nethyl)piperidin- 4-yl) pheryl) N4 - 1C50 (uM)
(54nmethyl -1H pyrazol -3- yl)pyrim dine-2, 4-di am ne ESVMS
z 512.2 (M + H) 0.023 293 HN, NNH,|.pg
gkt 512 A (M H) 0023 2 or k2. BSMS mz 5402 (M + | 0.023
24f1 uoH'& net hy1l- 4- Fret hy P i 2, 4- oxadi az
oI 5 yI)rret | ') pi peri|di - 4-l ) phenyl) - N4-
(5{met hyl ¢ @ v1) PYri m di ne- 2, 4- di ani ne ESMS
mz 512.2 ( 026 WO
2010/ 002655PT/ (352009048428  STRUCTURE
(R)-3-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2-
methoxy-5-methylphenyl)piperidin-1-yl)-
1,1,1-trifluoropropan-2-ol
229 ESMS m/z 5242 (M + | 0.211
HN‘{/\‘:\?*CH H+) ¢ (
N7 Nenn
HO, HN—
")
£ F
(2R)-3-(2-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-1,1,1-
trifluoropropan-2-ol
230 o) ESMS m/z 4141 (M + | 0.04
: §’NH H")
HN~p
(S)-4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)oxazolidin-2-one
231 ESMS m/z 4141 (M + | 0.05

O~ =0
T
SNH

WNH
/
HN\N —N
c—4{ /—NH
N

(R)-4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)oxazolidin-2-one

H")
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NVR or ESMS | GF-1R B a/ F3 1C50 (uM
516.2 (M + 14) 0. 064 HN-NH 11

wd 21440055 hl or o- 4- ( 5- met hyl - 1H pyrazol - 3-

294 g N+ ESMS ni z
NN CI\-NH N

yl am no) pyri m di n- 2-yl am no) - 5- f | uor o- 2-

PCT/US2009/048428

nmet hyl phenyl)-1-(tetrahydro-2H pyran-4- y1)pi peridine
1- oxi de 295 RrRoANugdVs Mz 536. 2 (M gnidter Bst39 IGF-1R
HNH NH Ba/F3
IC50 (uM)
232 ESMS m/z 4442 (M + | 0.020
N H"); 'HNMR (DMSO-de)
N"NH N 5 8.01 (s, 1H), 7.35 (m,
c SN 1H), 7.02 (d, 1H), 6.22
Py (s,1H), 2.97 (d, 2H), 2.62
Ho F (m, 1H), 2.34 (q, 2H),
2.21 (s, 3H), 2.13 (s, 3H),
5-chloro-N2-(4-(1-ethylpiperidin-4-yl)-2- 1.98 (t, 2H), 1.64 (m,
fluoro-5-methylphenyl)-N4-(5-methyl-1H- 4H), 1.01 (t, 3H).
pyrazol-3-yl)pyrimidine-2,4-diamine
233 /_ng E§MS m/z 587.3 (M + | 0.054
Osg H)
4 \\O
HN
7
N J)—NH
Cl N{ \
N
H
5-chloro-N2-(2,5-dimethyl-4-(1-(3-(pyrrolidin-
I-yDpropylsulfonyl)piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-
diamine
234 ESMS m/z 603.3 (M + | 0.073

(R)-1-(3-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-

H")

ylsulfonyl)propyl)pyrrolidin-3-ol
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NN CI\-NH N
5- Chl oro- N2-{4-11- (1, 1-di oxo- 1k6-t hi et an- 3-

W@ 2)10/0028%3F de- pi peri di n-4-yl |

- 2-f 1 uor o- 5- net hyP€T/phzony/ 048428

} -N4-(5-ethyl-1H pyrazol - 3-y1)-
pvrim dine-2,4-di am ne 296 NH HN, NNH CI 10 N NN H
N2¢1 (4- (1-(azgy Cnn% |') pi peri di n44- y1XnBz or ESMS IGF-1R
f 1 Qior o- 5- net hyl pﬁ(ﬂnyl % chl or o- Nd- |(5- or Ba/F3
met hyl- 1H pyrazol - 3-y1) pyri m di ne-2,/4- di am ne ESM5 1C50 (uM)
mz 471.2 (M+ H 0,101 WD
10/ 002665PCT/ US2009/ 048428 STRUCT 0
2?%:-1R B 3 1C50 (uM 297 H N, NNk ﬁ?&d%'\@zl\lg%@@ﬁ 0.063
- -(2- - -4- -
H5 chIdH‘bN NH(2f|uor N%yl 4 (pyridin
Cla
N FFF
LA
N~ °N
Ho F
S-chloro-N2-(4-(1-((2,2-
difluorocyclopropyl)methyl)piperidin-4-yl)-2-
fluoro-5-methylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
236 >j\ ESMS m/z 4832 (M + | 0.059
= )
HN, _
N" NH N/\/ﬁ\NH2
a | SN
N/)\N
H
3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)propanamide
237 ESMS m/z 3842 (M +| 041
H")
\ />—NH
N2-(4-(azetidin-3-yl)-2,5-dimethylphenyl)-5-
chloro-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
238 By ESMS m/z 5373 (M + | 0.039
g H)
Ny
cl
HN

OY\/ N

N

/N\
L<NH

3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-1-(pyrrolidin-
I-yl)propan-1-one
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3-yl met hyl ) pi peri di n-4-yl)phenyl)-N4- (5-

nmet hy1- 1H pyrazol - 3-y1) pyri m di ne-2, 4- di am ne ESNS
wWo@odWss2 (M + H) 0.079 298 F 0)\1 NI C | HNNPCIMUBR0094028428

4-(4-(4-(5-chl oro-4-(5-nethyl-1H pyrazol - 3-

ylam no) pyrinidin-2-ylanm no)-5-fl uoro-2-

met hyl phenyl ) pi £ - y1) cycl ohexanol ﬁ?\/ﬁ IGF-1R
514.2 (M + g EE; Lg% HN, N H NN H|Cl I\PI '\F?{_]]%S gafFS

5- ¢hl or o- N2- (2 fluoro-5-nethyl-4- (1- 1C50 (uM)
pyrrolidin-3-yl)piperidi n-4-y|)phery1)-|\l4-(5-

ael hy1- 1H pyrazol - 3-y1) pyri nidine- 2, { any.ne; £
agwihy L AR A 4E§1\5f'$alﬂ}z §1EMRL + | 0.073
2010/ 002855PCT/ US2009/ 04842aiiSTRum'L5h% NVR or ESMB

| GF- IRHR_a/IF3 1 C50 (uM 300 ) CI NHF
N NH N @]
cl I\N
PR
N N
H

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin- 1-yl)-3-
(dimethylamino)propan-1-one

240 L ESMS m/z 4982 (M + | 0.102
N H")

—NH
F

F

5-chloro-N2-(4-(1-ethylpiperidin-4-yl)-2-
fluoro-5-(trifluoromethyl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-

diamine
241 L ESMS m/z 4942 (M + | 0.068
N H")
Y
N N/ N
F H H

F

5-chloro-N2-(4-(1-ethylpiperidin-4-yl)-2-
methyl-5-(trifluoromethyl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
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HN-NAO NH Nb '\
5-chl or o- N2- (2-f | uor o- 5- net hyl - 4- ( 1-

w@ pebloydestl f onyl ) azeti di n-3-yl) pi peridi n-4-

yl) phenyl) - Nd- ( 5- net hyl - 1H pyrazol -3

yl)pyrimdine- 24d|amne ESMS ml z

(1-

49.2 (M + H) 0.032

PCT/US2009/048428

TH. --NII§T§U’G{2T /(CHN

---roSchIoro quoroSrret
2t hyl sul fonyl)pyrrol i di n-3-yl)pi pe

Jphenyl) - N4- (5- met hyl - 1H pyrazol - 3-

N T b

r|d|n 4-

IGF-1R
Ba/F3
IC50 (uM)

2 HN, N NNH / Cl0f--

2, 4- oxadi azoh< 5N

pyrim di ne- 2, 4- leam ne ESMB Mz 5
I\HNI,\A{N 1.1 H

y¥

tN eridi

thl or o- N2- (2, 5-

N—(5 nmet/ hyl - pyF zol -3

Y\/ \E<NH
N

3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-yl)-1-(pyrrolidin-1-
yl)propan-1-one

9%Ms (M- *s4D3 P38

1 ((3- rrelfl)wl-

n-4-

0.06

243

<

N2-(4-(1-(3-(azetidin-1-
ylsulfonyl)propyl)piperidin-4-yl)-2-fluoro-5-
methylphenyl)-5-chloro-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

ESMS m/z 5772 (M +
oY)

0.076

244

5-chloro-N2-(2-fluoro-5-methyl-4-(1-(3-
(pyrrolidin-1-ylsulfonyl)propyl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

ESMS m/z 5912 M +
H")

0.084
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yl) pyri mdine-2,4-diamne ESM5 mz 508.2 (M+ H) 0.006
WD 2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMVR or

ESMS

w0 BHoARBR/ F3 1 C50 (uM 303 HN, N NNH / 01N N PCT/US2009/048428
5-chloro-N2- (4- (1-((3 -ethyl-1, 2, 4-oxadi azol - 5-

vl )

methyl ) pi peridin-4-y1)-2, 5-di net hyl phenyl) -

N41(5-nmethyl-1 @ﬁﬂ% 3-y1) pyrim di ne-g &L ne IGF-1R
ESMS mf z 522. 2#5":— 1- ]§ 0. 006 304 HN, K{kﬁ@%ﬂ% Ba/F3
[-{= NN'- O NN H 5-chl oro- N2- (2, 5-dijnet hy1- 4- IC50 (uM)
(14 ((5-nethyl -
2, 4- oxadi azol - 3-yl ) net hyl ) pi peri di
2%1;’ phenyl) - NA- (5-nethyl- pyrazol - -%7[8 m/z 6072 (M + 1 0.077
yl Y pyri m di ne- 2, 4-di am ne ESMS m z 5038/2 (M + H) 0.005
30% HN, NNH, N, AN C
7 N\
N
=N
/_/—N NH
Osd/
O
0
5-chloro-N2-(2-fluoro-5-methyl-4-(1-(3-
(morpholinosulfonyl)propyl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
246 ooy ESMS m/z 571.3 (M + | 0.058
Nx
o} cl
(\NJ\/\/N HN /N\NH
I L<
4-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-1-
morpholinobutan-1-one
247 oy ESMS m/z 5272 (M + | 0.062
NN H")
T
Nx cl
0 N HN<__N_

3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-N-
cyclopropylpropanamide
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O CINO ?NN H 5-chloro-N2- (4- (1-((5 -is

opropyl -1, 2, 4-

Wo@adiosxsss - 3-yl ) met hyl ) pi peridin-4-y1)-2,5 -

di met hyl pheny1) - N4-

(5 -nmethyl-1H pyrazol - 3-

vi)pyrimdine-2,4-diamne ESMS mz 536.3 (M+ H) 0.025

PCT/US2009/048428

WD|[ 2010/ 002655 I}éﬁﬁ?@%/ 048428 STRUCT MNISESM5|  [GF-1R
| GF- 1R Ba/ F3 I@gg(u 06 HN, NNH ¢I N O Ba/F3
5-¢hl oro- N2- (2-fl uoro-5-nmet hyl-4-(1{(oxet an- 1C50 (uM)
3-vl)piperidin-4-yl)phenyl)-NA- (5-nethyl -1H
tazol x3-yl ) pyri m di ne-2, 4-di am ne )
2@/}4) 0. 307 HN, NNHNi CINNgj O NLE?M%S% ﬁ!§7222(]\é|'\4 0.14
5- ¢hl omo- 8- (2, 5- di met hy1-4- (- (pyri[d! h- 2-
yl met hyl Y pi Beri di | Ybheny INEN4- (| 5-
met hyl - RZ0 rimdine-2,/4- diam ne
PN
N N
H ¢
3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)propanamide
249 ESMS m/z 5022 (M + | 0.032
== H+)
HN, _
oy X
Cln A
N
LA -
N N
H
S-chloro-N2-(4-(1-((2,2-
difluorocyclopropyl)methyl)piperidin-4-yl)-
2,5-dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
ESMS m/z 4522 (M + | 0.025

250
HN, _

N~ “NH
NN
|
N/)\N
H

5-chloro-N2-(4-(1-cyclopropylpiperidin-4-yl)-
2,5-dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

AT

N
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NLN

WG 2@hloaas6s N2- (2, 5- di net hyl1-4-(1- (pyridin- 3-

ESM5 mz 503.2 (M + H) 0.007 308 HN, NNHNI
H

CCNNO

yl met hyl ) pi peri di n-4-yl ) phenyl) - N4- ( 5-

PCT/US2009/048428

met hyl - 1H pyrazol - 3-yl ) ovri m di ne-2,4- di am ne ESMS
mz 503.2 (M+ E IGF-1R
2010/ OOZGSSPCTF%E?O&Q} 8428 STRUCTURE Wor %R/B Ba/F3
IGF-1R Ba/F3 1C50 (uM 309 HN;, NN HN CIN 1 O NN H 1C50 (uM)
5-¢chloro-N2- (2, 5-dinethyl-4-(1-(pyrildin-4-
met hyl ) pi peri djn- 4-yl ) phenyl) N4-
2}ﬂt hyl - 1H pyr | -3-yl)pyrimdine-2, %§ [ a’7r1n/Zn§e40E%l\%/I | 0052
M2 503.2 (M 1 HNHO. 008 310 H NN -- {-hir 0
F HN N
y\ﬁx T
F
N2-(4-(1-((2,2-
difluorocyclopropyl)methyl)piperidin-4-yl)-2-
fluoro-5-methylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)-5-(trifluoromethyl)pyrimidine-
2,4-diamine
252 ESMS m/z 4963 (M +|0.014
HN, _
N~ “NH N
CIne Ny
P
N)\N
H
5-chloro-N2-(2,5-dimethyl-4-(1-(tetrahydro-
2H-pyran-4-yl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
253 HN ESMS m/z 470.1 (M + | 0.075
+
F N/jcn N-NH H")
= L
N)\N N/k/)\
F" % H H
5-chloro-N2-(2-fluoro-4-(piperidin-4-yl)-5-
(trifluoromethyl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
254 HN ESMS m/z 4662 (M + | 0.07
H")
N-NH
i A/E /L/)\
P

5-chloro-N4-(5-methyl-1H-pyrazol-3-yl)-N2-
(2-methyl-4-(piperidin-4-yl)-5-
(trifluoromethyl)phenyl)pyrimidine-2,4-
diamine

167




HN-NcIN , H OCH Trans-4-(4-(4-(5-chloro-4-(5-nethyl-1H
pyrazol - 3-yl am no) pyri m di n-2-yl am no) - 5-

wo baoaee2s net hyl phenyl ) pi peri di n-1- y1)cycl oheR&nuok2009/048428
ESME mlz 514.2 (M+ H) 0.027 311 HN Ny FINNC/N O
Cs-4-(4-(4-(5- chI oro-4-(5-nethyl-1H pyrazol -

3-yl am no) pyri e am no) - 5-f | yor o- ESM IGF-1R
nmef hyl phenyl ) pi peri O’Iﬁ]dﬂll yl ) cycl ohexanol ﬁ]lg%i\g n§ zS gafF3
514.2 (M + 1-1) 0.021 312 F 40#.i..4-N\N0"4 C NN 1C50 (uM)

/% (R)-5-chloro-N2-(2-fluoro-5-nethyl-4-(1-(1-

2t hyl |f0ny|)pyrrol|d|n 3- yl)plper
2§f" phe,@kb)N (5 et hyl - 1H o arol IS 4822 (M + | 0.228

vyl pyrim din ESVB mz=>§5)2(|\/|+ H)
0.025 WD 2010 26 094048428 STRUCTURE NMVR
or |[ESMS | G-- 1R B uM

5-chloro-N4-(5-cyclopropyl- 1H-pyrazol-3-yl)-
N2-(4-(1-cyclopropylpiperidin-4-yl)-2-fluoro-
S-methylphenyl)pyrimidine-2,4-diamine

256 NH ESMS m/z 4122 (M + | 0.044

)
MNH
{ J)—NH

S-chloro-N2-(2,5-dimethyl-4-(piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

257 HN ESMS m/z 4462 (M + | 0.064
H)
NH
HN=N N’4§N
N\ | _
N
e
F

N2-(2,5-dimethyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)-5-
(trifluoromethyl)pyrimidine-2,4-diamine

258 A ESMS m/z 4782 (M + | 0.026
N H")

5-chloro-N4-(5-cyclopropyl- 1H-pyrazol-3-yl)-
N2-(4-(1-cyclopropylpiperidin-4-yl)-2,5-
dimethylphenyl)pyrimidine-2,4-diamine
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313 F ESM5 mz 563.2 (M + 0.030 H) O a N-N ONH
'S /0
W@ 3)10501583 or 0- N2- (2-f | uor o- 5-net hyl -4- (1- (1- PCT/US2009/048428
(met hyl sul fonyl ) pyrrolidin-3-yl)piperidin-4-
vyl ) phenyl)- N4- (5-nethyl - 1H pyrazol - 3-
yl Ypyri m di ne- e 314 ESMS M gnRO8- Rsiy + IGF-1R
0.037 HN H); %W&%O VHz, Ba/F3
IC50 (uM)
259 >j\ ESMS m/z 5402 (M + | 0.064
—~= H+)
HN
L~ N
N~ NH NP />,<
Oy O~N
Tt
N~ °N
H ¢
5-chloro-N2-(2-fluoro-4-(1-((3-isopropyl-
1,2,4-oxadiazol-5-yl)methyl)piperidin-4-yl)-5-
methylphenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
260 >j\ ESMS m/z 5363 (M + | 0.018
- H+)
HN
N /N
N™ “NH /<b/©l/\r />’<
Cla N O~N
LA
N7 N
H
5-chloro-N2-(4-(1-((3-isopropyl-1,2.4-
oxadiazol-5-yl)methyl)piperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl- 1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
261 ESMS m/z 4832 (M + | 0.027
— H+)
HN, _
o | N o}
N/)\N
H
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2-ethyl-5-
methylphenyl)piperidin-1-yl)acetamide
262 ESMS m/z 4852 (M + | 0.019

SN2\ o)
|
N/)\N
H |

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2-methoxy-5-

H")

methylphenyl)piperidin-1-yl)acetamide
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"NNHNN CIN) N O NN H CD30D) 6 9.09 (s, 1H), 8.81 (s,
2H, 8.00 (s, 1H), 7.73 (d, J = 8.4 Hz, 1H), 6.99 (d,
wa2100&635 Hz, 1H), 6.23 (br s, 1H), 3.65 PCT/US2009/048428
5-chl oro- N2- (2-f | uor o- 5- net hyl - 4- ( 1-
(pyrimdin-5-ylnethyl)piperidin-4-yl)phenyl)-
(3il) 2H) 3 03(m RuGrUIBEM 11 . 2. 27(3,  3HMRo2BNs IGF-1R
. Ba/F3
- (5 mat hyl - 1H pyrazol - 3-y1) pyri m di ne- 2, 4- di am ne IC50 (uM)
(m?2H),1.80-1.68(m 4H) 315 ESMS mfz 508.2 (M +
283 936 H) HN NNANN CIN (NRs iz 4872 (M + | 0.033
H")
/\n/NHg
\N /©/©
2-(4-(4-(5-chloro-4-(5-ethyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)acetamide
264 ooy ESMS m/z 5342 (M + | 0.021
N\r)\l HY)
Na
Cl
N HN<__N,
/
OI
5-Chloro-N2-{4-[1-(1,1-dioxo-1A6-thictan-3-
yD)-piperidin-4-yl]-2-fluoro-5-methyl-phenyl } -
N4-(5-ethyl-1H-pyrazol-3-yl)-pyrimidine-2,4-
diamine
265 HN ESMS m/z 5542 (M + | 0.091
NS HY); "H NMR (400 MHz,
¢l CDCls) ¢ 9.67 (br s, 2H),
%\WNH 8.50 (s, 1H), 8.07 (s, 1H),
Na_N 7.57 (d, J = 8.4 Hz, 1H),
H\Nf 7.05 (d, J = 12.4 Hz, 1H),
6.16 (s, 1H), 5.53 (s, 1H),
E N 3.98 (d, J=13.2 Hz, 1H),
N\[(l N 3.34 (dt, J = 2.0, 2.8 Hz,
© 1H), 3.15 (m, 1H), 2.82
© (m, 2H), 2.62 (t, J = 4.8
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3- | Hz, 2H), 2.34 (s, 3H),
ylamino)pyrimidin-2-ylamino)-5-fluoro-2- 2.25 9s, 3H), 1.90 (m,
methylphenyl)piperidin- 1-yl)(3-isopropyl- 2H), 1.76 2 1)
1,2,4-oxadiazol-5-yl)methanone
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? NL N H
5-chl or o- N2- (2-f | uor o- 5- et hy1- 4- (1- (pyr azi n-

wQ2ybmexehy | ) pi peri di n-4-yl) phenyl) - N4- ( 5-

met hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4- di am ne WO

PCT/US2009/048428

2010/ 002655PCT/ US2009/ 048428 STRUCTURE NMR or ESMS
| GF-1R B a/ F3 I??Q] 1&{9%]2316 HN, NNHN T G dWid01 H [gr-1r
5-¢hl oro- N2- (2-fl uoro-5-net hyl - 4- (1 Ba/F3
(pyridazi n-4-yl met hyl) pi peridi n-4-yl|) phenyl) - IC50 (uM)
N4 (5-nethyl -1H pyrazol -3-yl)pyrim dine-2,4- di am ne
266 >j\ ESMS m/z 5503 (M + | 0.025
—~= H+)
HN, _
N~ NH N/\(/N\O
Cla A N=
Cr b
N/ N
H
N2-(4-(1-((5-tert-butyl-1,2,4-oxadiazol-3-
yl)methyl)piperidin-4-yl)-2,5-dimethylphenyl)-
5-chloro-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
267 ESMS m/z 5543 (M + | 0.077
H")
N2-(4-(1-((5-tert-butyl-1,2,4-oxadiazol-3-
yDmethyl)piperidin-4-yl)-2-fluoro-5-
methylphenyl)-5-chloro-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
268 ESMS m/z 4582 (M + | 0.022

H")

NH NS
SN
PR
N
F

5-chloro-N4-(5-ethyl-1H-pyrazol-3-yl)-N2-(4-
(1-ethylpiperidin-4-yl)-2-fluoro-5-
methylphenyl)pyrimidine-2,4-diamine
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ESMS mfz 508.2 (M+ H) 0.027 317 HN, NNHNN cl, NO ,)
NN H 5-chl oro-N2- (2, 5-di net hyl-4-(1-(pyrimdin-5-
W@ koweobssy pi peri di n-4-yl) phenyl) - Nd- ( 5- PCT/US2009/048428
met hyl - 1H pyrazol - 3-yl ) pyri m di ne-2, 4- di am ne ESM5
mz 504.2 (M+ H) 0.004 318 HN, NNHNI\J CIN N NN 101

H j&n-echl or o- N2- hyl-4-(1- (pYrazi Qyek or ESM IGF-1R
yl et hyl ) pi perlﬁlndjt i§pheny1)-l\l4- 5- NVER or ESMS gafF3

met hyl - 1H pyr azol - 3- yI ) pyri m di ne-2,/4- di am ne ESMS 1C50 (uM)
mz 504.2 (M+ H) 0.010 Assays .02071 The 1 C50 of

2@9dr ug nmay be determ ne construct| r%m o,?)? 5§)$§o(lﬂ§e 0.039

curve and exam ni ng [ect of di
concentrations of a on| st lon reversing agoni st
y N al cul ated for a given
e

activity. 1C50
ant agomost y gr mini ng L goncentration needed to
i nhi bi N hal f of ~he maxi mum olNpgi ¢al response of the

agoni st}-No cal cul ate | C50 valFsés, a series of

dose- sponse data (e.g., drug concentrations x|, x2,
nd growt h inhibition yI y2,| ...,yn, the

val u e. ran O 1) i S gener at ed.

I C50 q‘é‘%‘é ‘\%;64 BQ(Z‘G ¢onput er - ai ded

syst erf*d > ée]Fﬁ?H%Pﬁr in-- '

D+ (%mﬁ)h/}’tpi“f-ﬂﬂ @ HyraZOI 3- |where Ais the
rafi o of gB’BP\IIanldmﬁ ﬁtdlftmlnbetween llowest drug
concentTationm and controt; B TS thestope of —signoidal

20 vel ; and D5 the ratio of growt hESM$ binki 830.2 (M + | 0.018
befween hi ghe,§t rug concentration aith)control.

[ 0208] The £C5Q value is given as that concentration
of |[the tesys ound that results in growh inhibition
that is SON% ower than that obtained using the
comtrol wi thout inhibitor. The conpgunds of the

i nyention iHN formor  n pharmageutically

accept abl e sa orm may exhi bit valluabl e

phar macol ogita operti for exanple, as indicated
by|(the in vitro t M bed in tthis application.
In|general, conmpounds of the inventiion have | C50
values from1l nMto 10IAM In sone exanples, conpounds

of th?l ecqltl(grgrh %thl_y@ﬂ Aes_from 0. 011AM to 5

1AM 1In 1% Bﬁ% ds of the invention

haye Cgt 1 8 r@% o]1 1AM or nore

par t CHGTRYP enry H%el ty POPIPYT n [yet ot her

exan‘pl es, Qc RERAOGent i of have | C50 val ues

of [Tess t nM or rmre than 101AM _ The conpounds of

the |nvent| rray exhibit a percenta M%Hﬂ'@ thh & +] 0013
greater t 0% or in ot her enbodi|AEnt s, may exhi bit

a percent ageNT M bi ti pn gf et er thar about 70%

agai nst | GF¢ 10 3af F3 cel | || i ne panel and

reagents [ Q20 3 is a nurine I|IL-3-dependent
pro-B | ynphoma el ne. Parental Ba/F3 cells are
used to generate a pahel of sublineg whose
proliferation and survival is renderned

| L -¢HerepdtréerthybyHstyasok 3t aNddct i on wit h

i ngi vifthest-5tyetedihel -richategersén-tvat ed by fusion with
t he am nd)phenyhpyaimigiort24diaofineTEL (am no aci d 1-375)

or—BCR—tn—order—togenerate BafF3—<cett—+ines
transforned by Tel - Tyrosi ne Kinase (TK) fusions,
parental Ba/F3 cells are infected with a retrovirus
har bori ng each TEL-fusion kinase and subjected to
puronycin selection and IL-3 wthdrawal to obtain

| L- 3- independent, transformed Ba/ F3 cells. [ 0210]
Each transformed Ba/F3 cells are cultured in RPM -1640
media (G bco Cat #11875093, Carl sbad, CA) suppl enented
with 10% FBS (Hycl one Cat #%¥30014. 03, Logan, UT), 4.5
g/ L glucose (Sigm #G400, St.Louis, M), 1.5 g/L

sodi um bi carbonate (Bi owhittaker #17-613E,

Wal kersville, M) and Pen/ St rep (G bco #10378 016,

~ 1 1. ~~ N\ ~ 1 1 o N 1 2 oa 1w I I ~ ] e




Enzymati c HTRF assay [0212] IGF-1R and I NSR
(insulin receptor) are purchased from Upstate.

wo-1bovd6ss) reagents are prepared in-house; 10 RCRURHSL048428
buffer (KB) (200 mM Tris (pH 7.0), 100 mM MgCl2, 30 nM
M1C12 ., 50 nM NaVCn) 10 "M ATP, 100 ng/m BSA, 0.5 M

EDTA, 4 M KF. 384 from Pgrkin N Nisused| [GF-1R
for set up aSSay &ﬁhﬂhﬁe HTRF reagents |r1%%iF$ S EWFs

substrate (Biotin-poly-GI (61GTOBLB)|, Mab PT66- K, 1C50 (uM)
(61T66KILB), Streptavidin-XL't (611SAXIB)) are

1.1M am pjotlnylated pol y- final concentration,
10|ng/ 1 11N |nmm Ix ahd Nl spensed into

Pr oxi pl atg< 384 5 using gill (Bio-TEK).
Serially di|ut unds (in DMSO) are transferred
into plate pi nhead. 5 !'l|[L of prepared
Enzyme m x (enzyne (Final concentration, 5 ng/ill),

m xed with BSA and 5%T |n I x KB) is|added to initiate

ki mas [ K). Assay plate is
i nc¢u o %tkgrg%% Qllog{ § mql%ﬁ? % hours. Detection
m ;gﬁ P ?“g éﬁfg ﬁﬂ’ 'b PT66- K and

Strept of3 %L Bt 1ARUER sollution contai ni ng

rchaseqd fromC S-US, Inc. [0213] The
2ﬁ? i's pj&ﬁiied by addi ng ATP %final n(:t(;'?’”{zratloﬁﬁ)_F 0.050

KFE[(Trnal concentration, 125 mV), EDTA (f1 nal
2¢dmcentration, 50 m\V) and BSA (f|naIE§dh%dﬁ?rﬁﬁ?%d34'* 0.018
100 iig/ml) in. At the € reacti|éh) 10 !'IL of
detectiop mx is addey apd i ncubated for 30 m nutes at
ropmtenp ure befo asurenent. HTRF signal is
defect ed i g alysn [ (ol ecul aff Devices). Cancer
celll prolif at nhi bhtion assay [ 0214] For
IU(lfer|2|ng Ica ce}h' Q61 Aine, eachlcell lineis
transduced by anpﬁblytlc retrovirus |carrying both

|U(Ifer_%ﬁn%%QfA?ﬁ R anych n- hesi stant gene whose
expres [ 7 ven b1 I { , the retrovira
veqt %%@V &’Eﬁ@n¥§ 1 @ég d into Phoenix cel
lime d* ﬁ“ﬁﬂj%ﬂ@@mPﬁégﬁé§4 YR ng to manufacturer's

rnstruciion. Two daysS aiter transfecgtiion supernatant
2¢éntai n\ng virus is harvested and flﬁﬁﬁﬁ%dn@nﬂ% .M pm 0.006
filter rvested virus is used |nn1diately or stored
at -86‘@, L infectiop

. Ned cancer cells are
haf vest E\E%g pl at gd (bx105 [1s/well in 1 mM medium

on|6-we sue @ =~phate. For [each well, 3nl

Vi tus supe naian added toget her (wth 400 pl FBS,
40|pl 1 M HBEPE .0) and 4 pl of |pol ybrene
(1014/ M, Specialty nedia). The platle is centrifuged
down for 90 m nutes at 2500 rpm for |spin-infection and
i s |t 2Ahsd-€F-eklgra-mt(@mathylndlpatasel-3-o over ni ght

i ni ecylemmo)Nawnidday-ylannhecd-€doreld Iline is transferred
i n{ o T- mbthiylphskylg-@nhethylpipgrilimesh nedi um and i ncubat ed
for one day. Twd)deymidfter infectign, puromycin is

AT T TO—atT

selection. Wthin 1-2 weeks, puronycin-resistant cel
line is established after at |east two subsequent
splits and is preserved as luciferized stock. [ 0215]
Each cell line is harvested while in |og phase growh
by trypsinization and diluted in respective nedia to
appropriate density prior to plating. Cells are

di spensed using gill (BioTeK) at 501.11/well into
white walled clear bottomplates (G einer - customfor
GNF). Cells are then placed in 37 C incubator

suppl ying 5% CO2 overni ght. Conpounds are transferred
usi ng 50nL/well Pintool technology via Platemate
(Matrix). Assay plates arelfhen placed back into the

i ncubator for 3 days. On the third day follow ng
conpound transfer, BRI TELITE(r) (Perkin El nmer, diluted
accordlng to nanufacturer s suggestlon) |s added to

addlad 9t tha final ecancantratinan anf 1ii A/l +n hani n
LA T 1 TTLAT CUTTITOLTTU T AT A~ Al ] T ==} T 3’ LILRL" "] L B4 uual LI




(mean M8 change in tunor

(9% (% SEM) gr owt h

NVP/ PEG300 (10/90) 5 ml/kg po g8/ 16h Test Conpound 2

wa 2018/00035%K g,

g8/ 16h, po 1000334 593.1 0.3 69232 1032.5 0.4 2242
10*1.5 Q.2* Table 4 Tunor response Treatnent TIC

g8/ 16h, po Test Conpound 2 25 ng/RQT/US2009/048428

Regr. (% (% AciRiy

une (nmean mB + fold| 1gr-1r
change in tunor grow NMP/ PEG300 ((10/ 90§ g%%%%gtﬁ Ba/F3
5983.1 0.3 5 m/kg po g8/ 16h Test Conpound 3 12.5 1C50 (uM)
ngdkg, q8/16h,58220 672.2 0.3 po Test Conpound 3 25
ohglkg, g8/ 16h, po 26102 40%1.6 0. 3kgms mlz 4442 (M + | 0.009
N H+)
h
HN\N/ NH_N
CI{ )—NH F
N
S-chloro-N2-(4-(1,2-dimethylpiperidin-4-yl)-2-
fluoro-5-methylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
276 ESMS m/z 4992 (M + | 0.437
. o
HN, _
N NH N
Cla A
N
LA
N N
o
N2-(4-(1,4'-bipiperidin-4-yl)-2-fluoro-5-
methylphenyl)-5-chloro-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
277 H ESMS m/z 5082 (M + | 0.097
N +
cl N>\J/ )

=
>N
NH

N=N
RYa

F

5-chloro-N2-(2-fluoro-5-methyl-4-(1-(6-
methylpyridazin-3-yl)piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-
diamine
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* p< 0.05 vs.
post hoc Dunnett's test.

Vehicle control s -

[0217] It

ANOVA on ranks and

i s under st ood

wo b&av/0olsss exanpl es and enbodi ments descri bed heePUS20ay/@18428
for illustrative purposes only and that various

nodi fications or chanuesinwliqht thereof will

be

suggested to pg

art

ﬁﬁﬁﬂﬁr o/ 1ed in the be
in¢luded within the spirit and purvijew o?ﬂﬁ@gﬁﬂg Ig:‘/;;{
appl i cation and scope of the appended clains. All 1C50 (uM)
publications, patents, and patent applications cited

ein are her i ncorporated by re f I
pur poses. QQZG;SPCT/U82009/§§%%géﬁ/ g?%% 0009
co ound qf , Z 2
R1,)....~ éﬁ N et.o.
.. ,/Fké*— R2" Lty R? ......... i., N1
RAIN .. -~k ... . (R5), (1) or a
ph)SloIoglcaIIy accept bl ey salt thereof; wherein ring
E may optionally contai doubl e bond; one of Z1, Z2
and Z3 is NR6, N(R6)-0- or 0)1 2 and the others are
CR2; Rl is halo or an optionajly hallogenated Cl_6
al kyl ; R2 is pyridine=¢-onyl, |azepan-2-onyl or a
nonocycllc 5-6 nenbered heter§é?yl havi ng 1-3
hef eroat ons sel ected from NO O\ and $; each of which is
opfionally substituted substituted with RO wherein RO
i 5| C1_6-AlagiN2-Ciilaprat vaetyl-4dd-C3_ |7 cycl oal kyl; R3
and (Rathglselferd h 1 A-bipiperidin-4-yl)phenyl)-

N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-

diamine
279 H \ H ESMS m/z 4302 (M + | 0.064
+
pepe! :
AN"N G SN ¢ XN
H .,
5-chloro-N2-(2-fluoro-5-methyl-4-((trans)-2-
methylpiperidin-4-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine

280 ESMS m/z 4302 (M + | 0.163

5-chloro-N2-(2-fluoro-5-methyl-4-((cis)-2-
methylpiperidin-4-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine

H")
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R5 is hal o, hydroxyl, C1_6 alkyl,
hal o-substituted Cl1_6 al kyl,
wa@bkkoxy265Eyano or C(0)00_1RS;
al kyl, C2_6 al kenyl or C2_6 al kynyl,
be optionally substituted with halo

Cl_6 al koxy,
hal o- substituted Cl1_6
R6 is H QICHUS2009/048428

each of which may
and/ or hvdroxvl

groups; -(CR2) )pCH(C]—I) @
18" cre) p o R IR R R -

(CR2) pNR( CR2) pOR7, (CR2) pNR-L-C( 0) RS
-C(0)0- (CR2) p-NRR7, -C(0) -(CR2)p-OFf

F2t + t is
CR2) p- C%Ig%%? Wis
3, C(0) (CR2) qORS,
R7, L-Y, |-C(O)R7

IGF-1R
Ba/F3
IC50 (uM)

28}

1C(0)
1S(0) 2
$( 0) 2NR(
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C( 0) \ NRR7,
C(O)i%(CRZ)p NRR7, - L- C( 0) NR( CR2
C( O)rt ) G- NR-C(0) - R8, - L- C(0) NR

ES m/z 5072 (M +

) PSR7,
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) pPNR( R7) or

R6 i s a radical
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oxyl groups; or
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ound of claim1l, wherein sald cd
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ound I s_of

> M5hAhd R
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ned in claiml.
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4. The conpound
kyl optionally
groups;
vherein t
C(0) OR7,
L-Y, -L-C(0)R7,

is 1-3,
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) p- NRRTY,
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formula (a), (b), (c) or (d):
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Rios -, i
SO2R8a or CO2R8a and R8a is Cl- 6 al kyl;

usS, NR17 wherein R17 is

H, Cl_6 alkyl,
and R7, R8

woei@ap/oRbiy R12, R13, R14, R15, R16, R, L, Y, PpPEIUSIP09/048428
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R2) p- CN; (CFUZ) pFNR( R7), (CR2)p-(
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idi-2) y1 R8-fluoksS6.0) 2R,
@mef-}fyl AmHc hi‘did?) SE
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» al kyl optionally
| groups;
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0) OR7,
-Y, -L-C(0)R7,

3
=Iected from

s -, 1 uS NRL7
v or CO?R8a and R8a
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10/ 002655PCT/US2D09/ 048428

G - and Rl1, R3, R4

6\ al kyl ;
2 R13>£4 R15, R16, R L, Y, p,
i ned™: | aim 1. 7N The ccdg

brei n Y hal
> conpd
adi cal

a

5¢ G _6
mh@r in R6
(a) or (g£)7 ang
€
one of clains -8, wherein Rl is

j%g%gn?qzo f‘fuo%'li‘(% ip ” sal
e,sl? 5 ?@ e

h fP&P
ag& 3 yppyrﬂy}dimﬁ ﬂr@éargma di a(msne

‘?‘ 1-

{met hyl -

’Es'ﬁzs df&% 54561% M

dund of cIa|n16

al kyl . 8.

is G _6 alkyl or a

|l RL is 0. WO

9. The conpound of
hal o. 10.

d conmpound is

NNN HH 5

1H
YfO / CI NHNN,

0.068

A7 NM\
H

5-(5-chloro-4-(5-methyl- 1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-4-methyl-2-(1-
methylpiperidin-4-yl)benzonitrile

N/

ESMS m/z 4372 (M +
H")

0.037

287

/
N

o—

MNH
d{thNH

methyl 5-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-4-methyl-2-(1-
methylpiperidin-4-yl)benzoate

ESMS m/z 4702 (M +
H")

0.027

177




ONH Il O ethyl 4-(4-(5 -chloro-4-(5 -nethyl -
1H pyrazol - 3-ylam no)pyri mdin-2-ylamno)-2,5 -
walemebbssphenyl ) pi peridine- 1 -c arboxyl ate NHCT/US2009/048428
HN-NCI Nel -1/4,11 NN * NHH5 -chloro-N2-(2-fluoro-5
-nmethyl-4- (piperidin-4- yl)phenyl)-NA-(5 -npethyl -
1H{ pyr azol h‘éf?}m di ne- 2, 4- di qni ne NM NH IGF-1R
01|{N O NN HF(gf 4-[?% (5 -chlorg- 445 ‘%ﬁ?ﬁl‘fﬁ Ba/F3
pyrazol - 3-yl am no) pyri m di n- 2-yl am no) - IC50 (uM)
5-1luoro-2-nethyl phenyl )pi peridin-14 yl)propanam de
N OL\'----- 4-'"NO , NNN HH 5
2l-ggﬂ or o\2- ( 2-i sopropoxy-5 -methyl-4 ﬁSl\iS m/z 5072 (M + 1 0.093
met hy i par i di n- 4- y1 ) phenyl) - Na- (5 {iblhyl - 1H
pytazol - i i di ;4= & ing I HNO , HN NNHN "
CIIN el B N
I
N
S-chloro-N2-(2-fluoro-5-methyl-4-(1-(pyridin-
4-ylmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
289 >j\ ESMIS m/z 460.2 (M + | 0.37
= H"); "THNMR (MeOD-dy)
RN J 5 791 (s, 1H), 7.69 (d,
o © 1H), 7.00 (d, 1H), 6.15
\f\v (s, 1I), 3.28 (m, 4ID),
A 291 (m, 1H), 2.32 (m,
N-N 2H), 2.20 (s, 3H), 2.16 (s,

F 3H), 1.83 (s, 2H), 1.64
4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3- | (d» 2H), 1.31 (t, 3H).
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)- 1-ethylpiperidine 1-oxide

290 F ESMS m/z 5122 (M + | 0.023
H +
NYN H")
NS
HN

o)

4-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin- 1-yl)cyclohexanone
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H(S)-244- (4- (5 -chloro-445-nethyl -

pyr azol

WG 26100062665 2- met hyl phenyl ) pi peri di n- 1-

N- et hyl pr opanam de

- 3-yl am no) pyri m di n- 2-yl am no) -

yl) - PCT/US2009/048428

WD 2010/ 002655PCT/ US2009/ 048428

HN OHN-NNNHNH(. - NH2N HN, NNH C NN .
(R}-2- (4-(4-(3 ke (5-methyl{ 1H-\vg or ESMS IGF-1R
pytazol - 3-yl am no pyrlmd|n 2-yl am no) - Ba/F3
5-1 1 uor o- 2- met hyl phenyl ) pi peridi n-14 yl ) propananmi de F | [¢50 (uM)
N24(2-fluoro-5-nethyl-4-(piperidin-4-yl)phenyl)-
1(5-met hyl- 1H pyrazel - 3- y1) 5-
2?1?r i fl uoronethyl) pyri I dk,'ne 4 d| arriEﬁx;M‘lq: rgz 0853 (M +10.067
HNAN, ... N4O/ -1/4 \KIN
N24{(2-1 sopropox | - th)l pi peri di n-
4-)I)phe@ 1) - 5- N4- (Spmet pyl - 1H pyrazol -
3-yl e- 2, 4-di am ne HN,
Y1) pyr i e 24 )
tert-butyl 3-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-
yl)pyrrolidine-1-carboxylate
292 ESMS m/z 5122 (M +0.023
ah
@f) Y
5-chloro-N2-(2-fluoro-5-methyl-4-(1-((5-
methyl-1,2,4-oxadiazol-3-yl)methyl)piperidin-
4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
293 ESMS m/z 5122 (M + | 0.026

HNEL
N” > NH N/\(/N/>_,
Cl\ﬁQN O~-N
LA
NN
H

5-chloro-N2-(2-fluoro-5-methyl-4-(1-((3-
methyl-1,2,4-oxadiazol-5-yl)methyl)piperidin-
4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-

H")

yl)pyrimidine-2,4-diamine
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cN

NHN N 10 NN H (S)-2-(4- (4- (5 -chloro-4-(5-nethyl -
1H pyrazol - 3-yl am no) pyri m di n- 2-yl
wQ 280802688 hyl phenyl ) pi peridi n-1- yl)propanam deCHNS2E)/N8428
NNN HH

hl oro- N2- (2, 5-di net hy1-4-(1- rreth

am no) -

I pi peri din-4-

phenyl) - N4- g%ﬁyﬁ 1H pyrazol

pyrim di ne- amne 0 H2N , OP
-2- (4-(4-(5-chloro-4- (5- mathyl
rrino)pyrirridin-Z-yIamno)-

NN YRLN H

1H pyrazol - 3-

IGF-1R
Ba/F3
IC50 (uM)

net
Py

5- di net hyl phenyl ) pi peri di yI ) PR

2élf\ln\| HH 5- chl or 0- N2- ( 5- chlGr t hyl

hyl pi peri di n-4-yl ) pheny, ) -(5-1
azol -3-yl ) pyri mdi n&- 2, A-di am ne |0

NHN..", C N NLN H

WNH
{ )—NH F

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-

ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)- 1-(tetrahydro-2H-pyran-4-
yl)piperidine 1-oxide

a,wzdﬁw('h@l\'
reI%

I HNO HN,

0.064

295

/P

5-Chloro-N2-{4-[1-(1,1-dioxo-1A6-thictan-3-
yl)-1-oxide-piperidin-4-yl]-2-fluoro-5-methyl-
phenyl }-N4-(5-ethyl-1H-pyrazol-3-yl)-
pyrimidine-2,4-diamine

ESMS m/z 5362 (M +
H")

0.039

296

H N>\j\ /C/NH

N NH N
cl I Sy
ZN
N N
HooF
N2-(4-(1-(azetidin-3-yl)piperidin-4-yl)-2-
fluoro-5-methylphenyl)-5-chloro-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine

ESMS m/z 4712 (M +
H")

0.101
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(4- (5 -chloro-4-(5-nethyl

- 1H

pyrazol - 3-yl am no) pyri m di n-2-yl am no) -

WQ2@000268% hyl phenyl ) pi peri di n-
met hyl pr opanani de
HHNH N N N O /

1-y1)-

[ir HN -NCI N

N-

PCT/US2009/048428
WO 2010/ 002655PCT/ US2009/ 048428
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yl
(4

5- ¢hl or o- N2- (4l
phenyl) - N4- FE - e
pyri m di ne-2, 4-di am ne N O1NI

nmet hyl - 5- ( pi
thyl- 1H pyrazol
c
(5-chloro-4-(5-nethyl -1H pyrazol

pg”ﬂivﬁz & ESMS
OHNN, NH HN (4-

IGF-1R
Ba/F3
IC50 (uM)

(et

34% - chlr onNg (2-f ljuor
hyl picper idi n- 4-
yl am no) azgpah- 2-

et

(4]

yl am no) pyri m din-
di met hyl phenyl ) pi pé:ri din-1-yl)(1-

(et

oy @am noy pyri m di n- 2-yl am no) - 5- f | uor
nmef hyl p yl ) pi peridin-1-y1)(1-
hylkany D) cycl opr opyl ) met hanone Cl

44
pReny| amyng) py
1 e)\K | 1 \N1Cl
A 5- met hy1l- 1H pyr
-yl am no) - 2, 5-

(4- (5"

L5192 BY SR LBV TEL BRG]

3-ylmethyl)piperidin-4-yl)phenyl)-N4-(5-

methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine

P

YRS miz 5072 (M +

S
HPH N ei N HH ON
1 -

i mi di n- 4-

0.1 7\1 Ns NH HNHN
azol - 3-

n

0.079

298

T
Na

HN

Cl
N _N,
Iy T

4-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)cyclohexanol

HO

ESMS m/z 5142 (M +
HY)

0.026

299

-

D

HN, _
N NH N
cl N
Py
N N
H

F

5-chloro-N2-(2-fluoro-5-methyl-4-(1-
(pyrrolidin-3-yl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine

ESMS m/z 4852 (M +
H")

0.101
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H

Cl NH(S)-3-(5 -chloro-2(2-fluoro-5 -nethyl -

5-chl oro- N2- (2-fl uor o- 5- et hy1- 4-

(piperidin-4-yl)phenyl)- M- (5-

1- net hyl pi peridi n-4-yl) phenyl am no) pyri m di n-4-
W@ b@miomsymnzepan- 2-one FH , NN F-/-

(f (110 FHN MNCO/NS2dbb/048428

N™ NH
SNy O-N
|
N/)\N
H

5-chloro-N2-(2,5-dimethyl-4-(1-((3-methyl-
1,2,4-oxadiazol-5-yl)methyl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

H")

(tnifluoroneth '[%:"I‘IFR/}E azol - SMS IGF-1R
yI ynmdme?% I am ne HNNHHCI NN%S)I:% Ba/F3
th pi oeri di n-4-yl) ohenvl amn no) ovri m di n-4-
3 Qim no) azepan- ne F HN, NNH 0, NO @ N %4514192 M + | 0.032
? chl or o- 4-C| Nﬁl uor onet hyl ) - '
1H pyrazo) yI pyri m din- 2- ylam)no) 5-fl uoro- 2-
mef hyl phe kpen d | -y1)-N- net hyl acetam de WO
2010/ 002 C T/ US2009A048428 HN,
N
oA\
5-chloro-N2-(2-fluoro-5-methyl-4-(1-(1-
(methylsulfonyl)azetidin-3-yl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
301 H ESMS m/z 5632 (M + | 0.038
\@N o H)
HN\8§\
N
NH
F
ot
N
O:?QO
5-chloro-N2-(2-fluoro-5-methyl-4-(1-(1-
(methylsulfonyl)pyrrolidin-3-yl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
302 ESMS m/z 5082 (M + | 0.006

182




NNHCNNNI. H

5-chl oro- N2- (4- (1-i sopropyl pi peridin-4-yl)-2,5-
walemebssphenyl) - Nd- (5- et hyl - 1H pyrazol -3 -  PCT/US2009/048428

yl)pyrimdine-2,4-diamine FHHF F----/---eYNNrO FHN-N

CINNH 2-(4-(4-(5-chloro-4-(5-(trifluoronethyl)-

1H{ pyrazol - 3- yI q@@lmi m di n-2- yllam n 0-2- | [GF-IR
mef hyl phenyl ) piperidin- 1 -yl)acetam de IEM%) Ws gafF3
yl ) phenyl) - NA- 5-chl oro- N2- (2, 5-di ngt hy1- 4- IC50 (uM)
(tetrahydro-2Hthi opyran-4-yl) pi perildi n-4-

pyri m di ne-2, 4- diam'ne NH Nis tN
3?% ey 15 pyrazor -3 - M )N 1§ 7 5222 M+ 0,006

5-¢hl or 4-fl uoraq sopropylp'peridin-4-
yl)-2- rreE yI heny %’y{ 1H{pyrazol -3 -

I rim bNZ
yl) py )\

5-chloro-N2-(4-(1-((3-ethyl-1,2,4-oxadiazol-5-
yDmethyl)piperidin-4-yl)-2,5-dimethylphenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-

diamine
304 ESMS m/z 5082 (M + | 0.005
H")
/\r/N\
\N /©/©
S-chloro-N2-(2,5-dimethyl-4-(1-((5-methyl-
1,2,4-oxadiazol-3-yl)methyl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
305 ESMS m/z 5363 (M + | 0.025
= H+)

HN, _

5-chloro-N2-(4-(1-((5-isopropyl-1,2.4-
oxadiazol-3-yl)methyl)piperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl- 1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
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NH11 N CI\-NH N

5-chl oro- N2- (2, 5-di net hy1- 4- ( pi peri di n- 2-

w@Q kQ1pleeasyl) - N4- (5- met hy1- 1H pyrazol - 3- PCT/US2009/048428
yl)pyrimdine-2,4-diamine HNN, NN, ON. I C NH
(5-nmethyl- 1Hpyraz ol- 1 -y1)-2- 1-one
3-yl ami no) pyr i Rigiyt am no) - 2, 5- NMR SMS IGF-1R
di et hyl phenyl ) pi per]ﬁjdllyé- (et hyl am no) - 2- et IS/ pr opan- Ba/F3
1-|(4- (4-(5-chloro-4- NH1 NH-- HN-NHNN 1C50 (uM)
5-¢hloro-N2-(2,5-dinethyl-4-(piperidin-3-

phenyl) - NA- (5- et hyl - 1H pyrazol - 3
39{5 Wd m"ﬂlne-z, 4- di ani ne CI/Cl?)N S| NEI%E/[[S a2 M + | 0.015
HN, _
N NH N
Cla
N
LA
N N
HoF
5-chloro-N2-(2-fluoro-5-methyl-4-(1-(oxetan-
3-yl)piperidin-4-yl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
307 ESMS m/z 5032 (M + | 0.007
== H+)
HN, _
N~ NH N/@
Cl\f%jl\ Nx
N/ N
H
S-chloro-N2-(2,5-dimethyl-4-(1-(pyridin-2-
ylmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
308 ESMS m/z 5032 M + | 0.006

de
N/ N
H

S-chloro-N2-(2,5-dimethyl-4-(1-(pyridin-3-
ylmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-

diamine

H")
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(4-

(4- (5-chloro-4-(5-nethyl -

yl am no) pyri m di n-2-yl am no) - 5-f | uor o- 2-
1lopbbenyl ) pi peri di n- (et hyl am no)c 1H pyr arot/vS2009/048428
-y1l)( 1 - ycl obutyl)nethanone WO

wored

2010/ 002655PCT/ US2009/ 048428 H )\l | C HN N NH /11\
11|-N HNNH \-NH N
. NMR or ESMS IGF-1R
5(hloroN2(2gEhrret yl-4-(1- meth)Iplpelr\/lld?rn-szl\-/I Ba/F3
yl ) phenyl) - N4- ( 5- net hyl - 1H pyr azol - 3- HN (4- (4- IC50 (uM)
(54chloro-4-(5-nethyl- 1H pyrazol- 3-
3ybypyriym dine-2,4-diamne ylamno)p| gsms mz 5032 (M + | 0.008
yrim di -yl am no) - 5-f | uor o- 2- o)
met hyliahenyl ) pi peridin- 1-y1)(1-
(met hyl a&m napHcycl obut yt) net h NH H NN
SNy N
N/)\N
H
S-chloro-N2-(2,5-dimethyl-4-(1-(pyridin-4-
ylmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
310 ESMS m/z 5142 (M + | 0.027
Y H")
HN’N CIJ/\/
Trans-4-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-
yl)cyclohexanol
311 > ESMS m/z 5142 (M + 1 0.021
+
HN’NCIL :©:G ! H )
Cis-4-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)cyclohexanol
312 ESMS m/z 563.2 (M + | 0.025

o Syt

Oy N
/S\\

(R)-5-chloro-N2-(2-fluoro-5-methyl-4-(1-(1-
(methylsulfonyl)pyrrolidin-3-yl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

H+)
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---eir

0 HN-N CIN NH Ii NH HN-N

5- chl or o- Nd- (5- cycl opropyl- 1H pyrazol -3-y1)-N2- \1)-NH
wWOR(1840b368%r 0- 5- net hy1- 4- ( pi peri di n- 4-
yl') phenyl ) pyri m di ne- 2, 4-di am ne N2-

PCT/US2009/048428

(2, 5-di met hy1-4-

(piperidin-4- yl)phenyl)-5-nmethyl-N4- (5-nethyl- 1H
pytazol - 3-yl ) p¥iirficiigeg 2, 4-di am ne [HH NV & 80N O N 1gFar
HN{) (F NHNF ~ OH i Ba/F3
5-¢hl oro- Nd- (5-cycl opropyl- 1H pyrazol - 3-y1) - N2- 1C50 (uM)
[ ell NHNN
| 5-di met hyl - 4- (pigperi din-4-yl) phen rjm gdine-
O NN (S)-34(48 (2,5 dinet hy].-ﬁ ! %?ﬁ}?(ﬁ“ + | 0030
(5] methyl- 1Hpyf ajjol y3ykani no) pyqithi di n-
2-ylamn henyl ) prperidin- M-y1)- 1, 1,1-
triflugrgpsopan- 2-ol ot
\\S’\\
/70
(S)-5-chloro-N2-(2-fluoro-5-methyl-4-(1-(1-
(methylsulfonyl)pyrrolidin-3-yl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
314 ESMS m/z 5082 (M + | 0.037
= HY); "H NMR (400 MHz,
N NNy | CDs0D) §9.09 (s, 1HD,
g /\CJ 8.81 (s, 2H), 8.00 (s, 1H),
\f\\n N 7.73 (d, J = 8.4 Hz, 1H),
PN 6.99 d, J = 132 Hz,
NN 1H), 6.23 (br s, 110), 3.65
F (s, 2H), 3.03 (m, 2H),
5-chloro-N2-(2-fluoro-5-methyl-4-(1- 276 (m, 1H), 2.27 (s,
(pyrimidin-5-ylmethyl)piperidin-4-yl)phenyl)- | StD» 2.25 (s, 3H), 2.25
N4-(5-methyl- 1H-pyrazol-3-yl)pyrimidine-2,4- | (M. 2H), 1.80-1.68 (m,
diamine 4H)
315 ESMS m/z 508.2 (M + | 0.036
== H+)
HN, _ _
N™ “NH N N
s
Cl SN Na
18
N™ "N
Hof

5-chloro-N2-(2-fluoro-5-methyl-4-(1-(pyrazin-
2-ylmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
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WO 2010/ 002655PCT/ US2009/ 048428 Hjv\ N? C /NH

NN IV NHN ... NHVNNOL1-',-;---2*--Nd 0 O NO NNN
WoRD1050268% or 0- N2- (4-( 1 -((3 , 5-di met hyl i soxazpCF/S2009/048428

(3- (4-(5-chloro-4- (5-nethyl- 1H pyrazol -

yHret hyl ) pi peridin-4-y1)-2-fl uoro-5-

3-yl ami no) pyri FORE am no) - 2, 5- NMR or ESM IGF-1R
ﬁ?ﬁ?gj lyllﬁyl 1H pyrazol - 3- or > o

mef hyl phenyl) - Ba/F3

d t hyl phenyl) pi peridin- 1-y1)-2-

vl )pyrimdine-2,4-diam ne (dinethyl am no)ethanone H N 1C50 (uM)

3?@ NNH <N C1,0 NNH 4110 ESMS m/z 5082 (M + | 0.027
S8}

a1 ﬁoﬁ

5-chloro-N2-(2-fluoro-5-methyl-4-(1-
(pyridazin-4-ylmethyl)piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-

diamine
317 ESMS m/z 5042 (M + | 0.004
= H+)
HN, _
NT > NH N/\(\)l\l
“Cr A
N/ N
H
5-chloro-N2-(2,5-dimethyl-4-(1-(pyrimidin-5-
ylmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
318 ESMS m/z 5042 (M + | 0.010
= H+)
HN, _
NT NH N/Yxl\l
Cin Ay N
|
N/)\N
H

5-chloro-N2-(2,5-dimethyl-4-(1-(pyrazin-2-
ylmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
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NL NO CI\NH H N 5-chloro-N2-(4-(1 #3
, 5-di met hyl i soxazol -4- 2-(2- (4-(5-chloro-4-

W@ 2e1moteys - 1H pyrazol - PCT/US2009/048428
yHmet hyl ) pi peri di n-4-y1) -2, 5-di net hyl pheny1l) - N4-
3-ylam no) pyri m di n-2-yl am no) -2, 5- (5-nethyl -
1Hp&_$§a1§)13yl)pyr|md|ne2 4-di am ne

di t N \
BB RE R R R R R el EETHRRE R e kraspbavgurve
anl eklafiniRg ﬁﬁ'eﬂ%@t%ﬁ@reﬁtc@hé@ﬁﬁﬁ&ns“of dntabohiRt M kete&ind-aBonist
2-(2- (4-(5-chloro-4- (5-nethyl- 1H pyrazol -

acfivivet Kysb y@ugsempyj fol" calm%lpt)e@ herrA/diyerNgntagoRist by determining the
cofﬁgdtﬁmog 8% c%a It n(ijl lﬂt l%al%’ (quﬂé %%%{n%ng Bloqggl(béﬂ response of the

razo
ag@nnetIIMan:Inm@/ 1059 Ivﬂaés, dIsBﬁesloMb);e—Nspdisanthmé{e. g., drug
nmet hyl acet am de )
concentrations x1, x2, ...,xn and growth inhibition y1, y2, ...,yn, the values of y are in
the range of 0-1) is generated. ICsy values may be determined by a computer-aided

system using the formula:
y= D+((A_D)/(1+10(x—log(IC50)B)

where A is the ratio of growth inhibition between lowest drug concentration
and control; B is the slope of sigmoidal curvel; and D is the ratio of growth inhibition
between highest drug concentration and control.

[0208] The ICs value is given as that concentration of the test compound that
results in growth inhibition that is 50 % lower than that obtained using the control
without inhibitor. The compounds of the invention in free form or in
pharmaceutically acceptable salt form may exhibit valuable pharmacological
properties, for example, as indicated by the in vitro tests described in this application.
In general, compounds of the invention have ICsq values from 1 nM to 10 uM. In
some examples, compounds of the invention have ICsy values from 0.01 pM to 5 uM.
In other examples, compounds of the invention have ICso values from 0.01 uM to 1
uM, or more particularly from 1 nM to 1 uM. In yet other examples, compounds of
the invention have ICs values of less than 1 nM or more than 10 pM. The
compounds of the invention may exhibit a percentage inhibition of greater than 50%,
or in other embodiments, may exhibit a percentage inhibition greater than about 70%,

against IGF-1R at 10 uM.

Ba/F3 cell line panel and reagents

[0209] Ba/F3 is a murine IL.-3-dependent pro-B lymphoma cell line. Parental
Ba/I'3 cells are used to generate a panel of sublines whose proliferation and survival is
rendered IL-3-independent by stable transduction with individual tyrosine kinases
activated by fusion with the amino-terminal portion of TEL (amino acid 1-375) or

BCR. In order to generate Ba/IF3 cell lines transformed by Tel-Tyrosine Kinase (TK)
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WO 2010/ 002655PCT/ US2009/ 048428 NOH HN-NCI . "---.-.0
NNN HH 2-(4-(4-(5 -chloro-4-(5 -nethyl - 1FprrazoI 3-
W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2- PCT/US2009/048428
met hyl phenyl ) pi peridin- 1 -yl)ethanol -N HN- NNH_
. C\/)-NHN(S)-5-chloro-N2-(2,5-di nethyl-4- (1 -
fuﬂignh y)lap:inp)é Biadi3reels gie)ipfeeteyt WithNgre(r®virus harboring each TEL-fusion

. H- - 3-yl d
R B R R TR Dy b BBt
1n&é1&eﬁ&érﬁlzt@e{n's§nm}édi®wm%ﬂyr' m di n- 2-yl am no) - 2, 5-

di net h)E phenyl ) pi perl din- 1 -yl)ethanol HN........ !

-N
-[0210Q]p n Meefaped oY @llsgraeiliprel INRPMI-1640 media (GleO
t 4
Cz(t%PIESfj%):@rg e¢%( Bad ?1% 3ugﬁléarr]n>% e_dm:dk ]SQ% FBS (Hyclone Cat
#SWEIC0P 4 {)3]—L¢ganalmb,¢l35 y/1) Qyedsai Sigma-+#235400 B tdmuigMO), 1.5 ¢/L
sodium bicarbonate (Biowhittaker #17-613E, Walkersville, MD) and Pen/Strep

(Gibco #10378-016, Carlsbad, CA). Cells are splitted twice weekly.

Ba/F3 cell viability inhibition assay

[0211] The potency of test compounds against various Tel-TK transformed Ba/F3
lines is determined as follows. Exponentially growing BalF3 Tel-TK cells are diluted
in fresh medium to 75,000 cells/ml. and seeded into 384-well plates (3750 cells/well)
at 50 pL/well using a pFill liquid dispenser (BioTek, Winooski, VT, USA). Duplicate
plates are run for each cell line. Test and control compounds are serially diluted with
DMSO and arrayed in a polypropylene 384-well plate. 50 nl. of compound is
transferred into the assay plates using a pin-transfer device, and the plates are
incubated at 37 °C (5% CQO,) for 48 hours. 25 pL. Britelite (Perkin Elmer) is added
and luminescence is quantified using Analyst GT (Molecular Devices). Custom
curve-fitting software is used to produce a logistic fit of percent cell viability as a
function of the logarithm of inhibitor concentration. The ICsg is interpolated as the
concentration of compound needed to reduce cell viability to 50% of a DMSO
control. Parental Ba/F3 cells that are maintained and cultured in presence of 11.-3 (1
ng/ml in final) are diluted in fresh medium containing II.-3 (1 ng/ml in final) to

75,000 cells/mL following the same procedure as described above.

Enzymatic HTRF assay
[0212] IGF-1R and INSR (insulin receptor) are purchased from Upstate.

Following reagents are prepared in-house; 10 x kinase buffer (KB) (200 mM Tris (pH

7.0), 100 mM MgCl,, 30 mM MnCl; , 50 nM NaVQy), 10 mM ATP, 100 mg/ml BSA,

0.5 M EDTA, 4 M KF. Proxiplate-384 from Perkin-Elmer is used for set up assay.

All the HTRF reagents including substrate (Biotin-poly-GT (61GTOBLB), Mab PT66-

K, (61T66KLB), Streptavidin-XL™ (611SAXLB)) are purchased from CIS-US, Inc.
[0213] The substrate/ATP mix is prepared by adding ATP (final concentration, 3
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F I<F NF H\N 01------ , NO NNN HH
5-chl oro-N2- (2-fluoro-5 nethyl 4-(1 - (3,3, 3-
W eétbloossdpr opyl ) pi peri di n-4-yl ) phenyl) - N4- ( 5SPCTYE81099/048428
1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne H2NO HN, NNH C
t NONNH2-(4- (4-(5- chloro 4- (5-met hyl- 1H pyrazol -
iy yhdabiotinylpted ipod ydGil-(Anall cantamadpti @y, 30 ng/ul) into 1x KB and

di met hyl phenyl ) pi peri di n-1-yl)butananm de Nk |e NI Cl
digegpd igto- Proxiplae-@ ar%ulmelé sing i et 49 &erla(ﬂa dilyted3

e EDRRS AP BRI Pl O ™t
prl(:%dred\Engmé)IHHWnﬁhkb ¢firrat CorMellltréltroelf'rS Qi) arigdd WP B4A and

cycl opropyl-1
Dby rim o KE3-iy hddeil no mpyate Kindsawre2etidnarsingg)kill (Bio-TEK). Assay plate

is eraiu];}%tfzqrﬂgqt %@ﬁgﬁgﬁéﬁéﬁgrj hdolu?s IDe¥ecllon mix is prepared by adding
both Mab PT66-K and Streptavidin-XL™ into 0.5 x KB solution containing KF (final
concentration, 125 mM), EDTA (final concentration, S0 mM) and BSA (final
concentration, 100 pg/ml) in. At the end of reaction, 10 pL of detection mix is added
and incubated for 30 minutes at room temperature before measurement. HTRF signal

is detected using Analyst-GT (molecular Devices).

Cancer cell proliferation inhibition assay

[0214] For luciferizing cancer cell line, each cell line is transduced by ampholytic
retrovirus carrying both luciferase gene and puromycin-resistant gene whose
expression is driven by LTR. Briefly, the retroviral vector pMSCV-Puro-Luc is
transfected into Phoenix cell line using Fugene6 (Roche) according to manufacturer’s
instruction. Two days after transfection, supernatant containing virus is harvested and
filtered with 0.2 um filter. Harvested virus is used immediately or stored at -80’C. For
infection, cultured cancer cells are harvested and plated (5x10° cells/well in 1 ml
medium) on 6-well tissue culture plate. For each well, 3ml virus supernatant is added
together with 400 ul FBS, 40 ul 1 M HEPES (pH8.0) and 4 ul of polybrene (10ug/ml,
Specialty media). The plate is centrifuged down for 90 minutes at 2500 rpm for spin-
infection and is transferred into an incubator for overnight infection. Next day,
infected cell line is transferred into T-75 flask containing fresh medium and incubated
for one day. Two days after infection, puromycin is added at the final concentration of
Ing/ml to begin selection. Within 1-2 weeks, puromycin-resistant cell line is
established after at least two subsequent splits and is preserved as luciferized stock.

[0215] Each cell line is harvested while in log phase growth by trypsinization and
diluted in respective media to appropriate density prior to plating. Cells are dispensed
using UFill (BioTeK) at 50ul/well into white walled clear bottom plates (Greiner —
custom for GNF). Cells are then placed in 37 °C incubator supplying 5% CO2

overnight. Compounds are transferred using 50nl./well Pintool technology via
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WO 2010/ 002655PCT/ US2009/ 048428 HN, NNH G | O
5-chl oro- N2- (2-fl uoro-5-nethyl-4-(1-(2, 2, 2-
wa eitbloossdet hyl ) pi peri di n-4-yl ) phenyl) - NA- (5 -PCT/US2009/048428
met hyl - 1H pyrazol - 3-yl ) pyri m di ne- 2, 4-di am ne HN, NNH
at NOH2 O NN H (1-am nocycl opropyl) (3-
Plagmag>- (Mdtox)o-Assay ﬁl.ates are then placed back into the incubator for 3 days.

O%ﬂﬁﬁ{i %}% P%fo%zngg! ?%19 X no%;gg/ ?@EL@T%@ (Perkin Elmer, diluted

ackoMing®nhaneRarér Hile eﬁloNNﬂl\id@éd fo a%ﬁa}%lﬁ{% khd read on Analyst
50h|oroN2(5-chIoro nmet h 3, 3-

G (Mollagglas blesisys))qp il ipaisiadi @emwémé m datm 18($nerated in RLU.
met hy1l- 1H pyrazol - 3-y1) pyri m di ne-2, 4-di am ne H N ONCl
N-NH NNN HH (1- am nocycl opropyl ) (4 (4-(5-chl oro-4-

(5- dohetomiy 1of Hemptasy Glon®ounds

A SRS ABMASNE s rsspens i

HBSS and mixed in 50% matrigel were injected subcutaneously (0.05 ml/mouse) into

female nude (HsdNpa:athymic/nu) mice 10-12 weeks of age. Treatments were
initiated when the mean tumor volumes were approximately 150-200 mm’. Body
weights and tumor volumes were recorded three times a week. Tumor volumes were
measured with calipers and determined according to the formula length x diameter® x
n/6. In addition to presenting fractional changes of tumor volumes over the course of
treatments, antitumor activity is expressed as T/C % (mean change of tumor volume
of treated animals/mean change of tumor volume of control animals) x 100. Efficacy
of test compounds was determined by initiating oral dosing on day 19 post-cell
injection following randomization of the mice so that each group has similar mean
tumor size. Dosing with an appropriate schedule continued for 7 days based on the
general health condition of the animals. All test compounds were formulated in
NMP/PEG300 (10:90) and applied daily by gavage. Vehicle consisted of
NMP/PEG300 (10:90). All application volumes were 5 ml/kg. The activity of

exemplary compounds of the invention on tumor growth is shown in Tables 2-4.
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F HNF NNO ----- nr HN- NCl NF
5-chl or o- N2- (4-fl uor o- 2- et hyl - 5- (1-(3, 3, 3-

wWa eétblooassdpr opyl ) pi peri di n-4-yl ) phenyl) - N4- ( 5- PCT/US2009/048428
met hyl - 1H pyrazol - 3-y1l) pyrim dine-2,4-diamne HN ,O
HN, NN HN CI N j NN 140/ H 2- (4- (4-(5-chloro-4-
(5 met hyl 1H pyrazol Table 2
3= y| am IIU) pyrT+m =2 y| amm IIU)'L 5=
di met hyl phenyl ) pi peridin-1-yl)- ut anam de WO
2010/ 002655PCT/ US2009/ 048428 hi I>Il_|\ll-n %lﬂl%é:n% ClOH 1 0 NN
HNI C NH NONH)
3- (4-(4-(5-chl oro- 4-(6- meghyl - 1HAMPMRP Ol - 35425 rdid change
(4- (5-Topatorent 4- (5- qethyl o1 H pylaegmean 5 S PEIE
yl ami no) pyri mi di n- 2- y'i am no) - 2, ®m’ = SEM)

Sytammo)ypyrimdim=-2=ytamno)=2,5-
NMP/PEG300 (10/90)
5 ml/kg po q8/16h 100 0 334 +59 3.1+£0.3
Test Compound 1
20 mg/kg, q8/16h, po 53 - 231 + 145 2.1+04
Test Compound 1 35 : 107 + 48* 1.7 +0.2%

40 mg/kg, q8/16h, po

Table 3

Tumor response

T/C Reer A tumor volume Mean fold
Treatment (%) ( ,7g) ’ (mean mm’ + change in tumor
¢ ¢ SEM) growth
NMP/PEG300 (10/90)
5 ml/kg po q8/16h 100 0 33459 3.1+£0.3
Test Compound 2
12.5 mg/kg, q8/16h, po 69 - 232+ 103 25+£04
Test Compound 2 2 : 42 £ 10* 1.5 +0.2%

25 mg/kg, q8/16h, po
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di met hyl phenyl ) piperidin-I-y1)-1,1,1-
di met hyl phenyl ) pi peridin- 1-y1)-N
w0 pdtloessdpr opan- 2- ol et hyl but anam de HN, | NNHUSIODEbh48428
N HHN4A11 | 110 NN CI\-NH N
3-(4-(4-(5-chl oro-4-(5-nethyl-1H pyrazol - 3-
5-chl or 0- N2- (4 (1- ((3 5Tabliem9thylis oxazol - yl am no)

pyIIIIIUIII L yld.IIIIIU)'J IIUUIU L'

4-yl ) met hyl ) pi peri din-2-y1)-2 henyl

pi >p/)ezl di nyl )51|)O 1,1,1- d|>/rr)et hyﬁ) %/Iloﬁﬁee {5) - et hyl -

1H trlfluoropropanZOI p yraz oI 3 yl)p

yrim di ne-2, 4-di am HHF NNOtimer - er 0 Muan Fold

HN- - - Wrédtiment NH Cl 101 ?7 volume (mean change in
(%) (%) mm’ + SEM) tumor growth

NMP/PEG300 (10/90)

smikgpogsteh 100 O 334 +59 3.1+03
Test Compound 3
12.5 mg/kg, q8/16h, 58 - 220 + 67 22+0.3
po
Test Compound 3 . )
25 mgkg, q8/16h, po 20 ° 102 + 40 1603

* p< 0.05 vs. Vehicle controls — ANOVA on ranks and post hoc Dunnett’s test.

skpesksksk

[0217] It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art and are to be included within the
spirit and purview of this application and scope of the appended claims. All
publications, patents, and patent applications cited herein are hereby incorporated by

reference for all purposes.
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3-(4-(5- (5-chloro-4- (5-nethyl- 1H pyrazol-3- NN

yl am no) pyri m di n-2-yl am no) - 2-f | uor o- 4-
woredlhgpbpkenyl ) pi peridin- 1-y1)- 1,1, 1- PCT/US2009/048428

trifluoropropan-2-ol H (4- (4- (5-chloro-4-(5-nethyl-

1H pyrazol - 3- yl am no) pyri m di n-2-yl am no) - 5-f | uor o- 2-

met hyl phenyl) pi peri di n- 1QGding1-

hydr oxycycl opr opyl ) met hanone WO

2010{002@%%5Cﬁé&§¥0 /Oﬁéﬁ%g HN, NNH CI 401 NN H

2-(4-'(4- (5-cnhtoro- -(ngyéi'propyl-lkbpyrazoI-S-

yl am no) pyri m di n-2-yl am no) - 5-f | uor o- 2-

nmet hyl phenyl ) pi peri di n-1-y1)-N net hyl acet am de

N 11\. HN -NH OCH N-N CI\/)-NH NA22- (4-

(5-chl or o- 4- (5B - 1Hp ol 73-_ "7

di net hyl pherse] ) piRer Ll n- Ay
hydr oxycycl opr §pyl ) ket hdpone %I
2- (4- (4- (5-chl dgo- 4- ( 5- gz;‘cl opr opy I
yl am no) pyri m di n-2-yl am no) - 2, 5-

or a physiologically acceptable salt thereof;

NN N G ot NN H
1H pyra(zlgl - 3-

wherein ring E may optionally contain a double bond;

one of Zl, 72 and 77 is NR6, N(R6)+—O' or S(0);, and the others are CR;

R' is halo or an optionally halogenated C,¢ alkyl;

R? is pyridine-2-onyl, azepan-2-onyl or a monocyclic 5-6 membered
heteroaryl having 1-3 heteroatoms selected from N, O and S; each of which is
optionally substituted substituted with R” wherein R® is C alkyl, C).¢ haloalkyl or C;.
7 cycloalkyl;

R® and R* are each H;

R’ is halo, hydroxyl, Cy.¢ alkyl, Cy.¢ alkoxy, halo-substituted Cj.¢ alkyl, halo-
substituted Cj.¢ alkoxy, cyano or C(O)Oo_lRS;

RO is H; C¢alkyl, C,¢alkenyl or C,¢ alkynyl, each of which may be
optionally substituted with halo and/or hydroxyl groups; —(CRz)p—OR7, -(CR2)p-
CH(OH)CFa,; wherein t is 1-3, (CR2),-CN; (CR2),-NR(R”), -(CR1),—C(O)OR’,
(CR2),NR(CR5),0R’,

(CR2),NR-L-C(O)R®, C(0)(CR2),OR?, -C(0)O-(CR,),-NRR’, -C(0) -(CR,),-OR’, L-
Y,

-L-C(O)R’, -L-C(O)-NRR’, -L-C(0)-NR-(CR»),-NRR,-L.-C(O)NR(CR»),OR’,
-1-C(0)-(CR2){-NR-C(0)-R?, -L-C(O)NR(CR),SR’, -L-C(O)NR(CR2),S(0)1 2R?,
-L-S(0):R?, -L.-S(0),-(CR,),-NRR’, -L-S(0),NR(CR,),NR(R) or
-L.-S(0),NR(CR,),OR’;

alternatively, RS is a radical selected from formula (a), (b), (c) or (d):
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di met hyl phenyl ) pi peridin-1-y1)-N nethyl acetam de HN N
Cl /NHNNI HNO, p(o N /PO
wG2abloaasss N2- (2, 5-di met hy1-4- ( 1-(3- PCT/US2009/048428
nmor phol i nopropyl sul fonyl ) pi peri di n-4- yl)phenyl) - N4-
(5- et hyl - 1FprrazoI 3- yl)pyrimdine-2,4-di am ne HH

NN 12I 01NO NHX 12 R15 R!T R'2 R15
(5- chI or yrazol - 3- 16
. 0
3y ) pyr it fiygfor2- L N-R
met Hyl phenyl) |pe L1 ﬂml yl)aceta de HN\ N Q{ NR1 s
HNsoN 4) oSN ON2(4( 1- )(azetld
yl )@Popyl sul fonyl ) pi(peri di n- 4- yl) % d

di met hyI phenyl) 5-chl oro- Nd- (5-net hyl -
201 SSE@ é&%@%@%@“ﬁ%ﬁ%ﬁééﬁm %ﬂ@ﬁ@%hﬁ’ CRRRS N0

R , R'? , R 13 , RY , RY and R'® are independently selected from H; C;_¢ alkoxys;
Ciealkyl, C,¢alkenyl or C,¢ alkynyl, each of which may be optionally substituted
with halo, amino or hydroxyl groups; or R!'! and Ru, R'? and RIS, RY and R16, RY
and R™ or R" and R" together with the atoms to which they are attached may form a
3-7 membered saturated, unsaturated or partially unsaturated ring containing 1-3
heteroatoms selected from N, O and S, and optionally substituted with oxo and 1-3 R’
groups;

L is (CR;)14 0r a bond;

Y is C;.7 carbocyclic ring, Ce.o aryl, or a 5-10 membered heteroaryl or 4-10
membered heterocyclic ring, each of which is optionally substituted with 1-3 R’
groups;

R7, R® and R® are independently C; alkyl, Cs.¢ alkenyl or C,.¢ alkynyl, each
of which may be optionally substituted with halo, amino, hydroxyl or cyano; (CR»)qY
or C¢alkoxy; or R’ is H;

each R is independently H or Cy.¢ alkyl;

R and R’ together with N in each NRR” may form a 5-6 membered ring
containing 1-3 heteroatoms selected from N, O and S, and optionally substituted with
oxo and 1-3 R’ groups;

m is 2-4;

nis 1-3;

pis 1-4; and

qis 0-4.

2. The compound of claim 1, wherein said compound is of Formula (2):
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NH2 2-(4-(4-(5 -chloro-4-(5 -cycl opropyl -

1H pyrazol - 3- ylam no) pyri m di n-2-yl am no) - 2, 5-
walemebbssphenyl ) pi peri din-1-yl)acetam de JHH i PCT/PS20@#048428

r 0=S=0 1 N Eel HHNNM., 111" NC N-NH (3R 4R) - 1-

(3- (4-(4- (5-chloro-4- (5- rrethyl

1H pyrazol - 3-yl am no) pyri m di n- Z¥la?(n no)-2,5

- di met hyl phenyl ) pi peridin-1- gsc

yl sul fonyl ) propyl ) pyrrolidi ne
N-NH NNN HH 2- (4R - chl

3, 4-ldi%®l JF1 2N, . 0 401NCI
¢ rethi| -

1H pyrazol - 3- yI a )IPYrim 2 yl afi1no) - 5- f | uor o- 2-
(trifl uororre|B M rSbl -yl )acet am de
HNVCl NNH HO \ (28) (2- A4- (5 -chl oro-4-

(5- met hy1- 1H gaz 0l- 3R4yl afliho) p @
yrimdin-2- yIamno)

2, 5-whdreintk ph &y R) pinder T ¢hi ahd yhik)otherd ark-independently halo, C;.

trifluoropropan-2-ol HN, LNH2 NNH IS
6 alkyl, Cj.¢ alkoxy, halo-substituted Crs alkyl, cyano or C(O)Og. 1R wherein R® is Ci.

6 alkyl; and
Rl, Rz, R3, R4, E, Zl, 7% and 77 are as defined in claim 1.

3. The compound of claim 2, wherein 72 is NR® or N(R6)+—O'; and Z! and
7% are CH,.

4. The compound of claim 3, wherein R®is H, C ¢ alkyl optionally
substituted with halo and/or hydroxyl groups; —(CRz)p—OR7, -(CR2)p-CH(OH)CFai1
wherein tis 1-3, (CR),-CN; (CR,),-NR(R), -(CR,),~C(O)OR’, C(O)(CR,),0R?,
-C(0)O-(CRy),-NRR, L-Y, -L-C(O)R’, -1 ~C(0)-NRR’, -1-C(0)-NR-(CR»),-NRR’,
-1-C(0)-(CR2)-NR-C(0)-R?, -L-S(0):R?, -L-S(0),-(CR,)-NRR’, or a radical
selected from formula (a), (b), (c) or (d):

15 15
- R11 R12 ﬁ{ . g gzo R11 R12 ﬁ{ .
R10 . N—R > . N—R
g -SS\"/L 0-1 'SS‘S/L 0-1
12 R13 R4 12 //\\ R13 R4
© © o 0
(a) (b) (d)

R'%is O, S, NR" wherein R" is H, C ¢ alkyl, SO.R* or CO,R® and R* is C,.
calkyl; and
R7, RS, RIO, R”, Ru, RB, R14, RIS, R16, R, L, Y, p and q are as defined in claim

5. The compound of any one of claims 1-4, wherein R* is pyrazolyl,
isoxazolyl, pyridine-2-onyl or azepan-2-onyl, each of which is substituted with Ci

alkyl, C;_¢haloalkyl or Cs_7 cycloalkyl.

196



NN H 2-(4-(4-(5 -chloro-4-(5 -nethyl - 1H pyrazol - 3-
yl am no) pyri m di n-2-yl am no) - 2, 5-

walemwbbssphenyl ) pi peridin-1 -yl)acetam de HN, PNHUBR009/0d8428
NH1- ((4- (4- (5-chloro-4-(5-nethyl-1H pyraz ol-3-
ylam no)p yri m di n-2-yl am no) -
2, 5-@i met Hyd geimenvphd pf gdeimi dli wherein said compound is of Formula (3):
yl ) met hyl ) cycl opr opanecarbonitrile WO

2010/ 002655PCT/ US2009/ 048428 2-(4-(4-(5
-chloro-4-(5 -nethyl- 1H pyrazol - 3- 72

yl am no) pyri m di n-2-yl am no) - 2, 5- 1773

di met hyl phenyl ) pi peri di n-1 -y1)- NR*heffhyt adet ani de

2-(4- (4-(5-chloro-4n1(5apnethyl - 1K PFRZ O -

3-yl ani no) pytNTNi n- 2-Yf aniNno)
2- nmet hyl phe ) pyper i dilg- | -yl
HN-N CI N N H 2444448 - I

- et hyl - 1H pyrazol -8 - 4 R5a
yl ani no) pyr i mi di n- 2RY1 ami no) I5- f1 uor o- 2- 3)
nmet h&laqggtgxllez Bllepe%rf;l din-1 -yl)acetam de

wherein R* is H; and R and R* are independently halo, Cy alkyl, C;
alkoxy, halo-substituted Cy.¢ alkyl, cyano or C(0)Oq.;R® wherein R® is C alkyl;

7! and 77 are CHZ;

77 is NR® or N(RY"-0O;

RCis H, Cr¢ alkyl optionally substituted with halo and/or hydroxyl groups;
-(CR2)p-OR’, -(CR2),-CH(OH)CFay 1 wherein t is 1-3, (CR2),-CN; (CR2),-NR(R),
-(CR2),~C(0)OR’, C(0)(CR,),0R?, -C(0)O-(CR,),-NRR’, L-Y, -L.-C(O)R’,
-1-C(0)-NRR’, -1-C(0)-NR-(CR3),-NRR’, -1 -C(0)-(CR,),-NR-C(0)-R?, -L-
S(O)R?,

—L—S(O)z—(CRz)q—NRR7, or a radical selected from formula (a), (b), (¢) or (d):

15 15
- R11 R12 ﬁ{ . g gzo R11 R12 ﬁ{ .
R10 . N—R > . N—R
g -SS\"/L 0-1 'SS‘S/L 0-1
12 R13 R4 12 VA R13 R4
© © o 0
(a) (b) (d)

R'%is O, S, NR" wherein R" is H, C ¢ alkyl, SO.R* or CO,R® and R* is C,.
calkyl; and
RL R RY R, R, RY, R RY R R R R, L, Y, p, q and E are as

defined in claim 1.
7. The compound of claim 6, wherein R>%is halo and R is Cy alkyl.

8. The compound of claim 6, wherein R®is Ci¢ alkyl or a a radical of

formula (a) or (c); and R s O.
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3- (4- (4-(5-chloro-4- (5-nmethyl-1H pyraz ol -
3-yl am no) pyri m di n- 2-yl am no) - 5- f| uor o-
wQ20mebssphenyl ) pi peri din-1- yl)prop anenitri|BCT/US2009/048428
2-(4-(4-(5 -chloro-4-(5 -nethyl - 1H pyrazol - 3-
yl am no) pyri m di n- 2-yl am no) - 2, 5-
di med-hyl pHensompeiupé of aiynert ofylaims dtfamihgesiq RS)s1gdo. ( 3-
(4-(5-chloro-4- (5-methyl-1H pyraz
ol - 3-yl am no) pyri m di n- 2-yl am no) -
2, 5-dl. net Hhd @ingpophd pf glemn dij whdreiphid coptipotind is selected from the
trifluoropropan-2-ol WO 2010/ 002655PCT/ US2009/ 048428
EPPIN HNNN CIN N N H 2-(4-(4-(5 -chloro-4-(5 -nethyl -
1H pyrazol - 3- yl am no) pyri m di n- 2-yl am no) - 5-f | uor o- 2-

nmet hvl nheanvliYni nari din-1 vy - Nenpt hvl acaot am de
A AN AP AN A L J =7 NP Al
24442, 5 -di met hyl- 4- (4~(5- net hy1- 1H S
pyrazol -3-yl am no)k 5- i fl uononet hyl ) pyrin 2-\f =
yl afi pﬁ{?l )pi 1-y1)-N- net hylac de N~
HN- N NN Cl
H H o £ \,O\",N HN\({EH
5-chloro-N2-(2-fluoro-5-methyl-4-(1- O

methylpiperidin-4-yDphenyl)-N4-(5-methyl-1H- | ethyl 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
pyrazol-3-yl)pyrimidine-2.,4-diamine 3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidine-1-carboxylate

NH — HoN< O
N\ N ’
N N N
H H

N™ °NH N
I
F © | SN
ZN
5-chloro-N2-(2-fluoro-5-methyl-4-(piperidin-4- N N
yDphenyl)-N4-(5-methyl-1H-pyrazol-3- H F

ypyrimidine-2,4-diamine (S)-2-(4-(4-(5-chloro-4-(5-methyl-1H-

pyrazol-3-ylamino)pyrimidin-2-ylamino)-
5-fluoro-2-methylphenyl)piperidin-1-

yl)propanamide
- |
N
HN._O
HN= ©! le HN>j f
\ = .
’v N \N )\ N N N H N ‘1,
H H
o Cl\ij\
N/ N
5-chloro-N2-(2-isopropoxy-5-methyl-4-(1- H F
methylpiperidin-4-yl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine (S)-2-(4-(4-(5-chloro-4-(5-methyl-1H-

pyrazol-3-ylamino)pyrimidin-2-ylamino)-
S-fluoro-2-methylphenyl)piperidin-1-yl)-
N-methylpropanamide
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H HNNIi HNNCN
-met hyl - 1H pyrazol - 3-
W@ b@wiopsypyri m di n- 2-yl am no) - 2,
di met hyl phenyl ) pi peridin-1 -y1)

2- (4-

(4-(5 -chloro-4-(5

5-
-N- et hyl acet ami de

PCT/US2009/048428
2-

(4-(4- (5-chloro-4- (5-c yclopropyl- 1H
pyrazol - am no) pyri m di n-2-yl am Ro) -
2,5-di e henyl r) pi peridin-I 4yl )et%qiw\ol WO HoN< 20
2010/ 0026 009/ 048428 HN \ M_CIL NH/ | NyN HN :/E
O HThri\J o ,\ﬁg-chloro-4-(5 N™ "NH N
-met hyl - 1H pyrazol/h - Cl N
yl ani no) pyfNidi m- 2yl ani no) - 2,/5- | N
di et hyl phe fRedi di n-1-y1) IN- net hyh ey

H

N2-(2-fluoro-5-methyl-4-(piperidin-4-yl)phenyl)-
N4-(5-methyl-1H-pyrazol-3-yl)-5-
(trifluoromethyl)pyrimidine-2.,4-diamine

F

(R)-2-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
5-fluoro-2-methylphenyl)piperidin-1-
yl)propanamide

N2-(2-isopropoxy-5-methyl-4-(1-methylpiperidin-
4-yl)phenyl)-5-methyl-N4-(5-methyl-1H-pyrazol-
3-yD)pyrimidine-2,4-diamine

HZNTO

N~

(S)-2-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-

~
N
N\ ~
N N N
H H

5-chloro-N2-(2,5-dimethyl-4-(1-methylpiperidin-4-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine

yl)propanamide
- HaN< O
HN, _ i
N™ NH N
T
~
NT TN
H

(R)-2-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-

yl)propanamide
< |
N - HN O
-, Cl
HN N 2 N HN\N/ ’
9 o | NH NT
LA
N" N
H

5-chloro-N2-(5-chloro-2-methyl-4-(1-
methylpiperidin-4-yl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

(S)-2-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-yl)-N-
methylpropanamide
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NHHN N-NC\-NH N 5-chloro-N4- (5-c ycl oprop
y1l-1Hp yrazol - 3-
w@Q 20108226631 - ( 1- et hyl pi peri din-4-y1)-2,5- PCT/US2009/048428
di met hyl phenyl ) pyri m di ne-2, 4-di am ne CI O HN- NCI NO
NNN HH 2- (4-(2-chl oro-4-(5- chl oro- 4- (5-nethyl -

pyrazol -3 yI am no) pyr LA  di n- 24yl am no) 5 - E
net hyl phenyl ) plmerl d| V1) - N{met hyl acet ani d HI\Q',\r

NNH 4 ehl or o44- (5-methyl- |
yra oI/ 4\# ri mdin-2- |yl am no) - 0- 2N
metHN 1 iperyd 1-c anb al deh NH OVe iy

N
HN-N O1NI e| NNN HH 2- (4 (4-(5 qchloro-4-( \E<NH
HN
rrethﬁ&y 5-

S-aitr N2~ 4y r2amethyl 3-(piperidin-4-
y | dipherg))gy4+-{amnethyl-124-poiranei-fro) - 2-
met hy| phrenyidipi-hédiading- | - y1) - NH rrat_ ay(ls_ trgrE (% eth%) IJI pyrazol-3-

----el H-NCIN\ NH O i
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-yl)(1-
(ethylamino)cyclopropyl)methanone

H
NN
cl T
HN X )\N Ox N HN N,
NN \L<NH
o " =

F HN
-

3-(5-chloro-2-(2-fluoro-5-methyl-4-(1-
methylpiperidin-4-yl)phenylamino)pyrimidin-4- (4-(4-G5 —‘ChIOI‘ 0 '4' (5 —‘methyl— 1 H'P yrazol-3-
ylamino)azepan-2-one ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-
(ethylamino)cyclopropyl)methanone

=
HN
‘1, 7~ ’N I/\r
NH N F HN

O H
Cla A NH
N
LA
N H 5-chloro-N2-(2-fluoro-5-methyl-4-
F (piperidin-4-yl)phenyl)-N4-(5-
(trifluoromethyl)-1H-pyrazol-3-
(S)-3-(5-chloro-2-(2-fluoro-5-methyl-4-(1- yh)pyrimidine-2,4-diamine
methylpiperidin-4-yl)phenylamino)pyrimidin-4- ’
ylamino)azepan-2-one
F
F
HN S F
S NH N HN. H
PN A NTONH NS
| /)N\ NP o
NN |

(R)-3-(5-chloro-2-(2-fluoro-5-methyl-4-(1- ]
methylpiperidin-4-yl)phenylamino)pyrimidin-4- 2-(4-(4-(5-chloro-4-(5-(trifluoromethyl)-
ylamino)azepan_z_one 1 H—pyrazol— 3 —ylamino)pyrimidin—Z—
ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-N-
methylacetamide
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(R-2- (3 -(4-(5-chloro-4-
yl am no) pyri m di n-2-yl am no) -
WQ2@000268% hyl phenyl ) pi peridin-| -
H2NO i sNCI N-NH )1,
-chloro-4-(5 -nethyl-1H pyrazol -

(5-net hyl -

1H pyrazol - 3-

y1l) - N et hyl aper/aniode 048428

NNN HH 2- (4- (4-(5

3-

yl amj no) pyri m di n-2-yl am no) - 5-
(tri or onet hyl ) phenyl ) pi peri ¢
N WA -:|--el0 HNNCIN'”I:II(EpO (S)
- chl 0¥ o-"AH( 5- et hyl

yl angno) pyrim | am no) -
2, 5-di net hyl p piperidin-1-
WO 2010~Q&2 US2009/ 048424

H2F 2- (4-(5-H 5- ¢hl or o- 4- (5- et |
yl am no) pyri m di n-2-yl am no) - 2+
sreptdy Npheayisymopasipdidir4-yly2)spr g
Qindthiidhdy B e5ah@h WA HERrdZbupr 0-
(tetr aﬁx@hﬁnﬁﬁémﬁaﬁn&- yl') pi per

net hy1- 2-
li n-H -yl )aceﬁanﬂde H
PN AT (F

|_B_HN’NCI N

\)J\NHZ

S T AR A Smethy)-

y1- hﬁpﬁgp@gkéﬂl@mno)pyﬂmldm 2-

f 1 uor o- 4ylamino)-5-fluoro-2-

) pamethy ey ipaxidirtH] -@hicetamide
5- net hyl - ( 1-

i din-4- yl)phenyl) - N4-

/l: et h\ll 14 pvr n-/nl
Pyt

HN— }CI
N= N~
RO

F
5-chloro-N2-(4-fluoro-5-(1-isopropylpiperidin-4-
yD)-2-methylphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine

5-chloro-N2-(2,5-dimethyl-4-(1-
(tetrahydro-2H-thiopyran-4-yl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

CI \ />—NH
5-chloro-N2-(2,5-dimethyl-4-(piperidin-2-

yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine

H
NYN
Na

HN

Cl

O N _N_
NH

'\}_' ——

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
(ethylamino)-2-methylpropan-1-one

NH

o
Y
HN~p —N
c—\ /—NH
N
5-chloro-N2-(2,5-dimethyl-4-(piperidin-3-

yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine

F

NN
T
Na

O N
HN j/|:|

—
(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-yl)(1-
(ethylamino)cyclobutyl)methanone
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NNH C |

@h—e@HNH
5-chl or o- (1- et hyl pi peri di

yl)pyrimdine-2,4-diamne H2ZN ,0 HN,..----..." NNHN c
1 NN 2-(4-(4-(5-chloro-4-(5-nmethyl-1H pyrazol - 3-

W@ b@wiomsypyri m di n- 2-yl am no) - 5-f | uor o- 2- PCT/US2009/048428
met hyl phenyl ) pi peridin-1-yl)propanam de HN, NNH Cl N
101 NN H 5-chl oro-N2-(4-(1-cycl opropyl pi peridin-4-
yl)-2-fluoro-5 -neth enyl) - N4- (5- nethyl -
1H pyrazol - 3-yl ) py+iNT dipne- 2, 44 di am ne I H H N
HN, .. --.." NNHN -¢ NONH j:J\
2- (4>(4=(5-chl oro; 5- net hyl - 1H- pyr azol<3- N
yl ami?ﬁ?%w\ikm' di | ami no) - 54f | uor o- $- Cl
net hy '\blmenyl i per, n-1-yl)- N i de I—HN\EI\ZNH

5-chloro-N2-(2,5-dimethyl-4-(1-methylpiperidin-2-
yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine

rre ana
n- Ny 72, 5-

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-
(methylamino)cyclobutyl)methanone

HN’N LY

5-chloro-N4-(5-cyclopropyl-1H-pyrazol-3-yl)-N2-
(2-fluoro-5-methyl-4-(piperidin-4-
yDphenyl)pyrimidine-2.,4-diamine

NH

NH

-
D)—NH
HN~y -
\ )—NH
N

N2-(2,5-dimethyl-4-(piperidin-4-
yDphenyl)-5-methyl-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

HN’N LY

5-chloro-N4-(5-cyclopropyl-1H-pyrazol-3-yl)-N2-
(2,5-dimethyl-4-(piperidin-4-yl)phenyl)pyrimidine-
2,4-diamine

NH

N
N/)\N
H

(S)-3-(4-(2,5-dimethyl-4-(5-methyl-4-(5-
methyl-1H-pyrazol-3-ylamino)pyrimidin-
2-ylamino)phenyl)piperidin-1-yl)-1,1,1-
trifluoropropan-2-ol
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di met hyl phenyl) - Nd- (5 -nethyl -
yrimdine-2,4-diam ne WO 2010/

WQ2(14/002658 5 -chl oro-4- (5 -nethyl -

yl am no) pyri m di n- 2-yl am no) - 2,
di et hyl phenyl ) pi peridin-1 -yl)

1H pyrazol-3-yl)p
002655PCT/ US2009/ 048428
1H pyr azol - 3PCT/US2009/048428
5-

pr opanam de

5-chl oro- N2- (4- (1-(2-
nmet hoxyet hyl ) pi peri di n-4-y1) -2,
di met hyl pheny1) - Nd- (5- met hy1- 1K
pyrazol -3-yl ) pyrim di ne-2, 4-di ¢
-chloro-4-(5 -nethyl - 1H pyrazg
yl am no) pyri m di n- 2-yl am no) - 2,
dlnethylphenyl)plperldln 1 fyl)
hl

54" Y
plpen
opr opan- 2- ol
-quonD - et hyL-4- (4- (5 - et hy
pyrazol - 3-yl am no)-5-(trifluord
Sﬂhh@mmth DYLRERRIbAZN=-4L -

N2 - ekl )b iperi i eyl di- flacko-5-
Whestidli fromy Nﬂ)f(ﬁﬁﬁéih}]plfpﬁyﬂaﬂilﬂ 4-y
di met hylhphsmidd 2, paebliRr o- N4- (5

5-
H
M ne
| - 3-

HN
o\

Na
Cl2- ([4- (4- (5
yl-1H
| am no) - /L;
nmet hyl ) pyri m di n-
| Iy B Gp@reiiordet-(5-methyl- 1H-pyrazol-

%\/NH
5-
di n-1 -
24445
3-ylamino)pyrimidin-2-ylamino)-2,5-
1) - 2imethylphenyl)piperidin-1-yl)-2-

- N neWﬁyﬂbropananlde
- 1H
met hyl {dimethylamino)ethanone

N NH
NN
|
W

Tz

5-chloro-N2-(4-(1-((3,5-dimethylisoxazol-4-
yDmethyl)piperidin-4-yl)-2,5-dimethylphenyl)-N4-
(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

NH;

o "~

"N =N
c—\ /—NH
N

2-(2-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)acetamide

HN, _

N™ “NH N /|
I
N/)\

5-chloro-N2-(2,5-dimethyl-4-(1-(pyridazin-4-
ylmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine

HN
N\\

HN

2-(2-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylacetamide
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1H pyrazol - 3-yl ) py

WQ2(14/002658 5 - chl oro-4- (5 - net hyl

rimdine-2,4-di am ne
2010/ 002655PCT/ US2009/ 048428 HOO HN, NNHN Cli
-1H pyrazol

VO
I 0
- 3- PCT/US2009/048428

yl am no) pyri m di n- 2-yl am no) - 5- f | uor o- 2-
panoic acid FHH N, N, N

net hyl phenyl ) pi peridin-1-yl)pr

Fi-rir--1T F HNNCINO NH 5-
(2 5- di met hy1- 4- (plpemra?ﬁ/4-
f -

oro-5 -nethyl|-
(et hyl sul f oyl ) et hyl ) pi peri di n-
(5-met hyl- 1H pyrazol - 3-y1) pyri m
DININ L 5|éﬂloré)_| Nfet\-Prie }aQ(GIQS' N2+
ngm( (EﬂyﬁﬂdlﬁQ@raﬂﬂo\J%%gu%ro gtrif

Bh ﬁenzlﬁmrnamba&nwﬂ ) Pyri

h

I|or o- N2-
yI)phenyl) N4-

—N

N H NNN HH
» (%
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m d{iSne-chldrodNad.pelimethgl-4-(1-
methylpiperidin-2-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine

mi Jre-NHH

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)ethanol

HN’N ;I:V:T//:[::]:;(ii>
P

(R)-5-chloro-N2-(2,5-dimethyl-4-(1-
methylpiperidin-2-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine

F

~KE
N F
Cl
HN~ N N

M r/)\
N N N
H H
5—chlor0—N2—(2—ﬂuor0—5 -methyl-4-(1-(3,3,3-

trifluoropropyl)piperidin-4-yl)phenyl)- N*-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

F

HoN_O
HN
N” “NH N
c
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~
N7 N
H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)butanamide

H
N

N
i N al
F><A\/N HN A\
H

5-chloro-N2-(2,5-dimethyl-4-(1-(3,3,3-
trifluoropropyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

NN
T
X" ¢
OsN HN._N,
j/ NH
\ ———
\

1-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin- 1-yl)-2-

(dimethylamino)ethanone
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J

5-chloro-N2-(5-chloro-2-methyl-4-(1-(3,3,3-
trifluoropropyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

O

H,N
N

N-NH

A=

L

(1-aminocyclopropyl)(4-(4-(5-chloro-4-(5-
cyclopropyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)methanone

F

HN’N L\I/ /\@O

5-chloro-N2-(4-fluoro-2-methyl-5-(1-(3,3,3-
trifluoropropyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

H
- _N_0
HN,
N NH N
Cl\hN
|
b
N)\N
H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-

methylbutanamide
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ylamino)pyrimidin-2-ylamino)-2,5-
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ne-2,4- diamn
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veri di n-| - Cl
HN N N ANSN
H pyrazol - 3- AN

fl udro-RH

hanesulf onam de /

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-

dimethylphenyl)piperidin-1-yl)-N-
ethylbutanamide

3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino) pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl) piperidin-1-yI)-1,1,1-
trifluoropropan-2-ol

7 Q

=N

—

CI‘{\:N?—

S-chloro-N2-(4-(1-((3,5-dimethylisoxazol-
4-yl)methyl)piperidin-2-yl)-2,5-
dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

NH

Y
e

3-(4-(5-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2-fluoro-4-
methylphenyl)piperidin-1-yl)-1,1,1-
trifluoropropan-2-ol

== OH
HN, _

N~ "NH N O
Cla "
N
PN
N N
H

F

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(1-

hydroxycyclopropyl)methanone
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hydroxycyclopropyl)methanone

H
N /\n/ N
@ °
N/)\ N
H
2-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-

dimethylphenyl)piperidin-1-yl)-N-
methylacetamide
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5-chloro-N2-(2,5-dimethyl-4-(1-(3-
morpholinopropylsulfonyl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

HN’N L\r \©\G
cl \)J\NHZ

2-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)acetamide

HN
| Ny
% | NH
NQrN
HN
N< %
/)S\/\/N/3

N2-(4-(1-(3-(azetidin-1-
yDpropylsulfonyl)piperidin-4-yl)-2,5-
dimethylphenyl)-5-chloro-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine
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(3R,4R)-1-(3-(4-(4-(5-chloro-4-(5-methyl-
1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)-2,5-dimethylphenyl)piperidin-1-
ylsulfonyl)propyl)pyrrolidine-3,4-diol
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N
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F

F N/\/[CI N’NH
N)l\N/ NJI\/)\
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2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
(trifluoromethyl)phenyl)piperidin-1-yl)acetamide

F

HN—(\‘ cl

N~p
HQ HN—Q/[\
F>Z_\N
ZF

(2S)-3-(2-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-yl)-1,1,1-

trifluoropropan-2-ol

HN>1
G\ITKN 0
|
N/)\N
H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)acetamide

HN,
N~ NH N/\/%3
Cln A Vi
s N
N7 N
H

1-((4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-
yl)methyl)cyclopropanecarbonitrile

208




NN1O N
5-chl or o- N2- (2-f | uor o- 5- et hyl

-4-(1-(pyridin-3- HN O

W@ b@olodway| ) pi peri di n-4-yl ) phenyl) - N4- ( 5- met hyPET/NS2009/048428

1H pyrazol - 3-yl ) pyri m di ne- 2, 4- di am ne 0 1- (4-
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2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-
methylacetamide

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-5-fluoro-
2-methylphenyl)piperidin- 1-yl)acetonitrile

N/\n/NH2
\ |
/«\AN \N)\N
H Ho

2-(4-(4-(5-Chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)acetamide

3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-5-fluoro-
2-methylphenyl)piperidin-1-
yl)propanenitrile
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Cl\ﬁN 0
I
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2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)acetamide

F
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Cl \)N\ N on
=
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H

(2S)-3-(3-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-yl)-1,1,1-

trifluoropropan-2-ol
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2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-N-methylacetamide

HN- I\ICI lno) 5_
ret hyl ¢ éﬁh’ﬁd%ﬁf% Jpyrimidin-2-
')ggfalﬂlf ({)Ekﬁié})pﬁengm_—lyl)acetamlde
or 0- 4- (5- t hyl -
| am no) -
yl)-1, 1, 1

2-(4-(2,5-dimethyl-4-(4-(5-methyl-1H-
pyrazol-3-ylamino)-5-
(trifluoromethyl)pyrimidin-2-
ylamino)phenyl)piperidin-1-yl)-N-

methylacetamide
N aat
Ml /JN\ o HN-N XN
N\ N~
N SN N OH

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-

2-(4-(4-(5-chloro-4-(5-cyclopropyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-yl)ethanol

methylacetamide
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d1methylphenyl)p1per1d1n 1-y1)-N- dimethylphenyl)pyrimidine-2,4-diamine
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2-(4-(2-chloro-4-(5-chloro-4-(5-methyl-1H- F
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5- 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
methylphenyl)piperidin-1-yl)-N-methylacetamide ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidine-1-carbaldehyde

NH
OMe N Y L\(
HN=N NN O HN™ No| % N\un
N 4

N 0
(R)-2-(3-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-yl)-N-
methylacetamide

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2-methoxy-5-
methylphenyl)piperidin-1-yl)-N-methylacetamide

Hszo
R N/“\N/ N/L/)\
H H

F

i (S)-2-(3-(4-(5-chloro-4-(5-methyl-1H-
2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3- pyrazol-3-ylamino)pyrimidin-2-ylamino)-
ylamino)pyrimidin-2-ylamino)-5-methyl-2- 2,5-dimethylphenyl)piperidin-1-yl)-N-
(trifluoromethyl)phenyl)piperidin-1-yl)acetamide methylacetamide
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2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-

ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-yl)propanamide
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N NH N
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S-chloro-N2-(4-(1-cyclopropylpiperidin-4-
yD)-2-fluoro-5-methylphenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-

diamine
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CI\(%N Cl SN
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2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-N-

5-chloro-N2-(4-(1-ethylpiperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

methylpropanamide
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5-chl or t hyl - 1H pyrazol - )\
yl) pyri mindi me- 2y4-di amine WO
2010/ 002655¢t:T/ 52009/ 048428 1- (4- (- (8
hi methl yrazcl-3-
;%I(é cHy ? |5- 5-chloro-N2-(4-(1-(2-
yl) - 2- methoxyethyl)piperidin-4-yl)-2,5-
5‘51éflh 5?Pé'na““de dimethylphenyl)-N4-(5-methyl-1H-

pyrazol-3-yl)pyrimidine-2,4-diamine

I
N

N NH
T
N/ N
H

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-N-

= R
C’\Il iy ) OH i
s
~
N N o
H I

(S)-3-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2-methoxy-5-methylphenyl)piperidin-1-

methylpropanamide ’
yl)-1,1,1-trifluoropropan-2-ol
=T
HN
< \-NH 7 "NH
7 N H,N N
N =< 0 HN Cl
HN N /4
N: \,>
= =N
NH

2-(4-(5-fluoro-2-methyl-4-(4-(5-methyl-1H-
pyrazol-3-ylamino)-5-(trifluoromethyl) pyrimidin-
2-ylamino)phenyl)piperidin-1-yl)propanamide

N2-(4-(1-(3-(azetidin-1-
ylsulfonyl)propyl)piperidin-4-yl)-2,5-
dimethylphenyl)-5-chloro-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine
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Cl ONHN N, NHcN 3- (4- (4-(5-chloro-4-

(5-nmet hyl- 1H pyrazol -
wW@20bamesd) pyri m di n- 2-yl am no) - 2,
di nmet hyl phenyl ) pi peridin-1-y1)-1-
(pyrrolidin-I-yl)prop an-1 -on

5- PCT/US2009/048428

HN-NCIN NLN H

1-(4-(4-(5 -chloro-4-(5 -nethyl

1H—pyrazg|-3-

yl am pyri mi di n- 2- jﬁ?no) 2- netbey 5 N
' 1

met il %ﬁ%})plperl yl)42-

(dlﬂEt yl no) et h
(5-nme hmgiéy

3-

d.ﬁe?ﬂb|ﬁhedy|)

(di met hyl am no) _

5'—(11\[’&4—@ —éﬂllj)ro—4% —methyM l({szyllgﬁ(hlﬂ— N
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)propanoic acid

i n-2-yl am no) - 2
i peridin-|-yl)-

propan-| - one Fif

T Y

1- (44 (45(Nch

NH
5-
0-N2-(2,5-dimethyl- 47\(|p1per1d1n -4-
eIHll) -N4-(5-(irifluoromethyl)- 1H-
pyrazol 3-yl)pyrimidine-2,4-diamine

(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

N7 SOzMe
N\ N
NN
F

5-Chloro-N2-(2-fluoro-5-methyl-4-(1-(2-
(methylsulfonyl)ethyl)piperidin-4-yl)phenyl)-N4-

N NN
T IY j
HNT" F

5-chloro-N2-(2-fluoro-4-(1-
methylpiperidin-4-yl)-5-
(trifluoromethyl)phenyl)-N4-(5-methyl-

1H-pyrazol-3-yl)pyrimidine-2,4-diamine

\ 0

oégL_\
N

F HN’N L\r \ﬁj\@
cl \)L

NH;

HNm 2-(4-(4-(5-chloro-4-(5-(trifluoromethyl)-
N~

1H-pyrazol-3-ylamino)pyrimidin-2-
HN_<}V Vae ylamino)-2,5-dimethylphenyl)piperidin-1-
yl)acetamide
5-chloro-N2-(2,5-dimethyl-4-(1-(2-
(methylsulfonyl)ethyl)piperidin-4-yl)phenyl)-N4-
(5-methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine
F
F
ol o
N7 NH N S\\o N’N J/\/Y F
Oy
O N
N~ °N
"OF 5-chloro-N4-(5-methyl-1H-pyrazol-3-yl)-

5-chloro-N2-(4-(1-(2-
(ethylsulfonyl)ethyl)piperidin-4-yl)-2-fluoro-5-
methylphenyl)-N4-(5-methyl-1H-pyrazol-3-
yDpyrimidine-2,4-diamine

N2-(2-methyl-4-(1-methylpiperidin-4-yl)-
5-

(trifluoromethyl)phenyl)pyrimidine-2,4-
diamine
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pyrazol - 3-yl am no) pyri m di n- 2-

W@ b@miomsyphenyl ) pi peridin- 1 -yl)-2- PCT/US2009/048428
(di met hyl am no) et hanone 5-chl oro-N2- (4-
(1-ethylpiperidin-4-y1)-2- fluoro-5-
(trifluoronethy)phenyl)-N4- (5%-
nmet hyl- 1H pyr azpl -8- )pyrirridlne24 i am ne N- N
CCN NN 4- /4-|5-chloro4|g thyI _
1H pyrazo am N im'dlr-2 yla H5-fl uoro-2-°N
met Wy Lph pi'peri ding:_pnl -y1) -

(di hyl am no) pr opan- [1-\one 5- chI oro-
(1- &t Ayl pi peri di n-4-y1)=%- net hyl-5-
(trifluoromnethyl ) phenyl) N4- (5-

RL I ds- dHibrOW (84 %J Ry&ILM dijne- 2, 4- di am ne
29&%@%&%51?@ Mé&)@% RA28 ISkth 1 N -3 - h&ehmxg«fsl ibthyl-4-(1-
2- amieftphemyl pipbddif-2-yphly &t 0- 4- (:’ Mehd1perid RYA-§BRhen31)-N4-(5-
-y am dadiRyEthdRedilnanidid am no) - 3 {d Hﬁrqu -pyrazol-3-yhpyrimidine-2,4-
2- et hyl phenyl ) pi peridin- 1 -yl|)ethanon o lée

(4-(5-chl oro-4-

(5-net hyl- 1H- py

razol -

3Hy am no) pyri m di n- 2-yl am no) -

2N

HN—(\(
F o HN— }

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)ethanesulfonamide

5-fl uor o-
'J F

H
NH N/\H/N\
N @)
A
N
H

2-(4-(4-(5-chloro-4-(5-(trifluoromethyl)-
1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)-2,5-dimethylphenyl)piperidin-1-
yl)-N-methylacetamide

\>—NH

o

3

=S
@) NQ
N2-(4-(1-(2-(azetidin-1-ylsulfonyl)ethyl)piperidin-

4-yl)-5-chloro-2-methylphenyl)-5-chloro-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

JZ<NH

N N

F HN

N2-(4-(1-ethylpiperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)-5-
(trifluoromethyl)pyrimidine-2,4-diamine

215




2- met hyl phenyl ) pi peridin-1-yl)-

1-yl)prop an-1 -one 1-(4-(4-
WO paEbloyiess 1H- pyrazol -

yl am no) pyri m di n- 2-yl am no) - 5-

nmet hyl phenyl )piperidin- 1 -y1)-

1- (pyrrolidin-
(5 -chloro-4-(5
PCT/US2009/048428
fl uoro-2-
2-

(et hyl ami nQ) et hanone N2- ( 4
y|SU|f@H¥§ZQﬁquI pi peri di n-4-

5-n¢&hylp ny1 - chl or o- N4- ( 54
1H pyL H-3-y rimdine-2, 4-
-chloro-4-(5 - | - 1H pyrazg
yl am no) pyri m di - 23yl am no) - 5-
met hyl phenyl ) pi pexindin- 1 -yl) -
(di et hyl am no) et han

5-chl or o- N2- ( 2- f|U0er§ nethyl

(pyrrolidin-I-ylsulfonylypropyl
4- yl)phenyl) N4 - (5 met hyt - 1H- py

DVI‘I

-}

)

(1- (3- (azetidin- 1-

1)-2-fluor

net hyl -  NH

di ammen

| -3

fl yor r2
NJ\N

2-

4-(1-(3-

) P2-p£(2, dlidimethyl-4-(4-(5-methyl-1H-
razol - 3-pyrazol-3-ylamino)-5-

gtrlﬂ orogwthyl)pyrlmldm -2-

nethylphenyl)plperldln-
(met hyl am no) et hanone

_SOM
NS
N\ =
N7 ONT N
H H

5-Chloro-N2-(2-fluoro-5-methyl-4-(1-
(methylsulfonyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

F

- [am no) he Bplperldm I-ylethanol
fluoro-2-
g i
T
Nx
Cl
O N HN N,
j/ — NH
SN -
| F
F

1-(4-(4-(5-chloro-4-(5-(trifluoromethyl)-
1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)-2,5-dimethylphenyl)piperidin-1-
yl)-2-(dimethylamino)ethanone

|- SOMe
IS PQ
A,

5-chloro-N2-(2,5-dimethyl-4-(1-
(methylsulfonyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-4-

morpholinobutan-1-one
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- 4-(1-(3-
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W@ k)1ploaasyd) - N4- ( 5- net hyl
yl) pyri m di ne- 2, 4-di am ne NCI
NN HH 1-(2-(4-(5 -chloro-4-(5

-1H pyrazol -

PCT/US2009/048428
N
- 3-

N]l
- met hyl -

NH 11 U

yl am po) pyri m di n-2-yl am no) - 2,
di met hxl ghenyl ) pi peridin-1 -y1)
(di net$§l ami no) et hanone 4- (4

-] - yl) i
an- | “NH - (4
I Ié?l, allé'
yl am no) pyrim L 2-yl am no) - 5-
nmet hyl phenyl ) pi peridin- 1 -yl)
5-¢hthire Ny & ayolpprop@subdlioey ) pifBridifi4 -
4-{152 e ddoystmdihi] plyenglz- 01 -(5-methyl-1H-
3- yihyarblIRBYyyysriinndiokd-A 4 Aiapligm no) -
2- met hyl phenyl ) pi peridin-1-y1) -
cycl opropyl propanani de WO
2010/ 002655PCT/ US2009/ 048428 |

nmor phol i n
- met hyl -

1H pyrazo
5-
-2

HN\
(4- (5- et o- 4-

NH

5-1 ugf ol
1°o-T1UQy Oy
h

1-

}- (4- (5™ 0-4-(5
fl uoro-éjfi]T%::LjrA\/N\/f

J12-

(4-(5-chloro-4-°
51 ﬁ qi hloro 4-(5-methyl-1H-pyrazol-
ammo)pyrlmldm 2-ylamino)-2,5-
dimethylphenyl)piperidin- 1-yl)-3-
HNHN , mpihplinopropan-1-one

H
N.__N
Y

N
o cl
N HN N,

NN NH

| o L<

5-chloro-N2-(2-fluoro-5-methyl-4-(1-(pyridin-3-
ylsulfonyl)piperidin-4-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine

%Wo

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin- 1-yl)-3-
(pyrrolidin-1-yl)propan-1-one

HN\NCEIjiJ\

Ethyl 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidine-1-carboxylate

F

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-4-
(pyrrolidin-1-yl)butan-1-one
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Cl NNLNO HO O HN, N-1( NNHNH2 CkLN 1101 3-

(4- (4

-(5-chloro-4- (5-nethyl-1H pyrazol -
wWQ 214002658 5- chl or o- 4- (5- met hyl - 1H pyr azol - 3-  PCT/US2009/048428
3-ylam no) pyri m di n-2-yl am no) - 5-f | uor o-
vyl am no) pyrim din-2-yl am no)-5-fl uoro- 2-
2- met hyl phenyl ) pi peri di g-1 -
met hyl phenyl ) pi peri din-Jl-y >\6Xe R
(et hyl ani no) pr §par | "b/lrl1j\é3 yl propanaYWN NI-HZ X
NINKIN, 01~ Ie|L( 01 G "
4- 4-?5\3-9'?‘\h| ok o-11- ( 5- met hyl - T

ethyl 4-(2-chloro-4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
methylphenyl)piperidine-1-carboxylate

N |

(R)-3-(4-(4-(5-chloro-4-(5-methyl-1H-

pyrazol-3-ylamino)pyrimidin-2-ylamino)-

2-methoxy-5-methylphenyl)piperidin-1-
yD)-1,1,1-trifluoropropan-2-ol

N)OJ\OJ\
g fx

isopropyl 4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidine-1-carboxylate

F

HN—@ }Cl
N= N~
. HN—w
F><_\N
£ OF
(2R)-3-(2-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-yl)-1,1,1-
trifluoropropan-2-ol

@)
N~
Y

\ |
’K\)\N Sy
H H

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-

ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)-N,N-dimethylpiperidine-1-
carboxamide

F

NS

5-chloro-N2-(4-(1-ethylpiperidin-4-yl)-2-
fluoro-5-methylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

I
NITI/

\
SN
H H

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)-N,N-dimethylpiperidine-1-
carboxamide

QJG

HN
A
N NH

N
H

5-chloro-N2-(2,5-dimethyl-4-(1-(3-
(pyrrolidin-1-yl)propylsulfonyl)piperidin-
4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-

yl)pyrimidine-2,4-diamine
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5-chl oro-N2- (4-

(14(2, 2- pyrazol -3
-yl am no) pyri m di n-2-ylam no)-5 -fl uoro-
wQ@ 100055 vl ) net hyl ) pi peri di n- 4-

di fl uoroc
PCT/US2009/048428

2- met hyl phenyl ) pi peri di n-1-yl ) propan-1 -one

y1)-2, 5-di net hyl phenyl) - N4-

(5- et hyl -

1H pyraz ol - 3-

yl)p yrimdine-2, 4-di amye \

HN, NA NNH CI C N NN Idi ~L10
1-(4-(4-(5-chl orjo- 4 (Simehyl - 1
SHQhL‘G - ( cl opr opy

yigmino)pyrl m

y1)<2, NTENhY
mat hyI henyl 5"p|

gchﬁl@r O(é (]:‘Hé) razo 3Oyr aZ
SR e

2-yl am no) - 5-
henyl) - NA- (5-
er| d| n- 1 yl) - 2-

HN | HN, NNHN O
NN H,

(R)-1-(3-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
2,5-dimethylphenyl)piperidin-1-
ylsulfonyl)propyl)pyrrolidin-3-ol

fx

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidine-1-carboxamide

HN>1
N~ NH N/y
Cl I\)N\ A
~
NT N
H o F

S-chloro-N2-(4-(1-((2,2-
difluorocyclopropyl)methyl)piperidin-4-
yD)-2-fluoro-5-methylphenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-

diamine
Q|
N N = 0
HN, _
HN\NCI N~ NH N/\)J\NHQ
! .
H

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone

3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-
yl)propanamide

1
T
HN‘N CII/\N
\ I
/MN \NJ\N
H H

1-(4-(2-chloro-4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
methylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone

NH

CI{ )—NH

N2-(4-(azetidin-3-yl)-2,5-dimethylphenyl)-
5-chloro-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
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N2- ( 2- met hyl

-3-y1)-

-4-(piperidin-4-yl)-5-

w@ eo10f0266F onet hyl ) phenyl ) pyri m di ne- 2, 4- di ani PET/US2009/048428
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(di met hyl am no) cycl ohut Yl ) et hanone NO'* N _N k}\lN N
HH 5-chl or o- Nd- |(5-[C Y| opr opy1- 1H pyr azol - T |
y =2 W 1- ezyerspropyl pi peri di n-4- y NS
oY O- -nglhy nyl ) pyrimdi ne-2, 4- di (]HN N
ocycm oprOp ) (4- (4-(5-chl or o-if-/(\'ov- hyl - \E<NH
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(}rl_ﬁ ] _511 qup¥ﬁ) qE?I di n- 1\-yf ) met hanone
ammo _ (pilperidin-4-
il ) Ey‘Pe h{%ﬂ o P R et e T pyraol
_ et hy mfe 6“11?18)1681%%16 1nojpy: 1m1 ylamino -

yl am no) pyri m di n-2-yl am no) - 5-

nmet hyl phenyl ) pi peridin- 1 -yl)

fI u (fill et?ylphenyl)plpendm I-yD)-1-
\él)yrrohdm I-yl)propan-1-one

2 |

OMe

HN~NC|j\/\)\

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2-methoxy-5-
methylphenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone

N

N NH N O
RO
N/ N
H

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin- 1-yl)-3-
(dimethylamino)propan-1-one

Q|
cl NJ\/N\

Cl

1-(4-(2,5-dichloro-4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-
ylamino)phenyl)piperidin-1-yl)-2-
(dimethylamino)ethanone

—NH
F

F

5-chloro-N2-(4-(1-ethylpiperidin-4-yl)-2-

fluoro-5-(trifluoromethyl)phenyl)-N4-(5-

methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine

o
HN~N

K,

K,

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-3-
(dimethylamino)propan-1-one

F

N Ol -NH
T -
N N N
- H H
5-chloro-N2-(4-(1-ethylpiperidin-4-yl)-2-
methyl-5-(trifluoromethyl)phenyl)-N4-(5-

methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
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pyCi m di ne- 2, 4-di am ne
| - pyrazol - 3-

5-

_32(4— %@D%?rph%@t—ﬁ]g%héH—pyrazol—
-yhapdypyrgnidin-2-ylamino)-5-fluoro-

f | udrmethylphenyl)piperidin-1-yl)-1-

i sopr @pyiolidin-1-yl)propan-1-one

4 o 2 | 1 [ 1\ 4+ 1
L, £, 4 0UXaur dZur = o= y1 )Jnetitartulic
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fa— N\
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N
N 'NH
Cl\(Q
N
|
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
(methylamino)ethanone

F

7

—

NH
N

HN al

esata
N NH
Os /_/_

N,S\\ o F
!

N2-(4-(1-(3-(azetidin-1-
ylsulfonyl)propyl)piperidin-4-yl)-2-fluoro-
S-methylphenyl)-5-chloro-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine

O

J

1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
(diethylamino)ethanone

Chop

O/,S\/\/N

5-chloro-N2-(2-fluoro-5-methyl-4-(1-(3-

(pyrrolidin-1-ylsulfonyl)propyl)piperidin-

4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-
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4-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-5-fluoro-
2-methylphenyl)piperidin-1-yl)-1-
morpholinobutan-1-one
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
(diethylamino)ethanone

T oH
N N
T
"N
Cl
OY\/N

HN N,
H

e i
3-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-5-fluoro-

2-methylphenyl)piperidin-1-yl)-N-
cyclopropylpropanamide
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2-amino-1-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-fluoro-
2-methylphenyl)piperidin-1-yl)propan-1-one
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S-chloro-N2-(4-(1-((2,2-
difluorocyclopropyl)methyl)piperidin-4-
yD)-2,5-dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-methyl-2-
(methylamino)propan-1-one

Rol

A

N" NH N
Oy
I
N/)\N

H

S-chloro-N2-(4-(1-cyclopropylpiperidin-4-
yD)-2,5-dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
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yD)-2-fluoro-5-methylphenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)-5-
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2-amino-1-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-2,5-

dimethylphenyl)piperidin-1-yl)-2-methylpropan-1-
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S-chloro-N2-(2,5-dimethyl-4-(1-
(tetrahydro-2H-pyran-4-yl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
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(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-
(methylamino)cyclopropyl)methanone
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5-chloro-N2-(2-fluoro-4-(piperidin-4-yl)-5-
(trifluoromethyl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine
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(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)(1-
(dimethylamino)cyclobutyl)methanone
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5-chloro-N4-(5-cyclopropyl-1H-pyrazol-3-
y1)-N2-(4-(1-cyclopropylpiperidin-4-yl)-2-
fluoro-5-methylphenyl)pyrimidine-2,4-
diamine
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(1-aminocyclopropyl)(4-(4-(5-chloro-4-(5-methyl-

1H-pyrazol-3-ylamino)pyrimidin-2-ylamino)-5-
fluoro-2-methylphenyl)piperidin-1-yl)methanone
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S-chloro-N2-(2,5-dimethyl-4-(piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
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(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(1-
(dimethylamino)cyclopropyl)methanone
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N2-(2,5-dimethyl-4-(piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yD)-5-(trifluoromethyl)pyrimidine-2,4-
diamine
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2-(azetidin-1-yl)-1-(4-(2-chloro-4-(5-chloro-4-(5-
methyl-1H-pyrazol-3-ylamino)pyrimidin-2-
ylamino)-5-methylphenyl)piperidin-1-yl)ethanone
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5-chloro-N2-(2-fluoro-4-(1-((3-isopropyl-
1,2,4-oxadiazol-5-yl)methyl)piperidin-4-
yl)-5-methylphenyl)-N4-(5-methyl-1H-

)pyrimidine-2,4-diamine
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-
morpholinoethanone
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(4-(1-((3-isopropyl-1,2.4-

oxadiazol-5-yl)methyl)piperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl-1H-

)pyrimidine-2,4-diamine
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-yl)-2-(pyrrolidin-1-
yl)ethanone

2-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2-
methoxy-5-methylphenyl)piperidin-1-
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-(1H-pyrrol-1-
yl)ethanone
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2-(4-(4-(5-chloro-4-(5-ethyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)acetamide
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phenyl }-N4-(5-ethyl-1H-pyrazol-3-yl)-
pyrimidine-2,4-diamine
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
morpholinoethanone

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-

ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-yl)(3-isopropyl-
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-(2,6-
dimethylpiperidin-1-yl)ethanone
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N2-(4-(1-((5-tert-butyl-1,2,4-oxadiazol-3-
yDmethyl)piperidin-4-yl)-2,5-
dimethylphenyl)-5-chloro-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)-2-(4-
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5-chloro-N4-(5-ethyl-1H-pyrazol-3-yl)-
N2-(4-(1-ethylpiperidin-4-yl)-2-fluoro-5-
methylphenyl)pyrimidine-2,4-diamine
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1-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperidin-1-yl)-2-
methoxyethanone
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5-chloro-N2-(4-(1-(2-(3-isopropyl-1,2,4-

oxadiazol-5-yl)ethyl)piperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
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pyrazol-3-yl)pyrimidine-2,4-diamine

0
NJ\O
HN=N leN Ne_

-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
(4-(4-(5-chloro-4-(5 hyl-1H-pyrazol
ylamino)pyrimidin-2-ylamino)-2,5-

dimethylphenyl)piperidin-1-yl)(1-methylpiperidin-

4-yl)methanone

3.

5-chloro-N2-(2-fluoro-4-(1-((5-isopropyl-
1,2,4-oxadiazol-3-yl)methyl)piperidin-4-
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5-yl)methanone
[ A T
T Y o
/ Nx Q N HN N
N, H c \/\ >\~N®/ pNH
P\ HN (N, o =
ﬁ Il \L<NH
HO o =

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
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woredlhpd263 pyr azol
(R) - 5-chl or o- N2-
-5-chloro-N2- (4-(1-(5 (1-

-3-y1l) pyrimdi

(2-fl uoro-5-nethyl -

ne- 2, 4- di an nePOI/US2009/048428
(1

(nethylsulfony#)pyrrol|d|n 3-
yl ) pi peri di n- 4}yl phenyl) N4-

(5-met hyl 1H I') pyri m|di ne-2, 4-di am
= - 1T HI—N
S-ghlor (2f|uor05fﬁ3thyl 4-(1,2,3
tmu yri di n-4-yN) plenyl) 4 N4- (
) zol - 3- yI)pyrlmdlne-ZWdlclmn
(S)- 50h|oro|\|2(2f|uor 5- met| hyd~ 1
(nethylsulfonyl)pyrrol|d| - 3-
5- et hyl -

(% ﬂﬁ% Ch{% 4 flq ée%?lhﬁ[] Y 7ol-3- 1di n

%&/ LR F e s
(pyrl l er1 1 Jgrpe“ di n- ya 1 ﬂ ammo) 5 fluoro-
( 5- lr%%[frﬂﬂ)/ypyrrf ln'yrazo 2v1) pyri mi di ﬂemzth& aemhipeeridin-1-
NH HN- N. -N yl)cyclohexanol

T HN, ENH

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-yl)(4-methyloxazol-5-
yl)methanone

N" NH N
C||\N
A
N N
H

F

5-chloro-N2-(2-fluoro-5-methyl-4-(1-
(pyrrolidin-3-yl)piperidin-4-yl)phenyl)-N4-
(5-methyl- 1H-pyrazol-3-yl)pyrimidine-2,4-

diamine
F
o - g
¥ HNN,
N > NH
N ¢l
OxN HN<_N,
L<NH N
\ I,
N o
N—O s?
O/S\

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(3,5-
dimethylisoxazol-4-yl)methanone

5-chloro-N2-(2-fluoro-5-methyl-4-(1-(1-
(methylsulfonyl)azetidin-3-yl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
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Cl\-NH N 5-Chl or o- N2-

[441,1 -dioxo-tetrahydro-1 2I, 6-
t hi ophen-3-y1) -2, 5-di net hyl - phenyf |
wakpippomzdl - 3-y1) - pyri m di ne- 2, 4-di am ne

- Nd- (5- net hyl -
WO PCT/US2009/048428

2010/ 002655PCT/ US2009/ 048428 TN NCI HN HN). LNH
3-(5-chloro-2-(2,5 -dinethyl-4-(piperidin-4-

yl ) phenyl am no) pyri m di n- 4-yl an
HN, NNHNN Cl I\ 1.8 :(, 0O NN H
5-chl oro- N2 I 5- net hyl
(pyrazi pilper i di n- 4

met
_y|

(S)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(2-methylpyrrolidin-
2-yl)methanone

i mdine-2,4-diamhe HN,

nno)pyridin- 2(,1H) -one
N\

4- (1 - L Nc
g -
\izol - 3- "N ,\\l N
NCI NONNH
S 4-( 1- NH
- (5- met hyl i soxag

NNHN | C | NN, 101 NN

5-chloro-N2-(2-fluoro-5-methyl-4-(1-(1-

(methylsulfonyl)pyrrolidin-3-yl)piperidin-

4-yl)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

Dl
/ N
., N HN<_N.,
(;zflr ~NH
OHC

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)((2S,3R)-3-hydroxy-
1-methylpyrrolidin-2-yl)methanone

5-chloro-N2-(2,5-dimethyl-4-(1-((3-
methyl-1,2.4-oxadiazol-5-
yDmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-

F

NN
T
NS
OTN HNW
) ~N
N7 ‘
N-N H

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2-
methylphenyl)piperidin-1-y1)(1H-tetrazol-1-
yl)methanone

diamine
HtL

N~ NH N/\(/N
Iy o\,\fh
N/)\N
H

5-chloro-N2-(4-(1-((3-ethyl-1,2,4-
oxadiazol-5-yl)methyl)piperidin-4-yl)-2,5-
dimethylphenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine
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H 5-chl oro- N2- (2-fl uoro-5-nethyl-4- (1 - (pyridazin-4-
yl met hyl ) pi peri di n- 4-

W@ kjiploeasyd) - N4- (5- net hyl- 1H pyrazol - 3- PCT/US2009/048428
yl)pyrimdine-2,4-diamine HNN HNL IrN\C NH
3-(5-chloro-2-(2,5 -dinethyl-4-(piperidin-4-

(pyrimdi

yI)phenyIan1no}pyr|n1d|n 4-yl am no) pyridin- 2( 1H)-one
HN, NNHNN ClI) | H 5-chl ono K&ffz 5-di met hy1l- 4-
(1- q@ﬁgg yl) pi perii n-j4- yl) phenyl) - N4-
1)pyr|n1dnhe RH4- di am ne
5-ch|o o- - ( 2-i|sopg -5 -ng
i petidin- HNyk%gQ;Py]) N4 - 1tiPyr
| Ypyr|i m di ne- 2, 4-di am he L INNHNN- GRNA~ N
(2,5-di methyN-4- (1- (pyrazim
/hyl ) pi peri di n-4-yl)phenyl)-N4- (5- nethyl -
1H pyraxol -3- yl)pyrimdine-2,4- 5 chloro-N2-(2,5-dimethyl-4-(1-((5-
methyl-1,2.4-oxadiazol-3-
yDmethyl)piperidin-4-yl)phenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine

(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-

ylamino)pyrimidin-2-ylamino)-5-fluoro-2-

methylphenyl)piperidin-1-y1)(2-methyl-5-
(trifluoromethyl)oxazol-4-yl)methanone

Foo —
N\r/N | HN, _
N

N~ NH N/\(/N\O
Cl Cl\ﬁ%N N=
@) N HNW | /)\
N- N

N

HN N H
H
@)
6-(4-(4-(5~chloro-4-(5-methyl-1H-pyrazol-3- S-chloro-N2-(4-(1-((S-isopropyl-1,2,4-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2- Oxad}azol—3—yl)methyl)plperldln—4—yl)—2,5-
methylphenyl)piperidine-1-carbonyl)piperidin-2- dimethylphenyl)-N4-(5-methyl-1H-
one pyrazol-3-yl)pyrimidine-2,4-diamine
LK =
T AN, N
N cl N NH N
Cl
OsN HN N
Y Y L
HN/&j NN NN
e " noF

(S)-(4-(4-(5-chloro-4-(5-methyl-1H-pyrazol -3- 5-chloro-N2-(2-fluoro-5-methyl-4-(1-
ylamino)pyrimidin-2-ylamino)-5-fluoro-2- (oxetan-3-yl)pip eﬂdln—4—y1)pl‘16r%y¥) -N4-(5-
methylphenyl)piperidin-1-yl)(morpholin-3- methyl-1H-pyr 3191‘3 i yDpyrimidine-2,4-
yl)methanone diamine
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di am ne
of Formula (4):
W@ 2010/00386% eof ; wherein X i
menbered heterocyclic ring cont
selected fromN, 0 and S, and

R1

WO 2010/ 002655PCT/ US2009/ 048428 11. A conpound
or a physiologically acceptable

s a nonocycl i CPGF/6S2009/048428
aining 1-3 heteroatons
ptionally substituted

on a substitutable ring carbon|witf oxo and at any
substitutable ri ng nitrogen by |R6; is halo; R3 and
R4 are each H R5 I s hal ¢, H\ydrloxyl, Cl1_6 al kyl,
Cl1_6 al koxy, @ tuted(l 6 Nl Ky, N /|
hal o- substit gl ClhQ gl koxy, ¢yangor Na
R6 is H CI 6 @l kyl | \[%;L@l al kenyl or PZ
;;;of, Fch oamy beHnsb LiNgnal |y subst hal o
B8/ of] hydr oxyl groups; \NIRZ) p- OR7, H
%{ pCH(OH) Ct F2t +1 whergin t |is 1-3, (CR2)p-CN;
(CF€2)|o NR (R7), - (CR2)p-C (0) |GRAloro-N2-(2,5-dimethyl-4-(1-(pyridin-2-
0 2) pAR: 5 Xy L.
Syipheny ) l{h‘-?% 171 lj:%zol Ppyrimidine-2,4-
:12(3 éﬁzcg‘ LC (0) diamine
(CRZ)q NR—C(O) R8, -L- C(O) NR(CRZ)p R7,
- L- C( 0) NR( CR2) DS @O)/#Z S|(0)3R8, -LS (0)2-
(CR2) g- NRR7 < NR( CR2) PNRNR7)| or
L- S(0) 2N R7; Ngjier nativel y, | ||\§1 a radi ca =
sel ected frpm ornul (a), (b) gor ~ |
oY 7 wherei i 'ﬂi? y N
C@ R11, R12, R13, ) RL5 and JN
|ndependently sel ected frnomH, |Cl_6 al Koxyy
al kyl, C2_6 alkenyl or C2_6 al kynyl, each of whi ch may

5- blelompi‘ﬁ ‘t@rfhbioys-sathslt4- (1u(tt®1dhwlrfb -h
1 g rdgurplo:3-bienRpipeaidth-4Rehe RPN an
(5-andly RIA-pyrarol Ry®ppmudidRe 2. 4-dgeinher
whi ch they are attached may fonm
saturated, unsaturated or parti

Baéh%roé}m @5 Amay I)’kpyrldm 3-
| Riter %Héimfﬁl- f> 1)-N4-(5-
tg);h g)yrlm

idine-2,4-
al I y unsatur éIB %ing

cont ai ni 1-3 heteroatons sel ¢

scted,.fromN, O and S,

and optio sti ted wi th oxo d 1-3 R5 groups;
Lis ( r aNb@s Y i8N C3_7 carbocycljc

ri ngy—6_ or a0 rrerrberethe ér oar r NP )
4-1 het erocyclic ring, Wwhi XN
opti/on@al | W~gubstituted with 1-3 R5 gr olﬂpgl,\ R8 and

Re8 ar®TGddpendently Cl 6 al kyl, 6 dl kfnyl or C2_6

aI kynyl each of vvhi ch may be opti onal |y substituted

am no, dr oxyl

5&@%& 3 <?o$ diggethyls 41!41
d10é1dR>;’. ~thiopyran- 413D
N‘b?anlféh@ 1 -mEHpks é]dPW’inH@n?: éfit ai
sel ected frdlMPe 0 and S, and

OI‘C

>SadT1(Poro % ﬂ-ﬁlrﬁ&hﬁ]ﬂ-@l (pyrldm 4-

E‘h 5] ‘éﬁ %iéﬂm -N4-(5-
mn'h H?é’ia Plony By midine-2.4-

ptionally su ?FPP‘?H ed

W th oxo and 1-3 R5 groups; mi
0O

. i
HN, _ Jas
N

N
cl

NH
=N

L

N N
H
5-chloro-N2-(2-chloro-5-methyl-4-(1-(1,1-dioxido-
3-thietanyl)piperidin-4-yl)phenyl)-N4-(5-methyl-
1H-pyrazol-3-yl)pyrimidine-2,4-diamine

S 2-4; nI813

T, IIGQ

Trans-4-(4-(4-(5-chloro-4-(5-methyl-1H-
pyrazol-3-ylamino)pyrimidin-2-ylamino)-
5-fluoro-2-methylphenyl)piperidin-1-
yl)cyclohexanol

242




pis 1-4; and q is 0-4. 12. The

compound of claim 11,

wherein X is norpholinyl, piperazinyl,

WE@R@penaxsh- 2- onyl , oxazol i din-2-onyl or PCT/US2009/048428
pi peridin-2-onyl each of which is substituted at any
substitutable ring nitrogen by C1 6 alkyl; or Xis
tetrahydrq—ZH—pyran 2- onyI and Rl is thor¢+ 13. The
conpound of)— 11, wbereln sa dig?ﬁﬂ
sel ect e\ ré@bécon5|st|ng £N EEL
NNN Hp—aH SFF / %lir HNMN C'N LN N\Oi—i
5 chI L_ hM- -met hyl - 1H pyrazol -3 -y1)- N2- N OH

)yrazol -

§ NB- 4- (5- met hy1l- 1H-
(2 nethy - met hyl pi per azi n-

yl am no) pyri m di n- 2-yl am no) - 2, Sp

5-chtoré-NR uprasmtshyé hy iy i ) piyaxidat ¢
3-diierRiyhyibpienyly) pipen-Ndi(p-nugne | d

1ew1)-¢p(4-(5-chloro-4-(5-methyl-1H-
yrazol 3-ylamino)pyrimidin-2-ylamino)-

i n% -2-methvlph 1 din-1-
i am noe0 @1 phenyl)piperidin-

4 h 1
HNINNbY ra 13-y SN midMgic-2 4tdiankhe 31/ 4, onexano
N/ F
H
N/k\/)/\ NoN, H
N 7// N
\ | ol N~y
’&VKN\WkN o N
H H /™o

5-chloro-N2-(4-(1-(5-ethylpyrimidin-2-
yDpiperidin-4-yl)-2-fluoro-5-methylphenyl)-N4-(5-
methyl-1H-pyrazol-3-yl)pyrimidine-2,4-diamine

(R)-5-chloro-N2-(2-fluoro-5-methyl-4-(1-
(1-(methylsulfonyl)pyrrolidin-3-

yDpiperidin-4-yl)phenyl)-N4-(5-methyl-

1H-pyrazol-3-yl)pyrimidine-2,4-diamine

NH

HN\N le\N

\ I
’&\)\N Sy
H H

5-chloro-N2-(2-fluoro-5-methyl-4-(1,2,3,6-
tetrahydropyridin-4-yl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

F

F

N

(S)-5-chloro-N2-(2-fluoro-5-methyl-4-(1-
(1-(methylsulfonyl)pyrrolidin-3-

yDpiperidin-4-yl)phenyl)-N4-(5-methyl-

1H-pyrazol-3-yl)pyrimidine-2,4-diamine

;Ei§>—NH
—{t:)th

5-Chloro-N*-[4-(1,1-dioxo-tetrahydro-1 A°-
thiophen-3-y1)-2,5-dimethyl-phenyl]-N*-(5-methyl-
1H-pyrazol-3-yl)-pyrimidine-2,4-diamine

N NH N/\KlN
Cl N \N)
PN
N N
H o F

5-chloro-N2-(2-fluoro-5-methyl-4-(1-
(pyrimidin-5-ylmethyl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
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NH HN-N _N Cl\i)-NH N

5- chl or o- N2- ( 2- f | uor o- 4- (4- et hyl pi per azi n-

W@ 2140055t hl or o- 4- (5-net hyl - 1H pyrazol -3 - 1 PCT/US2009/048428
-y1l)-5-(trifluoronethyl)phenyl)-MN4-(5 -
yvlamno)pyrimdin-2-ylamno)-2,5 - nethyl -
1H pyrazol 34yl )prrl ni di ne- 2, 44
di met hyl phe rgﬁt Jiydr o- 2H pyr an- 2-/ene di ami ne NH
I C(N NCI N | YL)11--- 0 N1l RN N NNN HH NN
CI\-NH orcpX a- fluoro-4-rmrwn§\t:no 5 N
(S) -4y -ilch od- (5 -nmet hyl - 1H pyrazol
(trifluoronet Hi@fhenyl)-l\m-(& met hy1- 1 N
3-yl am no) pyri ket n- 2-yl am no) 12,5 - "OF

3-(5-chloro-2-(2,5-dimethyl-4-(piperidin-4-
yl)phenylamino)pyrimidin-4-ylamino)pyridin-

5-chloro-N2-(2-fluoro-5-methyl-4-(1-
(pyrazin-2-ylmethyl)piperidin-4-

2(1H)-one yDphenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine
o
N~ NH N NH N/m
Cla A X N
N = N
LA A
N N N
H F H £

5-chloro-N2-(2-fluoro-5-methyl-4-(1-
methylpiperidin-4-yl)phenyl)-N4-(5-
methylisoxazol-3-yl)pyrimidine-2,4-diamine

5-chloro-N2-(2-fluoro-5-methyl-4-(1-
(pyridazin-4-ylmethyl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

N NN
A N
Cl

3-(5-chloro-2-(2,5-dimethyl-4-(piperidin-4-
yl)phenylamino)pyrimidin-4-ylamino)pyridin-
2(1H)-one

NH

H

o & @)@Yﬂ

S-chloro-N2-(2,5-dimethyl-4-(1-
(pyrimidin-5-ylmethyl)piperidin-4-
ylD)phenyl)-N4-(5-methyl-1H-pyrazol-3-
yl)pyrimidine-2,4-diamine

A
HNN L\r

5-chloro-N2-(2-isopropoxy-5-methyl-4-(1-
methylpiperidin-4-yl)phenyl)-N4-(1H-pyrazol-3-
yDpyrimidine-2,4-diamine

N

| )N\
N/N
H

S-chloro-N2-(2,5-dimethyl-4-(1-(pyrazin-

2-ylmethyl)piperidin-4-yl)phenyl)-N4-(5-

methyl-1H-pyrazol-3-yl)pyrimidine-2.,4-
diamine
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pyrazol - 3-yl) pyri m di ne- 2, 4-di am ne

di met hyl phenyl ) oxazol i di n- 2- one
wQa 20055t hl or o- 4- (5- net hyl- 1H pyrazol - 3- PCT/US2009/048428

yl am no) pyri m di n- 2-yl am no) - 2, 5-

di met hyl phenyl ) pi per azi n- 2- one

(R) - Uk ( 4-Asompbardei4ormubetihy| - 1H pyr azol -

3-yl am no) pyri m di n-2-yl ami no) - 2, 5-

di met hyl phenyl ) oxazolr'di -one 14. A

phar maceut i cal Homposi tifon nprisfhg|a

t her apeut i cal i unt_Igf ;aycohpound of any

one of clains 1- ysiRlog |y acceptabl e

carrier. 15. N3wethod fdor inhibiRej,ng | GF-1R in

a cell, conprising cdhtacting Bhe cel | mﬁt&Jan

ef fecti -ﬁgﬂg . any one of clains

1-1§9§#%§S% rngggégﬁggﬁﬂ%%#ggggéion t her eof .

16. whareih o & mondayeldd HognanbdrGFhdiBRorpdicaimedconormang il eh

in a nm I fferi erefrom conpri.sing )
helaRiAmS tgg??tﬁ@ trpgy Iffh@gdﬂégmg PUoRE APt Ui qnya substitutable
m&iﬁ $£63d WRh BRI aQhy RuGGRRME ﬁngfn_it?c@én %9?{6,(” cl ai ms

-13 or a pharnaceuylcal conposition théreof, and

opt i Bnialhklp; i n combi nation with a second therapeutic

agent 3 %ﬂgrein i,d condition is an autoi nmune

di seasd! ¥ §fdplant ati on di sease, an infectious

di SeRSE halo, Byditkyl, [ Qhlk§leCat aikex WiheRr @®ktituted C alkyT,-halo-

The nmethod of claim 16, wherein said condition is a
subgiitpted Colsiafleorait ¢yaao df SEPddnR™ 18. The nethod of

claips.17,;. | N~ saj ell~praliferati I,Sor i's

mut (R i U A R E RH ofllP L 8E
ophtiepallyoaskiitutearwitthdln ghd/oSeydronm easupd; $ORh)J-ORIMMCR,),-

sel ected from a osteosarcomm, nelanoms, and tunor of
CHEQE Koo gtparein pisdst-4E Bl dN o Eetoal R Py foR ey (PaPRan,

[ bPung, uterine or gastrointestinal tunor.

((%§E%E§@#%Fﬁ§6 of claim 16, wherein said_second
(CRapNRp BUE(OORAJEL) (G R, fOR WA (0)O-(CR1),-NRR’, -C(0) -(CR,),-OR’, L-

2010/ 002655PCT/ US2009/ 048428 chenot her apeuti c agent.

20. The use of a conpound of any one of clainms 1-13, or

-Lacabw,@c@ébb-ww?qg-}@@')INI@.rckggJI\qaﬁ,-_Lt@(())NWCRz OR’,

)
manuf acture of a nedi canent for treating a condi ti on

TrE0 Rt F) b INR-GFOER’, oF.-GERPRAER SR Y Ap K EMANRI (R 65 (Oan®,

ng@w??fg@ ASOHG UHNS  ERBEIT G A i ey
195 @BASR(CR)JORMspl ant ati on di sease, an infectious

disease or a cell proliferative disorder.
alternatively, R” is a radical selected from formula (a), (b), (c) or (d):

15 15
- R11 R12 ﬁ{ B 3 gzo R11 R12 ﬁ{ .
R10 . N—R > . N—R
3 -SS\"/L 0-1 ‘SS‘S/L 0-1
12 4 R13 R4 12 //\\ R13 R4
(@) (b) © °©°% W

R'%is O, S, NR" wherein R" is H, C ¢ alkyl, SOR®* or CO,R®;

R”, RIZ, RE , R14, RY and R'® are independently selected from H; C;_¢ alkoxys;
Ciealkyl, C,¢alkenyl or C,¢ alkynyl, each of which may be optionally substituted
with halo, amino or hydroxyl groups; or R!'! and Ru, R'? and RIS, RY and R16, RY
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and R™ or R" and R" together with the atoms to which they are attached may form a
3-7 membered saturated, unsaturated or partially unsaturated ring containing 1-3
heteroatoms selected from N, O and S, and optionally substituted with oxo and 1-3 R’
groups;

L is (CR,);4 0or a bond;

Y is C;.7 carbocyclic ring, Ce.o aryl, or a 5-10 membered heteroaryl or 4-10
membered heterocyclic ring, each of which is optionally substituted with 1-3 R’
groups;

R7, R® and R® are independently C;¢ alkyl, C,¢ alkenyl or C,_¢ alkynyl, each
of which may be optionally substituted with halo, amino, hydroxyl or cyano; (CR»)qY
or Cy¢alkoxy; or R’ is H;

each R is independently H or Cy.¢ alkyl;

R and R’ together with N in each NRR” may form a 5-6 membered ring
containing 1-3 heteroatoms selected from N, O and S, and optionally substituted with
oxo and 1-3 R’ groups;

m is 2-4;

nis 1-3;

pis 1-4; and

qis 0-4.

12. The compound of claim 11, wherein X is morpholinyl, piperazinyl,
piperazin-2-onyl, oxazolidin-2-onyl or piperidin-2-onyl each of which is substituted at
any substitutable ring nitrogen by C,.¢ alkyl; or X is tetrahydro-2H-pyran-2-onyl; and

R! is chloro.
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13.

the group consisting of

PCT/US2009/048428

The compound of claim 11, wherein said compound is selected from

NH
HN~N

&,

L

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-

F

N<_N_N
—at I/\Ir
HN’NCI N

5-chloro-N4-(5-methyl-1H-pyrazol-3-yl)-N2-
(2-methyl-4-(4-methylpiperazin-1-yl)-5-
(trifluoromethyl)phenyl)pyrimidine-2,4-

N

dimethylphenyl)piperidin-2-one diamine
N
|
HN N/)\ NH
@] F
o [N

-
2—NH
HN-N" =N
ci— /—NH
N

4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3-
ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)tetrahydro-2H-pyran-2-one

\
N FsC
)
N
I
5-chloro-N2-(2-fluoro-4-(4-methylpiperazin-
1-yD)-5-(trifluoromethyl)phenyl)-N4-(5-

methyl-1H-pyrazol-3-yl)pyrimidine-2,4-
diamine

-
&g@ (L

5-chloro-N2-(2-fluoro-4-morpholino-5-
(trifluoromethyl)phenyl)-N4-(5-methyl-1H-
pyrazol-3-yl)pyrimidine-2,4-diamine

O~ 20

NH

HN~
CI{ )—NH
N

(S)-4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)oxazolidin-2-one
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(—NH

O-0
Nwz L
\—NH

- °
2)—NH h
HN~N =N N~ S
Cl \ />—NH CI‘{\:)—NH
N N

1-(4-(5-chloro-4-(5-methyl-1H-pyrazol-3- (R)-4-(4-(5-chloro-4-(5-methyl-1H-pyrazol-
ylamino)pyrimidin-2-ylamino)-2,5- 3-ylamino)pyrimidin-2-ylamino)-2,5-
dimethylphenyl)piperazin-2-one dimethylphenyl)oxazolidin-2-one
14. A pharmaceutical composition comprising a therapeutically effective

amount of a compound of any one of claims 1-13 and a physiologically acceptable

carrier.

15. A method for inhibiting IGF-1R in a cell, comprising contacting the
cell with an effective amount of a compound of any one of claims 1-13 or a

pharmaceutical composition thereof.

16. A method for treating an IGF-1R-mediated condition in a mammal
suffering therefrom, comprising administering to the mammal a therapeutically
effective amount of a compound of any one of claims 1-13 or a pharmaceutical
composition thereof, and optionally in combination with a second therapeutic agent;
wherein said condition is an autoimmune disease, a transplantation disease, an

infectious disease or a cell proliferative disorder.

17. The method of claim 16, wherein said condition is a cell proliferative
disorder.
18. The method of claim 17, wherein said cell proliferative disorder is

multiple myeloma, neuroblastoma, synovial, hepatocellular, Ewing’s Sarcoma or a
solid tumor selected from a osteosarcoma, melanoma, and tumor of breast, renal,
prostate, colorectal, thyroid, ovarian, pancreatic, lung, uterine or gastrointestinal

tumor.

19. The method of claim 16, wherein said second therapeutic agent is a
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chemotherapeutic agent.

20. The use of a compound of any one of claims 1-13, or a pharmaceutical
composition thereof, for the manufacture of a medicament for treating a condition
mediated by IGF-1R or anaplastic lymphoma kinase, and optionally in combination
with a second therapeutic agent, wherein said condition is an autoimmune disease, a

transplantation disease, an infectious disease or a cell proliferative disorder.
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