5 /A(PYRROLO) [2, 38] PYRIDINE-3-YL) "r"innar. Wo;008701713 |

46LPCT/US20071026190 DERIVATIVES USEFUL AS PROTEIN KINASE
5 INHIBITORS REFSROECERENSE] PYIRTDENBICHIgN. R e 1=
WHehEtd 8t V. S. App%g

U.S. Application No R?ﬁéeﬁ%gﬁg— £3§ eL(J:eS Aggzﬂtﬁlgr?%ﬂ K

No. 60/947,707, fiec orr i 32004 SEd N ERticagpn No.
60/989,014, filed on November19 2007. TECHNICAL FIELD OF THE

INVENTION 10021 The pfe8&itirtehhsiMégtes to compounds useful as
[001] 'nlﬁmktﬁb%@éd@f&{%'ﬁma%ﬁe{émevengompyﬁgaﬂﬂﬁwme%@ﬁaamaaemwﬁ

Deceqiale 01y NEUBHABE Rt eI APV rers,

Appli££te>mmnaoxwrsmprm/¢deﬁ1 pmesseeﬁmnrw;mrm@tkammm@m IdeR6fdthe

Gled |nv§ntlorgb8 UND OF THE INVENTION 10031 The search for
Het fRwt eerapeu ic agents has been greatly aided in recent years by a better

understanding of the structure of enzymes and other biomolecules

associated with djgeasRse Qe IBPSRRYEIRSAR/EEFYAIeS that has been

the SUbjeCt of inténsive stu Yy IS protein Kinases. Frotein Kinases constitute

[002] THrgerreasyroratiorighaly reraerersmedithat watidesoiamboKinses.
The imfahosl@Wwe%ﬁbgﬂ@w@mw&epmﬁemﬁm theweltisete

Hardie, G. et al., The Protein Klna e Fac Book, | and Il, Academic
comppyRds S5 BT A BRI SR mE R CUBRRHBNL I B KGRk
variotOiar£Q8 Mop Aneastiakienedidigthecendoryatiomniof theicstrpotud of the
z%md catalytic function. Almost all kinases contain a similar 250-300 amino
"ach catalytic domain. The kinases may be categorized into families by the
substrates they phosphorylate (e.g., protein-tyrosine,

protein-serine/thregiRgy lipids &i6) Sreeenee/pRifiorhave been

identified that generally correspond to each of these kinase families (see,
[003]c Fha papieh foTiewiiRtapeticpAGEEes broosrepty Adsd e Rfha0N 2

betteHIBRGEnEAN10 283 A b briBileasaln Calhed 820100 1d a9t dfeina et
al, Cell, 1993, 73, 596; GarC| u to BOJ 1994 13

ciscahe 3 PO G ARAT B OLE) PSR SUTA AT oy i

protemgﬂﬁdmg by effecting a phosphoryl transfer from a nucle03|de

Prot t”% %%Ze U%%%%%%r%% tgf §H%E rérlll Oljgﬁiﬁ:én @Q't'ﬂg ayg%sponsmle

26190 pathway. These phosphorylation

for thevenmtsohof as pristy i sion) sHsieis ieseewh YidtnErR6H legtldaedigel. e
al., TR @b RIRtRINRIOIOgcal duRclion, FNReeIRRRSPRALYIBHOHRYBISAAIEI9S). Protein

ultimately triggered in response to a variety of extracellular and other

kinasehifeI RN B8 SrSHeSHIEH HTOMRLBADRBTIHCHRT AhaerBffiRafervation of

their StfeaSeighalsa{a:gic shaskohealsback] iteaviotehraidiatonilerierHlo amino
otoxin, and H202), cytokine mterleukln 1 (1.-1) and tu

i R o B S eR L e Ao s (e

phosphacytaph&g@ qmmfzsyxstmutammgdamw(rﬁmm@naﬁmﬁbr@b]aﬁegmmh motifs ~

have REREdEREN é@@é AcRIHar SLBHILS may a%f@l%ggﬂﬁl&re%ﬁlge&é@re g,

responses relatedto cell growth, migration, differentiation, secretion of

Haﬂ%oﬁ%n@@é?éﬂatfﬁﬁsgﬁrénﬁ%?ﬁ)tfbﬁ?ﬁé&@s Kpighéns Ebﬁltva?é’fr‘?ﬁfeg 178dse33

407-Metapadisen . conOl 05 Prote i syntberis suuiy al.andowy yiations sfbiedeedia-
ycIe 10051 Mang diseases are associated with abnormal cellular

Bustpg shthsdARGybra8¥y protditkinale-mediated events as described

£004}abnygeriélﬁﬁ$ﬁrd16ﬁasas$m|mﬂﬁatblﬂhmeeﬁolalimigﬁdlitmg baeéferting a phosphoryl
trans?Utlgrorpnn}zulpu%ldls?c? SF ;?h'ggg rgt@? tor o gglaa%%%epp ??ﬁap IB5S %e&‘}ﬁ@?%ﬁ\%ﬁng
iseases, neurologic neurodegenerative diseases, cardiovascu

diseases, allergies and asthma, Alzheimer's disease and hormone related
diseases. Accordingly, there has been a substantial effort in medicinal
chemistry to find protein kinase |nh|b|tlors that are effective as therapeutic
agents. 1006] The Polo-like kinases (PLK) belong to a family of
serine/threonine kinases that are highly conserved across the species,
ranging from yeast to man (reviewed in Lowery, D.M. et al., Oncogene,
2005, 24; 248-259). The PLK kinases have multiple roles in cell cycle,

including control of entry into and progression through mitosis. [0071
Pl K1 ic the heact ~rharactarized nf the Pl K familvy memhere Pl K1 ic widalv/

inve




[012] Compounds of this disclosure are useful as inhibitors of PLK protein
kinases and in some-embodiments, as inhibitors of PLKI protein kinases.
These compounds are as defined herein. These compounds, and
VWihAitHEAEEdtically acceptable salts thereof, are usefid for tre&GHg6067/626150
reventing a variety of diseases, disorders or conditions, including, but not
Pat eSS aﬁﬂéﬁilaﬁltmﬁifﬁeé‘aﬂﬁaﬁ%&8}9‘,@5?&&8%%@@?*8f%%%m&%%ate
or reglibeage; aneupadegeneiative disedse, Thes hmphatogitallywaediated
._disease. The compounds provided hy this disclosure (and . .
i R BT o R R P Cmpliomotes of
such geriviitivekidhercofarerdid enbkdisifortheestudyefdingsebdnkhintegibatk,
uiraABR:RAIRAIA AL BhEnamBna; ety of IEAGEILRL SNl UARRAUGHOT) ang

pathways mediated by such kinases; and'the comparative evaluation of

tumop BEFGH A SeciphAbrer STV -Aipsdagpech fvesitrogidd ecrsmppstrthese-
color@ruladingrracRhatmacaticaliv acsoniablecsall eraQl whgreld; exedddilular
. _is -H, halggen, CI 6 aliphatic optionally substituted with 1-3 R3, -0(C1_6
SUIMU AN B5t SR SOBRARHEE Witk ors 18 At Ig ReRErow b ABtertign,
diffedadependentiytid, € ho-alipteafiscaryicneitraanti(tidd cyelealkiylicle4okiraction,
membered heterocyclic ring.optionally containing 1-3 groups selecte
R G e AR R e
[085]cyieatkyiscantt hutersasiatic! wighatnoptidrallysu bsttoteck withz4r3i biy@rotein
kinasEARURALR NAGRENIROINSRIBCICD. f‘ﬂ(@sﬁ‘ﬁl‘?@é’s@s n%%ﬁéyb& hrg x%ﬁlmited to,
benzyl, oxo, -CF3, W, -CN, -NH2, -N(H)-W, -N(W)2; -N(H)-S02-W,
CanCS B RURIHIV SSuyR INT YR ALETHOf 7R as (DY e (PGt HRt By iy diseases,
neurciBgdf)aWd, k@i Werna 02 Me2W, QhrddWhiscul alm%@&éﬁlﬁ?gﬁgg(%ﬁi asthma,

together.to form a 4- to 8-membered carbocyclic or heterocyclic ring )
AlZh BTl Cih EBLAGETONA 718 HiRFABP CheoTdinglidigsp faes beena substantial
efforindepdidesithhselecied ﬁﬁﬂp&e&kﬁxﬁkﬁh&iﬁﬂﬁlﬂﬁy@@%ﬁ%bﬁbe as therapeutic
ntQeterocyclic ring; each C1_6 alkyl, aralkyl, cycloalkyl or heterocyclic ring is
optionally substituted with 1-3 of halogen, -OR6, -CN, Ci_6 alkyl or
[006INRRgRalg; Ig¢e kingpe(NL Kb hekrrs withahd nivfogan oo tonykichsisighat are
hight AU8020a7. B ARAPRIATAH Fn JOTDNA 43410 SHRE RRAIGELETI I Qlvery, D.M. et

Two W, together with'the same or different nitrogen atom or carbon atom
al., Gyroeinn A8 2k AtdichAlY, Tomt B ksesenimverdtimietaieiereltingle.
incluiaghdiBiaTdRd Sisiaseprngentbnhietegemesssl.3 alkyl; or  R18

a 9 ther with the njtrqgen atom to which the attached, form
007 R e R et B WA s
expreadyl aod @R3pst ablndawindissbeslinibd togiethegotio fodax aBrotein levels of PLK1
. e cl | optionalh,substit j
e Y BRSSPl ST AN, e
reporipd spesiasssRf Raubdare ahoeolareyesabyt a5e koeero oy smiah @urisand
progriRSRRendR kol Qrabd Ghaliphatic epsienallyisubsisiedWith 3 R 74 the

Each R5 is independently C1.6 aliphatic optionally substltuted.wnh 1-4 R7
protegsome. {8 otRperdef %8@9&{5@&%9%1@%8&8@%%%5 correlate
with eptanaty dubsititedwitad -AORT aby Ann. Bédr-andhBs candie §oirmed740). PLK1 is

ogether to form a mon lic.ar bicyclic ri tionally substituted with
an o N R g et e
CommiieréRP 8ot oI Ihe ©). B akstiod caryhibitidn bé RiEdrplyisiBptionailysand,
micrdﬁ?@o‘?@ﬁ%ﬁ&m%'}HI’%%&&E}% 5@3 &emlﬁagpn%élt‘%é' O SE@&}})B}? I'R1 into
independently oxo, alkyl, halogen, -CN, -0R9, -SR9, -N(R9l32, C3 8
cells, ceansapgAohiclatiensartoliy 2f termpiemilseredtreiCroydiicatinl, Cancer Res.,
260591126989 708, draURS A APEam IN(RL! koi-Qrs Al 2603 MIRYSINBAEN4: Fan,
v ta{rl;y;%/?{glﬁa% 4-8 membered heterocyclic monocyclic or bicyclic ring,

- L By 1 8A etetgErgE ittty ntPriidpendenty Rubstithed it £ia! 1996,
R8, or Two R7 on the same atom,or adjacent atoms is joined to form a
carbocyclic ring or a 4- to 8-membered heterocyclic ring containing 1-3
groups selected from -N(R17)-, -0-, or -S-, wherein each of the carbocyclic
ring and the 4- to 8-membered heterocyclic ring is optionally and
independently substituted with 1-3 R5; Each R5 is independently -R, -Q,

-R9, -0R9, -N(R9)2, halogen, or -CN;



Each R9 is independently -H, -N(R16)2, C3-6 carbocyclic ring, C3_6

heterocyclic ring, or C1.3 aliphatic, wherein C3_6 carbocyclic ring, C3.6

heterocyclic ring and C1.3 aliphatic are each optionally substituted with
WIL3063/15P346 Two R9 groups together with the N atom to wHIER/#fe)uae26190

und.form a 4-8 membered ring additionally containing 1 or 2 groups .
135, QA ety St AL Kt e vl s -35
Rizk§Anembeeosingris optighally@ny independeénily Buhstitutdd withhh@ bten

: 6.is independently hydragen or C1.6 alkyl, or .  Two R16
el e e R P e s fomia
chromoeeniveb gnriryicont amingtbor2dgrowpsseie cltedsfromakiRly7h 8, lmes reported to

be ﬁhgéglghl?)% Qﬁﬁ@g&p&p&i@ﬁ%tgéﬁg,rqg%n{p&?fn%gxﬂél @Qﬂ?ﬁ‘é&% Yeen reported to

_ cycloaliphatic, wherein each Cl aliphatic or cycloaliphatic is optionally
maintib by aAeplstonof RbKE- Op gluikioskrpyn gFiid by siRNA or the use

of doratil#-NLAW cordRrNeAL o GOm0 NV Zra 6 DK RBrs in
-N(H)-C(Q)-W, -0-C(0)-W, -C(0)-0-W, or -S02-W; R' Is -H or C1-6 aliphatic
xenogiat SRS Substituted with 1-3 of R7; R11 is -C(R12R13)C(---0)NRI4R15;

{6e8IEautKaef iRbAiandeRkdsisdntlependently phoe Glieaknhatn: aptionalbalized to the
substituted with 1- 3.R7, 12 and R13 can be joined eth for
cent g B B O PR SRt R
nomraigmtwe'al@at@mw_ Arscroptg Ak sulsdiniecdt wilkd W@Eigg, Gelths ﬁachkngckout
anim%‘% ér%g@@é% MQ'[}%‘E&% E%EE%\@&@MI'; ﬁ?ﬁ%ﬁ%?ﬁ%m&’b@ﬁ}%&o&yﬁﬂ%oﬁ

onally substituted with 1-3 of R7; or R14 and R15 can be joined
Cell %et%‘é‘?gozﬁa (PR HAG Upterranysupstitdiéb v A3 oraandfesensddanese

inactREREHatReMRISIOVIHSE: 3ELRIPOSIN AQRPIIRINARELMNBRUNEBR? also
.defined above, and a pharmaceutically acceptable carrier, adjuvant, or

Sensi(Zes R GHT SHTEP L&Y AN SHERIE B SUHEEE TRETQPR Adii pekgRigssion of
the pSiefiednaboidards e raany faetleedf mahetiiéanrens iesiasiiting PLK

pratein kinase activity in ient comprising administerin aid.patient
09 B S e G B R TP RS Felncd e
Exprengdngd witrehiloliddritihprotelffkimingcetiayimavisiclogloat sampler and is
assoctRBARKIRING CORIBGING Saldwiglqairakeample pith &comPayRd, a defingsh

above. In a fifth aspect, there is provided the use of a therapedutically

Weicheré /gt andirtiery: i a&defited*Bole ¥ldifiesriaisatiarogsof
mitoGEFIABabeVReadhe sanRelre CbrimadisamaiifanaeaiiRg:al cycle and in
I L —
to promote p53-independent apoptosis after DNA damage and suppresses colony formation
by tumour cells (Li, Z. et. al., J. Biol. Chem., 2005, 280, 16843-16850).

{010] PLKA4 is structurally more diverse from the other PLK family members. Depletion of
" this kinase causes apoptosis in cancer cells (Li, J. et. al., Neoplasia, y2005, 7,312-323). PLK4
knockout mice arrest at £7.5 with a high fraction of cells in mitosis and partly segregated
chromosomes {Hudson, J.W. et. al., Current Biology, 2001, 11, 441-446).

{011] Molecules of the protein kinase family have been implicated in tumour cell growth,
proliferation and survival. Accordingly, there is a great need to develop compounds useful as
inhibitors of protein kinases. The evidence implicating the PLK kinases as essential for cell
division is strong. Blockade of the cell cycle is a clinically validated approach to inhibiting
tumour cell proliferation and viability. It would therefore be desirable to develop compounds
that are useful as inhibitors of the PLK family of protein kinases (e.g., PLK1, PLK2, PLK3

3



disorder in a patient. In a sixth aspect, there is provided the use of a
therapeutically effective amount of a compound as defined above or a
composition as defined above in the manufacture of a medicament for
treating an oncological disease in a patient. In a seventh aspect, there is
rovided the use of a compound as defined above, in the manufacture of
and PR, dheh ¥ b A rTemsIR iR RN letllkaenidtularly
as thetlyisphome nediolastomaleer s apsarsaiestedfromyegion, breast,
gastric, ovarian, cervical, lung, central nervous system (CNS), renal,
prostate, bladder, or pancreatic, in _a patient. In an eighth aspect, there is
provided the use of &igbihvpaRid as defined above or a composition as
defined abgve in the, manufacture of.a medicament fortreating cancerina .
(012] patfBREOH ?n?n;?hhlgéﬁseccgsfﬁ“gra(er?susb%%i séalﬁ%r%%g %?gitﬁ‘:%péﬁ icaffes and in
some-affedivecaim eantob e gl metdefidedsaboTbor acopopoditien asdefined
hereindefined above in the manufacture of a medicament for-treating a disease
involving cell proliferation, migration or apoptosis of cancer cells, or

These compoyeresiadinhemaranierioessoteln satinifraniah sedyeivhéreiresag or
prevenfiGHiCAMERLJS dsbaadmibiaatad SIMIBASOUSIIREDBIRIRY Bhited 1o, an

auto; se%uentiﬁll .Ina tenthi pect, there is provided a process for preparing a
et Rk 167 BharnEeetemy stdspmatiesale peencrative
diseasavbesRimmmundRkicathadogehdicdse. dliphaticpoptionathy BledstitutedNithbsure

-3 R3 -0(G1,3 ali ic) optionally substituted with 1-3 of R3, or -N(H)R;.
Cand PR e ey REariio e B igho
are alsgpspfigh far thenibéyed korsesdydiiolripigabptidnallyobogiainihgnbRegro upsstudy

of intr : = - Q- L0r =S i of the aliphatic, aryl, - .

B e PR R e oo

evaluatjon %?‘Ef?”é%’&ﬁsﬁ RéeFendently selected from halogen, hydroxyl, Ci_6
alky, benzyl, oxo, - C F3, -CN,-N(H)-W, -N(W)2, -N(H)-S02-W,
-S(0)2-N(H)-W, -S(0)2-N(W)2, -C(0)-W, - C(0)-N(VV)2, -N(H)-C(0)-W,
-0-C(0)-w, -C(0)-0-W, -S02-W, SW or -OW, Two Q can be linked
together to form a 4- to 8-membered carbocyclic or heterocyclic ring
optionally substituted with C1-3 alkyl or CF3; Each W is
independently selected from -H, C1_6 alkyl, aralkyl, cycloalkyl or
heterocyclic ring; each Ci_6 alkyl, aralkyl, cycloalkyl or heterocyclic ring is
optionally substituted with 1-3 of halogen, -OR, -CN, C 1_6 alkyl or
NR16R19; or One W, together with the nitrogen atom to which it is
attached and a carbon atom of R, form a 4- to 8-membered ring; or
Two W, together with the same or different nitrogen atom or carbon atom
to which they are attached, form a 4- to 8-membered heterocyclic ring;
Each R19 and R19 is independently hydrogen or C1_3 alkyl; or R18
and R19, together with the nitrogen atom to which they are attached, form
a 4- to 8-memebered heterocyclic ring, optionally substituted with C1_3
alkyl or CF3; Two W can be linked together to form a 4- to
8-membered cycloalkyl or heterocycloalkyl optionally substituted with
C1_3 alkyl or CF3;



R2 is -NR4R5, -OR6, -SR6, or -NR161211; Each le is independently
halogen, C1_6 alkyl, aryl, or heteroaryl; Each R4 is independently -1-1
or Ci.6 aliphatic optionally substituted with 1-3 of R7; Each R5 is
independently C1_6 aliphatic optionally substituted with 1-4 R7 or a 3- to
6- membered monocyclic or 6- to 10-membered bicyclic ring optionally

in HRRlEd WA BLRTs R4, ATERS 527 B ained together to form a

monocyclic or bicyclic ring optionally substituted with 1-3 R9; Each R6 is
independently H, C1.3 alkyl, -L-aryl, or -L-fretgroaryl, wherein each of the
CI-C3 alkyl, -L-aryl, or -L-heteroaryl is gptiona E?ﬁdependently
substituted with 1-3 R8; L is CQ_3.alkyd, Each is independently oxo,
alkyl, halogen, -CN, -0R9, -N{RY)2, C3-G8&eysloalkyl, aryl, heteroaryl or a
4-8 membered heterocyclic ring containilg 1-3 groups selected from -
N(R17)-, -0-, or -S-, whetein edch alkyl,
heterocyclic monocyclic or!)icyclic fing, atyl, and heteroaryl is optionally
and independently substituted with {1-3 R&; or Two R7 on the same
atom or adjacent atoms is jOineg#o formya carbocyclic ring or a 4-8
membered heterocyclic ring containing 3 groups selected from -N(R17)-,
-0-, or -S-, wherein each of the carbodyclic ring and the 4-8 membered

or » fHSIEIRCYEIG DI ARIADaY ArbipdGRendently subsiituted with 1-3 RS;
Each R8 is independently -R, -Q, -R9, -OR9, -N(R9)2, halogen, or -CN;
Ed&ehRHidierpe fdertipirticnpianly edssuaboichcriig - 0T 6 aliphatic)

optioRAIOTQMEGIGENG. @Y 3. aliphatigynvherein C3.6 carbocyclic ring, C3.6
hetero%/rc;lic; ring and C1 3 aliphatic are each optionally substituted with

1-5% Briving srergratissobenritlticuierhs Bitsioan lviencrdgaing, or 4-12
memmﬁmdeﬁ?;m@cﬂo&ﬁ@( BpaRked i aglﬁﬂﬁiagl ing @@@M&i@ﬂ@tﬂ%@ﬁ@g{wﬁ% -O-, or
__selected from -N(RI7)-, -0-, or -S-, wherein the 4- to 8-membered ring is
S Ry kb TR IS LTRGES G510y 1) AR g it ar
opticintgsabsientiy widiog8rOOC1 6 alkyl, or Two R16 groups together with
th . ' r far - - membered. rin
o B AR e S (900 B TR Wi, o
-CF3 it epehdeftly, - oo Nz CHAER SRt orSéfimbi(Bhaiic, - e (W),
copach&idyaliphalic-aeycealiphatioieppfisvally@iRoiutes ity 1L Riow,
Qi is CI-6 alkyl, benzyl, -502-W, -S(O)Z-N(Olgg-w, -S(0)2-N(W)2, -C(0)-W, .
RO UKo o o, oGt el hetcrocyeli

ring ofblddally substituted with C,3 alkyl or CFs;
Each W is independently selected from -H, Cy. alkyl, aralkyl, cycloalkyl or

heterocyclic ring; each C, alkyl, aralkyl, cycloalkyl or heterocyelic ring is optionally
substituted with 1-3 of halogen, -ORS, -CN, C1.6 alkyl or NRY¥R'®: or

One W, together with the nitrogen atom to which it is attached and a carbon atom of
R, form a 4- to 8-membered ring; or

Two W, together with the same or different nitrogen atom or carbon atomn to which
they are attached, form a 4- to 8-membered heterocyclic ring;

EachR' and R is independently hydrogen or C,.; alkyl; or

R'® and R, together with the nitrogen atom to which they are attached, form a 4- to
8-memebered heterocyclic ring, optionally substituted with C,.; alkyl or CF4;

Two W can be linked together o form a 4- to 8-membered cycloalkyl or
heterocycloalky! optionally substituted with C,_3 alkyl or CF3;

da



R'is -H or C1-6 aliphatic optionally substituted with 1-3 of R7; R11 is

-C(R12R13)C(=0)NR14R15; Each of R12 and RD is independently H or
C1,6 aliphatic optionally substituted with 1- 3 of R7; or R12 and R13 can
be joined together to form a ring optionally substituted with 1-3 of R9; Or

R&aedhIR canitie jolntdteyatar tp form a ring optionally substituted
w 10f R9, 14 and,12, C1,6 alkyl,
g’%% %cf&m R%}%?Sa&lyh’?ﬁ Yitionam’ kﬁbs i 0%%\}%?%8%%7 or RL4 and
RE&:E&I? beijdipeddngbthel ¢o Fanmliphinge optionallly silssuied riit 3-8 of
tl2 §°@1PJ'S' [?% éﬁ% ll(%JB{?gHiﬁ PhLALAMPPURG, 9L40EIMYIE 8. (o 8-

eac i$°in [,’or two'R' together with the atoms to
membstwtntheyyats attéched &om@&mf:& BavdinBaeepingadtutbaipied with 1-4 R,

substituted with | to 4 methyl groups, a Ny R2 ,-N pyrimidine of formula

7CI7, ang an alkali metal carbonate with a palladlum cata% stina sultab

s@vent R can be joinqg gt TS RISTROG IS R Wﬁ@ﬁ%ﬁ“a
substinf@Regds RPthe Invention 10131 This invention provides a compound

of formuyla I; orapharmaceutlcal pta le salt thereof; . wherein:

REIGHAL, Rl Pt U or A G oI G "R 3 ofthe
Cis aik@lglsplaajtsgbpmmswﬂyawbmmmwwmh@mmdmm R;bstam@éowéﬁ 1s3 RY;

rgﬁ{)[‘? 1 1, C1_6 aliphatic, aryl, heteroaryl, C34 cycloalkyl, or 4-12

m erocycllc ring optionally containing 1-3 groyps selgcted

frEmeh m(mzx)dez&nmsy owheabil cbaihashihEMIiRRic: di -NeRelo ik

o SR AlSIerls o v o o
selected from -N(R} )-» -0-, or -8-, wherein each alkyl, cycloalkyl, 4-8 membered

heterocyclic monocyclic or bicyelic ring, aryl, and heteroaryl is optionally and independently

substituted with 1-3 R%, or

Two R’ on the same atom or adjacent atoms is joined to form .a carbocyclic ring or a
4. to 8-membered heterocyclic ring containing 1-3 groups selected from NR™-, -0-, or -§-,
wherein each of the carbocyclic ring and the 4- to g-membered heterocyclic ring is optionally
and independently substituted with 1-3 R

Each R is independently -R, -Q, -R®, -OR’, -N(R”)z, halogen, or -CN;

Each R’ is independently -H, -N(R'®);, Ca carbocyclic ring, Cs_¢ heterocyclic ring, or
C,.3 aliphatic, wherein Cs.5 carbocyclic ring, Cs.s heterocyclic ring and C;.3 aliphatic are each
optionaily substituted with 1-3 Q; or

Two R’ groups together with the N atom to which they are bound form a 4-8
membered ring additionally containing 1 or 2 groups each independently selected from
N(R')-, -O-, or -S-, wherein the 4- to 8-membered ring is optionally and independently
substituted with 1-3 of W;

Each R'® is independently hydrogen or C alkyl, or

Two R'® groups together with the N atom to which they are bound form a 4- to &-
membered ring containing 1 or 2 groups selected from NRY, 0,01 §;

Each R is independently, hydrogen, Q; or C;4 aliphatic or cycloaliphatic, wherein
each C, aliphatic or cycloaliphatic is optionally substituted with [-3 of Q;

4b



Each Q is independently selected from halogen, hydroxy, C1-6 alkyl,
benzyl, oxo, - CF3, W, -CN, -NH2, -N(H)-W, -N(W)2, -N(H)-S02-W,
-S(0)2-N(H)-W, -S(0)2-N(W)2, - C(0)-W, -N(H)-C(0)-W, -0-C(0)-W,
-C(0)-0-W,-S02-W, SW or -OW,; Two Q can be linked together to
foiN; 8 4; [QiRsM B ERST ECECALD Y AINTEIER R 0)5AY vptoadly- W, -C(O)-
substituted with C1.3 alkyl or CI;% Each %is 'n@epeggénj%selected
N(Whoﬁ(%?@*jﬁ%&@?aﬁg@t‘é’er TYP3r Netetoty i vinG; 2aeh Ci_6 alkyl,
arplkyl.-eyslaalkykpphatemeysis ingisiaptonaty sobstiited with 1-3 of
halaogen, -OR., :CN, C lkylsor NR18R19; or One W, together with
th%gnfﬁ“ggﬁgﬁéﬁ%ﬁ%l?%ﬁi is’attached and a carbon atom of R, forma 4- -
torcmentbéred idd ioindepchdinily, Hogethe pinititirestivnelbr aifstiemd with 1-
Y n}trogen atom or carbon atom to which they are attached, form a 4- to
* 8 membered heterocyclic ring; Each R18 and R19 is independently | 5
hydfogerRdt @i 18 aiptddogethar k8 fand Rite eageneinarhstHateiogeh-> of R
atom to which they are attached, form a 4- to 8-memebered heterocyclic
rinqé optiorilally substituted with C1.3 alkyl or CF3; Tw%W can be £RO:
lirkeand ge frieantberopinad 4ogeenie ivpera d g QRN Y HRIERIS o dIy P Ot RS
and OPtionally substituted with C1_3 alkyl or CF3; R2 is -NR4RS5, -0R6, -SR6,
or -NR1R11; Egch R3.is indepen ly halogen, Cl_6.alkyl,.aryl, or ..
Rl e e S A e S e e
optiorsistibiechwitivitd RY of R’;lbach R5 is independently C1.6 aliphatic
optienally substituted. with 1-4 R7 or.a 4- t0-8- ' B rp
toRllO- b&PEPBISIBIE 7 e%gﬁé%ﬁ@nsﬁggﬁt?ﬁ%tlﬁ %dﬁ%@%ﬁkl ﬁl{)ER4OfR ‘,
In a s8RshRsspattbageireghogethis todososidanonogytiioon bioyekerihgs defined
optionally substituted with 1-3 R9; Each R6 is ind tlyH,C1 6
above,ipud ap WPWH&‘F&&%@F}H}% AT gtﬁ% (&?I%%ﬂ% %I, -L-aryl, or
In a thirdgtpreaMds: Optienaty dtic independentiysubstitistededithakd Raht is

CO0-3 alkyl, Each 127 is indepe tly 0x0, alkyl, h = -0R9,
S e e e et e
compheteracyalic stegconiainingalidhgraupspeetet tsdifimd MiR4e7)-, -0-, or -S-,

wherein each alkyl, cycloalkyl, 4-8 membered heterocyclic T
I 3 SO0 BGH OB ENT IS00 7 BIDTEY SR By SR g AT g i ey in
a bioletespant is-aptionatin aodrrdepesdahbiy sighsttatebleithith- 8 RBu®KNd as
deﬁn;cgi\%R7 on the same atom or adjacent atoms is joined to foto' a

9cyclic ring or a 4-8 membered heterocyclic ring containing 1-3
In a fQF0UREESE|BxiasifrprovNER 7Y ysOafor S peuticait et oF ermsansadyelic
ring and the 4- to 8-membered heterocyclic.ring | fi AN fact £
compiiikh SR 1 He e R B A R g of
medicRBenORY trMRQ)2 phalifgemverdi€hider, a iarhdRgenidtpedtentsy - p)

.-N(R16)2, C3.6 carbacyclic rin é(:%guiheteroc lic [j(gh% 9 3. &liphatic,
aum‘Wﬁ’éVé‘c’iﬁjz’é%’[_ Lo 14) |glﬁ|tnogr,9 59 ere’tgrrggy%l%ﬁiﬁrigla%gac .3 aliphatic
disoréeiaacheptionally substituted with 1-3 Q; or Two R9 groups together with

i SRR SRR R TS et g il
compSmivheteimtidedete 8rmenmpositivingsisoptishaiyvand ihelapendeie of 2
medigaléggltﬂj%t%g?rcireaﬁng an oncological disease in a patient.

In a seventh aspect, there is provided the use of a compound as defined above, in the
manufacture of a medicament for treating solid tumor, melanoma, myeloma, leukaemai,
lvmphoma, neuroblastoma, or a cancer selected from colon, breast, gastric, ovarian,

cervical, lung, central nervous system (CNS}), renal, prostate, bladder, or pancreatic, in

4c



with 1-3 of W; Each R16 is independently hydrogen or C1.6 alkyl, or
Two R16 groups together with the N atom to which they are bound form a
4- to 8- membered ring containing 1 or 2 groups selected from NR17, O, or
Each R17 is independently, hydrogen, Q, or CIA aliphatic or
cyc‘f oaliphatic, wherein each C1-4 aliphatic or cycloaliphatic is optionally
Ingubsghitessprith hdof Qroviditis @b & alkyhpbengd ddB2d\bhove or a composition
GO)- NeW)2,-C(0)-N(H)-W,
R AT e S R R
Ing Fg}ﬁﬁt.@sg@@bﬁyﬂy sUprstitisted t\},wﬁ@gﬁa'zh@qg@qgwally effectwe amount of a
t
O Slohc ohonally S bR W e B R ahs BTt e ora
m‘}éiﬁféaﬁt@g@ﬂh%?ftb%ﬁﬁiﬁﬁ}@ﬁg iopodriatycsth @sqm@é@tmhamgamgn@n amcmu«dszs of
geth [ t ith
o o o Mg e RO Dbt said
mecheBmEplic fobpateraEyEE dptioRLHpesuB it Wilh 4= 3eRTerdiake4 and
R15 can be joined together to form a ring optionally substituted with 1-3
In pnifiey é I5705apP A 32007902 6290 F0aAN2l A svnTvBhthotifprents, I
R4 is H or C14 alkyl and R5 is selected from -CH3, [0151 In some
embodiments, R4 is H or C14 alkyl a is @z hydroxyalkyl,
hydroxcycloalkyl or alkoxyalkyl geleeted f fr m \": NH2 Or H 10161 In some
embodiments, R4 is H or CI alkyl and 1% a substituted alkyl selected

from O

or pharmacsutically acceptable salt thereof, wherein

R'is —H, halogen, C. aliphatic optionally substituted with 1-3 R®, -O(C.4 aliphatic)
optionally substituted with 1-3 of R®, or ~N(H)R;

Each R is independently H, Cy aliphatic, aryl, heteroary, Gy cycloalkyl, or 4- to 8-
membered heterocyclic ring optionally containing 1-3 groups selected from —N(R"™)-, -0-, or
-3-; wherein each of the aliphatic, aryl, heteroaryl, cycloalkyl, and heterocyclic ring are
optionally substituted with 1-3 of Q:

Each Q is independently selected from halogen, hydroxyl, G alky, benzyl, oxo, -
CFs,

-CN, -NHz, -N{H}MW, -N(W)z, -N{H)}-SO2-W, ~S(O),-N(H)-W, -S(0)-N(W),, -C(O)-W, -
C(O)-N(W)y, -N(H)-C(O)-W, -O-C(O)-W, -C(O}-O-W, -SO,-W, SW or —OW:

Two Q can be linked together to form a 4- to 8-membered carbocyclic or heterocyclic
ring optionally substituted with C,_; alkyl or CFj;

Each W is independently selected from —H, Cy¢ alkyl, aralkyl, cycloalkyi or
heterocyciic ring; each C ¢ alkyl, arakkyl, cycloalkyl or heterocyclic ring is optionally substituted
with 1-3 of halogen, -OR®, -CN, Ci alkyl or NR*®R'®: or

One W, together with the nitrogen atom to which it is attached and a carbon atom of R,
form a 4- to 8-membered ring; or

Two W, together with the same or different nitrogen atom or carbon atom to which
they are aftached, form a 4- to 8-membered heterocyclic ring;

Each R"™ and R* is independently hydrogen or Cy.; alkyl: or

4d



NH CH3O0r WO 2008/079346PCT/US2007/026190 [0171 In some
embodiments, R4 is H or C14 alkyl, and R5 is an aryl or aralkyl selected
from 10181 In some embodiments, R4 is H or CIA alkyl and R5 is an
optionally substituted heteroaralkyl selected from | NN NMA "\ N HN,,

C@t‘)g ﬂz‘f%gé{ﬂ;erswmmb@dgmem RehigkhahelyRE:istanheptitnally 4- to
5 e HEREh BEE A HABEEPLRITY CRAATIS S K S (O CEHB: or 10201
InrsQme Bigiﬁdlm???mﬁ td fmﬁh?atbyﬂ-amﬁﬁ@@é avelmibalkgt or
o SR o 0
cycloalk(RRy IDRIMIGR®, or =NR ot

Each R’ is independently halogen, Cis alkyl, aryl, or heteroaryl;

Each R* is independently -H or C,¢ aliphatic optionally substituted with 1-3 of R';

Each R’ is independently C, aliphatic optionally substituted with 1-4 R’ or a 3- to 6~
membered monocyclic or 6- to 10-membered bicyelic ring optionally substituted with 1-4 of
RT, or

R* and R® can be joined together to form a monocyclic or bicyclic ring optionally
substituted with 1-3 R”;

Each R®is independently H, C).; alkyl, -L-aryl, or -L-heteroaryl, wherein each of the
C;-Cs alkyl, -L-aryl, or -L-heteroaryl is optionally and independently substituted with 1-3 R

L is Cy.3 alkyl;

Each R’ is independently oxo, alkyl, halogen, ~CN, -OR®, -N(R®), C3-C; cycloalkyl,
aryl, heteroaryl or a 4-8 membered heterocyclic ring containing 1-3 groups selected from -
NR')-,

-0-, or 8-, wherein each alkyl, cycloalkyl, 4-8 membered heterocyclic monocyclic or
bicyclic ring, aryl, and heteroaryl is optionally and independently substituted with 1-3 R®, or

Two R’ on the same atom or adjacent atoms is joined to form a carbocyclic ring or a
4-8 membered heterocyclic ring containing 1-3 groups selected from -NR'")-, -O-, or -S5-,
wherein each of the carbocyclic ring and the 4-8 membered heterocyclic ring 1s optionally
and independently substituted with 1-3 RE:

Each R® is independenily -R, -Q, R, »OR‘}, »N(Rg)z, halogen, or -CN;

Each R’ is independently -H, «N(Rl(’)z, Cs.¢ carbocyclic ring, Ci¢ heterocyclic ring, or
(.3 aliphatic, wherein Cs.¢ carbocyclic ring, Ci.s heterocyclic ring and C,.; aliphatic are each
optionally substituted with 1-3 Q; or

Two R’ groups together with the N atom to which they are bound form 2 4-8
membered ring containing an additional 1 or 2 groups selected from -N(R'")-, -O-, or -8-,
wherein the 4- to 8-membered ring is optionally and independently substituted with 1-3 of W;

Each R'® is independently hydrogen or Cy. alkyl, or

Two R'® groups together with the N atom to which they are bound form a 4- to 8-

membered ring containing 1 or 2 groups selected from NR', 0, or S;

de



NHR17 N H give the compounds of foiiitula Iblb 10221 In other
embodiments, R4 is H or CIA alkyl, and R5 is a heterocycloalky! or
heterocycloalkyl(alkyl), each optionally substituted, and selected from /\ N
oV WO 2008/079346PCT/US2007/026190 [023] In some '

engbodiments, RidsithandRidganhetesocyclaatiitalydybatipigive, thierein
024] In one embaodiment, R4 and RS are joined t %%{l?_r toff rmNH2
each Ep2glinkrla R YRBURRRTS ﬁ’él@?ﬁh?l%?%ﬂ%?&ﬁ)n ISH arfd RI | is

saifcied, ffafa 42290879 9ACRALNISRAGNOLON 1EL:in Gl -CO)
New GOy N 7 RGBS eRE By SR8 8 05w

R is -H or C,-¢ aliphatic optionally substituted with 1-3 of R

R'! is -C(RZR")C(=C)NR“RY;

Each of R and R is independently Hor Ci aliphatic optionally substituted with 1~

30fR”: or
R'? and R can be joined together to form a ring optionally substituted with 1-3 of R”;

or
R0 and R'? can be joined together to form a ring optionally substituted with 1-3 of Rg;

and
Each R' and RY is independently H, Cy alkyl, carbocyclic, or heterocyclic

optionally substituted with 1-3 R’ or
R and R"® can be joined together to form a ring optionally substituted with 1-3 of R,

B(OR"),
R‘E
m
L
N
N \

comprising contacting a mixture of a compeund of formula 8 Tos B wherein

each R’ is independently H, Cy alkyl, or two R’ together with the atoms to which they are
attached fom a 5- or 6-membered ring optionally substituted with 1 to 4 methyl groups, a

oy

=N

RZ

N
pyrimidine of formula 7 Ct 7 and an alkali metal carbonate with a paliadium

catalyst in a suitable solvent.
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WO 2008/079346PCT/US2007/026190 4 of R7; R4 is H, and R5 is C14
alkyl and optionally substituted with 1-4 R7; R5 is ethyl substituted at the
carbon atom attached to the nitrogen atom with R7; R7 is an aryl or
heteroaryl, and is optionally substituted with 1-3 of R8; R7 is phenyl,
pyridyl, or pyrimidyl, and is optionally substituted with 1-3 of R8; R7 is
phenyl optionally substituted with 1-3 of 118; R7 is phenyl optionally
substituted at the ortho- or meta-position with R8 and also optionally
substituted at fheparamosiiee-wit R8{e g 1ihe apt tituent R8
at an ortho- or meta-position, when present, 1S halo): n some
Comgamydainhdradwranéatompounds of this invention, R7 is phenyl substituted
[o13Rt Thes RavanReaian With 2R efpounR d8 niR:Brembered heterocyclic ring
optionally containing 1-3 groups each mdepﬁndently selected from
-N(Ri7)-, -0-, or -S-, and the heterocyclig ring\s optignally substituted with
1-3 of Q; Each Q is mdependentl selected from halogen, hydroxy,

bound form a 4- to 8- memr rincﬁtaining additional 1 or 2 groups
each independently selected from -N(RI7)-, -0-, or -S-, wherein the 4- to
8-membered ring is optionally and independently substituted with 1-3 of
or a pinrme32likudlilbscmpe eimbdtihvent sfereicompounds of this invention,
RRISORIHNCR TR A AL AHNAP ORI I
5 ¢ cat% 9 \%6 ave %g%; 5 \ﬁ,ahé’hatw)

some embodlments the ¢ompounds of'this |nvent|on

01’“"‘?@5&?&9"1@@&5\”@ﬁ-ﬁ&nb’ér@ﬁﬁ&erocycllc ring optionally contalnlng 2
NIFRGER AlRIMSRRGAR gmatb( Suibsiitdted-ithd=30HR:c, , FACIRS 5%4 12

independently -H, C3_6 heterocyclic rlng or C1.3 allphatlc wherein

mem‘??é‘i@?&?é%%’?ﬁﬁ@%‘@i‘%é‘%%ﬁ@% eaaﬁ%ﬁﬁéﬁbﬂwmmw&vﬁm& or
-S-; wheBe(@; dath of (hwalipBgiqups fageiberitydhaibhatant iewhishctheya ee
und f a6-t bered ring containing an additional nitrogen

optiong @ rﬁuabr? ogpetclio"r“{1 ?i‘yzsa sg %ted with 1-3 of W. [0341 Still some of the
compounds of this invention have one or more of the following featuers: R
is piperazine optionally substituted with 1-3 of Q; R7 is WO
2008/079346PCT/US2007/026190 CH3 ; R7 is phenyl substituted at the
para-position with -OR9; R9 is -H, C3.6 heterocycloalkyl ring, or C1_3
alkyl, wherein C3.6 heterocycloalkyl ring and C13 alkyl are each optionally
substituted with 1-3 Q; R9 is pyrrolidinyl or piperidinyl and optioanlly
N-CH3

4g



, Or 10351 Still some of the compounds of this invention have one or more

of the following featuers: R7 is pyrimidinyl optionally substituted with 1-3 of

R8; R7 is 5-pyrimidyl optionally substituted at the 2-position with R8; R8 is
WRYIEHIIGE SR, -N(R9)2, halogen, or -CN; Each R9 is indds&ideifiy/ 34190

C3_6, carbocyclic ring, C3. 6 heterocyclic ring, or C1.3 aliphatjc, wherein

e R T EeH R RO, BB s P B L
CF3, gptiaiglyEabtittite | SES/ % HB3! BENBIN-THI (it -MGHQ VR 796BRFNINRY, -
C(O)_i_%vpyridinyl optionally substituted with 1-3 of R8; R7 is 3-pyridinyl optionally

substituted with 1-3 of R8; R7 is 3-pyridinyl optionally substituted at the
~C{OBYO¥itio kAL RE)RE.isCE (M IGN-.0R0))-R0) £ GalBhehopr ENWeach

R& s irreRandently: s Lebeleroavelic fngeobG i3 aliRhats, whereBoyclic
~ C3.6 heterocyclic ring and C1.3 aliphatic are each optionally substituted
ring QRiRnEll epbet et RO oupdlsletiidizwith the N atom to which they are
b%ﬁgﬁdfﬂ?rmiilidépéﬁé&rM?@@&ﬁ?d ﬂ@ﬁt@x@&zmﬁ%n&%pm@%awg%m@iﬂin%
an itional 1 or oyps selected from - -, -0-, or -S:, whereip the
heter S SR B - Lt by SN R SpASHEARS 48 THek s e )Y
substautestituted-dvith 18 hWOSACH R T is idépend Ky’ hydrogen, or C1-4
aliphatic, wherein each C1-4 aliphatic js optignall bstituted with, 1-3 of
O B ST WIE Do e P b0 ST sy ™ °f
R, fonpledtdd frornedtagens giyeiroxy, C1.6 alkyl, -CF3, -NH2, -N(H)-W, or each
Wi inaeReRaen il SIRC O My Frb Cnd :Be AW AtRIKY: QY6IRAIKYRAE which

heterocyclic ring; each CI.6 alkyl, aralkyl, cycloalkyl or heterocyclic ring is
they g et sivetitte PHRITBSPALRIGERYOREIEEN, C1_6 alkyl or
-NEUSRA9 204 e Widepiendiaaethaivith Bheniiragen oratom to which it is

attaghed and a carbon gtom of R, form a 4- to 8-membered ring; or.two W
i s R UL RS Rt it S AR

8-metochdrehhtheyardiattach edtifouliesdbdonded embéredalisteooSiGlic ring.
1036 e athe iments of the comp thisj tion have
o e e Bt KU TR

hetergeyelglksybirairyilorupbss 8iedattiered HeybrsdyElic ring each optionally

sustitutaerwithdr8 of Y, K8 ieradr o 8-membered heterocyclic ring
optionally substituted with 1-3 of %; one R8 is a 5- to 6-membered

hetefB & i BtraHXIRAPassifore a¥0ite1Yh BF BS“BRRHS is a
pifsachziriesringeppiitaally -SUbstitufetpiithc b iohQlyone RBiisdQii is3 R,

- ysNW2, -NH-S02W_ -NH:COW, -CO-NHW, -CO-NW?2, - NHW,
SRRV T i TR S 5B 00 A i © &
membgaiityhioogeialikyr 6 hetdroryohenrd gicabth Gig®pliopaly alkytityetbaidyll -4 R,
or heterocyclic ring is optionally substituted with 1-3 of halogen, -OR6,
-CN, C1.6.alkyl, C1-6 alkyl or -NR18R19; W is C1-6 alkyl or heterocyclic
rirlly; GHCR canealigjnedr kAN es daTky P RSBy SR dIHElIS BRtionanyally
substBuRatituied wigt?:1-3 of halogen, -OR6, -CN, C1.6 alkyl, C1.6 alkyl or
-NRI 9; one R8 is -R9, -0R9 or -N(R9)2; R9 is independently H, C3-6
ca%??&%lcﬁlfé FlgPeas s e cﬁi{ﬁn&- b % ek G e . ogh of the
C\.¢ ayhotyalid, gl G dwié ioayelimalihg add G aliphatcabeteaet with 1-3 RY;
opEi Sne!]lg slgbﬁtituted with 1-3 Q; or two R9 groups, together with the N
atom to which they are bound, form a 4- to 8-membered ring optionally
coRrainfgsdaditendetiorxgraiips belegsted FOMORRIIR . -0(RD: I3
cycloMRerein the.d=4.3raemberes ripgils epienally.and GINW1-3 groups
substituted with 1-3 of W. WO 2008/079346PCT/US2007/02619 10%1
selectsd)|f¥ine other compounds of this invention have one or more of the
-N(rIOjloving.festuiasiRy iadh 4iito 18 membered hrtameychictRopatychitbcyclic
bicyclic ring optionally substituted with 1-3 of R8; R7 is a 4- to
6-membered heterocyclic monocyclic ring optionally substituted with 1-3 of
R8; R8is Q; Q is selected from -C(0)sW, -C(0)-N(W)2 -C(0)-0-W or
-S02-W; Q is selected from -C(0)-W. 10381 Still some other compounds of
this invention have one or more of the following features: R7 is a C3_8
carbocycle optionally substituted with 1-3 R8; one R8 is Q; Q is selected
from hydroxy, -NH2, -N(H)-W, -N(W)2, -N(H)-S02-W, -C(0)-N(W)2 ,
-N(H)-C(0)-W, or - 0-C(0)-W; Q is selected from -N(H)-C(0)-W; R2 is
NRIR11- P1 iccHand R"ic .CIRI2R12\C(=O\WNPURITE R12 ic 114121

or



Id or a pharmacetucally acceptable salt thereof, wherein: A is phenyl,
pyridinyl, or pyrmidinyl; B is -NR.R"; R"is H or C14 alkyl; R" is a C24
aliphatic substituted with -NH2 or -NHCH3; or R" is an
W Rea@peesasloaliphatic optionally substituted on N with CH3; @r\vé2007/626190
2008/079346PCT/1JS2007/026190 R' and R" together with the N to
- Or bR ARy 28Yh MhBHEEPRSYHcoBtieatlyarhindens sty opbisitlipiatithring R,
or containing two N atoms. 1042] Compounds of formula Id show selectivity
for,{ljué%;over PLIC and PLK3, 10431 In some embodiments, Rlis
riffL¥Smetiy £ 6% #oZ M UAMBBLHABNS JRingHoofom fryathpgy ivising or 2
4-8 rieatvinel on@ovethylanynoetiiang: 1045dun atharerkediNent®. Bds, or 5.,

iperazinyl.or diaze ,.optionally substituted at the 4- position with
oA SeSEent il R Sttt
and ipgegstidivmal pepisenididesand is &Stionally substituted at N with methyl.

10 lpscertain. € iments, Ryds_ 4 aliphatic, substituted with -NH2

oré%ﬁé%l;%‘; %4 glg‘lﬁ %chéi?fm E%%a.%ﬁi@% é“ﬁé‘f(?ﬁ‘éx?ﬁ substituted

wiffRSR B2 i infgRerat oo 1 MR htalrs e mvoeliméints nR (s photmazindioring, or
C\.; Aypratidings 8, Thesorpaund @3:[9?}%5&\6@%@@1@@%@?9%% hatic are each

_ described herein, and are further ilfustrated bythe classes, stibel Sses,

OPHORR Y BRI s WiiRd e Hérein. 10511 Another aspect of this invention
pravides’ zphasmaseuioaliaannositencantainingone phike compeuRds

escribed ve, and a pharmaceutically acceptable carrier, adjuvant, or
e e B F T R SRR P B CRIEC G N
, ~O-seilettedirorimtthe §rou§-consisting of syntheticainatdicliepuld B Gfubstiuted
with [€$PtRF. antagonists, small molecule growth factor receptor antagonists,
inhibitors of the EGF receptor and/or VEGF receptor and/or integrin
re€épiofs db Hifgrsmdsnbbotoiregrasiné kirmisel reteptors which are not

classifirdt yrslgsstipaupthelic SORIAIeSWRRH DRI IS Baie BGE 5.
tor and/or VEGF receptor and/or integrin rga,c%gtors or any other

ece
memp?‘bet%)fﬁnﬁlfggﬁ%@ﬁﬁe{s%r reBEPIBT SEIRAR 08 NBionPrBidins, compounds
Wlﬁathiﬁtgr‘ac’t}@dﬂenﬂmhejc}@@;dﬁgamd;wbicﬂd)iQrﬁ;_glﬁﬁﬁifiﬁ@ﬁﬁ@ﬁ;\d@ﬂlﬂgwherein
e c unds, compounds.which interact with nucleic
cach ggfd%@%d\?vﬁ?c are %%&ﬁé%o g%rh asg)t??:ﬁﬁuetgfs 3 ?P)Ig} ﬂi{[vél;calators or
asdh N@G@MnQYW&%cngMWJHﬁf@ﬂ@(@vomd?@}w, -C(O)-
N(Wyzgr@pgpm)my:mmw@swa@a@%%c%@%@w%%X%%?R%zor

synthetic bleomycin ty e antibiotics, ibitors o _DNA’tra_f_nscrlbing

erzyriied! 8hi espatipliffithertissito mbrigsador idpbidSmierase ||

inRibiters;@titrifatip-ondififinl.agents, mitosis inhibitors, anti-mitotic

agents, cellsc iphihitqrs, proteasome inhibitors, enzymes, hot'Hones,

e Sl RO HSTRINERS, mPhERaHe B GeteR Sostisiod wich 1-

3 R'; biosynthesis, steroids, cytokines, hypoxia-selective cytotoxins, inhibitors of

cykokingsg lymphokines.;antibedies directed against cytokines, oral a 9,

parenteral [tg)ler;}r%ﬂ::e ?nduc?%n g&?n%{%fp%%%\?g%%@ég?c??gurﬁf’ég s e » or

radiafiBh Berf@tiAsriotied pretdienis fpmotoioemivayl \Wstituted with 1-3 R®;
ang 20081079346PCTIUS2007/026190 activated drugs, synthetic poly- or

olj oEucjgoti es; optignally modified or conjugated, non-steroidal
ark%‘-‘f fam %rylaﬁﬁdg?%‘iﬂs%&%@aﬁviﬁiﬂﬁalé,%ﬁ?ﬁfd@i‘é% parR g Xplbwth
optiofalisossboetitiveir vedept®m®! antibodies targeting the surface molecules of
caneer cells, inhibitors of metalloprqteinases, metals, inhibitors of
oo S R TN o OF A SHBRAURIA G kel
expression, complexes of rare earth elements, compounds which reduces
the transport of hyaluronan mediated by one or more ABC transporters,
and photo-chemotherapeutic agents. [0521 Still, the pharmaceutical
compositions of this invention may further contains another therapeutic
agent selected from the group consigéting of a small molecule VEGF
receptor antagonist such as vatalanib (PTK-787/Z1C22584), SU-5416,
SU-6668, SU-11248, SU14813, AZD-6474, AZD-2171, CP-547632,
CEP-7055, AG-013736, IM-842 or GW-786034, a dual EGFR/HER2
antagonist such as gefitinib, erlotinib, CI-1033 or GW-2016, an EGFR
antagonist such as iressa (ZD-1839), tarceva (OSI-774), P1(1-166,

FKR_-EAQ 141(1-272 or hercentin an antannnict of the mitonean-activvated



WO 2008/079346PCT/US2007/026190 pentostatin, hydroxyurea, or folic
acid, a phleomycin, a bleomycin or a derivative or salt thereof, CHPP,
BZPP, MTPP, BAPP, liblomycin, an acridine or a derivative thereof, a
WHEARGTI34N actinomycin, adramycin, a camptothecin such BETrifeezap6190
or topotecan, an amsacrjne or analogue thereqf, a tricyclic carboxamide,
[‘”43ad%%ﬁ§8@8@&%3§e%ﬁmaf&w%d§§ﬂﬁﬁ, inerised freRb&im A
BHA, LAQ824, or valproic acid, an dgnti-cancer drug from plants such as
_ acIitaxel)(L{m), doce or taxotere, § vinca aIkaI?i such as
avelbinet vinblastin, viAcristin, vindesing or vinorelbine, a tropolone
alkatoid such as celchicine/or a derivative thereef, a magrolide such as
maytansine, an ansamitocin or rhizoxin, an antimitotic peptide such as
phomopsin or dolastatin, an epipodophyllotoxin or a derivative of

dophyllotoxinﬁgljch as etqi)' side or tenj%oside, a stega_cgacin, an

_g‘%ienyotic carbarate derivative hasc retastatin ‘é@rletinile,
p rbazine, a proteaseme inhibitorssuch as rteZomib, an enzyme
such as asparaginase, pegylated asparaginase(pegaspargase) or a

[o15thymicine-phosphendaré inhikitar, aQgestager bk amnesegaRrdUch as

hyarSEYAIIRING (1.86) 7 1 egesitol, an ant-androgen such s flutamide,
casodex, anandror or cyproterone acetate, an aromatase inhibitor such

as aminogluthetimide, anastro%)cﬁe, formestarg)gr letrozole, a;GNrH
_gA@j)ﬂogue. h as leuproyeln, buserelig sereﬂh or trie}or i, an
ti-estrogen-sugh as tamoxifen or its citrate salt, droloxifene, ﬂﬁ)xifene,
raloxifene or zindoxifene, a’derivative of 17.beta.-estradiol such as ICI

64,384 or ICI 780, amingglutethimide, fonnestane, fadrozole,
finasteride, oconazole%, H-RH al @ist suc? 35 leuprolide, a
4 5tet8id such ag-prednisohe prednisofone. mgthylpredni ne,

dexamethadBhe, budenoside, fflocortolone or triamcinolone, an interferon
such as interferon .beig., an intérleukin sugh as IL-10 or IL-12, an
_g_zzvgti-TNF.alpha* 3 @ body suc{gd S etaneréept, an immunomodulatory drug
ghias thafldomide, its R- antd Senantiomers d g derivatives, or
revimid’(CC-5013), a leukotrigg-antagonist, mitomycin C, an
aziridoquinone such as BMY-42355, AZQ or EO-9, a 2-nitroimidazole

J,hsuch as misonidazole, NLP-1 g’NLA<L, a nitroacl’iq;r;me itroquinoline, a
ks i@%yrazolo,a g o@ "dyal-fu citro aromatic @Qs RSU-1069
or RB®145, CB-1954, a N-oxide of rd’geﬁ\rgustard such as¥nitrgmin, a
metal complex of a nitrogen mustard, an éqtl/ D3 or anti-CDé%,aﬁtibody,
za tolerance induction agent, a biphosphonate or derivative thereof such as
}L\; iredronig acid or its deriyatives (YM-529, Ono-5920, YH-529),
nig\_\gr(ii/qqﬁlonohydr te ro ate §8g,ium hydrate or clodronate

i rﬁ aitroimidazole such-as REtr nidazole, misonidazole,

benznidazole or nimorazole, a nitroﬁfyl cbmpound such as RSU-1069, a

[016NITFEOXYHRI MNVIHRBUC R 8 PR-A233 2R INAO BE RAted: VN AR ANAeB. from
such as promodeoxyuridine, iododeoxyuridine, a thiophosphate such as

% WR- 1, a pheta: WO 209%1@3%6&CT/U82007/026190 chemically

“ dctivat rug such W peffimer, pho@iﬁ‘, a benzoporphyrin derivative, a
pheophorbide derivative, merocyanin 540 (MC-540) or tin etioporpurin, an
ant-template or an anti-sense RNA or DNA such as oblimersen, a
non-steroidal inflammatory drug such as acetylsalicyclic acid, mesalazin,
ibuprofen, naproxen, flurbiprofen, fenoprofen, fenbufen, ketoprofen,
indoprofen, pirprofen, carprofen, oxaprozin, pranoprofen, miroprofen,
tioxaprofen, suprofen, alminoprofen, tiaprofenic acid, fluprofen,
indomethacin, sulindac, tolmetin, zomepirac, nabumetone, diclofenac,
fenclofenac, alclofenac, bromfenac, ibufenac, aceclofenac, acemetacin,
fentiazac, clidanac, etodolac, oxpinac7 mefenamic acid, meclofenamic
acid, flufenamic acid, nifluminic acid, tolfenamic acid, diflunisal, flufenisal,
piroxicam, tenoxicam, lomoxicam, nimesulide, meloxicam, celecoxib,
rofecoxib, or a pharmaceutically acceptable salt of a non-steroidal
inflammatory drug, a cytotoxic antibiotic, an antibody targeting the surface

molecules of cancer cells such as apolizumab or | DO9C3, an inhibitor of
metallonroteinacec crich ac TIMP.Zl ar TIMP-2 7Zinec an inhihitaor of




or a pharmaceutically acceptable salt thereof, wherein the variables RI

and R2 are as defined above. This process includes contacting a mixture

of a boronate ester of formula 8 WO 2008/079346PCT/US2007/026190
W YkEréfiteach R is independently C1-C3 alkyl or two R' tBG&thes®Witi®1°°

e atoms t |ch fom a 5.ar.6 mem
(017] %’ﬁ&ﬂlgﬁy g%‘é’ C!Zl W|th %*id%( A{n wie hyl 1gsraénu ), a %%P#%%Sﬁg%efd from

formula 7CI7 , and an alkall metal (o7 rbonate with a pall catalystin a
qble soIven e le of the-§ alladlum a
@= ri-tert-butylphosp palladium(0) angran example of itable

solvent is dioxane and the alkali metal carbonaté is potassium carbonate.
To practice this, process, the pyrimidine c

oro-2-(mettiylthio)pyrimidine-5 jle, and the boydnate ester

4 5,5-tetramethy1-1,3,2-dioxoborolan-2- - tosyl
-1H-pyrrolo [2 3 b] pyri dlne [0631 In some embodiments of the process

oftthis inv 2 is -SCH2, 10641 The pragcess of this | ay
rther incl steps of2N)i-SCH3 Rl (alng a comp of
w la 26 NN 26 (wherein Ri4S agias pre sly descrlbed) |th »

chlorine in aqueeus ethanol to prowde a compound of formula 274

compound for uIa 7W|t a.co ound of
) is HNR4 SR6 5 and R6
g iMthe prese CEO omlcrowave rrAdiation.io

4 28 c) removing the Tos protecting group’
to provide compounds of formula I. 29

”“\© on o
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WO 2008/079346PCT/US2007/026190 Definitions [0651 As used herein,

the following definitions shall apply unless otherwise indicated. For

purposes of this invention, the chemical elements are identified in
WHABFAAME with the Periodic Table of the Elements, CAS vBFsiGy2007/026150
Handbook of Chemistry and Physics, 75th Ed. Additionally, general '
pnnmples of org n|c chemlstry e ibed |n "rganlc Chemistry",

saliie=1999, and "March's

Nepd Organic istry", 5th Eq,, Ed.: Smlth,. and®datdh, J.,
ew Y6rk: 2001 th | '
hereby mcorporated by reference. [066] As described herein, a specified
number range of atoms includes any integer therein. For example, a group

haying from 1-4 atom
K n, compounds 6 th
FOFR-Suhstituents, suCh.z

exempme/q\py partlcular cle
invention It whltibe appreuated that the phrase "optionally substltuted" is

~the term ! optlonally
' iven structure
;;yent Unless oherﬁ@gﬁndlcated an
substituentat each substitutable
N Qne position in any given

with th ra ical’of a specified $ubs
optlona y substituted group may have a
position of the group, and when more ‘.
structure may be su stituted Yyith moretth le substituent selected from
L spécifigd group,” ituent may be [ me or different at
eveTypasition. Comb| substituents envisjongd bythis invention

are preferably those that result in the formation of stabl\e’ror mically

feasible compounds. 10681 The term "stable", ed ﬂereln refers to

compounds that are not substantially altered Wh n subjected to conditions
3‘5; Wfor their prod%u;tl tection, recover p

e of the purpo ﬁlese%lerem. In o%- bad\lments, a
stable m ound or chemically §asib ompound is one‘that is not
substanti altered when kept a mperature of 40 C or 9 in the
absence of moisture or oth hemlcally reactive conditions, for at least a
e . [0691 The term "allph’ ic Iiphatic group' 2 d herein,
a,skhlght- hain (i.e., unbrapeheg);branched, or §
or unsybstit carbon chain tha ' |s campletely sa I 6r that
contam nBre units of unsaturati at has a single p0|ht of
attachment to the rest of the molecule. Unless otherwise specified,
aliphatic groups conggn 1-20 aliphatic carbo ms. In some
3’7.; diments, aliphatc s contain 1-10 atiph n atoms. In
Jﬂ%ents aliphatic’s contain 1-8 alig rbon WO
2008/0%934 CT/US2007/026 90 oms. In still other E‘mbodlments
aliphatic groups contain 1-6 aliph rbon atoms, and in yet other
embodiments aliphatic groups contain 1-4 aliphatic carbon atoms.
Suitable aliphatic groups include, but are not limited to, linear or branched,
substituted or unsubstituted alkyl, alkenyl, or alkynyl groups. Specific
examples include, but are not limited to, methyl, ethyl, isopropyl, n-propyl,
sec-butyl, vinyl, n-butenyl, ethynyl, and tertbutyl. [070] As used herein, the
term "C0.3 alkyl" refers to either a bond or a C1.3 alkyl. Other carbon
number ranges containing zero have the same meaning. 10711 It should
be understood that if the aliphatic is alkenyl or alkynyl, then the aliphatic
group has at least 2 carbon atoms. 10721 The term "oxo" for substitutent
refers to the group "=0" which replace, e.g., two hydrogen atoms on a
carbon atom of a methylen group to fgrm -C(0)- (equivalent to -C(=0)),
i.e., a carbonyl group. 10731 The term "cycloaliphatic" or "carbocyclic"
refers to a monocyclic C3_8 hydrocarbon or bicyclic C7_12 hydrocarbon
that is completely saturated or that contains one or more units of

unsaturation, but which is not aromatic, that has a single point of

attachment to the rest of the molecule wherein any individual ring in said
hievelie rina evetem hace 2-7 membere <untable evvelnoalinhatie arorine




[83] The term "aryl" used alone or as part of a larger moiety as in "aralkyl",
"aralkoxy", or "aryloxyalkyl", refers to monocyclic, bicyclic, and tricyclic
ring Séstems having a total of five to fourteen ring members, wherein at

WRYYBEHS g in the system is aromatic and wherein each rlffgH K HE 7026190
system contains 3 to 7 ring members The term "aryl" may be used

7841 TI@e term
heteroaralkyl

systems ing a total of five to fourteen rrng members wherein at least
one ring in the system ig aromatic, at least one ring in the system contains

ﬁ&g or more heteroatc;ﬁ herein each ripg | ..
g . RCT/US2007/Q26190 60ntains 3 ta menfberd The
ter “heterearyl' may be used interchangeably with#fe teym“héteroaryl

rlng" or the term "heteroaromatic”.Suitable
are not limited to, -furanyl 3-furanyl, N |
4 vidazolyl, 5- HAidgZow benmmrdazoéﬂ 4/§&xazolyl
) C?él 2-oxazolyl 4-oxazatyl, 5-oxazol "‘<a: pyrroly1,
Ty ﬁwldyl 3 pyrldl 4- pyrldyl 2 pyrlmldln, 4§yrlmld’|nyl

heteroaryl rings include, but
ida onI 2-imidazolyl,

yl, benzofuryl bé
azolyl (e O Z-pyr st Wsmhlazol “F2
'l? adré)zolyl 1,2,4- oxadlolyl 1,2, 3 trlazonI 1,2,3+

(A, |ndonI (e.q.,
xadiazolyl,
zonI,

qumollnyl, 4- JoH Oty Fand |soqumolrny|
oI|n or 4- |soq yl)S[Q%@i’L When the
) se'ého |dent|fy the p@smon of a

1- |ﬁoqumolrnyl 3 iSQ
ho meta or par is

group"
temporarlly block one or more desired reactive srtes in a multifunctional

ound In certain nts a protecting-group has one or more,
ly all, of the followiig-g teristics a) ded | ctlvely to
a nct na gro |n good yield to give a protected s06 that is b)

- stable to reactions occurring at one or more of the other reactive sites;
and c) is selectively removable in good yield by reagents that do not
attack the regenerated, deprotected functional group. Exemplary

protecting groups are detailed.in Greene, T.W., Wuts, P. G in "Protective

$ in Organic Synthesi§ ird Edition, John Wiley & Sons, New
YO 251 Bther editions#t p%ek) the entire contents of which
are hereby mcorpora%d by reference. The term "nitrogen protecting

[01 89T W RonASHASSHRRERID, eTRrs 1R e, agetsdasrliiaiespronalilyshinckene

or more desired nitrogen reactive sites in a multifunctional compound.
hete@i‘@@"ﬁ‘éﬁe S@g??’ﬁ‘rotectlng groups also possess the characteristics

exemplified and certain_ exemplary nltro en protectlng groups are
so Yletailedin [Cha ter 7 in Gr ’\n&bw "Protective

Qeps in Orga i~ othesis”, Thir tion, John & Sons, New
York: 1999, the entire contents of which are hereby mcorporated by
reference. 33 WO 2008/079346PCT/li S2007/026190 [087] In some
embodiments, an alkyl or aliphatic chgin can be optionally interrupted with
another atom or group. This means that a methylene unit of the alkyl or
aliphatic chain is optionally replaced with said other atom or group.
Examples of such atoms or groups would include, but are not limited to,
-NR-, -0-, -S-, -002-, -0C(0)-, -C(0)CO0-, -C(0)-, - C(O)NR-, -C(=N-CN)-,
-NRCO-, -NRC(0)0-, -SO2NR-, -NRS02-, -NRC(0)NR-, OC(0)NR-,
NRO?2NR- -0O- nr -<0NO2- wherein R ic deafined hereain | Inlace




WO 2008/079346PCT/US2007/026190 atoms. For example, compounds
having the present structures except for the replacement of hydrogen by
deuterium or tritium, or the replacement of a carbon by a 13C- or
WoLEMstIIe#ed carbon are within the scope of this invention. BudHS2007/426190
compouns are useful, for example, as analytical tools or probes in
biological ssa S. 10941 El;;i\f\g wing ab reviations are used:
:L"ul oteC oup LGIeav g\groppPCMGE ro ethane Acacetyl

dlmeth §rta EtOA btate D ethyl sulfoxide
MeCNacetonitrile TCAuchIoroacetlc acid ATPadenosine triphosphate

}5 Hethanol Phphe Memeth}(l\gethyl Bubutyl

[DEADdiethylazodi | at e < =

84- -hydrox ethyl)-L-piperdzingethanesulfo SAbovine _
serum Eib}mln DTTdithigthreitol Md’PS4Q‘ﬁorphoImep%paﬁcsblfomc acid
NMRnuclear %netlc resonance HPLChigh performance liquid
chromatography LCMSliqui

py chrom F\p

)

*@ ‘%*QQ?

s
o
N7 TN
D,
: - SN N/
B N
l\ O f OH -y » b
H , N, N 9
: H - X
R NH NP o N7 N/\r& N ri,iﬁ
HN
H ; L _NH L_NH g ~
: 1 - - -
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N N/\f NN NT N
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Rtretention time Synthesis of the Compounds 1095i The compounds of

this invention may, in general, be prepared by methods such as those

depicted in the schemes below. Unless otherwise indicated, all variables
Wik W8A3HRing schemes are as defined herein. WO PCT/US2007/6026190
- 2008/079346PCT/US2007/026190 Scheme 1 10961 Referring to

:_Scheme 1, oxidatiorf of compound 1 taeprovide compound 2 cag he
H ved with a krow |Z|ng age S oxone oF m- CP%
e gap i R, gtieh) ath tonitrile or N g\D
dlchlorbm,e?sla\a,ne Dlsplacem nt with R2- HMNwhérein RZ\H/S HNR4RS5, /s
HORG6 or HSR6, to give compougd 3 can be achieved thermally or using ’T\!««

microwave heating in a solvent$uch as dloxane tetrahydrofuran, ethanol,

T isopropanol or butanGI 10971 An alternati d for pre
%mounds of the i lomis illustrated in Schiem Schemm
e ling.lo.Scheme 2 lysi fN¢ompound ¥'ca achievedtby N/\ \>

water gn the presence of a bas chas trlethylamln
ethyldiisopropylamine in a solvent such as acetonitrile, t ydrofuran or
dioxane to provide compound 2-2. Chlorination of comp 2-2 1o
£ provide compo nd 2-3 can be achleved by phosphorous oxychloride in a
‘?.a nt such e. Reaction of nd 2-3 with R2# in
iHO 6 oCT—l}\Rﬁ ca b acfjieved thermally o ‘us P
mféro atlng if asplverit such as dioxahen e hydrofuran, é'th%

isoprop kor butanol to prowde compound I. 1 some instan
the azaindol& 1-nitrogen is optionally protected Wlth an arylsulphonat
such as tosyl or benzene sulphonate, a silyl group such as

= tenbutyldimethylsilyl or trusopropylsnyl or is left unprotected. If the
4 yitrogen is pro% 934 PCT/US2 o

roup then.it ca be emo |n ei\'subsequ
treatment with base &Jch%s agueous so ide; lithi
or potassium carbonate in a solvent such as m I ethanol orH
isoproap®i.Jf the nitrogen is protected by a silyl group ' then it can be
remG@ved |n a subsequent step by treatment with aqueous acid such as
hy 0 acid or sulphuric acid in a solvent such as methanol, ethanol,
or ISOpro teumlja\ﬁﬁyfuran or dioxane. [01001 An alternative method for

2|

preparln co ds>of the invention is shown in Scheme 3. Scheme 3
[01011 Refer § cheme 3, oxidation of compound 4 can be achieved
[0190Y18 {sRge.absiandard RXJising e SBUEhARSIONRQLRCREKY A
solvent such as acetonitrile or dichloromethane. reaction of com pund 5
with compound 6 may be carried as described in Scheme Ito pr \.%c\l
compound 7. The coupling reaction of compound 7 with compoyn ;}/K
wherein -B(OR")2 can be a boronic acid -B(OH)2), a naté estersuch
as -B(OMe)2 or a cyclic boronate ester such as (5} |de‘§63‘ﬁ'|pound l.
101021 The azaindole nitrogen may be protecte with7ah arylsulphonate,
such as tosyl or benzene sulphonate, a sHﬁ h as
tert-butyldimethylsilyl or triisopropylsilyl, or is left u If tected. If the
nitrogen is protected by a sulphonate group thef it can be removed in a
subsequent step by treatment with base such as aqueous sadium

heterpario & hichighierirmraRiEtb P hiEaditig carbonate in a solvent such as
whe/f8tBRACK ethﬂepémempmb@} Nfdhe mnmogﬁm ISSHQteﬁtEN?Ub%bza silyl

p then it c be remeve sub step ent with
[{}mgq%e é’iﬁeﬁg’ rr%dﬁ) ?5rldé3 r%f]ri1 }; tllr%%t(@o?vent such
cycl@smeéh@rhbIemhapmmapsoaﬁﬁmta@tram/sh’@hﬂcarfmnﬁ|oxane.

12



WO 2008/079346PCT/US2007/026190 [0103] Compounds of the
invention wherein RI is -NI-1R and R is aryl may be prepared as illustrated
in Scheme 4, Scheme 4 [0104] Referring to Scheme 4, reaction of the

WEr St Pdedole compound 9 with ammonia provides the arifne/US2607/026130
compound 10 fter protection of compound 10 as a Cbz derivative

@ Y ides o a nd
ound E@upllng O

A1 the presence of a palla dium

nt as pre
gro arid ¢ I|

ate as descnbed’ above provides compound 19.

. e esters 8 rﬁay hes epared as
e 5. WO 20 r9346PCT/4(82Q07(1126190
rRefdring to Scheme &S EminopyridinéNEifgdting 20
: |s iodinated to providezhe iodo compound 21. Reaction of compound 21
oo i tnm%hylsnylace;ayke e~provides compound 22 which can be cyclized
ovid th aindole ound 23. Protection of compound 23 as a
' wed by bromi atlohiﬁﬂﬁ@@iﬂes the bromoazaindole compound

: 25. Reactlon of compound 25 with a diboronate in the presence of a
;{, H|um catalyst prowdes boronate intermediates compound 8. 101071

er method f&¢ ng the compoundis_’s ategin Scheme 6.
eme 6 101081 Refe ln to Scheme 6, couof (j:%/@;;nd 8 with

the chléropw\mldlne compouncisg inthe presence 6f a galladium catalyst
i@mﬁrowdes compound 26, Oxidation hy m-CPBA or chlorin

idpIatshRIRP At BraGddsl Bt Belt ARATHES %&%ﬁ&ﬁf&ﬁ’dkﬂ(&lkﬂ? which

Compounds of formula L of this invention are o uMsgemoval of the
tosyl group. [0109] In some embodiments, t unds may be
prepared as illustrated in Scheme 7. NH

2008/079346PCT/13S2007/026%
272930 R!

gme 7 'Nfr- S(O)Me;t- OH  Ts

give the compounds of formula Ib b

1022] In other embodiments, R* is H or C,4 alkyl, and R’isa heterocycloalkyl or
heterocycloalkyl(alkyl), each optionally substituted, and selected from

3 '"ECN”CH‘*, —3/—@ Ve -
H N



28 101101 Referring to Scheme 7, hydrolysis of compound 27 (n=2)

furnishes compound 29 which is chlorinated under conditions known in the

art to provide compound 30. Displacement of chloropyrimidine ¢
WaEWAA’SH Appropriate R2-H, as previously described, provitfed'?

ound
28. Compounds of formula | of this invention are obtained by removal of

USHIpsaR
the tosyl group 101111 In other embodiment
’\ﬁ:‘ed tedin S

mpounds may be
cheme Sa:heme NRPG 101121 Referring to
e8,r pr se sa4to§m/m ered optional
hetérocycle wheregin PGisa rotecting group. Reaction

uted nitrogen
with amine co pound 31 followed by deprotection

compound 27

rovides compound 33.
y be ach known
sych as, forexapple, acylatio
2 8/68@3436PCT/ szop’7/\26190 aIkyIat|

and reductive Eﬁfﬂlnatloh to
provide intermediates c&mpound 34. Compoun s of formula fa
invention are then obtaln

d by removal of the-
in embo ts, c e invent
odj cattg)n 0 tituents as | Iustr
Re err]ﬁ; to'Scheme*9, hydrogena

repared by
in Sche '\Sgngr?e 9 [0114]
éton of compound 35 igythe presence of
Pt02 fufhishes compound 36. Reaction of compound 30 with amine
compound 36 provides compound 37.;Subsequent oxidation of alcohol
”le ound 3 n 38 follow ductlve%.j
om 38 pravid ﬁnd 39" F{rther modificatiohs ofco und
3 ma e\achieve by no nhreactions such as, for example, acylation,
alkylati®n, and reductlve amlnatlon to prowde |ntermed|ates compound 40.
~Compounds of formula Ib of thi
311,7 the.tosyl gré
invention are pr
Scheh

of this

of the
b mod| icationof s t|t uerits Bs il str edin
10..WO OB?X@%PCT S2007/026190 Scheme 43Ic
10116JReferring to Sc 'eme 10, reaction of compound 27 Witb}?an amine
compound 41, wherein Hal representsgF, CI, Br or | and eache X is
endently @{@8@2 provides c 42. Reaction
whereli -OR, -SR6,
therma y uQH

Qﬁc@ound
(R9)2 can b8 achieved
g conventiotial h?atlng or mi ovVgV\Trfad“iatlon in
such afas d|oxane tetraﬁydrofuran ethanol, isdpropanol or butanol.
"La; the case where HK is HN(R9)2 the reaction can

solyfent ©H
e:achieved via
wald ouplrﬁg Com formulayfc ofithis invention
et \a)gtalned bywe %EIL{ e tosylgroupof co
chiral vBrsiohof ,compound

ethods::
079346P¢

| Scheme 11. WQ =
ﬁvgszzpowozelgos % A
N\/\OH N

vy
jeSiyesy m;q fo
,? ,? Le:

ng&m
can be prepared using known
Tetrahedron Asymmetry 2086 17, 3163-9. 101171 An alternative method
32-» for preparing th€ compounds is |Ilustr



101181 Referring to Scheme 11, reaction of compound 27 with
pentafluorophenol provides compound 44, which can be displaced with a
series of ITNR2, under similar conditions as described previously in

W8AEi1é°34. Compounds of formula 1 of this invention are obftdikadipifi26180

1}

o

Fa

alumina finishes compo 47. Activatio% ol compour
2 itable leaving gro Gl (e.g.,Tos or Mes)to Q\Iovi compound 4

01 Referri
Mm ggmhosphate

removal of the tosyl.group of compound 28. 101191 A further method for

preparing the compaunds is illustrated inc scheme 12, Scheme 12 28
ng 16 Sthere 12Heaction’of fompountl 29 Witﬁ‘?? Cks

sSssompound Orned, compo N,
with HR2 under, conditions sigilar to those previousty described provides g,
the intérmediate compound 28. Compounds of formula | of this invention
are then obtained by|removal of thestosyl group of cory 28. WO
0 /079346PCM£§J2%(£6190 11 An alternative method for
epaLri ompounds o ulalbisi ratedH heme 13- emeil3
101221]! Referring to Scheme 13, hydrogenation of compound 46owherein
PG is a suitable protecting group (e.g. Boc n the presence of rhggdium on
4y with a

+3 reaction w Napes pirfovides compoung490ifter re 0 ChN
of thecazide compound 49, amine

W-X by reactions €nown in the art to give derivative

ompound 50 is coupled with a range®f
com@ound 51.

' ounet€'df foyt of thiSventi obtgi fon of. 2O
epratected amine ¢ und 52 with a compound of e.g. formulg 27
followedl by Yétnoval of the YosyMjtoup. [01231 KnothEr method for I “NH,

= R8aC( a. Amin

me 14, e iStdependentl i\
gether with the atom Wtﬂqﬁyar attaghe
[

preparfﬁg compounds of fofimula la'is shown inScheme_14. WO
2008/079346PC¥/US2007/026190 Scheme 14 101248%%29 to
iS'R8
for

( r two R8a
Bogo - NH;
7-mem ere‘a"hfaterocyclic ing gStarting material 53 (see, e.g., Bi
Med. Chem., 2005, 13, 6763) is lithiated and réhcted with ketones

sicompqund 56 are foemed after deprotectioreof

AL

S ound 54zfolfowad by _reducti\%mion f inkébmed: CN
ompourid 55. Reaction-ef-ddmpeynd 56 wit %7 provide Nﬂi
NH,

= above depi

interm diaf@"éompound 57. C¢ UHHS of formulada of this invention are ,
obtain&d by re;\moval of the tosyl group. 101251 Schemes 1 through 14
syrthetic methiods that may be used to provide comydﬂsﬁz

ion. Accordinglythisnpvention aésp provides processes for

~Ofthis inve :
«Q@‘ ingya compound of this inve rﬂ ording to %M yough
12~ Usgof thB:Compounds 101261 The present inventio i(ééé\NH
rs, and ’

compo@nds that are useful’for the tréatment of diseases, disord

= conditions including, but not limited to, autgimmune diseases, .

~J mato§lisease: iferative and hyperproliferativgfliseases,
immunologically-mediafed diseages, bonédieases, metabolic disehses] ¢
nedrologicaisand neurodegengfativergiseases; | ar disea ,NYJ\NHZ
O '

hormorie related diseases, allergies, asthma, and Algheimer's disease.

= Another aspect oEthis invention provides compounds thaégre inkibitors OH

008/Q7934% 2002926190 of,protein kinasesg and th
seful f treatment Of t diseases,%, and conditions, glo
with otlier uses described hereftf! In another aspeciofthje present N
&

inventi8n, pharrhaceuticall?/ acceptable compositiofs are provided,

wherein these compositions comprise any of the compounds as described
herein, and optionally comprise a pharmaceutically acceptable carrier,
adjuvant or vehicle. In certain embodiments, these compositions optionally
further comprise one or more additional therapeutic agents. 101271 It will
also be appreciated that certain of thgscompounds of present invention
can exist in free form for treatment, or where appropriate, as a
pharmaceutically acceptable salt or pharmaceutically acceptable
derivative thereof. 101281 As used herein, a "pharmaceutically acceptable
derivative" is an adduct or derivative which, upon administration to a

patient in need, is capable of providing, directly or indirectly, a compound
ac nthannice deceribed herein or a2 metabhnlite Ar recidrie tharenf



WO 2008/079346PCT/US2007/026190 glycolate, gluconate, hemisulfate,

heptanoate, hexanoate, hydroiodide, 2-hydroxyethanesulfonate,

lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate,

Wi éthghesttfonate, 2-naphthalenesulfonate, nicotinate, nitraf&;Bl&af7/026190

oxalate, palmitate, palmqate, pectinate, persulfate, ﬁip eny|propiopate,
1023 R CTIE e Bt PO i R LIRS Rt the

sulfate, tartrate, thiocyanate, p-toluenesulfopate, undecanoate, valerate

salts, and the like. Salts derived¥from apprapriatgzbases include alkali

metal, alkaline earth metal-ammoniuim and\f{C14alkyl)4 salts. This

invention also envi%pns the q atemization of any basic

nitrogen-containing grgu he compounds disclosed herein. Water or

oil-soluble or dispersi cts may be obtained by such

guatemization. [0132] Base dddition salts can be prepared b firi\}Fggacting

Comg_{g@i@ygﬁﬁgrﬁgmpcpund in its acid®orm with a suitable.grgapic iNOrgadigesents
base, and then isolating the salt thus formed. Base addition salts include

2 4- 10 R AR e A R AT B IR R M LeTiBive alkali or alkaline earth
metal salts include sodium, lithium, potassium, calcium, m sium, and
the like. Further pharmaceutically acceptable salts incluée, n
appropriate, nontoxic ammonium, quaternary ammonium, and amine

[024HPOSTOHES MSINIFCOHNRAQRS ;SHR asbalide, Rydroxide, Begboxylate,

sulfate, phosphate, nitrate, loweralkyl sulfonate and aryl sylfonate. Other
1025k clag Bt niinife otsiMReMseNrE imArmitdd gt dhy soxdptegi&om

preparation of salts useful as intermediates in

obtaining the comg , Oof the invention tHeir pharmaceutically ,
b eptablg-acid or haSe-ddditongalts. 1 ribed herein, the
harmaceutically accepfable compositions of the present invention
additionally comprise a pharmaceutically acceptable carrier, adjuvant, or
vehicle, which, as used herein, includes any and all solvents, diluents, or

r liquid vehicle, digpegsion or suspen aids, surface active agents,
njeagents, thi iny-~ar €Mulsifyingadents, preservatives, solid

_ desired."Remingtons Pharmageutical Sciencs, Sixteenth Edition, E. W.
:_Mdktin (Mack Pub .%O' Easton, Ra., 1980) discloses various carriers
%’%e in fé¥hulating p rmtically %ﬁ%&agompositions and known

fechniques for the preParatiorf thereof. Exgept insofar as any conventional
carrier medium is incompatible with the compounds of the invention, such
as by producing any undesirable biological effect or otherwise interacting
i a degleterigds nianner with any oth§e$ compongpt(s) of the

%ﬁceu c n?f\cc/eﬁmle)éompo tio r%;\ﬁ;ég is contemplated to be
wifhin the scope of this invention. 101342 Some examples of materials
which can serve as pharmaceutically acceptable carriers include, but are
not limited to, ion exchangers, alumina, aluminum stearate, lecithin, serum
WO 2008/079346PCT/1JS2007/026190 proteins, such as human serum
albumin, buffer substances such as phosphates, glycine, sorbic acid, or
potassium sorbate, partial glyceride mixtures of saturated vegetable fatty
acids, water, salts or electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium chloride,
zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone,
polyacrylates, waxes, polyethylene-polyoxypropylene-block polymers,
wool fat, sugars such as lactose, glucose and sucrose; starches such as
corn starch and potato starch; cellulose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered
tragacanth; malt; gelatin; talc; excipients such as cocoa butter and
suppository waxes; oils such as peanyy oil, cottonseed oil; safflower oil;
sesame oil; olive oil; corn oil and soybean oil; glycols; such a propylene
glycol or polyethylene glycol; esters such as ethyl oleate and ethyl laurate;
agar; buffering agents such as magnesium hydroxide and aluminum
hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's
solution; ethyl alcohol, and phosphate buffer solutions, as well as other
nontovie comnatible hhihricante crich ac enaditim larnirvl crilfate and



WO 2008/079346PCT/1JS2007/026190 about 25 mg/kg, of subject body
weight per day, one or more times a day, to obtain the desired therapeutic
effect. %0145] Liguid dosage forms for oral administration include, but are

WRMMFHEH S0, pharmaceutically acceptable emulsions, micr8&HUYHE26190
sqlutions, suspensions, syrups.and elixirs,sIn addition 4o the.active
026 AT e oS For P e i S GHE commonly
s /used jn the &h or exaimple, water or gther sglvents, solubilizing
Etéé? and%zz sdch \z:%&ohpl, igl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene
glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular,
cottonseed, groundnut, corn, germ, olive, castor, and sesame oils),

4 @ erol, tetr % Is and fatty acid
vwegters of sorbitan, 2
coimgpositions can

: rert diluents, the oral
also include adjuvariscsuch as wetfidtagents,
emulsifying and suspending agents, sweetening, flavoring, and perfuming
agents. 101461 Injectable preparations, for example, sterile injectable
eous or oleaginpus suspensigrs,may be formul ccording to the
"%@vn art us @? g g wetting,age suspending
gents. ‘The stefile injectable praration may also be a sterile injectable
"solution, su,sp%tnsion or emulsion in“a nontoxic parenterally acceptable
diluent or solvent, for example, as a solution in 1, 3-butanediol. Among the
acceptable vehicles and solvents that may be employed are water,
ﬁg@er's soltg%, U.S.P._Qﬁs%mnic sodi%m@k;lzide solution. In addition,
e, fixed’oils are conventiopally efffployed solvent or suspending
medium. For this purpose any biand fixed oil can be employed including
[0275YRthsHe Baanenaesligiesissednaddition:fathissidseush asalpiccais
are used in the,preparation of injectables. 10147] The injectable . .
ottt e Eon e G ST SRS TG g <lie ine
optioh@bfetisdttaiainingHilter oo RByRNeosponatthe stebitizih aagenisiin thenfeyrliofring
. _sterile solid campgositigns whigh .can be. dissolved.or di i ¢! )
Bt S L e bl et par e TOCAB i ohdar (g
C(O)dvelBngr tidefiéct@iarCoépdlund of the present invention, it is often

(02819651 201E 10,501 be RSO IR A dhEARIMAAMIH M SURELIARRALIS Qhe

. intramuscular injection. This may be accomplished b%/ the use of a liquid,
following&asies: oRciyst&hifes SRRRIEIRBREMALE suPsHt b Bt A RsoRisify s @
Qis %R%té_@t&&ﬁa@@%ﬂsipwzthw@wqwmmMﬂ;landﬁ_ Wga(@«mw”_ of , -N(H)-
issolution that, jn turn end upon crystal size and crystalline
ClONSPTA é%ﬁﬁv‘%ﬁyfﬁd&wﬁ‘é%@f ion of a parenterally administered
[¢29icompauadiftmdieatcamplishedunysdissoly ing<atisudpendmgahmwore of the
- compound in gn.Qil vehicle, Inje epot ati r
ol 0T ot e e s i lkenst
alkynyiieppeerspstitbsiataces &f thecddmpodrradh Bldéé@‘iﬁ?ﬁ@@*%%%r@ryla or

heterSHGD 88 Rabdactidemnalialycolideu i Remding AN R Katio Ok aePRALKE halo;
Rl istqg.%)%?er and'the nature of the particular polymer employed, the rate of
comp

it feibale BaP b& cBtblicd: Examimiisiothet K0 yAYh RS

cyclda@dymers include poly(orthoesters) and poly(anhydrides). Depot injectable
{GS@L?%%%E%%%&%%% t?ﬁé’%&%ﬁj oY E‘té?%“@&g&‘%%&%””rge o ':'f&%%’?ﬁf‘e

are co pa{h le'w ody tissues. 10149
follo@ngfiasitionsRoir SRRt aradiRAT RN histraifo R arehsrefe®biy H or C, . aliphatic

optioﬁ%'iﬁé{?gﬂat&ﬂﬁt%(‘f‘@i% £anbe,prapaied by, mking he SempQuads ALdNEm 14 R’

Invention with suitable non-irritating excipients or carriers such as cocoa
or 3 hustdrmponpstad I E1RaeAyebs 6F & S0 fosREIerRbDIGHI ane o inphsHfuted
with lRIDREratute byt Hquig ahbedwiamperaturairpokiaeretieomel mtbgwuted with 1-
rectum or vaginal cavity and release the active compound. [0150] Solid
dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound
is mixed with at least one inert, pharmaceutically acceptable excipient or
carrier such as sodium citrate or dicalcium phosphate and/or a) fillers or

extenders such as starches, lactose, sucrose, glucose, mannitol, and
cilicie acid b)Y bindare c1irch ae for avamnle carbovvmethvlealliiloce




101591 Sterile injectable forms of the compositions of this invention may
be aqueous or oleaginous suspension. These suspensions may be
formulated according to techniques known in the art using suitable

I
WRRHEISIHYr wetting agents and suspending agents. The sterile IAjGCABTE.
reparation .also be a,sterile injectablg selution ISRENSIOL. |
LA e e S
substisahutigritia &b utameaiothadriontethiragoe praisle iBHCISS s SH ts

that may be emplaved;ate water, Ringers solutioniandiisaianis, s0dhidyl,

hetero@ﬁ?o’rﬁ e éo% tion. ﬁ% ad%tlon, sterile, fixed oils are conventionalf

! . Y, .
and iscyniptoyda sibaissrbmibristssEndmginrbanCrsral pipbeEdanh 1-3 of
r?: rPlanddixed pibmay baemployadisckeing syRipalismanai@r® and also
_ _ di-glycerides. Fatty acids, such as oleic acid and its.g| eriglet.derivgtj\é(ta%]{1
optiopgily RbRiTehE %Bﬁ?ﬁtﬁ?ﬁ%f’%}’é‘%Ié%,gast{;%‘ﬁha{{??a?“ st
orthoPRRHPACEHIGaHY-Acseplakle, adsakuch as olive oil or castor oil, especially
in their polyoxyethylated versions. These oil solutions or suspensions may
10311505 B?ﬁié%é’%‘ﬁ‘é?é%%?ﬁ%wmb‘é‘%fﬁﬁ‘éﬁ%’?ﬂﬁ%‘goq}?/oz6190 alcohol
diluentpbraispebsant cdue hhapaarposiyivretiyh cBliedodéorsimilar
digpersing @%%ﬁﬁ%%% ;;Ec%m%'xﬁm%ﬂ@ thedeHRY RtoR Qfps each

pharmaceutically accepta e dosage forms including emulsions and
indesivatisienisctatifare ooty Gsetf strablhts M eiGEP 4P R FSORIRIAYY
subsBReLethan emulsifying agents or bioavailability enhancers which are

commonly used in the manufacture of pharmaceutically acceptable soli

RS B BERHRTORI iy oo B P G SR P P -
-c(dpmnulatopn@t 01 dimeahavinaceutical compositions of this invention

may be orally administered in any orally acceptable m

in ﬁ%??r;g : 15&%‘%8?7%%%% f'gl,egtaeﬁgs}&fé%,' a’t%gétg;gj;{ %e"&%isqg?g _n’sions or

soliibris, initkdepeadentiytab|éts foeerat vl BagsierS cominbiilg. ydeein Cs

hetera%C'Li%ﬁgw%ﬂ?sﬂgﬂa% 9. laciosEARdiGPrRuStALeky Watricatipa,agents,
teh & t

S S [magnesium stearate, are also typically added. For oral

adFiei & anerpiecehiss etshn N e A hsy orP pd S B ra iR g
memﬁ@f&ﬁﬁ{glaodﬂ%ﬁ_ B@M%@ﬁaﬂ@Sﬁ?g@ﬂ.@%@ﬂeﬂﬁﬁiﬁﬂ&aﬁt%@hm&mﬁeml

_active ingredient is combined with emulsifying and suspendi ents,

NS, forta T STEERGH G, AV P LR R il HCergenty
subst@daeds{@163]cAgrnatively, the pharmaceutical compositions of this

inventian may be administered in t ifaries forreckdlna
03 B i b
substiored Atatingtexgipiétinnuridhtlyasivl at room temperature but liquid at
(033]CSIALIRIDREIAES Rd thetsiRpe ik Deltin; R IBSH MR IBleRuethRy features:

drug. Such materials include, but are not limited to, cocoa butter, beetswax d

anBl Bolydeh{ERBRHROREeierdEhS e PHARHAL SHRCHNO8M BEERISAS S ™
optidhia inveriinR e ayidlsoshg agdministered topically, especially when the

target of freatment include as or organs readily accessible b '

PR T BloeA e T 25 (R B Gt PO Ty

hetedsagtliS vitabiedtOpi€al fophmtiations:cheptaviprepdratefor shdhidPieese
ArepP CROANS LOHRE APIGENARRIALIOMIC Hhe, QWS HE FHRRLIAG 7-
can be effécted in a rectal suppository formulation {see above) orin a .
membgiebling nenaTormn adeHiorabli ISR ABSRAARSoRHEs MRSy Wied wih 1-3 of
w. used. 101641 For topical applications, the pharmaceutical compositions
may be formulated in a suitable ointment, co taining?the activ% %or?iﬁ[)nent
(0344, S5dhser & RSB IG Y BESABYELAMBIEC CRY 9878 TG Wpical O™ "8
featR@NiRISiEHeRahthe o9 ntsiofthisvidvertiofindtdde, but are not
limited to, mineral oil, liquid petrolatum, white petrolatum, propylene
glycol, polyoxyethylene, polyoxypropylene compound, emulsifying wax
and water. Alternatively, the pharmacgttical compositions can be
formulated in a suitable lotion or cream containing the active components
suspended or dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not limited to, mineral oil,
sorbitan monostearate, WO 2008/079346PCT/US2007/026190

polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,
hanzvl aleohol and water 101RE1 Ear onhthalmie 1ice the nharmaceritical

tuent



[01771 Inhibition of protein kinase activity in a biological sample is useful
for a variety of purposes that are known to one of skill in the art. Examples
of such purposes include, but are not limited to, blood transfusion,

WM ATatSplantation, and biological specimen storage. 108 UAHSHE0190
aspect of this invention relates to the study of protein kinases in biological

and pathological phenomena; the sfudy of intracell%hr signal igransduction
% iatschhy Such protel s; and thative

@ i @ inase inhibiTors. Byamples of.si

,'é]ﬁﬂare not limited to, biological assa!;@/sggh as enzyﬁsays
and ce E%@E,%ssays. 101 e compounds of ftlis inventio mé@é'bear
prepared in general by methods known to those skilled in the art. Those
compounds may be analyzed by known methods, including but not limited

o'_ MS (liquid chromatography mass spectrometry) and NMR (nuclear

P008/079346PCT/US2007/026190 magnetic resonance). Compounds
ofthis i‘h{/@qtion may be also tested according to these examples. It

should Lbe,xm%g_;stoo,d, that the specific conditions shown below are;only
examples, and arefhdf Pl (RS Sprag BosiieR didnSthadcdn T

Cié K&R&@@iﬁﬁ.ﬁmﬂg@ﬂﬁlyai@gﬁ, wf@@q ﬁnggtmewm@@k wmﬁyoﬁﬂﬁ%xiﬂl\]&egiimyi are
Insteaq, this inventjon also,includes conditions knawn.to those, skilled i

cuch (R AAGP RENTHGS SHA G ah E e A RBRIS  re HE
101801 All references cite-iq this document-are-ifitorporate db;%@ws
reference. Examples 10@%#&85 spec{ samples may be analyzgd on a

substMiRIOVasS QuRtidMicio Mass spegir operateginy sifigteMS mode
with electrospray ionization. Samples r%gy be introduced into the mass
spectrometer using chromatography. 701821 1H-NMR spectra may be

corded at 4 z using a Bru X 400 instrument. Preparation 1:
@m#kmgorr@t 1-3N7 4 ,SF)-tetraD;eth;-l,3,2-dioxaborolan-2-y1)-1-

\\??." yl-1H-py#felo[2;3-blpyriding, €51 Tos Step 1.
3-lodo-5-Trifluoromethylpyridin-2-amine. F3C N NH2 101831 To 2-amino

1035K5_fHil spsrnafiiesommaunds of e smEn AR LR Rutehtia [@ivrs,

featufpdowed By-predminashu@ien | Sbmtiduesthaancenbrré drsul urisyvagiddArop onally

d stirred yntil letely,salubilised, Pariadic acid. 63.3g, 58mmol.yy;

o TR el oreds G s S
R’ isvrgisweated o 85C; foratBohpiis rik@] 844 Febg reattionngizt e swdiphatic, wherein
Cas %A{;%%&%g J%&%' &0 (e teee Al eane then caretully. basified yith ﬁmgmd

tioh to pH 10-14. This gave a precipitate which was isolated by

filtration and gtirred in water (| Ii,t? ), filtered and dried to give the product

as a brown der{61.38¢g;69%). Step 2;__,

5-Trifluoromethy1-3-atrimet yfleth)?;@/ryimﬂé;ﬁ}gh%ﬁswo
with ggﬂ?ngg%PCWlea‘l)O?/O 61901018 '[,/o a stirrgd solutign Qfpyridiny!

~3-lo 6-5-t(if|uoror_nethylpyriqm-g-.amine' 61.389, 213 mmolz_in anhydrous .

optiopily saBEittFd ddr L hRfdheR attricRpidny L onticrdbpubstituted with 1-3 of R
R’ is?%ﬁ?&ﬁ@%(&n&gyﬁulmm@&g ﬁl?&@{@@ﬁﬁiﬂdidiﬁl(ﬂ%@ﬁgs 2, minoriaN(R ),

the reagction mixjure degass n itragen. The.reaction mixture was
halogl i i a s bath SRPAIS SetinGre TSREAEY FhoHRG) ks ARTEe
whereo fluideevery8laningtes] Oposdipbatipletecadulitipiothd yeabtiommdwith 1-3 Q; or

I t r 0 rat < | Il.the reaeti

o ey AT A0 o goored
heterfirelesdirirong e msitea lvaestneei e ag kdditivaak sohir ey bedeeteddrormeN(R -,

-0-, flirates nees, epnsepiraied and dne selickyas v raied hpmhaniang

.. (250mL) to give 569 of product. Step 3: 5.- Trifluoromethyl

indepgigenibriPrswipihyifine eR¥IGIINRN IEOE%TW%lgtM%tﬁr?M

aliphROtaSsiurs tersh WoXil R KaBod of i Bnamelbis anky dro s -BIMRY2Q0m0)is
under a nitrogen atmosphere at 80C yyas added a solution of
5-trifluoromethy1-3- ((trimethylsilypethynyl)pyridin-2-amine (629, 239
mmol) in NMP (100mL) at a rate to maintain the internal temperature
below 100 C. After complete addition the reaction was deemed complete
by LCMS. The reaction mixture was allowed to cool to room temperature

and poured carefully into saturated-brine (700mL) cooled in an ice bath to
10 C The nrecinitate that formed wae anead for A5 min at thie temneratiire



WO 2008/079346PCT/US2007/026190 below 40 C. The reaction mixture
was stirred overnight at room temperature and analysis by LCMS showed

no starting material remained after this time. The reaction mj A
i . 511'7’{ 0
W@&H%W%%@d to remove most of THF and diluted with DCMrgxand vgvza\{i:eﬁ} 2619

) The grganic Jayer was separated and heﬂgﬁe_ laygr fukthas. S¥tractadwy,:
mdep%‘tiﬁ‘%{gRﬁ.effwegopgrgnﬁ:%%%’rgygj?g%:%rﬁt‘if’ne dncgg'%és}r(?gé’wfﬂ?‘n rine, dried &
each Buisrindaprresithy stifstrast&emd doRcenthadeartdkaly it irien iigsocyelic
ine: GRRTAPrIgHE 10 SHicRIRU EB3Q0MIorRIE Wekdited with 1-3
ring; GRRCPe Q(I}?Pg a!r%lﬁ%@%lmfg ASOR £390pHarare wi

, and the silica was was g)\{g L DCM. The filtrate was it

of halegpicetPatebhb Giverthd Srodtiet Bs 2 SRRt 58 L eAx ﬁ’.% Tepppyrogen
atom YieldcRiepSiBxBrara: a-ddifluprame il - lortosyd- LB pyerotatd] 3Hpg; or two W

pyridine. Br F3C Tos 101%5]%1 To a stirred °|Uti°Qa_;;f om tp which they are
groups, A HAThE- 2R HBTT T80 555 prfllrf%finec{zgg.a} g mol)in
attacHo& Wb £250mk) varateed hAssatutiehofibgomine (I6mL, 316 mmol) in DCM

(5QmL) dropwise. No significant ex £ the
03 R e T O g e
folloviing fesction Was deemed complete by tic and was diluted with 1.2 litres of

. DCM and 50:50¢saturated bicarbonate: saturated sodium thiosulfate
: washed

: _aqgueous solutit organic lay?’é ~§eparated ara,;
'L"Zi @ he 50:50 agugoug mixture, dried pverjmagnesiunT s
evapo ,qt@dﬁl The crugié yéﬂ(/)msolid was tntur?éﬁj/vith diethyd et

solid isb@}q@and dried tol\gjyém@@roduct as tbw powder (
yield) Step 6: s ° :

5-Trif|uoromethyl-?;-(4,4,5,5-tetrameL%;ll-1, 2-di0xaboro|a@§ -y1)-1-t0syl-
3 yrrolo[2,3-bﬁgyjffﬁ18-0 I\ los | a mixture of {@
B <trifluoromethylA-tosyl-1H-pyrr , ine (5gr 4% N/\rv‘”
mmol), bi inacolato)dfbor n (4 Ig 95.5 mmol)j potassium,acetate NH
(28.1g, 286. 7 @himnol) was ad fj 4-dioxane (800mL). The reaction )
mixture was stirred vigorously while nitrogen gas was purged through the ’
one ISOJLILAN k& hpprsc Alieribis-dinge trtakiss(iriphermphespbive)ipetiadiach
~ (10mol%) was added in gne_' g)r,tion4and the rebactignﬁe eig(tgrc itgrog{geh%&%“auy
optiopailheuRBHUEhBIR kASE XhSufs Mbre eSS GrpheryIshosphire)
subsPailadivim 60 ¥YQ:200HD70346RCTHIBRORT/BAEXIF(OrnsI0p) errlbd
and the reaction mixturgsrefiuxe rni rnj i . .
e e R R b

one Rii@eQuiasSHMed e o P Ml tdH WG CGoNANnt GEIURK0rSONHW,

—SOzpﬁQ@gl,e«lﬁ%e_-tB%' §O!W;F@%%W§QQWE%WQ§W€ mpml.@)éﬁ't@ﬂgﬂglkyi,

through celite. The filtrate was evaporated to dryness and the residue . .
eyl el spepicsdein 205 %1 Ak i B0 HE BT AA bRE RS s dligH
optichRIva@ElarisivalutingorithiSove|uorRS falhovead-Bixane modtinecB EBRATRYL; W is

acetate 70% petroleum ether, The mixture was coneentr o e
Cro A TTRIRENE e 4 RS oiar (58 o5 GO ige
optidtrgpesatiiimed with 1-3 of halogen, -OR®, -CN, Cy4 alkyl, Cj¢ alkyl or -NR"R7; one
. 2-(methykthio)-4=l-tQsyl-5-(trifl yH-1H- 1bIRYYidieRnAd Py
R o T A . s ie iR stuibme
ring SetrfAuosbEB s Ay S et Gmerpecy o ringxaboRsirroy s 40%ayd Gugiphatic

are é%\!&[%&dgyéﬂkdgﬁgs%&éﬁ]%ﬂiqwgk ORA 3ra30gs, together with the N atom to
4-chloro-2-(methylthio)pyrimidine-5- carbonitrile

: : % 6% l.OSmrHS{t.O allorZ
whichdesy pRAe b peRREd USROS Akt 181 BMEY ARt Hrealed
groul¥it B P23 (I62M L3, 24 nem avharOik g 4o Baintunbernais Bgnicapsidnally
under ap atmosphere of nitrogen fgr 20 min and then treated with

and 5@6195}%}25{7%%%8“6?6‘%‘?&%§|9%0f§5) After sonication for a further 5
minutes the reaction was heated under microwave conditions at 130C for
15 minutes. The reaction was diluted wgith EtOAc and washed with brine.

The organic phase was dried over MgSO4 and concentrated in vacuo.

The crude product was purified by column chromatography (ISCO

Companion'TM, 80g column, 0-100% EtOAc/Petroleum Ether). The

product was seen to precipitate out in the collection tubes and was filtered

off. Further product was obtained by concentration of the fractions and
tritriration with Et20 t0o anve the title comnoiind ac an off- white enlid (105




g, 9.78 mmol) was added. After 30 minutes an additional 50 mL of water

was added. A thick precipitate formed. The mixture was filtered and the
roduct washed with water. The product was dried in a vacuum oven at

56@9?@?%%%8 This gave 2- (methylthlo) -4-(1-tosyl-5- CT/USZO07/026150

h -3- d
e A N G R S
featurﬂsOR(Sils-la g), tma@(xabm@;ezi ﬁgtemm)cmao(cz,rqhdpr@mqlm@ pum s,
subsm%a ‘nllﬁ gk E% fst’! ¥ Mme}eﬁ%éﬁéﬁfﬁg%gr{mf%nﬁﬁg%phomﬂy
%emé?hy su?fony -4-

tosyl (trifluoromethyl)-1H-pyrrolo[2
substiohegriditi-3-JfinRdife Qapselfee fom oCEMs o 195p)-N(W):2 -C(O)-O-W or

”ngzﬂn@gw@y&wgg}rp@( sirifluoromethyl)-1H-pyrrolo[2,3-b]pyridin-3-
yrimidine-5-carbonitrile (50mg, 0.1mmol) in DCM (I Omlg)gﬁ ﬁ[rea.ted

1038] Wﬁﬁxmmsmgsﬁe@m%ﬁw@iﬁéﬁ&*&ﬁ&%ﬂw@oﬁfa‘w? 8 PRtne
featuf@ROM teMmper s ThaJBhdbralyasicmneentuatad s koo &idst@ated selected

from RSl s G I A K mSaE i ?fg‘kfk?zégﬁt%?f&é Weor -
-C(@MgQﬁ@%)e&mmﬂN(H) -C(O)-W; R? is -NRR" is -H an is
oAb 5 riy rfpay; - (grétif meg@{gaw RYPrRIQf2, 3R YN N-3bstituted

yppyr &-5-garbonitrile’ 1-1 10

with @zﬂmm@bﬁbwyhsydm@q@g& BS(trr:fﬂlﬁ@?m svbyiitaied iR SistesYbbyritin-
3- yppyrimidine-5-carbonitgjte (50mg, 0.096mmol) was heated with
benzylamine (21uL, 0.19mrnol;g-0Ed,) and DIPEA (50uL, 0.29mmol,

3 OEq ) |)jII -IF (2mL) under mi e conditions at 100 C for 10

¢ _ittites™ T
(5mL) "LiOH.F120 ( mg’ 0. 48mrno| 5.0Eq.) in water (1mL) was added
(039t eoraachion saﬂigdlﬁafsbhdus iThetioabtion mixturawasobadelitratos

Le tregte a/wth dwhite precipitate was
feaf[urgolag%sby ﬁtra‘ilognﬁa’n dried wn de vagc:slﬁ)tg%r}fﬁ3e Fl% 89%36% over 2 steps).

(6400 Ep2O08/078RHAEP T THY s«zegmgs ebthisCnostimSEsle) depeunds i Hthrough

I- 304'%@”?\&9&4&%&@ {2y @14 Y, Lot LALD, buB BB o),

5H m)886(1H t), 8.93 ( 1HS 03(|H'[)927(1l;|ar§[2, call
pharrm&?ﬂtmﬂvW@@%Mﬂ?@%@%@ﬁ‘é’@}@%&%@ II-17 or pharmaceutically
acce;?tﬂﬁﬁ)sah@ﬁ{éréﬂﬁtbhyaﬁﬁﬁﬁﬁﬁﬂd&ﬂmyIEE@BB EghethytamihB58-¢5pharmaceutically
acce (Egglhlé]osrg &t eregfl Izil"lpey rroIo 21'6%? erslg 's%e%ﬁé'ép%%r%@dﬁ S SARONIE o frer.

[041] () hr(Bh4r mvpthy) dipenazimien-fdipydd irvBik8idde v fammivie )id - (5-(trifluoro
methyl)-111- pyrrolo12,3-blpyriclin-3-yOpyfimidine-5-earbonitrile (1-129)
1-1471-129 Step I
2-(methylsulfony1)-4-(1- tosx
- yl)pyrimidine-5-earbonitrile.
2-(Methylsulfony1)-4-3+
n-3- yl)pyrimidine-5-carb ‘4 g, 2.86 mmol) was suspended in
ethanol (60 mL) and water (% ml). The mixture was cooled in an ice bath,
and chlroine gas was slowly bubbled through the solution for 20 minutes.
After addition, the suspension was stirred for another 30 minutes at 0 C.

ora mmammmmwwwaltmm wherefor 15 minutes, then, ether (100

Awa%grgﬂ gﬁr}?"gi g} 3wtered off. The solid was dried under
vacuo to give n(l){ Iid (1.3 g, 87% vyield). MS (ES") 522. Step2:
-2-BR)-0{B(8 6hloropyridin-3-yflethylamino)-4-(1-tosyl-5-(trifluoromethyl)-1
HpyrRlpre,3-13myidin-3-yOpyrimidine-5-earbonitrile.

R" is a Cy4 aliphatic substituted with -NH; or -NHCH;; or

R" is an N-heterocycloaliphatic optionally substituted on N with CHj; or
21 '



WO 2008/079346PCT/1JS2007/026190 101971 Diisopropylethylam ne
(730 p1,42 mmol) was added to a mixture of 2-
methylsulfony0-4-(1-tosyl-5-(trifluoromethyl)-1H-pyrrolo[2,3-b]pyridin-3-yl
W ﬁl?ﬁiﬁﬁ%%— carbonitrile (330 mg, 2.1 mmol) and PC]E%SZMW Mgl)%
S R S SRR AR SRR e ARt Weteh Y EPie
(B1) m& mmol) intetrahydrofura (f mg T'he reaction mixture was
heterdugaled iphder mnig@nais ig sedmbioricenst 10 C for 15 minutes. The reaction
1042 EHIELAR RATIRNAC BENG D ERORADAMYALE T, N @ RIAE PDRSE Was
dried over magnesium sulphate, filtered and evaporated to dryness. The
[843irebidomeoeistndiiedioisilica Bargettasgh column chromatography to
144121010 the ditle, sanpound asia vaxik3f Bt e 587 uiald) MS {5 )1888no-
Step 3: 24(R)-1-(6-(4-methylpiperazin-1-yl)pyridin-3-ypethylarnino)-4-(5-
cthangyrifluoromethyl)-1H-pyrrolo[2,3-b]pyridin-3-y1)pyrinildine-5-carbonitrile
1045]1-AdiaR@@bodiments, B is piperazinyl or diazepanyl, optionally substituted at the 4-
. ((S)-1-(6- -r'%ethylpiperazin-l-yl)pyridin-3-yf|ethy|annno)-4-(5-(trif|uoromet
POSILGH Yyt [2,3-b[pyridin-3-yl)pyrimidine-5-carbonitrile 1-129 F FFF
[046]NTIINDHEEN &rbaTilnt28,[R188] Armistuyb ofPR(Li{Gchididpy gty is

. am.in0)-4-(1-t =5-(tri ethyl)-
Uptloial}f)%rg?f)%%?%{&/ﬁ’é%%%g[%?/rimid_ine-5-carbqnitrile (157 mg, 0.26
[647Iminclyriainl Mirhethwipitefahise Gmirbadcehidirostimidunrivae HCHs.
[o4gjTRARIAN AARAG QAR MURYHESH IR SRAGHRRINNIRIWAS PRI TRDed

between EtOAc and water. The organic phase was dried over sodium
(0495 ip RstitiRBRRAURE By Bp df AP H BR B S HEYesidue was purified on -
(050 5iling: gehipsfiaehogahimnavehtom aiogmphysoaiaitdhbditie, cohpaufultas

, ff-whit lid (5 , 39% vield). WO .
mus{%gﬁ%%%ézggséﬁ’gﬂ%%fﬁﬁl@%e%ﬁ%/ég PR Bereit antiomers were _
[051epardtedasping «f BérgereMinigpaeniSRa pystenriRtcakedrapapiiiDaje@taiming
one o&%%%?%g?&& 8%%%&%%% g%ﬁ%c%ﬁfﬁ%ﬁ’f Q&é@ﬁéﬁ@%&%&{hﬁmmt,

% TEA (TiI-I-ethyl amine) modifier added); column temperature:
or veBgts]. Dagadoresitionmax Bihea)nedQpR POMSTIRIS 4 G8HIS)estdgEom the
aroupondling 00 Rtk dRd «?dR rhSieddild VBB r38e(bt, afthonl 5 s ({liolathie
6.77-6.84 (1H, m), 7.56-7.62 (1H, m),lfﬁ O?ﬁ% 6 (1H, m%, 37% §4H tor
erowith fagten recqRi4n ARSI So B RO P r S b F FERRINGTA s (B8 508!
and/¢EnhitrclDatafooaiy Otise pondie iytedind iddd R¢(EIMBSCHEN400 MHZ)
1.54 (3H,in), 2.18.(3H 2,33-2.37 ) -3.4 or and/o
ctassiig i rE WAL o ettes” it R 6 B elbror andror
VEGRYe8:p0r 8o pltentin 9c02p@1Ed( BHY Athen Pro@i Brasiieriaase weeptors, which
are fﬁ%@x(&%%i%sc@oﬁg& R ﬁQé‘ag%@mpﬁ%&éic acids and which are classified as
N-((! ,4r)-4-((IR)-r -(5-eyano-4-§%—(trlfluoromethyl -1H-pyrrolo[2,3- = . ds and
alk il RAROS: O B HAIEOBRAH )@ﬂmwéﬁ)w@ém%ﬁ%ﬁ@é%ﬁaﬁ%ﬂ% s an

which %82 R@84dfied as anthracyclines, as DNA intercalators or as DNA cross-linking agents,

.. N((1S.45)-4-01R)-1-(5-eyano-4-(5-(trifluoromethyl)-1H-pyrrolo12. 3-blpyridi
il T T o ) B BT e O RS 4D e
semilsPORAH2 08 Stepetic bleomycin type antibiotics, inhibitors of DNA transcribing
2-hydroxy-4-(1- -5-(1rig| thyD-1H: B FCIM=35 061
e e SR e s o s Mrdmain
modifunelyseats arittesitirhibilefe ABbMEPYC tHcaIRyIEL-FRHS YLbi{ers, proteasome
inhitiRSY dsmz (il URRORARERY RontdrioVanel & 12s i lpkichi: A3 vy rHINGHRes Bt steroid
_carbonitrile (1 g, 1.918 mmol) in acetonitrile (20 mL).%%_reactlifon mg(ture
biosypalacsit e idsL HORK BTEMRAS (AR Wh 45 ARARE: FHECHAR GRS e
lymiaed, thshbdierabractemnpaiatu g ttindd(dral and parenteral tolerance induction
2008/079346PCT/US2007/026190 18 haurs. The,reaction mixture .
SRR G e e U
yield). 22



MS (ES) 460, (ES) 458. Step 2: 2-chloro-4-(I-tosyl-5-(trifluoro
ethyl)-1H-pyrrolo[2,3-blpyridin-3- Opyrimidine-5-carbonitrile. 102011
2-hydroxy-4-( |

WOUBABKPifluoromethy1)-1H-pyrrolo[2,3- b]pyrldln -3- yl)pyr?rﬁﬂ%ogg?%%

880. 2 916 ith

R R DA TR R RS gy, on
steroidiopwiseilandrtiiersedtignncmittune wiibistine b snarenatmoahdactors
or the%h%rc]res%“u?zhvsvéea%ttx cﬁ%ﬂa‘:’g@%&%ﬁggﬂﬂég%%&% SPMRELARYE T ors of

reaction mixture'was quenched b % low addition onto ice. After

metal iiToteinsketimistsl thrhiencof ercestrss e v BTy IEso TRBS TRV R GANE
RNA IRYRIWES drigd eyemaanssiapitiaies fillgredandispReaNisigd ifds which

vacuo to afford a pale orange solid. The-solid was triturated further i |nd Lot
reducgsiiRATanPHtESRY SIS, WFH&%%' ORAGY e te'sy 4 Fan By and proto-
C;hem&a)ﬁg;(@1‘1@@'5g@ﬁ{,hyI)cycIohexanol H2N OH 102021 A slurry of platinum

5mg, 1.257 mmol) in water (2 9 mL asad
0521 A B ALl (S8 58 6 H T SR PER G e ot
i:herap%ﬁ&stl a@meits¢R=8an Iﬁ)awaslagntw tothistiemcfievmmiiitmdedtie Yédehioeceptor
antagml)é i Wa,assvgt\éﬁjao% %ﬁ%@ % yragenater at LRS! o hours:-
The lfa? s filter an

inum oxide w d the mother liquors were

MSI&:@“QZ:@rﬁﬁafbd%ﬁ&é’dﬂé |@£vﬁﬁ@%o¢&ﬁré@§5@.ﬁ(@ By GURE-842 or GW-786034,
a duaPERHSMINEAMIYRIGENEE g&maa ﬁ@m@atm@@tmea(@ﬂm&@wmmmmn

and some starting materia 2031 The crude mixture
antagat megﬁamew; iR A e e
hereet@8 @d@t&dgtﬂlt@w&diﬁmtdg&autwmamwm@&eecg aszawmmepaﬁ or

porti The rea tlon mixture was aIIo stlr mb| €14
BAYzf- %éﬁoﬁ&“‘?ﬁé’ P88 B ARG S Wt wasﬁi?rac ey Wlt ul%r?)p mes%tjug hat
(N,N-gambinédrongaiioexttdeiswerle wiasheo] tA(S WithahviiRGramd s )-
qumazo'led OV%—rEpur? Uﬂh%%ﬁ@%éﬂ&ﬂ&%ﬂ&%‘: Cﬁ{gﬁ%ﬁgﬁﬁh\ﬁﬁu@—yﬁhﬁoxo 2-

residue w ed on silica gel’by flash column

bu- t2008IDrIBL P ISotTR? ga-éﬁﬁa)%al@@ﬁﬁ%ea?r&@‘%@%w fically
accepDId st reeaxyeyriehvhahsashamateas o WiHR Solid Hbd9rgdatfter the
yield). 102041 Tert-butyl (R)-1- (4 hydroxycyclohexyD et;(h earbamate
Symh(%“ﬁ%“l@%%cm?ﬁéﬁ%% B SR O gﬁ r(?ﬁji]é A é L) and
(beva@ﬁmi@ﬁﬂp BT uriar, pitirge (C 05 N 1Bth &NEF- BRI \ofaR iV 156 38b, a
prote% 0%1{} aﬁagds%efgm og'hvev e %I?lq’l%”(? rﬁgt&?nvgﬁéq'aél%%ﬁgd?egﬁl%%ylatmg

era ure OUI’S e reaction mixture was concentr

agenwwdaﬁmmmmh/%mhﬂm drichpebesghanide) ampreoarionpberine,
cmpleiﬂS ?‘i‘a(&'nl Jé@piﬁ@rg Qul %@QW&Q@QP%M%W‘ regdd@kbocin,

hours. The resin was flfter and the mother liguors were conc%ltrated

cmwtm%%éﬂf&éﬁww {HE M P as s Bt fit SRRd e 30 6B,
chiorﬂiﬁ%bli\ﬂasn(%ﬁ%s&ﬁ%&h as mech}orethamme an ethyleneimine compound, an

R)-1-(4-hydro hex tos |fluor meth
alkyliu}(fhﬁﬂ}?f‘%’lgf’é‘%pﬁf 9%/ Y&' §/Cr1|m rgy |)rl)h|£|)?rl?e % SY%J”
epiruAenn Qhﬂajtl)nypmhexanﬁil(SMdmg}eZ (u6tmenuifivad ﬂmyﬂuedq A qeEative

a0 DM (i P A0 SR QC OvRE anPlegiia IENe SRt pinutes.
there%)]il’gggrg Bfi/ e?ﬁty)/ angﬂ%(g] 376. BS%L 2.160 mmol) was adclied foIIowed by
chroxgo@h}'gr@,.awmgyg a phtalamhde such as propamidine or stilbamidine, an

anthrah K L DSV @nkﬁxmar%&m&tng@a@@g@mﬁmﬁ&@afmme
(516.1 mg, 1.080 mmol). The reaction mixture was s nder nltr
analogls ABRERITSH BT A HRNBHIRR S SuFiResHiBI iaﬁa(vé% %SFe%H
cytaz@Mifl@raifﬁfbﬂﬂﬁawaétﬁedw\}Ltb&t&@&eﬁj‘ﬁg‘ﬂﬁﬁl&rmﬂswnmhsnismtﬁ \ﬂatblr,abme,
%d over ma%l?esmm sulfateﬁ flltereir/il d ¢o h(j:gntrated in daclo
gemulaiife SHRE oA SRR Yol by co1um Aromatograp y ISCO
Companion. , 80g column, 0-100% Ei§Ac/DCM) to afford the title
compound as a yelow solid (558 mg, 88% yield). MS (ES+) 585, (ES) 583.
Step 5:
2-((R)-1-(4-oxocyclohexyl)ethylamino)-4-(1-tosyl-5-(trifluoromethyl)-1Hpyrr
olo[2,3-bipyridin-3-yOpyrimidine-5-carbonitrile. WO
2008/079346PCT/US2007/026190 [0206]
29:0(R-1-(A-hvAdrovvevelohavvethvliaminn)-A4-(1 -tnevl -B_o(trifliioromethyv- 1



102071

2-((R)-1-(4-oxocyclohexypethylamino)-4-(1-tosy1-5-(trifluoromethyl)-1Hpyr

rolo[2,3-b]pyridin-3-yppyrimidine-5-carbonitrile (105 rug, 0.1802 nunol)

W 2898I8WRAd in methanol (5 mL) and dichloromethane (5 mEY. TAPHPAGH{GHH0

acetate (138.9 mg, 118.7 p é 1.802 nunol), f%%lowed by SO%I . It
Pt BB 1A U o BISTEFE BB ACBHA e " 5
theres€aCHOR MRRAR EWERPS B ratP foibibhouts, ah raetiiterope tatives FhbarsiodLae

was partlt oned betw en dlchlorometg?ﬂ}& I%ns% &S&Qtyrgt d soluttlon

nfamgf I(kii %C mo Cin, a Camn GG%H or opo%can an
ium lcar queous ase was extracte

arsadicizl orcmdtigan ézéfb@ mmaiiayemmmﬁedammomamﬁm inhibitor such
a5 SAZORBIQRIBACECT MR2007/0261L90 maghesiim.sulie ftereshandncer drug

contentrated to dryness to afford’the desired product as a yellow solid (95
from QO‘g@%Eypé|g§cMg¢fE@mp@840fggx§IBgZa)g}@ﬁeya vinca alkzloid such as

navelf0 170 (1Al Rrovdaes A Sr(tifbparomethybsdigrWiialats3ch)pyri
din3-yflpyrimidin-2- %Iamlno ethyfle elohexyflmethanesulfonamide 1-202

colcha%erer@l%ewtwe(f gEyof: (%%faﬁli Y SRR TSRS EESBURIART OF
rhnzo&aﬁam[e&mﬂmacy@mﬁm itk 2 ﬁmmapgmbyacmt@ﬁemlwbmlmmm ora

denvitlzr(h%ffczﬁ%g :l?i]%i%l% o%“e‘“‘)%y éﬁq %Sr}r%% 8 tﬂ%ﬁf}%ide’ a steganacin, an antimitotic
carbmaiesxs(mﬂacw&n%hwpbﬁmto@ Sryipstiidin, BrybppaniidinaBEasDONi
inhib Jl}? s(%% M0 e}z%%%tmgﬁoé q{ﬁ%oég%gp'é}eréﬂﬁs@ ﬁ@éj}/i%g asparaginase

lisopropylethylaminé (25.25 mg, 34.03 uL, 0.1954 mrmiol) was added. The
mgm&@@@%@mé&eﬁ@@%ﬁ%@@%@@@ﬁ%@ Riaftestrogen such as
estrafMaHANGSYHPBYIablRKE6! (AR éﬁl%d%%%@%@lﬂwﬁiag dedoddi€anandron or

reaction mixture was allowed to warm up to am :etrgit8 tem 6%erature and was

CYPIGIPEE AetAls ASATEPAIERS TUFA AR IAR AGHE SPiOAR'S
formEy g @xitier¢esit, 2 e H| Az10 ol k2 dh mdBupas ctd ddsardith goseadd tioor

tiyred at r tem ure for 3 urs .The |xtu a rtiti
an 15 S E e YaR PRHEOREYis
mp{%‘e@\r/lv’eenmé& r?qg.a(%?ta e an%sw ? eo raquifeious phase wgs aC|d fé %(? ne,

raloxjferte mtﬁildﬁxﬂﬂ@h st phbstavessairhoict G cbiRsdemte!
182, 7064 Jaxgﬁiﬁesfmex@rmemme dilissedang 4 LH-RE

concentrated to dr /ness. The cis and trans isomers were separated by
antageijeh sechiader preldiative o 1Se IR RIFS SRR S EBISRRR, 100 A

methGQikHM sQadienk iRl m86%, Bufolvant AR dicfviniwaishosehent B:
H3CN) over 16. min es at 25 m n] and th es Ilting f ctlons

mterg lbi‘/sbréggﬁﬁ’?h REthiBig Lljelr‘.'}fcrf!\r uoqr‘ia gl iciiar{)J n& i igﬁ alpha.

antxwdﬂenmm&m@dmmmmmmmhm m@;@mwm& and S-
-203. % d r (fiys 0 cin

enan %]egsoéﬁ 8% %ﬁ(lsg &?&A%lﬁ (é%cé%r%h &y &?AH&%%L &Qg%ojr&stl I%M%y C,

an az(iziﬂqw'yp@giueéms@%&ézé@z »(\12#43 ﬁ‘i)E@"QSMzimf(Qllﬂldhifylsﬁﬂi?hE‘f‘BS

misobidadolEINBM3-& P, Mt 821880 ﬁgﬂréagm%ggega]iﬁt@ﬁ»rﬁﬂﬁéé&%ne a
(TM, br d) MS (ES) 508, (ES) 506. Data for 1-203 (second eluted)

“duabéegfts’rggwew@éé%éﬁ% 185961 RE-RiNiR OIS e ds 200
nitro@eh. BRstaBbs(ikh s Aijrodadr, &Iﬁdﬂﬁ Bindi¢otafaensiogd Eh@sﬂaﬂd(]ah]arﬂmﬁDB or

1-1, S 4 46 4. 11- 1 5.
ot S R A TS RS R ST g A gt e
as mB@Syc(ﬁSﬁﬁ@@rExM@iWes (Y M-529, Ono-5920, YH-529), zoledronic acid
mon%h gté‘ Qaﬁargxgtr@@(ﬁﬁﬁ{ ﬁ%@x‘@é&‘&%&yﬂ@m 4 dXroimidazole such as
fluoromethyl)-1H-pyrrolo[2,3-blpyridin-3- yI)pyrlmldlne -5-earbonitrile
metrqubBOl @S PTHEREB I daRIHORRYPRIREH Gite i reanh GRytans i saeh as

rRSUNDEYOL nitdZIld- Ay eueh t@rshuivhs; %ﬁ%@g@ﬁé@&@hﬁﬂﬂﬁ@%@m such
(145 g, 0.64 mol) and ammonjum acetate (225 g, 2.9 mol niethan | (2

as bresrwé%%m BB SErPErRGrE BIPPMIFS Secit a photo-
cyanoborohydride (30 g, 0.48 mol) wag added in one portion and the
stirring was continued overnight at room temperature. The reaction
mixture was poured in 2N aq. NaOH (214 and extracted with
dichloromethane (2x1 L). The combined extracts were washed with water
(IL), brine (0.3 L), and evaporated to dryness. The residue was dissolved

in TBME (1.5L), dried over sodium sulfate, filtered, and evaporated to
Arvneace 11inder rediiced nreccecrire The reacidiie wace niirified by hiilh to hiilh



Step 2: (R)- and (S)-tert-butyl 4-(1-aminoethyl)piperidine-1-earboxylate. H
NH2N N"Oic 0 102131 A suspension of tert-butyl
4-(1-aminoethyl)piperidine-l-carboxylate (40 g, 175 mmol) and
WA EAdelic acid (27 g, 177 mmol) in acetone (400 mLPHvEY HEGEEc 190
until a clear s% s obt |ned utr n was allowed,to. cooI down
chemigallyARthEES ;??S?Rw"é’& ipTata Wad
pheopbotdiad Mﬁtﬁ@%ﬂﬁhméﬂ&dﬂé@})wm choparatenadnms-template or an

a5 U PO L BB 6 FeD B N s
acetylwelscptiiaingd, wisicheniasitraatdenimapreisid Basei meperatisaprdennienbufen,
ketop%%}lro o I‘Q?&lﬁegﬂﬁg‘c}f@g N ON%QLQIYET? SO IAYRT WSS o fen,

separated and the organic layer washed with’ IN ag. NaOH and
tioxagyafes, &!ﬁ@@lfme”#@éﬂ?amf%iﬁa@ﬁfqm%@%’n@%’ﬁ@"éﬁt’r‘%ﬁ@ﬂl%‘a‘@u8%“‘53@

tolmAfOnR(R)GH- Mxhéer@r:@rma@eéﬂy&)rra%r&aaecla@aﬂ@@maﬁeo@r@xﬁc 99t Pénac,
ee, 22.5% yield). 102141 Fr?m th8 : gll uor of the bove mentioned
e

aceclgieac ASSSAR HertidRat 1< i Fretithiee 128 r%%axy 180 g, 88

meclfENLRicauid, lﬁﬁm&iﬁﬁa(ﬁnﬁﬁﬂeﬂm¢h€z&thﬁfmﬂ®m¢@hfﬁ.mtkté flufenisal,
materlal was added (R mandeli aC| 92 mm

pirox (580 eﬂ?xﬁcﬁmrrglx u&‘eg\?\/%)é eated U C?e Jear éo I?i‘(:)gn}g\rl\)/a%sglg‘b?)a;w‘l?n‘!;’e and .

pharraﬂmuedatb/woﬁntﬁbrlmmit@ﬁmerﬁat@ﬁ@menﬁwnngﬁqfhe‘iﬁma [waEptoxic antibiotic,

an arRiEED! Qrg?a\f\‘?%%@gﬁ%%‘é Anseduith spme ageions,avdsesrstadizedpoocs,

once’as bed above. Afler acid base seE)aratlon (R)-tert-butyl

an inilitoairmstHgprarRireshenrb HYR KabibHiainéiner 3 figbionde,

oncoé&@s )é@g)asm R M&Q%Wf@@%ﬁ&f@i@ﬂéﬂ@s Samplarenesikanklic
of the amine and one drop 1- napht I |soaé%5rrate in 1

complsfiRR b RtRRE AP Ak thamg sy %&%&nﬁ@?x&a%ur‘é"r g of the
trans@rfi}ﬁﬁerdfﬁbﬂ@f MW@SMBIEHH{BGI‘ ated). aﬁhﬁlﬁbﬂ@pl&f\fﬁﬁi@ neprefiEted such as

the heQ sh re(;[ angig \%%1 ad e t%?d a%taenq ShOéﬁP es. 1 mL
(f as use Iracelefuen ptane II:'tZNH 85/15/0 2), Rf
allylajm@)gnlda}g@r@mmostép@(} a compound which reduces the transport of hyaluronan

medzaté@%gt'r;@é%p%}ewké (hAgHery £&¢uw%ﬁrawlar&m@mgp3gpmmm
y1)pyrimidine-5-carbonitrile. 102161

molezuémamﬁrhr&wmnﬂfsﬂ BIRFcoREHiR AR R ikpgH oS pRsisdindsapable of
blocMhpYRENidinenareateeni iler it o 91 deMRO AWER Hissalupthier directed
. dichlorometha t room temperat re. Me%a chIoroQ{srt{e@ﬁmc ‘?ﬁds 10
agaifi P BURIRTAN WAl HIREETH Shé PSHBA ARATHE Teaction was stirred for
tetraﬁnmiru]ywa@emaﬂammehmb(%&mgﬂmI)rwasramtedeambtﬁe
bicalgtien %%?e?ﬂ”&%gotvr&%dﬁ'% ?ﬂ%&%@x‘%‘dﬁe ford-hau 5%&9&%@618}%%{&1@
luted solutio

was washed Wlt’h a sodium bicarbonate and brine. The

temogpinidpHastenkis difitrsfeisgkissilardiarine, finsvediapgplicamycin,

mitoFNRCEINEBIER AN, VA vEDE residligramBucified @ansilica gel by flash
column chromatography to afford the title compound ?g‘soll%go mg T
(0531 g iiaymae RAR! EBRAtiopBINRE S Ig) T SQ BRCAYnng pther
there(;?d.ttlcdée&%@ié&iﬂd o 18 @rblysEoBsObifd Idf ), MBRAAddy djuyiSoth Stapts such
8/079346PCT/US2007/026190 St ten-by
o PG o AT ooty Iy O Ve,
vmcﬁdwdrm@g&?pyrmdm@%aannm}eﬁﬁy@rﬁp@nu|mniveﬁm©,x‘y1a‘@éaspn vineristin,

vmdg:&gé' Zgrﬂﬁ%&% r@u% a411£§',-r£m UMQQJ Bﬁ{ﬂg{% L&ﬁw ARKA3 &%imﬁian

9 mmol) was added to a sélufion of 2-(perfluorophenoxy

GYC‘WE@WﬂU@FWEﬂW&T@BﬁF@?@ @3, oarbopiatm, oxahp?atm satraplatin,
tetraPIRYKId o3 tutiRy NRINGIR, SRERRIIHIR, (:Ja%m&(@@molbnau@mf@(cmm

reaction inixture was stirred at room temperature for 2 hours. Thﬁ crude

busuiRe eSS EoriEERPARS R REs S ARG Al RS e e REuch 35
purified on silica gel by flash column ghromatography to afford the title
compound (70 mg, 65% yield). MS (ES) 668. 102181 This intermediate
could also be prepared by step 3B and 4B. Step 38:
5-cya00-4-(1-tosyl-5-(trifluoromethyl)-1H-pyrrolo12,3-b]pyridin-3-
y1)pyrimidin-2-yl diethyl phosphate.



[0219] 2-hydroxy-4-(1-tosy1-5-(trifluoromethyl)-1H-pyrrolo

[2,3-b]pyfidin-3-yl)pyri mid i ne5-carbonitrile (87% pure, 1.23 g, 2.329

mmol) in dry THF (24.60 mL) was stirred at -25C and treated with

WHGHESH1E-butoxide (2.795 mL of 1.0 M, 2.795 mmol) in THEFHE07/026150

reaction mixture was warmed up.to 0 C for linutes, cogled o <5 :
mech g R AR T RSP A (0 g 88 I B hiniomers
and itnfaotatfke reaction (RN} stirtdglatel0iC fomdnitute slkpgaphonate,

room. temperature for.2 hours.. The tiQn, mixture, {luyted withice
dauﬂo@ol cé?h%%%@t%%“(@&% ?%%%)’Ié%?%g%% anﬁgakenﬁcﬁﬁth fce cold
idarulvicite muotaitripRE | MTSETI(Z.8lpsinorgyrimn SiFasmie andidearibsUbereot.
netropl RGO AR EXIREISH MO AcaiplRaThR-RIANIE SXYAG SWEi e,

over magnesium sulfate and concentrated to give a pale ¥el|ow solid . ...
olivomish wvakkRitide aOR RS REPEE Mier st RIS BRIFTERGYCRa@n airidie,
2 nitre SR80 59341@8@&%@%@ﬁ@@g&ﬁi&mﬁ%&ﬁiﬁmgﬁﬂg@m@ﬂmﬂ%ﬂgﬁfor an
_ .. were concentrated in yacuo and the residue purified, on sili e ash.
L RFOIFR O DI ARG ESTOUHLES BRGNS Py COLATEE
peme@elddasield)utitiN MB{DMSErd 6]udat btz P8l hag {fHitalne. 33

3H, s), 4.17-4.27 (4K, m), 7.51 (2 5.(21-1, ¢ , .
L
acid, R)-dbr{Binyane-klyadey heaffeudionyrh -1 nemie pArgmyrn, &
campp&fﬂggﬂi %ﬁéﬁ%qﬂﬁg@égﬁ%@wﬁmmgﬁﬁgﬁ%& canbdatered0328dyclic

5-cyano-4-(1-tosy1-5-(trifluoroinethyl)-1H-pyrrolo[2,3-b]pyridin-3-y1)pyrimi
carboaﬁﬁnzdyalaaibtﬁwﬁf@%ﬁw&%e@@&ﬁiﬁ,SH%%&%&%MB&;%&%MM‘% »
CBH#9 Mﬂ%@i,(&)v@f;&h@%iﬂ;@p@%ﬁ%ﬁﬁé@%ﬂﬁiﬁﬁﬂdh{t@r keacbexylate, (761A0

mg, 0.3359 mmol) in THF (2 mL), and diisop ne-(70.22. 3
ol E PR ATECREN TS HAE DGt (DA o FoL 0 SU
6668 24Uho UPESTHE-Cned 8, MxIHes i i@t ith e fiiAcEEe G- 498 Washed3 736,

IM-gﬂﬂthr%f%%éo'}'&%%ém% orpa %ﬁﬁg@rﬁmﬁw@s@ﬁxﬁeﬁmgwﬁ as BAY-

sulfate and concentrated under reduced pressure. The residue was
43-900r iR Aok-STrOR Yo s AE R ERITHIR LRRSHEEREY ishyP 1 e REatRib: C1-
1033GRTROLIY A3 A EIOUHRRS AR S4B BsMEsBAYDY RN MRS DEBS TSP I-

5: . . o

166, BRRP e S A - PERiiantinsjareiss T trnsR meh s ol

ﬂuo@b%égl}&lﬁ%@&gmmmgm@wmmF'dm@%}ﬁmeifmFgﬁemiate}r?-((s)—f
10221/ TrifjJugroacetic acid. (2 mL,, 25.96 m utign o

tetm}ﬂgﬁzf;%%fﬁl' _-(ﬁ%?ﬁqumazo nge or |2¥~ [%? ~890ro’flﬁ%‘z’¥%§-&¥’e%%%%§}%“t{'ﬁﬁ

(hombstBrphatio-4-D-fosyb5-{bnif tardmeélmiye M plT bidgran i pyiern- 3y

- pidin=2- ylami {ReLiding: iBnibite? FIMRNriscription
quin%éﬁ%?@%%@%gé%%iBﬁ%ﬁ%ﬁ%@gﬁ%ﬁ%?ﬁ%@ﬁ?girred at r%o?fclﬂpt
factorApetarUFS XoP RIROAR/ Teie e ATdRIHIAT & AR ch AKBHT SIS TrBATHBE 1!
shocg 208 title 6O MPOURGASAuhikey S0 BhliQ2legvAB8% yielll}laiiGhgeldanamycin

08/079346PCT/US2007/026190 MS (ES). 570, (ES- _Step 6 _
o 1A S, RS ACER) 5 PRMATRR P aP R R e sythri

smal(trifbingmeiiyled krpymolo] 2 B4 piridinsSiy@pyhimiding - Shcarsbnimie), AMC-
1o, S AOTET BRPIORY BRI (3heh WA DR Rsetat (o)

IXture of 2
inhilfisipeniclireuiedyethssaoinayida ThIsHREAAHN s e tRsIRa pLp Rrdrtblatdpsalt)
and M£'QHTB§;&§;%QYE f@ﬂ@?@fﬁ'%@%ﬁ%ﬂﬁ1%2&%—I(_Lﬁ|é&ﬁ@aﬁ§ﬁ%§ié&ﬁQ;ﬁihﬁdQ}&Qﬁalpha

mrnol), TBTU (131.7 mg, 0.14 mcrg%g and gjl colic acid (15.6 mg, 0.20§ 018
toco R i e BRI (S PR QT R W SR B
(1, Empesaiyrs faniehoun e side g8 SDE asteonERredel doddiyrdssal

and redissolved in ethyl acetate. The organic phase was washed with a

saturated solution of sodium bicarbonate and brine, dried over magnesium
sulfate, filtered and concentrated in vaguo. The residue was purified on

silica gel by flash column chromatography to afford the title compound (60

mg, 47% yield). Also obtained was 20 mg (21% vyield) of the detosylated

compound. MS (ES') 628, (ES-) 626. Step 7:

2-((R)-1-(1-(2-hydroxyacetyl)piperidin-4-yl)ethylamino)-4-(5-(trilluoromethy

[)- 1H-pyrrolo12,3-blpyridin-3-yl)pyrinildine-5-carbonitrile. HN----. OH 0

102221 1M eoliitinon of lithitim hvdrovide (222 E ni O 22 mmol) wae added



WO 2008/079346PCT/US2007/026190 [0224] 1H NMR (DMSO-d6, 400
MHz) 8 1.05-1.2 (51-1,m), 1.75-1.95 (5H,m), 2.85-2.95 (11-1,m),
3.63-3.68 (2H,m), 3.97-4.03 (2H,m), 44-4.5 (1H,m), 8.23-8.28 (1H,m),

wh Gl m), 9.1-9.2 (1H,m), 13.1-13.2 (1H,m); MS (ESL AL (FR)y26190
472. Example 5: Tran s-(2

derivRl s (4rdidRirds barenanRrd b riisiflugy QH@HWBG% BB k237 face molecules of
b[pyridin-3- yI)pyrlmlelln -2-ylamino ethyl)eyelohexyl) -2-hydroxypropattamid

cancgy eig suen a& 00l zueeabat HUCE:(4-hydroxycyclohexypethylcarbamate
054pHh[@c&ﬁé]e(ﬁﬁoﬁﬁf&é?iﬂiytﬂeé@hydmm@@@Qﬁ%ﬁlﬁ&fﬁ@ﬁﬁ?@x{ﬁ@ﬁ@im ung(3-

literat 0 20070351 4 (AI)) (100.m
e SO S S A S R
(S)- aﬂmmnrcaqﬂ@awwox@)m@ﬁma@eﬁew ‘r’:h@mdeﬂonmpihtn;é)m&@}ldcé[@ ~(N,N-
d!tﬁéWﬁﬁﬁl&?@%E Bﬂg%&aere @ﬁ%@gﬂ %tgr j‘ lgg{&ine, 4-

he rhodium catalyst was e mot quor

F(3- Cé&ﬁ@éhﬁﬁ@é@'ﬁh%ém feéi&déqmﬁmh@wﬁnﬁ)hwww-Yﬁamino}
7-[( SR shamatography i,afard the titlecompeund 62 fg»hésrmﬁl% {[4-

[0226 Data for the cis isomer (26 mg as a white solid): R éﬁfﬁ
(hone 82001 AR D MEERaE 400 il S Bars yieyy -1hpgyl-
quma(ﬂdiimm)?ﬁ 23@-@.4&((?4%'1111{9&?}1 §ﬁéé§i§|msi rﬁ)ﬁﬁ&ﬂﬁ?&:ﬁ%ﬂﬂﬂ?%i‘&%&t@h‘laﬁﬁm)
r ra
o R T e R b ARS8 20 R metby-
pipel(azmsmﬁmmﬂdvm@)yﬂ)%-m@m(smm),ai:ﬁﬁr(@l-{ -ty 7kt yiens)-6-
methi!mg@a}h@%)ﬁ@flu{ﬁ%hﬁo%% 382621 ot 03 AR iMhiA A% (LA 9),

Carb(@%ﬁw)ahﬁlﬁmm]&%%@ﬁ?@ﬁm@@]@ﬁynéy@l @hél;@ymaceutmaﬂy acceptable
salt thegthanesulformte o 7 p 10: &-

1055} The compounds of this invention can be used to inhibit PLK protein kinase activity in
a biological sample. |

[656} Thus, the invention further provides a method of inhibiting PLK protein kinase
activity in a patient, which includes administering to the patient one of the compounds
described above or one of the compositions described above.

[057] Another aspect of this invention %}rovides a method of treating a proliferative disorder,
a neurodegenerative disorder, an autoimmune disorder, an inflammatory disorder, or an
immunologically mediated disorder in a patient. The method includes administering to the
patient in need thereof a therapeutically effective amount of one of the compounds or
compositions described above. This method may further include administering to the patient
an additional therapeutic agent selected from a chemotherapeutic or anti-proliferative agent,
an anti-{nﬂammatory agent, an immunormodulatory or immunosuppressive agent, a
neurotrophic factor, an agent for treating cardiovascular disease, an agent for treating
destructive bone disorders, an agent for treating liver disease, an anti-viral agent, an agent for
treating blood disorders, an agent for treating diabetes, or an agent for treating
immunodeficiency disorders, wherein (1) said additional therapeutic agent is appropriate for
the disease being treated, and (2) said additional therapeutic agent is administered together
with said composition as a single dosage form or separately from said composition as part of

a multiple dosage form.
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[0228] Cis-(R)-tert-butyl 1-(4-hydroxycyclohexyl)ethylcarbarnate (575 mg,
2.363 mmol) was dissolved in dichloromethane (10 mL) and cooled to OC
under nitrogen. Triethylamine WO 2008/079346PCT/US2007/026190

w46 nds658.7 uL, 4.726 mmol) followed by methanesulf%%g%gg%zm%
(284.2 mg, 192.0 !IL, 2.481 mmol) were added dropwise. The reaction

[0S8IMISHN en\WASHSET ERPeat, 1ho M teripa aibRIE0 & IMBALLE Feding: GiVEB o logical
mi xture as w shﬁ ith 1M, HC1, water %ﬂd a saturated qﬁjeogs
2O N0 br

dlseasc oIl OF SodithH Bicar %sn%qmiq‘ﬁtg%%amc RS
theramagmb{wﬁ$uﬁat@nﬁueﬂreﬁ mtdmmémﬁratﬂrhrmaemﬂmébcgmemaon of those

cos TSR PP TR0 B e B R 48
refragry, oRyeR IR Ipl syl Qrare(amme. cyle 4r3>©r@t+p @yetsoemtsl ek Smm3:

myelddp3ER) 1 P&Bé %%1@{%@%@@%%&'%@@%@%&%@2&%

Cis-(R)-4-(1-(tert- butoxycarbonylamlno)ethyl)cyclohexy
Hc’dﬁlﬁ‘éﬁt%%%‘ﬁ“ 247645519136 mmol) was dissolved in DMF (10 mL).

[@59]3(1!6!1&1 Eﬂ@lﬂ@@n(ﬁﬂr&& Mgy OBmamed) of &%ﬁﬁ@sﬂ)ﬁ@ euiher FertlieimWag veloma,

Jeuk ttjreat 80C for 1 %ﬁurs. The reactlogﬁ?tlxtt%% oolg_ down to.

euke rr%’b ‘Fﬁb@’e PR SR TR 6 S FRE SSE ARSEN AT oSS

ovm@omtcﬂherqgmmhmmsm@arM)drtedlpm@smagﬁesuﬂm sUbtatereatic,
| i s, taken int next ste withou

na p%%gﬁter anlp hlsg%%ggg g%%%%%ﬁ%%bgg\?\g%oh%(o B was di fu?e |tﬁem108tt

comp@igs)dgperivedamyon carbon (Degussa) (120 mg) was added. The

[060]rCREHORV BN SNSRI -HRdE! A N¥HIQosNAUMASRIRLE and SilfAk oAt

temperature for 18 hours. The catalyst was filtered off and the mother

incluges AeiRister B RE RRNETh RS RIG TS SHTEPAUAGS O REHRSIHAZASRRGRitions
describaBabdng, quaﬁtﬂatlue t}ﬂe{ﬁhcéﬂ N o Glo &S A QarivHr 2)18e 16 Odr 32

asti_(S;‘SH 1.45 5(% 4H m),. 1. 87t1 95t2H mg § 60 (IN, m),
ESTBT R, 90 R mrse tep ﬂer’f%n'sg?gnt B Ry o faRpehcancer,
maﬁgm}"dt’mpmpa’n&midmoﬁdmxmmwearbamamum&’b}ﬂ'arans tert-butyl

[061 ](Rhle("n@éﬁ‘tﬂ;%cét%o!%?&ték)E‘é%‘f&%ﬁr@? ?estag Mse%s%%avmgg%%ﬁ
dissolved in DMF (3 mL). D-Lactic Acid (49 2 mmo

pmh%r%mdmwﬁmﬁﬂ%@et%seﬂ?@n%@dlwrme%?ﬁeﬂ%ﬁdamm9650@—
humaﬁmgm%ﬂa‘iﬁmm Mﬁ&ﬁﬁ%%ﬁg@%ﬁ%ﬁguﬁ{l SEBRGHAR HIMHIEINESY to the

alloged to stir bient tempera% re for 3 hours. The 76 WO

paticd G RSB A0S BRASG PGS TGS PR P RbABB 5 E e

competimyd)m:ééadietmmhbﬁm Eimtganf&mﬁr&etaw&teinﬁeﬁ@t&et agRestubetes
lfate, f| ganee trated i vacu ue Was urified on

melhﬁt’%i gel%% r}té?n g (1)15% 8%SE§L§ 5 r‘rio% 1dt ere multiple

scierf@l_s_@%‘“amémshm@m)st&xm@iursh@memdmmdm@atmmgrmmqm@@m 1
purp Mﬂﬁ&g@%gﬁoﬁ@%ﬁ@ﬁ%g}@@ 10 (3H, d), 1.12-1.38 (5H, m), 1.44 (3H, d),
1.46 (91-1, s), 1.73-1.88 (2H, m), 1.97-2.08 (21-1, m), 2.40 (I H, m), 3.58
[062] (1t5|13H1Y“§“?’2dQ$|SIC%S of B8 (YFNHIASYRIRFeRs 05 ATt Lostapud of
formdikans-(R)-N-(44(R)-1-aminoethyl)cyclohexyl)-2-hydroxypropanamide 7
hi2Viev 'OH 102321 Trans-tert-butyl (R)-1-(4-((R)-2-hydroxyPropana
ido)cyclohexyl)ethylcarbamate (66 m /O%Ammol) was dissolved in
dichloromethane (10 mL). A squtttSh 0 C1 in dioxane (209.9 ill, of 4 M,
0.84 mmol) was added. Thegea ixture was stirred at ambient
temperature for 18 hours. The dfudg mixture was concentrated in vacuo
and coevaporated three times w /dle(}pylether. The residue was
dissolved in methanol (10 mL), passed through a sodium bicarbonate

trld e and .concentr ted n vacu e the desired compound as a

o & G G A € A B RO R RIS (ORI B e i o5 defined

abov@. 80kl pEo(@hs, imlndet 2ehdOtiGt mi; thib @41 8 (Gideraied Slgikihla,
3.45 (1H, m), 3.91 (1H, quint), 5.40 (1H, d), 7.35 (1H, d).
28



Step 6:
Trans-(2R)-N-(4-((IR)-1-(5-cyano-4-(5-(trifluoromethyl)-1H-pyrrolo[2,3-
1))pyridin-3-yppyrimidin-2-3/larnino)ethyDryclohexyl)-2-hydroxypropanarni
wlS0hsAB934402331 PCT/US2007/026190
Trans-(R)-N-(44(R)-1-aminoethyl)cyclohexyl)-2-hydroxypropanamide (45
mg, 0.21a®pl) was dissolved in THF (6 mL) and DMF (2 mL) and stirred
O Almolecular sieves for 10 minutes.
! trifldoromethyl)-1-tosyl-IH-pyrrolo[2,3-bipyridin-3-y1)-2-
Ymettyisgifonyl)pyrimidine-5-carbonitrile (131.9 mg, 0.2100 mmol) was

added. reaction mijxture was stirred under nijtrogen at ambiept .
temper;t‘#l}%e fo%r i‘g}}%ﬂ&?aﬁﬁg{?ﬁ%f&gﬁfgpé%gggé@\}\?aﬁ ?Eei(rﬁlo%ré%v Bi/ﬁgﬁftor%?%ﬁr with
the afnd washed with Lt0AncAhbiltrats evadsmvasiediwitly vrttenayiedbotiared with
magnesium sulfate, filtered and concentrated ip vaguo. The residue
dissolved in tetrahydrofuran (6 mL). Lithiumgydioxide (840.0 ML of 1 M,
0.8400 inmol) WO 2008/079346PCT/I 26190 was added and the
reaction mixture was stirred at room temperatgre for 18 hours.lk'l'lhe C{l{de
I 1o 4rimeiiied WasphRiESHOY BRANELST B ‘acetate and briAd” FHE'SHIANE
carbéndiEaRtgWerd] ctiech @uen vepgnesiitab suliatenfiltereck angdle of Centratéd«dn

acua The resjdue was purified by revers ase pr i , ita
R R e T
solveiit B.0E¥Tduhdriwalbel soltieht Bb@RIBGNPErsSTUIBATINURS. af @ Bractice this
proc%sqgj/tﬁg M?diﬁ%%&%%W-?JH&BL@-‘EH?%?@&&%MH&@-@%MM, and the
Icar [ 0 give

ate cartridge and freeze-dried the title compound as a
boropatstestalian bs mrifigosamatyl A kRS cteenahdob M sorosplanzsyl-1-
tosy1($ﬁ.,gp,)miﬂ£gg3(@;§bg§dgi§o-2.09(4H, m), 2.34 (11-1, d), 3.69-3.81 (1H, m),

4.18-4.28(211, m), 5.52 32.3314, d), 5.58 _@.67H, d§§6.2 -1, d), 8.50
1063} ol saesrpsatensst Ineprarsy eh IS BT, -'8386 (0.67H,
10641d) T9e0Q 4R34 1) 2 (@bifHy Shrtainditiconis) sMS (ES) 502, (ES)

500. Example 6: '

2-(1-(6-(4-hydroxy-1-methylpiperidin-4-yppyridi

(trifluoromethyl)-lll-pyrrolo[z,3-b)pyridin-S-bf/?)py' ine-5-earbonitrile

1-266 F F N OH HN Step]: RL_~ N

1-methy1-4-(5-(2-methyl-1,3-dioxolan-2-yljpyridin

0 OH N., 102341 2-bromo-5-(2-methyl-1,3-dﬂoxo’an-2-y0£yﬁdine (500 mg,

2 (g wdirngassomseadrfifermeladite: Bioorg. MEH. Chiem ("tsBgng is as as

previg%zggh@@ﬁ@&?@ﬁﬁ@ﬂﬂbﬁﬂ@yg RS deiraxaboty i le Adohanmheetedtaula 27

under nitrogen. n-BuLi (901.2 uL of 2.5 M, 2.253 mmol) was added
Aad.the reaction mixture was stirred at -78 C for 30 minutes.
4-pipefidone (602.6 mg, 655.0 pi, 5.325 mmol) was added and

t’?—f-mpqr%turé farz18 hours and concentrated in vacuo. The residue was

purifieo‘l) on silica gel by flash column chromatography to afford the titte

cofhpruntngs aatioryistof feraoki 128318 argrassadieldprmaRR, wherein R
18 HW%@)@‘S %Q@{Wzéné k‘?(k&az@@q&fe@ 1&60%‘@&%@519%&)@@,,13 e fﬁé’!ence of

1), 4.00 (211, ), 5.03 (I H, m), 7.65 (1H, d), 7.77 (111, dd), 8.54i\ng, S);

MS (ES) 279. Step 2: / \>/R2

4-(5-(1-aminoethyl)pyridin-2-yl)-1-methylpiperidin-4-ol 78CWQ_-p;

2008/079346PCT/1JS2007/026190 NH2 N,. [0235k4 ~

1-Methyl-4-(5-(2-methyl-1,3-dioxolan-2-yl)pyridin-2-yl)pi

mg, 1.735 mmol) was suspended in tetrahydrofuran ( NLM FIC1

micr@v%e%d@aﬁgwm%m&g@gﬁ%iﬁﬁ2’8‘iXtU"e was stiseed &8 ; and

room temperature for 48 hours and concentrated in vacuo. 53236 The
reSiHIFEN4RR1IBS JI08 Pl SNETHETOBPHHL PTRRRAR oA s kT e/ g,
17.35 mmol), acetic acid (1.5 mL, 2628 mmol) and MP-CNBH3 (2.871 g,
6.947 mmol) were successively added. The reaction mixture was stirred at
room temperature for 18 hours then at 40C for a further 7 hours. The
reaction mixture was allowed to cool down to room temperature. The resin

was filtered off and the mother liquors were concentrated in vacuo. The
racidiie wace dicenhived in methannol (20 ml Y and MP-Carbonate (2 7R2 A




Step 3:
2-(146-(4-hydroxy-1-methylpiperidin-4-Apyridin-3-y1)ethylamino)-4-(5-

(trifluoromethyl)-114-pyrrolo[2,3-191pyridin-3-Apyrimidine-5- itri
WA B EPHEN OH IN 102371 2-(Methylsul FERRINNGs100

fony1)-4-(1-tosy1-5-(trifluoromethyl)-1H-pyrrolo[2,3-blpyri din-3 -
ﬂeﬁ"’g“/@@rimidine-5-carbonitri|e (160.2 mg, 0.255 mmol) was added to a
[065] salsition! hbiE- e fathimoeeidfinyvicna shajl sonbn smeap pafRa IBfigEce, For
purpofidh 28 mmoh in (e ANVARORURN (BTl [ BRIGACHOR FOiMUE Was the

- stirre tnder nitrogen at room temperature for 18 hours. 1M Lithium
PeriodiyTrdkidel (1e0PemntBI G, VERR0-HA WAL AGHER ST $A e 5t B
AddiT ORI SWAS Sa AL tampekaiite-falrd faunbed he ‘ugauniRbarsisiry”,

was partitioned between ethyl acetate and brine. The organic extract
Thomice il BUST ORISR c LIS L) <BRoaH I tod b VARLE
OrganlheH@sideevaE Barjiint inauersS phassprapdrativen iRl fnfarmsNew

Sunfire C18, I0pM, 100 A column, gradient 10% - 920 t A
ork G 0Bbs HE AT o I P LT SO B SIS Py B o o6 sovent
[066] BACHBGHeoVerds, miputéGedr2Ehet faial. Al sofscnehsisery doirgerdherein.

c ePaS edathrgg S04 i . o .
M o

[067) (DM S S od OGTRIM 2PBR 00 AT IO HYRRFI R SURYRR IS HBEF TP BIpd With

one oﬂ%%?e %Eb%xf%%m?t’%% 1553211]%(1( faﬁ'é %ﬁr&e@%&%&l@ Hpaay, 3r30-2EnRikdb)

paricaigne{ars, S OBTHOSHSR AR B3 (3 DY BT i W e
phrastO:SitionhlS, 20ukiEtds s 13<a3ritth bR SHES)E B Ssybstuted or
B
or nothefasterizatieplatatader thlwsk egmpulives 1 SaiveRaHzeRTR THBRqpical of a
speci?%‘_)fv%/?%g%%ﬁg{ L_’ggﬁeg%/&{@»&@%&é}/&@d%‘ﬁ c;ﬂﬁ&llM@ E‘ﬁiﬁiﬂ@@'gr@up may have a
substituent at each substitutable position of the group, and when more than one position in
any given structure may be substituted with more than one substituent selected from a
specified group, the substituent may be cither the same or different at every position.
Combinations of substituents envisioned by this invention are preferably those that result in
the formation of stable or chemically feasible compounds.

[068] The term “stable”, as used herein, refers to compounds that are not substantially
altered when subjected to conditions to allow for their production, detection, recovery,
purification, and use for one or more of the purposes disclosed herein. In some embodiments,
a stable compound or chemically feasible compound is one that is not substantially altered
when kept at a temperature of 40 °C or less, in the absence of moisture or other chemically
reactive conditions, for at least a week.

[069] The term “aliphatic” or “aliphatic group”, as used herein, means a straight-chain (i.e.,
unbranched), branched, or cyclic substituted or unsubstituted hydrocarbon chain that is
completely saturated or that contains one or more units of unsaturation that has a single point
of attachment to the rest of the molecule. Unless otherwise specified, aliphatic groups
contain 1-20 aliphatic carbon atoms. In some embodiments, aliphatic groups contain 1-10

aliphatic carbon atoms. In other embodiments, aliphatic groups contain 1-8 aliphatic carbon
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atoms. In still other embediments, aliphatic groups contain 1-6 aliphatic carbon atoms, and
in yet other embodiments aliphatic groups contain 1-4 aliphatic carbon atoms. Suitable
aliphatic groups include, but are not himited to, linear or branched, substituted or
unsubstituted alkyl, alkenyl, or alkynyl groups. Specific examples inchude, but are not
limited to, methyl, ethyl, isopropyl, n-propyl, sec-butyl, vinyl, n-butenyl, ethynyl, and rers-
butyl.

[670] As used herein, the term “Co.; alkyl” refers to either a bond or a C,_; alkyl. Other
carbon number ranges containing zerc have the same meaning.

[671] It should be understood that if the aliphatic is alkenyl or alkynyl, then the aliphatic
group has at least 2 carbon atoms.

[672] The term “oxo” for substitutent refers to the group “=0" which replace, e.g., two
hydrogen atoms on a carbon atom of a methylen group to form -C{O)- {equivalent to -C(=0)-
}, i.e., a carbony! group.

[673] The term “cycloaliphatic” or “carbocyclic” refers to a monocyclic C;3 hydrocarbon or
bicyclic Cy.12 hydrocarbon that is completely saturated or that contains one or more units of
unsaturation, but which is not aromatic, that has a single point of attachment to the rest of the
molecule wherein any individual ring in said bicyclic ring system has 3-7 members. Suitable
cycloaliphatic groups include, but are not limited to, cycloalkyl, bicycloalkyl, cycloalkenyl
and bicycloalkenyl groups. Specific examples include, but are not limited to, cyclohexyl,
bicycle [2.2.1] heptanyl, cyclopropenyl, and cyclobutyl. The term “heteroaliphatic™, as used
herein, means aliphatic groups wherein one or two carbon atoms are independently replaced
by one or more of oxygen, sulfur, nitrogen, phosphorus, or silicon. Heteroaliphatic groups
may be substituted or unsubstituted, branched or unbranched, cyclic or acyclic, and include
“heterocycle”, “heterocyclyl”, “heterocycloaliphatic”, or “heterocyclic” groups.

1074] The term “heterocycle”, “heterocyelyl”, or “heterocyclic” as used herein means non-
aromatic, monocyclic, bicyclic, or tnicyclic ring systems in which one or more ring members
are an independently selected heteroatom. A heterocyclic ring includes heterocycloaliphatic,
which in tum includes heterocycloalkyl, hcterbcycloalksnyl, and heterocycloalkynyl. In
some embodiments, the “heterocycle”, “heterocyclyl”, or “heterocyclic” group has three to
fourteen ring members in which one or more ring members is a hetercatom independently
selected from oxyg'én, sulfur, nitrogen, or phosphorus, and each ring in the system contains 3
to 7 ring members.

[075] Suitable heterocycles include, but are not limited to, 3-1H-benzimidazol-2-one, 3-(1-

alkyl)-benzimidazol-2-one, 2-tetrahydrofuranyl, 3-tetrahydrofuranyl, 2-tetrahydrothiophenyl,
3
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3-tetrahydrothiophenyl, 2-morpholino, 3-morpholine, 4-morpholine, 2-thiomorpholino, 3-
thiomorpholino, 4-thiomorpholino, 1-pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-
tetrahydropiperazinyl, 2-tetrahydropiperazinyl, 3-tetrahydropiperazinyl, I-piperidinyl, 2-
piperidinyl, 3-piperidinyl, 4-piperidinyl, I-pyrazolinyl, 3-pyrazolinyl, 4-pyrazolinyl, 2-
thiazolidinyl, 3-thiazolidinyl, 4-thiazolidiny!, 1-imidazolidinyl, 2-imidazolidinyl, 4-
imidazolidinyl, indolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, benzothiolane,
benzodithiane, and 1,3-dihydro-imidazol-2-one.

[076] Cyclic groups, (c.g., cycloaliphatic and heterocycles), can be linearly fused, bridged,
or spirocyclic.

[0771 The term “heteroatom” means one of more of oxygen, sulfur, nitrogen, or phosphorus,
(including, any oxidized form of nitrogen, sulfur, or phosphorus; the quaternized form of any
basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for example N (as in 3, 4-
dihydro-2H-pyrrotyl), NH {as in pyrrolidinyl} or NR" (as in N-substituted pyrrolidinyl)).
[678] The term "unsaturated”, as used herein, means that a moiety has one or more units of
unsaturation.

i0679] The term “nonaromatic”, as used herein, describes rings that are either saturated or
partially unsaturated.

[080] The term “aromatic”, as used herein, describes rings that are fully unsaturated.

[082] The term “alkoxy”, or “thioalkyl”, as used herein, refers to an alkyl group, as
previously defined, attached to the principal carbon chain through an oxygen (“alkoxy”) or
sulfur (“thioalkyl”} atom.

[082] The terms “haloalkyl”, “haloalkenyl”, “haloaliphatic”, and “haloalkoxy” mean alkyl,
alkenyl or alkoxy, as the case may be, substituted with one or more halogen atoms. The
terms “halogen”, “halo”, and “hal” mean F, Cl, Br,or L.

[083] The term “aryl” used alone or as part of a larger moiety as in “aralkyl”, “aralkoxy”, or
“aryloxyalkyl”, refers to monocyclic, bicyclic, and tricyclic ring systems having a total of
five to fourteen ring members, wherein at least one ring in the system is aromatic and
wherein each ring in the system contains 3 to 7 ring members. The term “aryl” may be used
interchangeably with the term “aryl ring”. The term "aryl" also refers to heteroaryl ring
systems as defined hereinbelow.

[084] The term “heteroaryl”, used alone or as part of a larger moiety as in “heteroaralkyl” or
“heteroarylalkoxy”, refers to monocyclic, bicyclic, and tricyclic ring systems having a total of
five to fourteen ring members, wherein at least one ring in the system is aromatic, at least one

ring in the system contains one or more heteroatoms, and wherein each ring in the system

32



F F 1-2941-295 WO 2008/079346PCT/US2007/026190 1-2961-297

1-3001-301 1-3021-303 1-304 Table HA: Compound No (I-) Name M+1
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contains 3 to 7 ring members. The term “hetercaryl” may be used interchangeably with the
term “heteroaryl ring” or the term “heteroaromatic”. Suitable heteroary! rings include, but
are not limited to, 2-furanyl, 3-furanyl, N-imidazolyl, 2-imidazolyl, 4-imidazolyl, 5-
imnidazolyl, benzimidazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-oxazolyl, 4-oxazolyl,
S-oxazolyl, N-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl,
4-pyrimidinyl, S-pyrimidinyl, pyﬁdazinfyl {e.g., 3-pyrnidazinyl), 2-thiazolyl, 4-thiazolyl, 5-
thiazolyl, tetrazolyl (e.g., 5-tetrazolyl), triazolyl (e.g., 2-iriazolyl and 5-triazolyl), 2-thienyl,
3-thienyl, benzofuryl, benzothiophenyl, indolyl (e.g., 2-indolyl), pyrazoly! (e.g., 2-pyrazolyl),
wsothiazolyl, 1,2,3-oxadiazolyl, 1,2,5-oxadiazolyl, 1,2 4-oxadiazolyl, 1,2,3-triazolyl, 1,2,3-
thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl, purinyl, pyrazinyl, 1,3,5-triazinyl,
quinolinyl (e.g., 2-quinolinyl, 3-quinolinyl, 4-quinolinyl}, and isoquinolinyl (e.g., 1-
isoquinolinyl, 3-isoquinolinyl, or 4-isoquinolinyl}.
[085] When the term “ortho”, “meta”, or “‘para” is used to identify the position of a
substituent on a 6-member ring system, it is relative to the atom by which this ring system is
attached to the core of the copound of formula. For instance, a phenyl substituted at the

ortho-position with methyl, at the meta-position with flucro, and at the para-position with

isopropyl is
{086} The term “protecting group” and “protective group” as used herein, are
mterchangeable and refer to an agent used to temporarily block one or more desired reactive
sites in a multifunctional compound. In certain embodiments, a protecting group has one or
more, or preferably all, of the following characteristics: a) is added selectively to a functional
group 1n good yield to give a protected substrate that is b) stable to reactions occurring at one
or more of the other reactive sites; and ¢) is selectively removable in good yield by reagents
that do not attack the regenerated, deprotected functional group. Exemplary protecting
groups are detailed in Greene, T.W., Wuts, P. G in “Protective Groups in Organic Synthesis”,
Third Edition, John Wiley & Sons, New York: 1999 (and other editions of the book), the
entire contents of which are hereby incorporated by reference. The term “nitrogen protecting
group”, as used herein, refers to an agents used to temporarily block one or more desired
nitrogen reactive sites in a multifunctional compound. Preferred nitrogen protecting groups
also possess the characteristics exemplified above, and certain exemplary nitrogen protecting
groups are also detailed in Chapter 7 in Greene, T.W,, Wuts, P. G in “Protective Groups in
Organic Synthesis”, Third Edition, John Wiley & Sons, New York: 1999, the entire contents
of which are hereby incorporated by reference.
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319 2.95 (31-1, d), 3.02 (3H, d), 8.26 (1H, 1), 8.44 (1H, t), 8.67 (II-], S),
8.72-8.76 (5H, m), 9.24 (2H, d), 13.04 (1H, brs), 13.10 (1H, brs). [-I:1
mixture of rotamers] WO 2008/079346PCT/US2007/026190 %

WOLHEHIEHY1amino)-4-(5- (tri fl uoromethyl)-1H- pyrrolo[2,f:’»-gﬁoy[ﬁJ fhegla6190

o RSO SN Y DN Ot i s
anothdr e_a:ituimci)?r rﬁbﬂ:‘ﬁﬂl réto$ rotansehg) ﬂ@@@mﬂﬁmmﬁmﬂﬁb}wor aiiphatic. cl;qann is
ool EEISI B B R o s opti o
includés bl B002Rted tandyRr3:62 (1 H; ?“13g2f(@):|?, ke of
c(oyIAME[SN.CN)-, -NRCO-, -NRC(0)O-, -8O2NR-, -NRSO;-, -NRC(O)NR-, -
OC(O)NR-,
NRSO,NR-, -8C-, or -80;-, wherein R is defined herein. Unless otherwise specified, the
optional replacements form a chemically stable compound. Optional interruptions can occur
both within the chain and at either end of the chain; i.e., both at the point of attachment
and/or also at the terminal end. Two optional replacements can also be adjacent to each other
within a chain so long as it results in a chemically stable compound. The optional
interruptions or replacements can also completely replace all of the carbon atoms in a chain.
For example, a C; aliphatic can be optionally interrupted or replaced by -NR-, -C(O)-, and - '
NR- to form -NRC(O)NR- (a urea).
1088] As used herein, the term “1-3" (or other similar numerical terms) refers to a range of 1
to 3.
[089] Unless otherwise specified, if the replacement or interruption occurs at the terminal
end, the replacement atom is bound to an H on the terminal end. For example, if -
CH,CH,CH; were optionally interrupted with -O-, the resulting compounﬁ could be -
OCH,CHs, -CH,OCH;, or -CHCHOH.
f090] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, (Z) and (E)
double bond isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the invention.
[091] Unless otherwise stated, all tautomeric forms of the compounds of the invention are
within the scope of the invention.
1692] Unless otherwise stated, a substituent can freely rotate around any rotatable bonds.
s s
| >N N7

For example, a substituent drawn as = -

also represents
093] Additionally, unless otherwise stated, structures depicted herein are also meant {o

include compounds that differ only in the presence of one or more isotopically enriched
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5 2-((S)-1-phenylethylamino)- 4-(5-(trifluoromethyl)-1H-
gy?:rloISO[?’ZS,ZB(-Zbg'pyri;iin-:%- yl)pyrimidine-5-carbonitrile 409 1.54-1.57 (6H, m),
m), 7.17-7.44 (10H, m), 8.69-8.71 (4H, m)
W@@?@ZP{“‘*@) 8.97 (11-1, s), 9.23 (1H, s), 13.05 (1H, brs), 1 ééég% ﬁ%’mgﬁ
mixture of rota - - l@é@ﬂ@p
atoms 4 a;lgﬁ;m% L Omerﬂ}i) Sl]%\gﬁé%ﬁ[% 3%%%%5%%}3 t for the replacement of
ydrongMﬁm&ﬁboatb@nmnefmfi t@H PS8y, Cy (%‘H %fm‘:hed
carbo ﬁlg il QLR R Bl B o Rin B BBl Tr kR, s
rt (11-1, s) 13.05 (1H, brs), 13.09 (I H, brs). [-I:1 mixture of
anﬂiﬁr@ﬁhiﬁ@ﬁsﬁ?i@{?ﬁ%ﬁéﬁ%ﬁ 855A¥5- (trifluoromethyl)-1H-

1094} The following abbreviations are used:

PG protecting group

LG leaving group

DCM dichloromethane

Ac acetyl

DMEF dimethylformamide

EtCAc ethyl acetate

DMSO dimethy! sulfoxide

MeCN acetonitrile

TCA trichloroacetic acid

ATP adenosine triphosphate

EtOH ethanol

Ph phenyl

Me methyl

Et ethyi

Bu butyl

DEAD diethylazodicarboxylate

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
BSA bovine serum albumin

DIT dithiothreitol

MOPS 4-morphotinepropanesuifonic acid

NMRE nuclear magnetic resonance

HPLC high performance liquid chromatography
LCMS liquid chromatography-mass spectrometry
TLC thin layer chromatography

Rt retention time

Synthesis of the Compounds
[095] The compounds of this invention may, in general, be prepared by methods such as
those depicted in the schemes below. Unless otherwise indicated, all variables in the

following schemes are as defined herein.
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pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 409 2.90-2.97 (4H, m),
3.63-3.65 (2H, in), 3.70-3.75 (2H, m), 7.19-7.31 (10H, m), 8.42 (1H, 1),
8.60 (1H, t), 8.68 (1H, s), 8.73-8.77 (51-1, m), 9.12 (1H, s), 9.21 (1H, s),
WEB2083(0TPP4Brs), 13.10 (Hi, brs). [-2:3 mixture of rotamers] 8 PCT/US2007/626190
. 2-(benzyl(methyl)amino)-4- (5-(trifluoromethyl)- IH- pyrrolo[2,3-b]pyridin-3-
SCE"eﬁfép%/rimidine-5-carbonitri|e 409 3.23 (3H, s), 5.01 (21-1, s), 5.10 (2H, s),

. F9,(5H, m), 8.85 (1H, s), 9.16N(ClH,/
s¢H1:1 mixture of rotainersl. %) -phenylpropan-2-

(B- (triflyoromét i 61@[2,3%% m(g‘f% 3 x

1 dine-5-carbonitrile 423 1177 (I2H, s), 7.05-7- 1-1, nj),
7.15-F.21 (2H, m), 7.26-7.28 (IH, dj), 7.27 (4H, m), 8.34 (1H, s),N
1 2 3

[896] Referring to Scheme 1, oxidation of compound 1 to provide compound 2 can be
achieved with a known oxidizing agent such as oxone or m-CPBA or chlorine gas in a solvent
such as aqueous alcohol, acetonitrile or dichloromethane. Displacement with R%-H, wherein
R%-H is HNR*R®, HOR® or HSRS, to give compound 3 can be achieved thermally or using
microwave heating in a solvent such as dioxane, tetrahvdrofuran, ethanol, isopropanol or
butanol.

[097] An altemmative method for preparing compounds of the invention is illustrated in
Scheme 2.

Scheme 2
Ne = ;N Hydrolysis e 7N
Y 1 }
R ey
NS N)\S(O)RCH_; R \N)\OH
NN .
i 2-2
N NC
C s = éN
Chlorination g, e \N/E,\ i Ry-H Ry = \N)\Rz
| z | | N° N t
NN
N H
2-3 | I

[898] Referring to Scheme 2, hydrolysis of compound 1 can be achieved by water in the
presence of a base such as triethylamine or ethyldiisopropylamine in a solvent such as
acetonitrile, tetrahydrofuran or dioxane to provide compound 2-2. Chlorination of compound
2-2 to provide compound 2-3 can be achieved by phosphorous oxychloride in a solvent such
as toluene. Reaction of compound 2-3 with R2-H, wherein R2-H is HNR*R® , HOR® or HSRS,
can be achieved thermally or using microwave heating in a solvent such as dioxane,
tetrahydrofuran, ethanol, isopropanol or butanol to provide compound .

[099] Insome instances, the azaindole I-nitrogen is optionally protected with an
arylsulphonate, such as tosyl or benzene sulphonate, a silyl group such as fert-

butyldimethylsityl or triisopropylsilyl, or is left unprotected. If the nitrogen is protected by a
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8.49 (IH, s), 8.56 (11-1, s), 8.61- 8.75 (8H, m), 9.27 (11-1, s), 13.00 (1H,
Ins), 13.03 (11-1, brs). [-1:1 mixture of rotamers] 10
2-(cyclohexylamino)-4-(5- (tri fluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-
ViihHipsMeh#fe-5-carbonitrile 387 1.25-1.32 (21-1, m), 1.33-1.2TT8H260/926190
1.65 (2H, brd), 1.78 (4H, m), 1.95 (4H, m), 3.85-3.95 (21-1, m), 8.24 (2H,
sulp ﬁé?ﬁ"%%j,‘%?%ﬂ?ﬁﬁﬁ@?ﬁ" %f-%. %ﬂﬁ?ﬁ*ﬁf}@%%ﬁ?ﬂ"ﬁﬁ?@’i‘??ﬁﬁﬁ ych as
aquedi: 08d(RiM Hytshx1d2; 1iivixtuiedbroteroerslaWin carbonate in a solvent such as
2008/079346PCT/US200 6190 11 2-(benzyl(ethyl)amino)-4-, .
e R A Aoy IO T ROy e B e b
remo4@8it 4 BifSEugnsRE (BHIBIBLTO 2H 2qYe8uER¢2Hnd) 24 BBI(OH s} cHO8 or
sulpthald 2)d (0% sdro8: (108, émnéﬂ%éﬂ;'é%@lf%-_nggx%gia%,mmﬁxg&éwarﬁ&

8.84 (1H, s), 9.11 (1H, s), 13.11 (2H, brs). | mixturée of rotamers|. 12

dioxane.
{0100} An altemative method for preparing compounds of the invention is shown in Scheme
3.

Scheme 3
o)
M 5 N _S—ch N._ _R?
(T Sy T R Y ! B(OR);
=N + R
N SN
NC e~ N 6 NCT m
Ct. i Ci N7 N
4 3 7 8
Ny
NCN
i R!
[T
-
N
Ng

[0101] Referring to Scheme 3, oxidation of compound 4 can be achieved by a range of
standard oxidising agents such as oxone or mCPBA in a solvent such as acetonitrile or
dichloromethane. reaction of compound 5 with compound 6 may be carried as described in
Scheme I to provide compound 7. The coupling reaction of compound 7 with compound 8,

wherein -B(OR"), can be a boronic acid -B{(OH),), a boronate ester such as -B(OMe); or a

se

—H,

cyclic boronate ester such as © , provides compound 1.

[0102] The azaindole nitrogen may be protected with an arylsulphonate, such as tosyl or
benzene sulphonate, a silyl group such as ters-butyldimethylsilyl or triisopropylsilyl, or is left
unprotected. If the nitrogen is protected by a sulphonate group then it can be removed in a
subsequent step by treatment with base such as aqueous sodium hydroxide, lithium hydroxide
or potassium carbonate in a solvent such as methanol, ethanol or isoproanol. If the nitrogen
1s protected by a silyl group then it can be removed in a subsequent step by treatment with
aqueous acid such as hydrochloric acid, sulphuric acid in a solvent such as methanol, ethanol,

isoproanol, tetrahydrofuran or dioxane.
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2-(4-methoxybenzylamino)- 4-(5-(trifluoromethyl) -1H-
pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 425 3.68 (3H, s), 3.72
(3H, s), 4.58 (2H, d), 4.66 (21-1, d), 6.85 (2H, d), 6.90 (2H, d), 7.25 (2H,
W 29098783461, d), 8.68-8.77 (71-1, m), 8.95-8.98 (2H, m), 9. ZS”MJBZDSJ'SWM%
3.06 (2H 11mxt re jrot s]. 4,68 (2 d 474
010 e A e g 7 B R a5 A et i
iltust(datet] tyl, SRS K, s) 12.13 (2H, vbrs). [--1:1 mixture of rotamers]. 13

Sehemid 3 chlorobenzylamino)-4- (5-(trifluoromethyl)-1 H-
pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 429 14 2-(pyridin-3-

ylmethylamlno -4- (5 (trlfluoromethyl) -fiH- pyrrolo[2 3-b]pyridir3- Br
idine-5- 96 4.¢0:( (2H, d),c#435- |
'7. Z[S‘(TH YRy 7. g5l ' 8:45tH, d),
d)?z(85 (1H, s), 8.63 1H H) 8.69 (1 H, d)l%7m876(511 m), 8§18(2HI
10
/ \>/SM@
i Br O =
Y /0 H
Chz NS i 3 Coz N
e P = Chbz S, |
N~ N | o N N
Ts N N
. 13 § 14 g 15 TIs

§ =N =N
Chz” !\ N /g HaN A .
Chz A N
NN » »
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[0164] Referring to Scheme 4, reaction of the bromoazaindole compound 9 with ammonia
provides the amine compound 1§. After protection of compound 10 as a Chz derivative
compound 11, bromination provides the bromo compound 12. Protection of the azaindole 1-
nitrogen as a tosylate derivative provides compound 13 which is converted to the boronate
compound 14. Coupling of compound 14 with the chioropyrimidine 4 in the presence of a
palladium catalyst provides compound 18. Oxidation and displacement as previously
described provides compound 17. Removal of the Cbz group and coupling with an aryl
boronate as described above provides compound 19. Removal of the tosyl group provides
compounds of the invention L

{0103} In one method, the azaindole boronate esters 8 may be prepared as illustrated in

Scheme 5.
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9.03 (IN, t), 9.24 (1H, s), 13.07 (1H, s), 13.12 (1H, s). [-1:1 mixture of
rotamers] 15 2-(2-methoxybenzylamino)- 4-(5-(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 425 3.81 (3H, s), 3.84
WEBHIENTAE2 (2H, d), 4.69 (2H, d), 6.85 (1H, t), 6.91 (1H, t), BEUZ20G (26150
Sche@%g.m (1H, d), 7.21-7.26 (3H, m), 8.60(1K, t), 8.65 (1H, s), 8.70-
.74(4K, m), 8.81 (1H, s), 8.87 (1H, s), 8.88 (11-1, t), 9.29 (1H, s), 12.54
(2H, vbrs). [-1:1 mixture of rotamers] 16 2-(1-phen
R ifluoromethy§-1H=pyrrblo[2,3-b]pyridi rimidine-5-c bm
423 Q.85-0-89(31-1, ./6-1.857(21-1, M), 4198-5.06(1H;"m), 7.12-%
(5HNm), 65 (2H, d), 70 b, N TNH, Non
20 ]

pamino)-4-

22 23
R Br B(OR™Y,
T — "0 — “Ur
I P { l
N N N/ N N/ N
TS Yy Y
Ts g Ts

24 25
[0106] Referring to Scheme 5, an aminopyridine compound 2¢ is iodinated to provide the
iodo compound 21. Reaction of compound 21 with trimethylsitylacetylene provides
compound 22 which can be cyclized to provide the azaindole compound 23. Protection of
compound 23 as a tosylate followed by bromination provides the bromoazaindole compound
25. Reaction of compound 25 with a diboronate in the presence of a palladium catalyst
provides boronate intermediates compeund 8. ‘
[0167} Another method for preparing the compounds is illustrated in Scheme 6.
Scheme 6

- B(OR'),
BB
NTN

[0108] Referring to Scheme 6, coupling of compound 8 with the chloropynmidine compound
4 in the presence of a palladium catalyst provides compound 26. Oxidation by m-CPBA or
chiorine and displacement as previously described provides compound 28. Compounds of
formula I of this invention are obtained by removal of the tosyl group.

{0169} In some embodiments, the compounds may be prepared as illustrated in Scheme 7.

39



d), 8.84 (11-1, d), 9.01 (1H, s), 13.04 (1H, s). [--2:1 mixture of rotamers]

17 2-(2-chlorobenzylamino)-4- (5-(trifluoromethyl)-1 H-

pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 429 WO

W8 bPe8n6PCT/US2007/026190 18 2-(3-fluorobenzylamiffol i52007/026150

(5-(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile
Schewsd 4 69 (2H, d), 4.75 (2H, d), 7.03- 7.21 (6H, m), 7.31-7.42 (2H, m), 8.65

(2H, s), 8.71-8.78 (g,l—ls(mn)ﬂes .82 (2H, s), 8.99 K@,I,) 9.25 (LH, s), 12 VQ,C,

(21-1, vbrs)np=1¢ fixture of rotamers}yZg - (4-chlorobenzylamo):

(5-(trifluokorae -IH- e RO '  g R e A
¢ N "B N " N N
Ts Ts Ts
27 29 30
USRS 1

[0110] Referring to Scheme 7, hydrolysis of compound 27 (n=2) furnishes compound 29
which is chlorinated under conditions known in the art to provide compound 3.
Displacement of chloropyrimidine compound 38 with an appropriate R’-H, as previously
described, provides compound 28, Compounds of formula I of this invention are obtained by

removal of the tosyl group.

{0111} In other embodiments, the compounds may be prepared as illustrated in Scheme 8.

Scheme 8
N )\C
N S(0},CH N NPG
NG /")/ (O)CH4 f YN
N NC™N\
R1 SN \ + HzN/l\ T R! . [
i NPG T
N/ N P>
s NN
27 31 Ts 3
N )\CNH )\
7SN NN CNRW N )\C
NR
NC™N=n NG ! ’f?'/H f \\[”N 17
R1 | NC oz i
| SN e R ~A —
o N | — g o= A
N Ts N7 N i
Ts N ti
33 34 Ia

NPG
[0112] Referring to Scheme 8, C represents a 4 to § membered optionally substituted

nitrogen heterocycle wherein PG is a protecting group. Reaction of compound 27 with amine
compound 31 followed by deprotection provides compound 33. Further modifications of

compound 33 may be achieved by known reactions such as, for example, acylation,
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pyrrolo[2,3-b]pyridin-3- yppyrimidine-5-carbonitrile 429 2 0

2-(3-methoxybenzylamino)- 4-(5-(trifluoromethyl)-1 H-

pyrrolo 2 3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 425 21
WO_BMi6r5enzylamino)-4- (5-(tri fl uoromethyl)-1H- PCT/US2007/026190

rrolo[ din-3- dine-5-carbanitrile 413 4. 6
R e L R R e e e
formul2 B-(duoikokerizylara meﬁ-dht@a@nilﬁmmeahymﬂemsyi group.
L 13? Wnr %ler%i’r? e?l%gdgtépcn s,y(pcm%yﬁc!‘) %@Sf ?i'xg%ggﬁ%ﬁem%ﬁepared by modification of

substituents as illustrated in Scheme 9.

Scheme 9
ﬁi g

30
OH
N © NH,
NC =N 7 »,NH N NH
R . NC™ N NG ,7’
|\ A RL_~ ~ N
Ts N M N/ N
Ts ‘T
37 38 39 'S
NHR, 7 NHR,;
N
/ YNH
- NC™N 2 -
R1
B
NT TN
Ts
40

[6114] Referring to Scheme 9, hydrogenation of compound 35 in the presence of PtO;
furnishes compound 36. Reaction of compound 30 with amine compound 36 provides
compound 37. Subsequent oxidation of alcohol compound 37 to compound 38 foliowed by
reductive amination of compound 38 provides compound 39. Further modifications of
compound 39 may be achieved by known reactions such as, for example, acylation,
alkylation, and reductive amination to provide intermediates compound 48. Compounds of
formula Ib of this invention are then obtained by removal of the tosyl group.

[0115] In other embodiments, compounds of the invention are prepared by modification of

substituents as illustrated in Scheme 10.
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23 2-(pyridin-4- yimethylamino)-4-(5- (trifluoromethyl)-1H-

pyrrolo[2,3-b]pyridin-3- yppyrimidine-5-carbonitrile 396 24

2- 3-meth%/Ibutan-2- ylamino)-4-(5- (trifluoromethyl)-1H- _

WB); ngg‘f%‘? 6ib]pyridin-3- yl)pyrimidine-5-carbonitrile 375 0.93 &SWJ Snzﬁ(,ﬂiﬁﬁiﬁ?%
Schesé%%;i’ m), 1.87 (11-1, m), 4.00 (1H, m), 8.27 (1H, m), 8.70 (3H, m),
.17(11-1, m) 25 2-(phenylamino)-4-(5- (trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile 381 7.14 (1H, t), RB6
\gfgtg(gz)@@én (11-1, s), 8.78 (1H, s), 8.87 (LH, s), 10.38 ﬁ,},,}uga[

\ X

N
/i ‘l}zNH
NETRN=N 0 HK

43 ic

[0116] Referring to Scheme 10, reaction of compound 27 with an amine compound 41,
wherein Hal represents F, Cl, Br or [ and each X is independently CR® or N, provides
compound 42. Reaction of compound 42 with H-K wherein K 18 -OR®, -SR®, or -N(R"); can
be achieved thermally using conventional heating or microwave irradiation, in a solvent such
as as dioxane, tetrahydrofuran, ethanol, isopropanol or butanol. In the case where H-K is
HN(R®), the reaction can be achieved via Buchwald coupling conditions. Compounds of
formula Ic of this invention are then obtained by removal of the tosyl group of compound 43.
The chiral version of compound 41 can be prepared using known methods: Tetrahedron
Asymmetry 2006, 17, 3163-9.

[0117] An alternative method for preparing the compounds is illustrated in Scheme 11.
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(1H, brs). 26 2-((R)-1-(4- methoxyphenyl)ethylamino)
-4-(5-(trifluoromethyp- 1H- pyrrolo[2,3-b]pyridin-3-
“yl) rimidine-5-carbonitrile 440 1.53 (3H, d), 3.71 (3H, d), 5.26 (1H, m),
g“?ﬂiﬁ%?), 7.33 (2H, m), 8.70 (31-1, in), 8.81 (1H, m), 8.9BCH/FR4Y7/626190
13.08 (1H, d) 27 2-(2- phenylcyclopropylamino)-4- (5-(trifluoromethyl)-1H-
Schemgddo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 421 1.30 (21-1, m),
2.17 (H, m), 3.14 (1 H, in), 7.17 (5H, m), 8.74 (41-1, m}, 9.84 (1H, d), 13.12
(11-1, in) WO 2008/
4-((5-cyano-4-(Sy£tH
yhpyrimidin-2z:

10118} Referning to Scheme 11, reaction of compound 27 with pentafluorophenol provides
compound 44, which can be displaced with a series of HNR?, under similar conditions as
described previously in Scheme 10. Compounds of formula I of this invention are obtained
by removal of the tosyl group of compound 28.

{0119] A further method for preparing the compounds is illusirated in Scheme 12.

Scheme 12

{0128 Referring to Scheme 12, reaction of compound 29 with diethylchlorophosphate
provides compound 45. Reaction of compound 45 with HR? under conditions similar to
those previously described provides the intermediate compound 28. Compounds of formula I

of this invention are then obtained by removal of the tosyl group of compound 28.
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ylamino)methyl)piperidine- 1-carboxylate 502 1.04 (3H, m), 1.38 (9H, s),
1.72 (4H, m), 2.67 (2H, br s), 3.37 (1H, m), 3.92 (1H, br s), 8.42 (1+1, m),
8.71 (3H, m), 9.20 (1H, d), 13.11 (1H, d) 29 2- (cyclohexylmet 1ylamlno

wa %@‘W"ﬁ%’romethyl) 11-1- pyrrolo[2,3-b]pyridin-3- CT/US2007/026199

E@lz%ﬁs}/ rkm{"gla.r}]%e? C%ﬁb qg%%é%%é%]c%?%%%? g)t%%gﬂa ié {_hs@zltcg ﬁgScheme

13, 2-((1H- benzo[d]lmldazol -2- yl)methylamino)- 4 -(5- (trifluoromethy1)-1H-
Scm% lo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 435 31
?)1-(naphthalen-2-

YSOECHg
HQN =N
=
e

N

52 Ve 27 N ¥
[0122] Referring to Scheme 13, hydrogenation of compound 46, wherein PG is a suitable
protecting group (e.g. Boc), in the presence of rhodium on alumina furnishes compound 47.
Activation of alcohol compound 47 with a suitable leaving group LGI (e.g., Tos or Mes) to
provide compound 48 followed by a reaction with NalN; provides compound 49. After
reduction of the azide compound 49, amine compound 50 is coupled with a range of W-X by
reactions known in the art to give derivatives compound 51. Compounds of formula Ib of
this invention are obtained by reaction of deprotected amine compound 52 with a compound
of e.g. formula 27, followed by removal of the tosyl group.

[6123] Another method for preparing compounds of formula ¥a is shown in Scheme 14.
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yl)ethylamino)-4-(5- (trifluoromethy1)-1H- pyrrolo[2,3-b]pyridin-3-
yOpyrimidine-5-carbonitrile 459 32 4-(5-(trifluoromethyl)-114-
W rro/lotgz,3-b]pyr|d|n'-3_-ynl)- 24(6- (trifluoromethyppyridin-3- permszo07/626196
s mino)pyrimidine- 5-carbonitrile 464 33 2-((R)-1-(4-
Schem%r?pophenyl)ethylamino)- 4-(5-(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 487 34 2-(1,2,3,4-

O/"\gtrahydronaphthalg:i\gylamino)-4-(5- o
oy x«(%)( )k\(\}x
| g e | P XéSQOH
X Br X Ba
53 54 Rr¥ R° 55 R°
/Nxvfsazcl—ig =X pH
NH N
A NS r No=( »—%ﬂgi [geo
| JX\ on T RN N/ R
R P .
RB& Rga N E\‘E i
56 27 T TS i

==X OH
Rt NC 4 %—H )2{}7&?{88
o N\ \ =N RS2

o It:l% la

[0124] Referring to Scheme 14, each X is independently CR® or N and R* is R® or two R®
together with the atom to which they are attached may form a 5- to 7-membered heterccychic
ring. Starting maierial 53 (see, €.g., Bioorg. Med. Chem., 2005, 13, 6763) is lithiated and
reacted with ketones R®C(O)R®. Amines compound 56 are formed afier deprotection of
ketals compound 54, followed by reductive amination of intermediates compound 55.
Reaction of compound 56 with compound 27 provides intermediate compound 57.
Compounds of formula Ia of this invention are obtained by removal of the tosyl group.
{6325} Schemes 1 through 14 above depict synthetic methods that may be used to provide
compounds of this invention. Accordingly, this invention also provides processes for
preparing a compound of this invention according to Schemes 1 through 14.
Use of the Compounds
[0126] The present invention provides compounds that are useful for the treatment of
diseases, disorders, and conditions including, but not limited to, autoimmune diseases,
inflammatory diseases, proliferative and hyperproliferative diseases, immunotogically-
mediated diseases, bone diseases, metabolic diseases, neurological and neurodegenerative
diseases, cardiovascular diseases, hormone related diseases, allergies, asthma, and

Alzheimer’s disease. Another aspect of this invention provides compounds that are inhibitors
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(trittuoromethy1)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile
435 35 2-(pentan-2-ylamino)-4-(5- (trifluoromethyly1H-

yrrolo[72 ,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 375 MeOD/CDC13 (400
WM@I?}"‘&%@@H m), 1.39 (31-1, m), 1.49 (2H, m), 1.66 (2H, MZAXFH1% 1
8.46 1H 8. N, S 6
Ofpr(ﬁe)i%lé i mlnop%% ofr%r?\];lleet e%m%‘ﬁ ogf/grlléo sag%]%ﬁﬂr In- Qﬂg
cond yig:py,miudgm@ﬁw&xmeﬁ I@Sﬁi&ﬁé@l‘/ﬁD@l@%ﬂ@@ deltee) of B2 eisshipvention,

pham%fﬁ%h %%%/ @Q(: Tgﬁ]é]ggdfgymﬁtﬁ% rﬁ%@e@ Zv&ﬁé}'eiﬁ)th%sa%ém@l)h&g?

CT/US2007/026190 37 2 s
commm@mﬁﬁéﬁgﬁgﬁqm@s described herein, and optionally comprise 2

pharmaceutically acceptable carrier, adjuvant or vehicle. In certain embodiments, these
compositions optionally further comprise one or more additional therapeutic agents.

10127} It will also be appreciated that certain of the compounds of present invention can exist
in free form for treatrent, or where appropriate, as a pharmaceutically acceptable salt or
pharmaceutically acceptable derivative thereof.

[0128] As used herein, a “pharmaceutically acceptable derivative” is an adduct or derivative
which, upon administration to a patient in need, is capable of providing, directly or indirectly,
a compound as otherwise described herein, or a metabolite or residue thereof. Examples of
pharmaceutically acceptable derivatives include, but are not limited to, pharmaceutically
acceptable prodrugs.

{6129} As used herein, the term "pharmaceutically acceptable salt” refers to salts of a
compound which are, within the scope of sound medical judgment, suitable for use in contact
with the tissues of humans and lower animals without undue toxicity, irritation, allergic
response and the like, and are commensurate with a reasonable benefit/risk ratio.

{0130 Pharmaceutically acceptable salts are well. known in the.art. For-example, 3. M.
Berge et al., describe pharmaceutically acceptable salts in detail in J. Pharmaceutical
Sciences, 1977, 66, 1-19, incorporated herein by reference. Pharmaceuticaily acceptable salts
of the compounds of this invention include those derived from suitable inorganic and organic
acids and bases. These salts can be prepared in sifu during the final isolation and purification
of the compounds. Acid addition salts can be prepared by first reacting the purified
compound in its free-based form with a suitable organic or inorgamc acid, and then isolating
the salt thus formed.

[0131) Examples of pharmaceutically acceptable, nontoxic acid addition salts are salts of an
amino group formed with inorganic acids such as hydrochloric acid, hydrobromic acid,
phosphoric acid, sulfuric acid and perchloric acid or with organic acids such as acetic acid,
oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using
other methods used in the art such as ion exchange. Other pharmaceutically acceptable salts
include adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate,
butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate,

dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate,
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(5-(tiifluoromethyl)-1H- pyn-olo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile
2-(2,3-dihydro-111-inden-1- ylamino)-4-(5- (trifluoromethyl)-1H-

Wp rrolo[2,3- b]pyrldln -3- yh)pyrimidine-5-carbonitri e 427 421 MeOD/CDC13
Gg BHPINESE61.37 (2H, m), 6.74 (3H, m), 6.80 (1H, s), 8.48 (1Ff, EJgug726190

9.23 0D/CDC13 (400 MHz , . H, m),
oy, BT L P S0, 08 AP 3 O 0 To
ethan(@hlfe)88 laﬁﬁbzaﬁhm,)&dnmt\;tbiataata laurylamdifac)-d:{Bite, maleate, malonate,
metht RS YL A P OdR = DRSS S X QR AN 2 SR DO hi e,

palmoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate,
salicylate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate,
valerate salts, and the like. Salts derived from appropriate bases include aikali metal, alkaline
earth metal, ammonium and N'(C,_4alkyl)s salts. This invention also envisions the
guaternization of any basic nitrogen-containing groups of the compounds disclosed herein.
Water or oil-soluble or dispersible products may be obtained by such quaternization.

{0132] Base addition salts can be prepared by first reacting the purified compound in its acid
form with a suitable organic or inorganic base, and then isolating the salt thus formed. Base
addition salts include alkali or alkaline earth metal salts. Representative alkali or alkaline
earth metal salts include sodium, lithium, potassium, calciom, magnesium, and the like.
Further pharmaceutically acceptable salts include, when appropriate, nontoxic ammonium,
quaternary ammonium, and amine cations formed using counterions such as halide,
hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralikyl sulfonate and aryl sulfonate.
Other acids and bases, while not in themselves pharmaceutically acceptable, may be
employed in the preparation of salts useful as intermediates in obtaining the compounds of
the invention and their pharmaceutically acceptable acid or base addition saits.

{0133} As described herein, the pharmaceutically acceptable compositions of the present
invention additionally comprise a phanmaceutically acceptable carrier, adjuvant, or vehicle,
which, as used herein, includes any and all solvents, diluents, or other liquid vehicle,
dispersion or suspension aids, surface active agents, isotonic agents, thickening or
emulsifying agents, preservatives, solid binders, lubricants and the like, as suited to the
particular dosage form desired. Remingion's Pharmaceutical Sciences, Sixteenth Edition, E.
W. Martin (Mack Publishing Co., Easton, Pa., 1980) discloses various carriers used in
formulating pharmaceutically acceptable compositions and known techniques for the
preparation thereof. Except insofar as any conventional carrier medium is incompatible with
the compounds of the invention, such as by producing any undesirable biological effect or
otherwise interacting in a deleterious manner with any other componeni(s) of the
pharmaceutically acceptable composition, its use is contemplated to be within the scope of
this invention.

10134} Some examples of materials which can serve as pharmaceutically acceptable carriers

include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin, serum
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377 40 N-(2-(5-cyano-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

yl)pyrimidin-2- ylamino)ethyl)acetamide 390 eOD/CDC13 (400 MHz):

1.39 (3H, m), 1.96 (I 1-1, in), 3.19 (1H, m), 3.68 (2H, m), 8.51 (IH, s), 8.61
WA RPOHNT8480(1K, m), 9.27 (1H, s) 41 2-(4- isopropoxybenzyR4HHERIaL626190

eSS L O DT e i o
acid, hr3bREym sodbdte (bdtind gl Gc@bd@ ik umds F£200(2HtbdWkeBidRd TltyS)c B Hater,
IR TR ———
hydrogen phosphate, sodium chloride, zinc salts, colloidal silica, magnesium irisilicate,
polyvinyl pyrrolidone, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polymers, wool fat, sugars such as lactose, glucose and sucrose; starches such as corn starch
and potato starch; cellulose and its derivatives such as sodium carboxymethyl celiulose, ethyl
cellulose and cellulose acetate; powdered tragacanth, malt; gelatin; talc; excipients such as
cocoa butter and suppository waxes; oils such as peanut oil, cottonseed oil; safflower oil;
sesame oil; olive cil; corn oil and soybean oil; glycols; such a propylene glycol or
polyethylene glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents such
as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic
saline; Ringer's solution; ethyl alcohol, and phosphate buffer solhutions, as well as other non-
toxic compatible lubricants such as sodium lauryl sulfate and magnesium stearate, as well as
coloring agents, releasing agents, coating agents, sweetening, flavoring and perfuming
agents, preservatives and antioxidants can also be present in the composition, according to
the judgment of the formulator.

[0135] One aspect of this invention provides a method for the treatment or lessening the
severity of a disease selected from an autoimmune disease, an inflammatory disease, a
proliferative or hyperproliferative disease, such as cancer, an immunologically-mediated
disease, a bone disease, a metabolic disease, a neurological or neurodegenerative disease, a
cardiovascular disecase, allergies, asthma, Alzheimer’s disease, or a hormone related disease,
comprising administering an effective amount of a compound, or a pharmaceutically
acceptable composition comprising a compound, to a subject in need thereof. The term
“cancer” includes, but is not limited to the following cancers: breast; ovary; cervix; prostate;
testis, genitourinary tract; esophagus; larynx, glioblastoma; neuroblastoma; stomach; skin,
keratoacanthoma; lung, epidermoid carcinoma, large cell carcinoma, small cell carcinoma,
lung adenocarcinoma; bone; colon, adenoma; pancreas, adenocarcinoma; thyroid, follicular
carcinoma, undifferentiated carcinoma, papillary carcinoma; seminoma; melanoma; sarcoma;
bladder carcinoma, liver carcinoma and biliary passages; kidney carcinoma; myeloid
disorders; Iymphoid disorders, Hodgkin's, hairy cells; buccal cavity and pharynx (oral), lip,
tongue, mouth, pharynx; small intestine; colon-rectum, large intestine, rectum; brain and

central nervous system; and leukemia.
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pyrrolo[2,3-blpyridin-3- y )pyrimidine-5-carbonitrile -441 43
2-((S)-2-methoxy-1- phenylethylamino)-4-(5- (trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 439 MeOD/CDC13 (400
WWQ@/{@% (31-1, s), 3.78 (2H, m), 5.53 (1H, m), 7.31 (5H, AYVEBH3eP0

Eﬁl% 8 o2 éh?é[?f} 8 19 1;53:1{; 9 04 Iﬁ)’ 4? %f( [3%‘1 ouxg or ghannaceuncaﬁy

r| uoromethyl
accepﬁ}ﬂmi@f&;ﬁsh]pynd mﬁay@mwmnwmm tittikau@id d5ease. The

compg{i % tr'ﬂ“c%’i%pme%@}éxlgl&c@éﬂ oé%zﬁ’?é E{IB%@Q Bﬁh\éjﬁfesem invention, may be
administered using any amount and any route of administration effective for treating or
lessening the severity of said disease. In some embodiments, said disease is selected from a
proliferative disorder, a neurodegenerative disorder, an avtoimmune disorder, and
inflammatory disorder, and an immunologically-mediated disorder. In some embodiments,
said disease is a proliferative disorder. In some embodiments, said disease is cancer.

{6137] In other embodiments of this invention, said disease is & protein-kinase mediated
condition. In some embodiments, said protein kinase in PLIC

[0138] The term “protein kinase-mediated condition”, as used herein means any disease or
other deleterious condition in which a protein kinase plays a role. Such conditions mncliude,
without limitation, autoimmune diseases, inflammatory diseases, proliferative and
hyperproliferative diseases, immunologically-mediated diseases, bone diseases, metabolic
diseases, neurological and neurodegenerative diseases, cardiovascular diseases, hormone
related diseases, allergies, asthma, and Alzheimer’s disease.

[0139] The term “PLK-mediated condition”, as used herein means any disease or other
deleterious condition in which PLK plays a role. Such conditions include, without limitation,
a proliferative disorder, such as-cancer, a neurodegenerative disorder, an autoimmune
disorder, and inflammatory disorder, and an immunologically-mediated disorder.

[0140] In some embodiments, the compounds and compositions of the invention are
inhibitors of protein kinases. As inhibitors of protein kinases, the compounds and
compositions of this invention are particularly useful for treating or lessening the severity ofa
disease, condition, or disorder where a protein kinase is implicated in the disease, condition,
or disorder. In one aspect, the present invention provides a method for treating or lessening
the severity of a disease, condition, or disorder where a protein kinase is implicated in the
disease state. In another aspect, the present invention provides a method for treating or
lessening the severity of a disease, condition, or disorder where inhibition of enzymatic
activity is implicated in the treatment of the disease. In another aspect, this invention
provides a method for treating or lessening the severity of a disease, condition, or disorder
with compounds that inhibit enzymatic activity by binding to the protein kinase. In some
embodiments, said protein kinase is PLK.

[0141] The activity of the compounds as protein kinase inhibitors may be assayed in vitro, in

vivo or in a cell line. [n vitro assays include assays that determine inhibition of either the
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2-((R)-1-(3- (tri fluoromethyl)phenyl)eth ylamino)pyrimidine-5- carbonitrile
477 MeOD/CDC13 (400 MHz): 1.67 (3H, m), 5.55 (1H, m), 7.49 (3H, m),

8.49 (IH, s), 8.60 (1H, s), 8.72 (1H, s), 9.05 (IH, s), 9.35 (1
W%@@/@%@%PCT/U82007/026190 46 2-(4- phenoxybenzyll_‘lé(ﬁnsf){‘]% 71026190
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determining the amount of radxo abel bound, or by running a competition experiment where

new inhibitors are incubated with the kinase bound to known radicligands.

[6142] The protein kinase inhibitors or pharmaceutical salts thereof may be formulated into
pharmacentical compositions for administration to animals or humans. These phanmaceutical
compositions, which comprise an amount of the protein inhibitor effeciive to freat or prevent
a protein kinase-mediated condition and 2 pharmaceutically acceptable carrier, are another
embodiment of the present invention. In some embodiments, said protein kinase-mediated
condition is a PLK-mediated condition. In some embodiments, a PLK1-mediated condition.
[0143] The exact amount of compound required for treatment will vary from subject to
subject, depending on the species, age, and general condition of the subject, the severity of
the infection, the particular agent, its mode of administration, and the like. The compounds
of the invention are preferably formulated in dosage unit form for ease of administration and
uniformity of dosage. The expression "dosage unit form" as used herein refers to a physically
discrete unit of agent appropriate for the patient to be treated. It will be understood, however,
that the total daily usage of the compounds and compositions of the present invention wiil be
decided by the attending physician within the scope of sound medical judgment. The specific
effective dose level for any particular patient or organism will depend upon a variety of
factors including the disorder being treated and the severity of the disorder; the activity of the
specific compound employed; the specific composition employed; the age, body weight,
general health, sex and diet of the patient; the time of administration, route of administration,
and rate of excretion of the specific compound employed; the duration of the treatment; drugs
used in combination or coincidental with the specific compound employed, and like factors
well known in the medical arts. The term “patient”, as used herein, means an animal,
preferably a mammal, and most preferably a human.

[0144] The pharmaceutically acceptable compositions of this invention can be administered
to humans and other animals orally, rectally, parenterally, intracistemally, intravaginally,
intraperitoneally, topically (as by powders, ointments, or drops}, bucally, as an oral or nasal
spray, or the like, depending on the severity of the infection being treated. In certain
embodiments, the compounds of the invention may be administered orally or parenterally at

dosage levels of about 0.01 mg/kg to about 50 mg/kg and preferably from about 1 mg/kg to
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yl)pyrimidine-5-carbonitrile 391 (Performed at 110C) 1.00 (3H, d), 2.06
(1H, g), 3.67 (IF!, m), 4.06 (LH, m), 4.25 (IH, m), 7.40 (1H, m), 8.60 (1H,
s), 8.68 (2H, s), 9.14 (I H, s), 12.64 (1H, hr s) 48 243,5-
W98t 8BE2ylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3- B’]@W@W@mﬁl%
scarbonitrile 49 24(1- h drox cIohex methyla
abgu}r/nggjil!%éﬂ(?s%%r or%%%e%yl?%‘ er(? b?o l'li}fpyr i ey, 1o o tam the
desirgd yporégriiiseeBechrbonitrile 417 50 2 ((6- chloropyrldln -3-
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yl)pyrimid |ne -carbonitrile 4
pharmaceutically acceptable emulsmns microemulsions, solutions, suspensions, syrups and

elixirs. In addition to the active compounds, the liquid dosage forms may contain inert
diluents commonly used in the art such as, for example, water or other solvents, solubilizing
agents and emuisifiers such as ethyl alcohol, isopropyi alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide,
oils (in particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils),
glyeerol, tetrahydrofurfuryl aleohol, polyethylene glycols and fatty acid esters of sorbitan,
and mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfuming agents, |

[6146] Injectable preparations, for example, sterile injectable agueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a sterile
injectable solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1, 3-butanediol. Among the acceptable vehicles and

~ solvents that may be emploved are water, Ringer's solution, U.S.P. and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil can be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used in the
preparation of injectables.

[0147] The injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use.

{0148] In order to prolong the effect of a compound of the present invention, it is ofien
desirable to slow the absorption of the compound from subcutanecus or intramuscular
injection. This may be accomplished by the use of a liquid suspension of crystalline or
amorphous material with poor water solubility. The rate of absorption of the compound then
depends upon its rate of dissolution that, in turn, may depend upon crystal size and crystalline
form. Alternatively, delayed absorption of a parenterally administered compound form is

accomplished by dissolving or suspending the compound in an oil vehicle. Injectable depot
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51 2-(1-(pyridin-3- yl)ethylamino)-4-(5- (trifluoromethyl)-1H-

pyrrolo[2,3-b]pyridin-3- yflpyrimidine-5-carbonitrile 411 1.57 (3H, d), 5.33

1H, mg, 7.47-7.60 (11-1, m), 7.94-7.96 (1H, m), 8.47-8.86 %714, mg, _
WPRHBP1$4%n) mixture of rotamers 52 2-(1-(6-methoxypyridin 3 US217/626190

oo T 6 A DEE Fsans
polyrne}s 6uzB 44 olylau)jde-pRivalipoclift; kB ing. 2nofl He ma)iBol OBuPsHBHC
pom-.g%_%ﬁ?ﬁ%éjn'aku@@&ﬁg e Tk o PO LB i LRI S RIS RIADRI S Ahse can
be controlled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the
compound in liposomes or microemulsions that are compatible with body tissues.

[6149] Compositions for rectal or vaginal administration are preferably suppositories which
can be prepared by mixing the compounds of this invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but lignid at body ternperature and therefore melt in the
recturn or vaginal cavity and release the active compound.

{0150] Solid dosage forms for oral administration include capsules, tablets, pills, powders,
and granules. In such solid dosage forms, the active compound is mixed with at least one
inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium
phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol,
and silicic acid, b) binders such as, for example, carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as glycerol, d) disintegrating
agents such as agar--agar, calcium carbonate, potato or tapioca starch, alginic acid, certain
silicates, and sodium carbonate, e) solution retarding agents such as paraffin, f) absorption
accelerators such as quaternary ammonium compounds, g) wetting agents such as, for
example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite
clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and pills,
the dosage form may also comprise buffering agents.

[6151] Solid compositions of a similar type may also be employed as fillers in soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like. The solid dosage forms of tablets,
dragees, capsules, pills, and granules can be prepared with coatings and shelis such as enteric
coatings and other coatings well known in the pharmaceutical formulating art. They may
optionally contain opacifying agents and can also be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally,
in a delayed manner. Examples of embedding compositions that can be used include

polymeric substances and waxes. Solid compositions of a similar type may also be employed
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dimethoxybenzylamino)-4- (5-(trifluoromethy1)- | H-
pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 455 WO
2008/079346PCT/US2007/026190 54 2-(4-(thiophen-2-

W)ﬁé‘ﬁ@yﬁﬁﬁino) 4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyriBffE3L82007/026190

rim d|n 5-C |tr|I 477 55 2-(4-(1H-1,2,4-triazol-1-
as ﬁiig\'}g a ng n 13 cta Etgf’ E}( é'aig&hg}%m%e[} i’% &ﬂﬁt%se or milk sugar
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excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controtling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms may also comprise, as is normal practice,
additional substances other than inert diluents, .g., tableting lubricants and other tableting
aids such a magnesium stearate and microcrysialline cellulose. In the case of capsules,
tablets and pills, the dosage forms may also comprise buffering agents. They may optionally
contain opacifying agents and can also be of a composition that they release the active
ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally, in a
delayed manner. Examples of embedding compositions that can be used include polymeric
substances and waxes.

10153] Dosage forms for topical or transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants or patches. The active component is admixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulation, eardrops, and eye drops are also contemplated as being
within the scope of this invention. Additionally, the present invention contemplates the use
of transdermal patches, which have the added advantage of providing controlled delivery of a
compound ic the body. Such dosage forms can be made by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can also be used to increase the flux
of the compound across the skin. The rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound in a polymer matrix or gel.

10154} In addition to the compounds of this invention, pharmaceutically acceptable
dertvatives or prodrugs of the compounds of this invention may also be employed in
compositions to treat or prevent the above-identified disorders.

{0155] A “pharmaceutically acceptable derivative or prodrug” means any pharmaceutically
acceptable ester, salt of an ester or other derivative of a compound of this invention which,
upon administration to a recipient, is capable of providing, either directly or indirecily, a
compound of this invention or an inhibitorily active metabolite or residue thereof.

Particularly favoured derivatives or prodrugs are those that increase the bioavailability of the
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8.72-8.76 (6H, m), 8.86 (1H, s), 8.92 (11-1, t), 9.09 (11-1, t), 9.23 (1H, s),

9.27 (IN, s), 9.30 (1H, s), 13.10 (2H, brs). [1:1 mix of rotamers] 56

nzo[d][1,3]dioxo1-5- ylmethylamino)-4-(5- (trifluoromethyl)-1H-
WEHRHEHSIZE-blpyridin-3- yl)pyrimidine-5-carbonitrile 439 4.56 {21 A2 4B41%0

2H,.d), 6.77- 6.89 (5H, m), 6.93 (1H 8.71- 8.75.(6H, m), 8.80 (11-1.t
compg e B OB TS GBS AT IS B POty &
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. pyrrolo[2,3-hlpyriding3- vhpyrimidine-5- jtri - , ,
o R Y NS iR o
or ly8piBtimey 856 (tlativtdh IE)pB BT (Hesisy; 8.71-8.76 (2H, m), 9.15 and 9.21
Eﬁi%éﬂ' @héﬂ%@es@@ceﬂ-@ ng@ﬁgbiépl'gdmgs of the compounds of this invention include,

without limitation, esters, amino acid esters, phosphate esters, metal salts and sulfonate
esters.

{@isﬂ Pharmaceutically acceptable carriers that may be used in these pharmaceutical
compositions include, but are not limited to, ton exchangers, alumina, aluminum stearate,
lecithin, serum proteins, such as human serum albumin, buffer substances such as phosphates,
glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated vegetable fatty
acids, water, salts or electrolytes, such as protamine sulfate, disodium hydrogen phosphate,
potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polymers, polyethylene glycol and wool fat.

[0158] The compositions of the present invention may be administered orally, parenterally,
by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted
reservoir. The term "parenteral” as used herein includes, but is not limited to, subcutaneous,
intravenous, intramuscular, intra-articular, intra-synovial, intrasternal, mirathecal,
infrahepatic, intralesional and intracranial injection or infusion techniques. Preferably, the
compositions are administered orally, intraperitoneally or intravenously.

{0159] Sterile injectable forms of the compositions of this invention may be aqueocus or
oleaginous suspension. These suspensions may be formulated according to techmques
known in the art using suitable dispersing or wetiing agents and suspending agents, The
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-
toxic parenterally-acceptable diluent or solvent, for example as a solution in 1, 3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose, any bland
fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids, such as
oleic acid and its glyceride derivatives are useful in the preparation of injectables, as are
natural pharmaceutically-acceptable oils, such as olive oil or castor oil, especially in their

polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain

54



(1H total, 2brs). [-2:3 mix of rotamers] 58 2-((S)-1-hydroxy-3-
rT)ethbeLgan-Z-ylamino)A- (5-(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-
yrimidine-5-carbonitrile 391 0.92-0.97 (6H, m), 1.91-2. i
W%? Y8788 4nd 3.61-3.70 (211 total, 2m), 3.99 (1H, brs), 4.%%%%@50%1%

11-1 total . - . i .
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the manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms may also
be used for the purposes of formulation.
[6160} The pharmaceutical compositions of this invention may be orally administered in any
orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous
suspensions or solutions. In the case of tablets for oral use, carriers commonly used include,
but are not limited to, lactose and corn starch. Lubricating agents, such as magnesim
stearate, are also typically added. For oral administration in a capsule form, useful diluents
include lactose and dried cornstarch. When aqueous suspensions are required for oral use,
the active ingredient is combined with emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may also be added.
[0161] Alternatively, the pharmacentical compasitions of this invention may be administered
in the form of suppositories for rectal administration. These can be prepared by fnixing the
agent with a suitable non-irritating excipient which is solid at room temperature but liquid at
rectal temperature and therefore will melt in the rectum to release the drug. Such materials
include, but are not limited to, cocoa butter, beeswax and polyethylene glycols.
10162] The pharmaceutical compositions of this invention may also be administered
topically, especially when the target of treatment includes areas or organs readily accessible
by topical application, including diseases of the eye, the skin, or the lower intestinal tract.
Suitable topical formulations are readily prepared for each of these areas or organs.
{0163} Topica! application for the lower intestinal tract can be effected in a rectal suppository
formulation (see above) or in a suitable enema formulation. Topically-transdermal patches
may also be used.
[0164] For topical applications, the pharmaceutical compositions may be formulated in a
suitable ointment containing the active component suspended or dissolved in one or more
carriers. Carriers for topical administration of the compounds of this invention include, but
are not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying wax and water. Alternatively,
the pharmaceutical compositions can be formulated in a suitable lotion or cream containing
the active components suspended or dissolved in one or more pharmaceutically acceptable

carriers. Suitable carriers include, but are not limited to, mineral oil, sorbitan monostearate,
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60 2-(2,5- dimethylbenzylamino)-4-(5- (trifluoromethyl)-11-1-

pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 423 MeOD/CDC13 2.24

(31-1, s), 2.28 (2H, s), 2.33 (3H, s), 7.08 (3H, m), 8.57 (2H, m), 8.76 (1H,
"‘é(} 2008/77P314, s) WO 2008/079346PCT/1JS2007/026190 61 W@WMBW%W@

polyy %%%%lﬁ I?g-carlggna%ﬂ;f tgté?b%’gg I%H’%‘ig%f”o' C:}ﬁ?} and
watmﬂ.18 (1H, m), 7.54 (11-1, s), 8.47 (111, s), 8.69 (LH, s), 9. 01 (1H, s), 9.34
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micronized suspensions in 1sotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotonic, pH adjusted sterile saline, either with or without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutical
compositions may be formulated in an ointment such as petrolatum,

{0166] The pharmaceutical compositions of this invention may also be administered by nasal
aerosol or inhalation. Such compositions are prepared according to techniques well-known in
the art of pharmaceutical formulation and may be prepared as solutions in saline, employing
benzyl aleohol or other suitable preservatives, absorption promoters to enhance
bioavailability, fluorocarbons, and/or other conventional solubilizing or dispersing agents.
10167] The amount of protein kinase inhibitor that may be combined with the carrier
materials to produce a single dosage form will vary depending upon the host treated, the
particular mode of administration. Preferably, the compositions should be formulated so that
a dosage of between 0.01 - 100 mg/kg body weight/day of the inhibitor can be administered
to a patient receiving these compositions,

{0168] It should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of administration,
rate of excretion, drug combination, and the judgment of the treating physician and the
severity of the particular disease being treated. The amount of inhibitor will also depend
upon the particular compound in the composition.

[0169] According to another embodiment, the invention provides methods for treating or
preventing a protein kinase-mediated condition (in some embodiments, a PLK-mediated
condition) comprising the step of administering to a patient one of the above-described
pharmaceutical compositions. The term “patient”, as used herein, means an amimal,
preferably a human.

[0170] Preferably, that method is used to treat or prevent a condition selected from cancers
such as cancers of the breast, colon, prostate, skin, pancreas, brain, genitourinary tract,
lymphatic system, stomach, larynx and tung, including lung adenocarcinoma and small cell
lung cancer; stroke, diabetes, myeloma, hepaiomegaly, cardiomegaly, Alzheimer’s disease,

cystic fibrosis, and viral disease, or any specific disease described above.
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(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)p yrimidine-5-carbonitrile
437 63 2-(1-methylpiperidin-4- ylamino)-4-(5- (trifluoromethyl)-1H-
rrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 402 64 2-(pyridin-2-
“%ﬁ‘%ﬁ%?‘?ﬂno)A-(S- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridfirt/§52067/026130

017 R BB R BRI S A BB Mol TR R
patiehicytictPreetiné ptanpissi afnnolsi4r{ag to the patient a compound of formulafor a
cormposition comprising said compound.

[0172] Depending upon the particular protein kinase-mediated conditions to be treated or
prevented, additional drugs, which are normally administered to treat or prevent that
condition, may be administered together with the inhibitors of this invention. For example,
chemotherapeutic agents or other anti-proliferative agents may be combined with the protein
kinase inhibitors of this invention to treat proliferative diseases.

[0173] Those additional agents may be administered separately, as part of a multiple dosage
regimen, from the protein kinase inhibitor-containing compound or compasition.
Alternatively, those agents may be part of a single dosage form, mixed together with the
protein kinase inhibitor in a single composition.

[6174] In some embodiments, said protein kinase inhibitor is a PLK kinase inhibitor. In
other embodiments, said protein kinase inhibitor is a PLK1 kinase inhibitor.

{0175} This invention may also be used in methods other than those involving administration
to a patient.

[6176] One aspect of the invention relates to inhibiting protein kinase activity in a biological
sample or a patient, which method comprises contacting said biological sample with a
compound of formula I or a composition comprising said compound. The term “biological

sample”, as used herein, means an in vitro or an ex vivo sample, including, without

fimitation, cell cultures or extracts thereof, biopsied material obtained from a mammal or
exfracts thereof; and blood, saliva, urine, feces, semen, tears, or other body fluids or extracts
thereof. !

{6177] Inhibition of protein kinase activity in a biological sample is useful for a variety of
purposes that are known to one of skill in the art. Examples of such purposes include, but are
not limited to, blood transfusion, organ-transplantation, and biological specimen storage.
[0178] Anothe;' aspect of this invention relates to the study of protein kinases in biological
and pathological phenomena; the study of intracellular signal transduction pathways mediated
by such protein kinases; and the comparative evaluation of new protein kinase inhibitors.
Examples of such uses include, but are not limited to, biological assays such as enzyme
assays and cell-based assays.

[0179] The compounds of this invention may be prepared in general by methods known to
those skilled in the art. Those compounds may be analyzed by known methods, including but
not limited to LCMS (liquid chromatography mass spectrometry) and NMR (nuclear
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(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile
399 66 2-(ethylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-
Opyrimidine-5-carbonitrile 333 67 24(1-ethylpyrrolidin-2- )
B{hiAdthino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyrRifi/Bs2007/026190
QOpyrimidine-5-carbonitrile 416. 68 2-(2-(piperidin-2- yl)ethyl amino)-4-(5-
R EROTERR )y P BN o BT B9 RGeS R o thes

exarfll€s. It should be understood that the specific conditions shown below are only
examples, and are not meant to limit the scope of the conditions that can be used for making,
analyzing, or testing the compounds of this invention. Instead, this invention also inciudes
conditions known to those skilled in that art for making, analyzing, and testing the
compounds of this invention. .

{0180} Al references cite in this document are incorporated herein by reference.

Examples

[0181] Mass spec. samples may be analyzed on a MicroMass Quattro Micro mass
spectrometer operated in single MS mode with electrospray ionization. Samples may be
introduced into the mass spectrometer using chromatography.

[6182] 'H-NMR spectra may be recorded at 400 MHz using a Bruker DPX 400 instrument.
Preparation 1: 5-Trifluoromethyt-3-(4,4,5,5-tetramethyi-1,3,2-dioxaberolan-2-yi}-1-
tosyl-1H-pyrrelo|2,3-blpyridine.

Tos
Step 1. 3-lodo-5-Triftuoromethylpyridin-2-amine.

F3Co

! e

N7 ONH,

I

[0183] To 2-amino 5-trifluoromethyl pyridine, (50g, 308mmol) was added acetic acid
(500mL), foliowed by pre-mixed water (35mL) and concentrated sulfuric acid (3SmL) and
stirred until completely solubilised. Periodic acid (13.3g, 58mmel) was added followed by
iodine (31.2g, 123mmol) and then the reaction mixture was heated to 85 °C for 18 hours.
10184} The reaction mixture was allowed to cool to room temperature and then carefully
basified with 4M NaOH solution to pH 10-14. This gave a precipitate which was isclated by
filtration and stirred in water (1 litre), filtered and dried to give the product as a brown
powder (61.38g, 69%).

Step 2: S-Trifinorsmethyl-3-((trimethylsilylethynylpyridin-2-amine.

/TMS
FiCo 7
P
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\We 2008/079346PCT/U82007/02619O 69 2-(2- morpholinoethylamino)-4-
(5-(trifluoromethyl)-1H- pyrrolo[2,3-14yridin-3- yl)pyrimidine-5-carbonitrile
418 70 2-(3- morpholinopropylamino)-4- (5-(trifluoromethyl)-1H-

WO OPRSBI % b]pyridin -3- yl)pyrimidine-5-carbonitrile 432 71 b losavomnaco

mssﬁ%@@%@?h mm%)34'1ig§o- riflyQrametivisitHany r%ﬂ?e%éi @X@dﬂi:ﬁmmol)
Hmidine-b-carbonitriie 4.49-4.53 (2H,n); 8.76-8. 3H m)
in anhf@ifsis 3)10 (0(@BHiger a nitrogen atmosphere was added P (PPh)gClz (i Sg,
2.1mmol), and copper iodide (0.406g, 2.1 mmol} and the reaction mixture degassed under
nitrogen. The reaction mixture was cooled in an ice bath and TMS acetylene (36mL,
256mmol) was added dropwise over 30 minutes. Upon complete addition the reaction was
allowed to warm to room temperature and-monitored until the reaction was complete. The
mixture was diluted with ethyl acetate (200 mL) and filtered through silica washed through
with 4 x 150mL ethy! acetate. The filtrates were concentrated and the solid was triturated
from heptane (250mL) to give 56g of product.
Step 3; 8- Triftuoromethyl -1H-pyrrolel,3-b]pyridine.

¥C

D
N

[186] To a stirred sclution of potassium fert-butoxide (53.6g, 479 mmol) in anhydrous NMP
(200mL) under a nitrogen atmosphere at 80 °C was added a solution of 5-trifluoromethyl-3-
({(trimethylsityDethynyl)pyridin-2-amine (62g, 239 mmol) in NMP (100mL} at arate to
maintain the internal temperature below 100 °C. After complete addition the reaction was
deemed complete by LCMS. The reaction mixture was allowed to cool to room temperature
and poured carefully into saturated-brine (700mL) cooled in an ice bath to 10 °C. The
precipitate that formed was aged for 45 min at this temperature and isolated by filtration
through buchner funnel. The collected precipitate was stirred in ethyl acetate (1 litre) and
water then filtered through celite to remove insoluble polymeric material and organic layer
was separated. The aqueous layer was further extracted with cthyl acetate and the combined
organic layers dried over magnesium sulfate and concentrated to give a brown solid which
was triturated by stirring for an hour in hot heptane and then cooling before filtration, to
afford 5- Trifluoromethyl -1 H-pyrrolo[2,3-b]pyridine as a crystalline solid (26.38g, 59%
yield}.
Step 4: 5-Trifluoromethyl-1-tosyl-1H-pyrrolo{2,3-b]pyridine.

FiC l SN

7N
Ts

{0187} To a stirred solution of sedium hydride (6.2g, 156 mmol, 60% dispersion}), tosyl
chioride ( 27g, 141.8 mmol), in anhydrous THF (200mL) under a nitrogen atmosphere was
added a solution of 5-trifluoromethyl-1H-pyrrolof2,3-blpyridine (26.38g, 141.8mmol) in

THF (150mL) dropwise at a rate which maintained the internal temperature of the reaction
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9._23 (1H, s), 13.14 (0.5H, brs), 13.18 (0.5H, brs). 72 N-(4-((5-cyano-4-(5-
(tlrlfluorczmetlp]yl)-lH- pyrrolo[2,3-b]pyridin-3- yl)pyrimidin-2-
ylamino)methyl)phenyl)acet amide 2.00 (31-1, d), 4.60 (1K §)
WO vé:68 63ks
0§08 H, dd), 7.51 (2H, dd), 8.71-8.74 (3H, m), 8.80-8.82 (0.51-I, m), '

below %8 éS 'l;ﬂl%)(t]el tg;gx Eglgﬁ%‘%? Sfﬁ%fg% %@eﬁ%@h’b )P0 Frhes)e 4Bd0Malysis by
ycloper

Lot tomamS ARSI IS JNpynAHE SO e

conceﬁ?gigglgg %&%@%31- SOrLF 4@ Hiiwedd AR 1ROY (@ valer4. BBehBDfiHayer

was seg]amted and ?hle g&gﬂeggs lgyg? fu?’tgﬁ?r gxtracte)d wgfg ﬁ&?\/{g %ge(%l'_éamc layers are

combined and washed with brine, dried over magnesium sulphate and concentrated to 2

volume which was appropriate to load onto the top.of a silica plug (300mL) pre-wet with

DCM, and the silica was washed with 2.5L DCM. The filtrate was concentrated to give the

product as a slightly brown solid (44.1g, 92% yield).

Step 5: 3-Bromo-5-Triflucromethyl-1-tosyl-1H-pyrrolo{2,3-b]pyridine.

Br
F.C
T
-
NN
Tos

[0188] To a stirred solution of 5.trifluoromethyl-1-tosyl-1H-pyrrolo[2,3-b]pyridine (53.78,.
158 mmol) in DCM (250mL) was added a solution of bromine (16mL, 316 mmol) in DCM A
(50mL) dropwise. No significant exotherm was observed. After an hour at room
temperature, the reaction mixture had thickened and stirring ceased. The reaction was
deemed complete by tic and was diluted with 1.2 litres of DCM and 50:50 saturated
Yicarbonate: saturated sodium thiosulfate aqueous solution. The organic layer was separated
and further washed with the 50:50 aqueous mixture, dried over magnesium sulfate and
evaporated. The crude yeilow solid was triturated with diethyl ether and solid isolated and
dried to give the product as a yellow powder (59, 59% vield)

Step 6. 5-Triflucromethyl-3-(4,4,5 S-tetramethyl-1,3,2- dioxaborolan-2-yi)-1-tosyl-1H-

o

-~

B
FyC
IR
Pt
NT N
Tos

pyrrolof2,3-blpyridine.

[0189] To a mixture of 3.Bromo-5-trifluoromethyl-1-tosyl-1H-pyrrolo[2,3-blpyridine (5g,
11.6 mmol), bis-(pinacolato)diboron {40g, 95.5 mmol), potassium acetate (28.1g, 266.7
mmol) was added 1, 4-dioxane (800mL.). The reaction mixture was stirred vigorously while
nitrogen gas was purged through the solution for 2 hours. After this time tetrakis
(triphenylphosphine) palladium (},(}mol%) was added in one portion and the reaction mixture

brought to reflux after an hour. After 4 hours more tetrakis (triphenylphosphine) patladium
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total, 2s), 13.03 and 13.09 (11-1 total, 2s). 74 2-(tetrahydro-2H-pyran-4-
ylamino)-4-(5- (trifluoromethyl)- I H- pyrrolo[2,3-IThyridin-3-

“y rimidine-5-carbonitrile 1.38-1.45 (2H, m), 1.63-1.70 (2H, m),
? i@%’“ﬁ?"@H partly obscured m), 3.69-3.74 (2H, m), 3.89- 5@;41@?1“}%)2“99

nd 8 95 | H I
o S L R ol B e B S ot
conhf(mﬁiuWrﬁ"étﬁwwﬁmpﬁmoI@[@@b@ytmd@rwpwmﬁ'am@@mmmewas
allows 8 34 PrkehlaMken- Q/Atﬁsag%é&“&l@ﬁ SHRmR 317;)%%})1 Jﬂée? 3t d pblassium

in), 8.68-8.82 (4H, m 25(0.5H,s), 1
acetate was removed y ﬁitratmn thmugh cehte The filtrate was evaporated to dryness and

the residue suspended in 20% ethyl acetate 80% petroleum ether and filtered through a plug
of Florisil, eluting with 3 volumes followed by one velume 30% ethyl acetate 70% petroleum
ether. The mixture was concentrated and triturated with heptane to give an off-white powder
(35.72g, 80% yield)

Preparation 2: 2-(methylthio)-4-(1-tosyl-S-(trifluoromethyl)-1H-pyrrolo(2,3-blpyridin-

3-vDpyrimidine-S-carbonitrile.

{6196] A mixture of S-trifluorc-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1 -tosyl-1H-
pyrrolo[2,3-b]pyridine (415mg, 1.08mmol, 1.0Eq.} and 4-chloro-2-(methylthio)pyrimidine-5-
carbonitrile (146mg, 1.08mmol, 1.0Eq.) was suspended in toluene (20mL) and EtOH (5mL)
and treated with 2M K,CO5 (1.62mL, 3.24mmol, 3.0Eq.). The mixture was sonicated under
an atmosphere of nitrogen for 20 min and then ireated with Pd(PPhs)4 (75mg, 0.06mmol,
O.leg.). After sonication for a further 5 minutes the reaction was heated under microwave
conditions at 130 °C for 15 minutes. The reaction was diluted with EtCAc¢ and washed with
brine. The organic phase was dried over MgSQ, and concentrated in vacuo. The crude
product was purified by column chromatography (ISCO Companion™, 80g column, 0-100%
EtOAc/Petroleum Ether). The product was seen to precipitate out in the collection tubes and
was filtered off. Further product was obtained by concentration of the fractions and
trituration with Et,O to give the title compound as an off- white solid (195 mg, 40%).
Preparation Za: 2-(methylthio)-4-(1-tosyl-5-(trifluoromethyl)-1H-pyrrolo|2,3-blpyridin-
3-yDpyrimidine-5-carbonitrile; alternate procedure.

0191} 5-Trifluoromethyl-3-(4,4,5;5-tetramethyl-1,3,2-dioxoborolan-2-yl)-1-tosyl- 1 H-
pyrrolo[2,3-b]pyridine (50 g, 107.2 mmol) and 4-chloro-2-(methylthio)pyrimidine-5-
carbonitrile (39.8 g, 214.4 mmol) were dissolved in dioxane (900 mL). Potassium carbonate
{44.45 g, 321.6 munol) was added followed by water (135 mL). The mixture was degassed 3
times with vacuunmy/nitrogen cycles, then bis-(tri-rert-butylphosphine)paliadium(0) (Strem, 5.0
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and 13.09 (1H total, 2brs). 76 2-(cyclopropylamino)-4-(5-
(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile
0.63-0.69 (2H, in), 0.78-0.87 (2H, m), 2.85-2.88 (11-1, m), 8.53-8.79 (41-I,
“fﬁ)%%’”&ﬁ‘a 9.46 (LH total, 2s), 13.01 (1H, vbrs). WO PCT/US2007/626190

08/0 9346RPCT/US2007/0261 077 SEC
GRS me?hf/# ﬁ—(‘%%yrrg ol e]gpyrl §p %ﬂf&gt S AdARE. A thick
preci@@&@@ll@l-lfhﬁ)mjxﬁﬁelm fﬁ%ildi;em%’ld M—;ﬂrﬁm@ b aithpddQr 488 (e product

s EZEAALH H A B8 AT AR IR0 Pl B3k

13.03 an total, 2 tetr an-
(trifluoromethyl)- IH-pyrmlo{Z 3-blpyridin-3- yi}pynmzdmc 5 carbonitrile as an off-white

solid (48.1g, 91%;}.

[6192] 'H NMR (DMSO-dg, 400 MHz) 5 2.07 (3H, s), 2.65 (3H, s}, 7.49 (Z2H, d), 8.12 (2H,
d), 8.93 (1H, s), 9.03 (1H, s), 9.12 (1H, 5), 9.17 (1H, s); MS (ES") 490, (ES") 488.
Preparation 3: 2-(methyisulfonyl}-4-(1-tosyl-5-(trifluoromethyl)-1H-pyrrolo]2,3-
blpyridin-3-ypyrimidine-5-carbonitrile

{0193] 2-(methylthio)-4-(1 -tosyl-5-(trifluoromethyl)-1 H-pyrrolo[2,3-b]pyridin-3-
yDpyrimidine-5-carbonitrile (50mg, 0.1mmol) in DCM (10mL) was treated with MCPBA
{(38mg, 0.22mmol, 2.2Eq) and atlowed to stir overnight at room temperature. The mixture
was concentrated in vacuo and treated with EtOAc. The insoluble material was fiiteréd off
and the resultant filtrate was concentrated to give the title compound which was taken
forward (33mg, 63%).

Example 1: 2-(benzylamino}-4-(5-(triflucromethyl}-1 H-pyrrolo|2,3-b]pyridin-3-

yhpyrimidine-5-carbonitrile.

[0194] 2-(methylsulfonyl)-4-(1-tosyl-5-(trifluoromethyl}- 1 H-pyrrole[2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile (50mg, 0.096mmol) was heated with benzylamine (21uL,
(.19mimol, 2.0Eq.} and DIPEA (50ul, 0.29mmol, 3.0Eq.) in THF {(2mL.) under microwave
conditions at 100 °C for 10 minutes, The reaction was concentrated and the residue dissolved
in THF (SmL). LiOH.H,0 (20mg, 0.48mmol, 5.0Eq.) in water (1mL) was added and the
reaction stirred for I hour. The reaction mixture was concentrated and the residue treated
with MeOH. The obtained white precipitate was isolated by filtration and dried under

vacuum (13mg, 36% over 2 steps).
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ylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

yl)pyrimidine-5-carbonitrile 2.25-2.29 (1H, m), 2.33-2.38 (11-1, m),

3.67-3.88 (2H, m), 3.89-3.96 (2H, m), 4.57-4.59 (1H, m), 8.57- 8.63 (11-1,
W) 28753496 (3H, m), 9.11 (0.5H, s), 9.20 (0.5H, s), 13.07 (PHI/BREPITH26190

B T .
m), BEBYIBDY(8112+8)79(38 any| 9.86 (1 tN@®HREHIH0BEd 1, 184211H], s),
12,7008, BR0: B0 A Mgz Yhpropylamino)-4-(3-

Example 2: 2-{(R)-1-(6-(4-methylpiperazin-1-yl)pyridin-3-yDethylamine)-4-(5-
(triftuoromethyl}-1H-pyrrolo{2,3-b]pyridin-3-yDpyrimidine-5-carbonitrile I-147 and 2-
((8)-1-(6-(4-methylpiperazin-1-yDpyridin-3-yhethylamine)-4-(5-(trifluoromethyl)- 1 H-
pyrrolof2,3-blpyridin-3-yl)pyrimidine-S-carbonitrile (3-129)

1147 1129
Step I: 2-(methylsulfonyl)-4-(1-tosyl-5-(trifluoromethyl)-1H-pyrrelo}2,3-bjpyridin-3-

ypyrimidine-S-carbonitrile.

[0196] 2-(Methylsulfonyl)-4-(1-tosyl-5-(trifluoromethyl)-1H-pyrrolo]2,3-b]pyridin-3-
vl)pyrimidine-5-carbonitrile (1.4 g, 2.86 mmol) was suspended in ethanol {60 mL) and water
(4 mL}). The mixture was cooled in an ice bath, and chiroine gas was siowly bubbled through
the solution for 20 minutes. After addition, the suspension was stirred for another 30 minutes
at 0 °C. The reaction mixture was allowed to vent for 15 minutes, then, ether (100 mL) was
added and the solid was filtered off. The solid was dried under vacuo to give a light pink
solid (1.3 g, 87% yield).

MS {(ES") 522.

Stepl: “2-({R)+(1-{(6-chloropyridin-3-yDethylamino}-4-(i-tesyl-5-{trifiucromethyl)-1 H-
pyrrofol2,3-bjpyridin-3-yDpyrimidine-S-carbonitrile.
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(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile
2.15-2.24(2K, in), 4.27-4.31 (2H, m), 7.64 (0.5H, s), 7.70 (0.5H, s), 7.83
(IN, d), 8.43 (0.5H, t), 8.51 (0.5H,t), 8.72-8.76 (3H, In), 9.05 (0.5H, s), 9.10
WHBFEP3E14 (0.5H, s), 9.19 (0.5H, s), 13.08 (0.51-1, s), 13 GHYH2841/03§190
14.25 (1H, vbrs). 81 2-(((IS,3R)-3- hydroxycyclopentyl)methyl amino)-4-(5-
(trifluoromethyl)-1H- pyrraief2,8-1 Thyridin-3- yl)pyrimidine-5-carbonitrile
1.20-1.35 (1H, in), 1.40-1.58%2H, 1Y .8?-1.91 (3H, m), 3.31-3.47 (2H,

partly obscured m), 4.13 (1 -3 i), 4 : H, in), 8.44 and 8.54 (1H
total, 2t), 8.66-8.74 (3H, m)og)s;.fi and 9.20 otal, 2s), 13.03 and 13.11

(1H total, 07—

2

{6197} Dusopropylethylamine (730 ul, 4.2 mmol) was added to a mixture of 2-
(methylsulfonyl)-4-(1-tosyi-5-(trifluoromethyl}- 1 H-pyrrolo[ 2,3-bjpyridin-3-yl)pyrimidine-5-
carbonitrile (330 mg, 2.1 mmol) and 1-(6-chloropyridin-3-yDethanamine (described in the
literature: EP 375907 (B1)500 mg, 1 mmol} in tetrahydrofuran (3 mL}. The reaction
mixture was heated under microwave irradiation at 110 °C for 15 minutes. The reaction
mixture was partitioned between EtGAc and water. The organic phase was dried over
magnesium sulphate, filtered and evaporated to dryness. The residue was purified on silica
gel by flash column chromatography to afford the title compound as a wax (345 mg, 58%
yield}).

MS (ES™) 598.

Step 3: 2-((R)-1-(6-(4-methylpiperazin-1-yD)pyridin-3-yijethylamino)-4-(5-
(triflucromethyl)-IH-pyrrolo{2,3-blpyridin-3-yBpyrimidine-5-carbenitrile 1-147 and 2-
((S)-1-(6-(4-methyipiperazin-1-yl)pyridin-3-yhethylamino}-4-(5-(trifluoromethyi)-1H-

pyrrofo{Z,3-bipyridin-3-yl)pyrimidine-S-carbonitrile I-129
FF

1-147 I-129
[6198] A mixture of 2-(1-{6-chloropyridin-3-yhethylamino)-4-(1-tosyl-5-(triflucromethyi)-
| H-pyrrolo[2,3-blpyndin-3-yl)pyrimidine-5-carbonitrile (157 mg, 0.26 mmol} and N-
methylpiperazine (2 mL) was heated under microwave irradiation at 180 °C for 40 minutes.
The reaction mixture was partitioned between EtOAc and water. The organic phase was
dried over sodium sulphate, filtered and evaporated to dryness. The residue was purified on

silica gel by flash column chromatography to afford the title compound as an off-white solid
(52 mg, 39% vield).
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2brs). 82 2-(1-methoxypropan-2- ylamino)-4-(5- (trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3- yflpyrimidine-5-carbonitrile 1.21-1.25 (3H, in), 3.25
(3H, d), 3.36-3.51 (2H, partly obscured m), 4.33-4.39 (1H, In), 8.23 and

WE T4, 2d), 8.68-8.75 (314, m), 9.13 and 9.20 (1H totsf TPE§2403/prg 196

0 e DA e Ay 57 ey (250 X
4 6min Daice 6 I8l P L B A Be 2t by min GB-4r08:(b4siine 8. 88581 2% (Yethanol
(wiﬂ{‘iﬁla)f%/t%?'%)@z@&ﬁ}n Py ANE S A - LoigkRl ARl 03 A Ap-09

Drata for 1-147 {(first eluted):

"H NMR (DMSO-dg, 400 MHz) § 1.54 (3H, m), 2.00 (3H, m), 2.32-2.37 (4H, m), 3.38 (4H,
m}, 5.19-5.26 (1H;m), 6.77-6.84 (1H; m), 7.56-7.62 (1H, m), 8.08-8.16 (1H, m), 8.70-8.77
{(4H, m), 9.01-9.19 (1H, m), 12.98 (1H, m) mixture of rotamers; MS {ES") 508, (ES") 506,
Data for I-129 (second eluted):

"H NMR (DMSO-dg, 400 MHz) & 1.54 (3H, m), 2.18 (3H, m), 2.33-2.37 (4H, m), 3.38-3.43
{4H, m), 5.18-5.27 (1H, m}, 6.77-6.84 (1H, m), 7.56-7.62 (1H, m), 8.08-8.16 {(1H, m), 8.70-
8.77 (4H, m), 9.04-9.18 (1H, m), 12.98 (1H, m) mixture of rotamers; MS (ES") 508, (ES)
506.

Exémple 3: N-{(1R4r)-4-{(1R)-1-(S-cyano-4-(S-(triflucromethyl)-1 H-pyrrotof2,3-
bipyridin-3-yDpyrimidin-Z-ylaminec)ethylcyclohexylymethanesulfonamide 1-202 and N-
((18,4s)-4-((1R)-1~(S-cyano-4-(5-{trifiuoromethyl)-1 H-pyrrolo[2.3-b]pyridin-3-
ylpyrimidin-I-yiamino)ethyljcyclohexylmethanesulfonamide [-203

1-202 1-203

Step 1: 2-hydroxy-4-(1-tosyl-5-(trifluoromethyl)-1H-pyrrolo[2,3-b]pyridin-3-

yhpyrimidine-S-carbonitrile.

e
F N;\

=S SN
g Y
N-g 7 8 oH
o_.S-"‘j

ol

{¢260] DIPEA (7.421 g, 10.00 mL, 57.42 munol) was added to a suspension of 2-
(methylsulfonyl)-4-(1-tosyl-5-(triflucromethyl}-1 H-pyrrolo[2,3-b|pyridin-3-yDpyrimidine-5-
carbonitrile (1 g, 1.918 mmol) in acetonitrile (20 mL). The reaction mixture was stirred for 1

hour then water (5 mL) was added. The mixture was allowed to stir at room temperature for
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WO 2008/079346PCT/US2007/026190 84 2-(1-(3-chloro-4-
methoxyphenyl)ethylamino) -4-(5-(trifluoromethyl)-1H-

Wp rrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 474 1.54 (3H, d), 3.82
F@/&E‘R‘é Gifhal, 5.25 (1H, m), 7.04-7.47 (314, m), 8.70-8.80 (EFL§Hy 71026190

18 e Phe QeltFo i Lm0k (eh TP B PR Qf lr(?%?%%% BBsired product (880

2-(2-(pyrrolidin-2- yl)ethylamino)-4-(5- (trifluoromet
mg, PRHEZSINridin-3- yl)pyrimidine-5-carbonitrile 402 86 2-(2-

MS (qumg(p@g?qg@ylammo) 4-(5-(trifluoromethyl)-11-1-

rrolof[2,3-b idin-3 rimidine-5-carbonitrile
Step 5) y 2- ch oro-4- ( ~tosyl-5 %g ﬁ% oromethyi})-1H-pyrrolo[2,3-blpyridin-3-

yhpyrimidine-5-carboniirile.

{0201} 2-hydroxy-4-(1-tosyl-5-(trifluoromethyl}-1H-pyrrolo[ 2,3-b]pyridin-3-ylpyrimidine-
S-carbonitrile (880.2 mg, 1.916 mmol} was cooled down with an ice bath. Phosphorus
oxychloride (2.938 g, 1.786 mlL, 19.16 mmol) was added dropwise and the reaction mixfure
was stirred for 30 minutes at 0°C and then allowed to warm up to rt and stirred at room
temperature for 18 hours. The reaction mixture was quenched by slow addition onto ice.
After | hour of stirring, the mixture was exiracted into ethyl acetate. The organic layer was
dried over magnesium sulfate, filtered and concentrated in vacuo to afford a pale orange
solid. The.solid was triturated further in EtOAc.and filtered off (715.4 mg, 78% yié]d)

MS (ES*) 478.

Step 3: (R)-4-(I-aminoethyljcyclochexanol.

OH

[0202] A slurry of platinum oxide (285.5 mg, 1.257 mmol) in water (2.9 mL) was added to 4-
[(1R}-1-Aminoethyl]phenol (5.025 g, 36.63 mmol) in methano! (100 mL). Acetic acid (2.9
mL) was added to the reaction mixture. The reaction mixture was hydrogenated in a Parr
hydrogenator at 60 psi for 18 hours. The platinum oxide was filtered off and the mother
liquors were concentrated in vacuo leaving a colourless oil (8.44g, crude: predominantly
product contamined with some (R)-1-cyclohexylethanamine and some starting material).
10203] The crude mixture was dissolved in THF (35 mL) and MeCN {7 mL). NaOH (73.32
mL of 0.5 M, 36.66 mmol) was added followed by di-tert-butyl dicarbonate (12.00 g, 54.99
mmol) in portions. The reaction mixture was allowed to stir at ambient temperature for 18
hours. The reaction mixture was extracted with EtOAc (3 times). The combined organic
extracts were washed twice with 1M HCI and brine, dried over magnesium sulfate, filtered

and concentrated in vacuo. The residue was purified on silica gel by flash column
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434 87 2-((R)-2- (aminomethyl)pyrrolidin-1- y1)-4-(5-(trifluoromethyl)-
1H-pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile 388 88
rrolldln 2- yimethylamino)-4-(5- (trifluoromethyly114-

W&%S%é 2% pyridin-3- yI)pyrlmldlne -5-carbonitrile 388 89 PCT/US2007/62615¢

chro g pEX PR G AR DO) o RSN A% whie
? ]&ggj %- pyr nitr

solid (4 49 g, 50% vield).
[0204] Tert-butyl (R)-1-(4-hydroxycyclohexyl)ethylcarbamate (4.49 g, 18.45 mmol) was
dissolved in dichloromethane (25 mL} and cooled to 0 °C under nitrogen. HC] 2M in Ether
{27.68 mL of 2 M, 55.35 mmol} was added and the reaction allowed to warm slowly to
ambient temperature for 18 hours. The reaction mixture was concentrated in vacuo. The
crude mixture was dissolved in MeOH (25 mL). MP-Carbonate was added (11.75 g, 36.90
mmol} and the reaction mixture was stirred for 3 hours. The resin was filtered and the mother
liquors were concentrated to dryness to afford the title compound as an off white solid (2.39
g, 90% vield).
MS (ES") 144.
Step 4; 2-((R)-1-(4-hydrexycyclohexyllethylamino)-4-(1-tosyt-5-(trifluoromethyi)-1H-
pyrroio|Z,3-blpyridin.3-yDpyrimidine-S-carbonitrie.

4 O

10205] 4-((R)~1-aminoethylcyclohexanol (309.4 mg, 2.16 mmol) was dissolved in THF (10
mL) and DMF (4 mL) and stirred over molecular sieves for 10 minutes.
Diisopropylethylamine (376.3 uL, 2.160 mmol) was added, followed by 2-chloro-4-(1-tosyl-
S~(triflucromethyl)- 1 H-pyrrolo{ 2,3-b]pyridin-3-yl)pyrimidine-5-carbonitrile (516.1 mg,
1.080 mmol}. The reaction mixture was stirred under nitrogen at ambient temperature for 18
hours. The molecular sieves was removed by filtration and washed with EtOAc. The filtrate
was washed with water, dried over magnesium sulfate, filtered and concentrated in vacuo.
The residue was purified on silica gel by flash column chromatography (ISCO Companion ,
80g column, 0-100% EtCAc/DCM) to afford the title compound as a yelow solid (558 mg,
88% yield).

MS (ES®) 585, (ES") 583.

Step 5: 2-((R)-I-(4-oxocyclohexylethylamino)-4-( I -tosyl-5-(trifluoromethyl)-1 H-
pyrrolo[2,3-blpyridin-3-yl)pyrimidine-5-carbonitrile.
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90 4-(5-(1,1-Trifluoromethyl)- 11-1-pyrrolo[2,3-b]pyridin-3- yl)-2-(4-
hydroxybenzylamino)pyrimi dine-5-carbonitrile 41! 91
2-(2-hydroxypropylamino)- 4-(5-(trifluoromethyl)-1 I-1-

WHHBIB[2345b] pyridin-3- yl)pyrimidine-5-carbonitrile 363 WG T/US2007/026150
2008/079346PCT/U 52007/026190 92 2-(4-AHpyrazol-1-
yl)benzylamino)-4-(5- (trifluorometh )-I;M- rolo[2,3-b]pyridin-3-

b

[6206] 2-((R)-1-(4-hydroxycyclohexyljethylamino)-4-(1 -tosyl-5-(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidine-5-carbonitrile (442 mg, 0.7561 mumol) was dissolved
in dichloromethane (20 mL) and cooled down to 0°C. Dess-Martin periodinane (384.8 mg,
0.9073 munol) was added and the reaction was allowed to warm up to roorm temperature. The
mixture was stirred for 18 hours. The reaction mixture was partitioned between

_ dichioromethane and a 1:1 saturated solution of sodium hydrosulfite and sodium hydrogen
carbonate. The aqueous phase was further extracted with dichloromethane. The combined
organic phases were dried over magnesium sulfate, filtered and concentrated to dryness. The
residue was purified on silica gel by flash column chromatography (ISCO Companion} ,40g
column, 0-20% EtOAc/DCM) to afford the title compound as a white solid (411 mg, 93%
yield). '

MS (ES™) 583, (ES") 581.

Step 6. 2-((R)-1-(4-aminocyclohexyhethylamino)-4-(1-tosyl-5-(triflucromethyl)-1H-
pyrrolo|2,3-b]pyridin-3-yD)pyrimidine-S-carbonitrile.

NH;

[0207] 2-((R)-1-(4-oxocyclohexyl)ethylamino}-4-(1 -tosyl-53-(triflucromethyl)- 1 H-
pyrrolo[2,3-bIpyridin-3-yl)pyrimidine-5-carbonitrile (105 mg, 0.1802 mmol) was disolved in
methanol (5 mL) and dichloromethane (5 mL). Ammomum acetate (1389 mg, 1187 pL,
1.802 mmol), followed by sodium triacetoxyborohydride (38.19 mg, 0.1802 mmol) were
added and the reaction mixture was stirred for 4 hours at room temperature. The mixture was
partitioned between dichloromethane and a saturated solution of sodium bicarbonate. The

aqueous phase was extracted with dichloromethane. The organic layer was dried over
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93 2-(propylarnino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-
yppyrimidine-5-carbonitrile 347 94 2-(3-chloro-4-
methoxybenzylamino)-4-(5- (trifluorometh y1)-1H- pyrrolo[2,3-b]pyridin-3-
WOH Bttt e-5- carbonitrile 459 - 95 2-(4- hydroxycyclohexy?&iHAe)ie 7/626190
triflyQro r :
magn %F{l 2 Q& gnﬁo&%%@%%d 29 l‘ﬁ‘té ér}o %ffor the de)s%ed product as a

pyrimi |né -carbonitrile 4 roxybutylamino)-4-

yeiioessahﬂ&%ﬁm@%w%)

MS (ES™) 584, (ES") 582,

Step 7: K-{(1R4r3-4-({1R}-1-(S-cyano-4-(S-(triflucromethyl}- 1 H-pyrrole[2,3-bipyridin-
J-yhpyrimidin-2-vlaminclethyljcyciohexylymethanesulfonamide [-202 and N-((15,45}-4-
{(1R)-1-(S-cyano-4-(S-(trifluoromethyl)-1 H-pyrroelol2,3-bipyridin-3-yDpyrimidin-2-
viamino)ethvlcyclohexyiimethanesuifonamide -203

[-202 1-203
[6208] 2-{(R)-1-(4-aminocyclohexyllethylaminge)-4-( 1 -tosyl-5-(trifluoromethyi)- 1 H-
pyrrolo{2,3-blpyridin-3-yl)pyrimidine-5-carbonitrile (95 mg, 0.1628 mmol) was dissolved in
THF (5 mL) and diisopropylethylamine (25.25 mg, 34.03 uL, 0.1954 mmol) was added. The

reaction mixture was cooled down to 0 °C under nitrogen and methanesulfonylchloride
{15.12 pL, 0.1954 mmol) was added. The reaction mixture was allowed to warm up to
ambient temperature and was stirred at that temperature for 1 hour. An aqueous solution of
lithium hydroxide (651.2 uL of 1 M, 0.6512 mmol} was added and the reaction stirred at
room temperature for 3 hours. The mixture was partitioned between ethyl acetate and water.
The aqueous phase was acidified to pHI with 1M HCI. The agueous phase was extracted
with ethyl acetate. The organic layer was dried over magnesium sulfate, filtered and
concentrated to dryness. The cis and #rans isomers were separated by reverse phase
preparative HPLC [Waters Sunfire C18, 10uM, 100 A column, gradient 10% - 95% B
(solvent A: 0.05% TFA in water; solvent B: CH;CN) over 16 minutes at 25 mL/min) and the
resulting fractions were basified by passing them through a bicarbonate cartridge.
Concentration under vacuo afforded the desired products (I-202: 12 mg, 27% yield; [-203: 16
mg, 37% yield).

Data for 1-202 {first eluted):

[0209] 'H NMR (DMSO-dg, 400 MHz) § 1.19-1.27 (7H, m), 1.85-1.97 (2H, m), 2.06-2.10
(2H, m), 2.91 (3H, s), 3.16-3.22 (1H, m), 4.08-4.17 (2, m), 5.47-5.55 (1H, )}, 8.43-8.50
(1H, m), 8.65-8.80 (2H, m), 9.02-9.14 (1H, m), 10.07 (1H, br d); MS (ES™) 508, (ES") 506.
Data for [-203 {second eluted):
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pyrrolo[2,3-b]pyridin-3- yppyrimidine-5-carbonitrile 377 97 2-((R)-2-
hydroxypropylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile 363 98 24(2R,38)-1,3-

W ErG3Asatan-2-ylarnino)- 4-(5-(trifluoromethyl)- | H- PCT/US2007/026150

[ -hlpyridin-3- rimidine-5- itrile, 3 9 2-((R)-1-(4-
o R Lo TR P 2 2l e lfimers,
3. 705yt IR Bb Ty Tidin B¢ O pyridiclih s S 0drbon firile-8288 (1H, m), 8.48-8.58 (1H,
m), 8.71-8.88 (2H, m), $.10-9.23 (1H, m), 9.56-10.10 (1H, m); MS (ES™) 508, (ES") 506.

Example 4: 2-({R}-1-(1-(2-hydroxyacetylpiperidin-4-ylethvismino}-4-(5-
(trifluoromethyl}-1H-pyrrofo[2,3-bipyridin-3-viipyrimidine-5-carbonitrile I-205.

Step I: teri-butyl 4-(1-amincethyDpiperidine-1-carboxylate.

gae
N, O
T

{0211] A mixture of tert-butyl 4-acetylpiperidine-1-carboxylate (145 g, 0.64 mol) and
ammorium acetate (225 g, 2.9 mol) in methano! {2 L) was stirred at room temperature for 1.5
hours. Sodium cyanoborohydride (30 g, 0.48 mol) was added in one portion and the stirring
was continued overnight at room temperature. The reaction mixture was poured in 2N aq.
NaOH (2L) and extracted with dichloromethane (2x1L). The combined extracts were washed
with water (1L}, brine (0.3 L), and evaporated to dryness. The residue was dissolved in
TBME (1.51.), dried over sodium sulfate, filtered, and evaporated to dryness under reduced
pressure. The residue was purified by bulb to bulb distiliation at 180°C and 0.1 mbar to
afford the title compound as a colorless oil that partly solidified upon standing (131 g, 90%
yield).

{6212] 'H NMR (CDCly, 300 MHz) 6 4.21-4.08 (2H, m), 2.75-2.58 (3H, m), 1.78-1.60 (2H,
m}, 1.45 (9H, s), 1.44-1.05 (5H, m}, 1.04 (3H, 4).

Step 2: (R}~ and (S)-tert-butyl 4-(I-aminocethyl)piperidine-1-carboxylate.

H,N :\C, HaN y\o
N_.O N_O
T

[06213] A suspension of tert-butyl 4-(1-aminoethyl)piperidine-1-carboxylate (40 g, 175
mmol) and (S)-(+)-mandelic acid (27 g, 177 mmol) in acetone (400 mL) was heated until a
clear solution was obtained. The solution was allowed to cool down to room temperature
during 5 hours. The newly formed precipitate was isolated and rinsed with some acetone (30

mL). The material was recrystallized twice from 300 mL acetone and some ethanol {(around
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151 (31-1, m), 5.23 (LH, m), 6.65- 6.73 (21-1, m), 6.96-7.18 (LH, m),

118-7.23 (2H, m), 8.69-8.79 (4H, 7 m), 9.02-9.21 (1H, m), 9.27 (11-1, m),

13.04 (1H, m) mixture of rotamers WO 2008/079346PCT/US2007/026190
WW@"?’-%?;(%(’-OXO-LG- dihydropyridin-3- ypethylamino)-4-(5- (b ff US2007/626190

25m .r%’ﬁ@'&%}ﬂ%‘f%(%PL%E?—@a@lﬁ%&iﬂiéﬂ%MQQWHQIPAQ&%&%}?Q&%@H&%&%on,
1.51 (3H, m),5.107(11-1, m), 6.33 (1H, m), 6.96-7.22 (2H, m), 7.51 (11-1,
100 mh)digigarenribene 2pd) | 800819 Mer NaRhl. 1Thedwelryers HstetRRiRd and the
organIKE R IQIamERSA 0dr 2rid ] -ReevRiRevdier Ardleshylaring-dolBee, filtered
and coneemtated i Yabio o APt (SYort A e prber e P arbosytate
(9.0 g, 99+% ee, 22.5% yield).
[0214] From the mother liguor of the above mentioned first crystallization zer-butyl 4-(1-
aminoethy!)piperidine-1-carboxylate (20 g, 88 mmol) could be isolated (enriched in the other
enantiomer). To the material was added (R)-(-)-mandelic acid (14 g, 92 mmol} and acetone
(300 mL). The mixture was heated until a clear solution was obtained and allowed to cool to
room temperature while stirring. The obtained precipitate was collected, rinsed with some
acetone and recrystallized once as described above. After acid base separation, (R)-tert-butyl
4-{1-aminoethy!)piperidine-1-carboxylate was obtained (7.5 g, 99+% ee, 19% yield).
[0215] E.¢. was determined as followed: sample (one drop) of the amine and one drop 1-
naphthy! isocyanate in 1 mL dichleromethane was mixed and left for T day at room
temperature (most of the dichloromethane was evaporated). The sample was concentrated
and 5 mL ethanol was added and heated short to 50-60 degrees. 1 mL sample was used.
Chiracel OI-H, eluent Heptane/FtOH/Et,NH {85/15/0.2), Rf 11.8 and 13.0 min.
Step 3: 2-(perfluorophenoxy)-4-(1-tosyl-S-(triflucromethyl}-1 H-pyrroio[2,3-blpyridin-3-
y!)p‘yrimidinewswcarbonitrﬂe.

[0216] 2-(Methylthio)-4-( 1 -tosyl-5-(trifluoromethyl)-1 H-pyrrolo{2,3-b]pyridin-3-
yDpyrimidine-5-carbonitrile (150 mg, 0.31 mmol} was dissolved in dichloromethane at room
temperature. Meta-chloroperbenzoic acid (110 mg, 0.64 mmol) was added in one portion and
the reaction was stirred for 5 minutes. Pentafluorophenol (285 mg, 1.55 mmol} was added
and the solution was stirred at room temperature for 3 hours. The crude mixture was washed
with a diluted solution of sodium bicarbonate and brine. The organic phase was dried over
magnesium sulfate, filtered and concentrated in vacuo. The residue was purified on silica gel
by flash column chromatography to afford the title compound as a solid (60 mg, 31% yield).
'H NMR (CDCls, 400 MHz): & 2.44 (3H, s), 7.38 (2H, d), 8.21 (2H, d), 8.47 (1H, s}, 8.78

(1H, s), 8.95 (1H, ), 9.32 (1H, s); MS (ES™) 626.
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458 1.15-1.23 (5H, m), 1.76 (3H, m), 1.93-1.98 (31-1, m), 2.96 (11-1, m),
3.80 (1H, m), 4.04 (1H, m), 4.41 (1H, m), 8.30 (1H, m), 8.67-8.75 (31-1,
m), 9.10 (11-1, m), 13.10 (1H, m) mixture of rotamers 102

WE B4 ethylpiperazin- 1-yl)phenyl)ethylamino)-4- PCT/US2007/026156

5- trlf 0Jo s
4( égyrlml G‘g@ )} ]Fntrlfpéﬁ%)‘i F 5 1g1 ﬁlrf{gégrggi %%E’(slﬁi )rréﬂ%z o
bipys(@m»%yinsza-@r(mm@mjammxezhyj)mp)essdmmampmg% 99 (21-1, m),
7.28-7.33 (2H, m), 8.70 (2, m), 8.80 (11-1, m), 9.03-9.21 (1H, m), 9.57
(11-1, m), 13.10 (1H, niyfnixtere Qf rotamers 103 2-((R)-1-hydrox y-3-
methylbutan-2-ylamino)-4~(5- (t ifl Joramethyl )-1H-
pyrrolo[2,3-b]pyridin-3- yNp¥rij |df‘he-%/?§@mtgle

o N
Q

[6217] (R)-tert-butyl 4-(1-aminoethyl)piperidine-1-carboxylate (43.82 mg, 0.19 mmol} was
added to a solution of 2-(perfluorophenoxy)-4-(1-tosyl-5-(trifluoromethyl)- 1 H-pyrrolo[2,3-
blpyridin-3-yDpyrimidine-5-carbonitrile {100 mg, 0.16 mmol) and the reaction mixture was
stirred at room temperature for 2 hours. The crude mixture was concentrated to dryness and
the resulting residue was purified on silica gel by flash column chromatography to atford the
title compound (70 mg, 65% yield).

MBS (ES") 668.

[0218] This intermediate could also be prepared by step 3B and 4B.

Step 3B: S-cyano-4-(I-tosyl-S-(trifiuoromethyl}-1H-pyrrole]2,3-blpyridin-3-
yDpyrimidin-2-y1 diethyl phosphate.

[0219] 2-hydroxy-4-(1-tosyl-3-(trifluoromethyl)- 1 H-pyrrolo[ 2,3-b]pyridin-3-yl)pyrimidine-
Swcarbonitrile (87% pure, 1.23 g, 2.329 mmol) in dry THF (24.60 mL) was stirred at -25 °C
and treated with potassium t-butoxide (2.795 mL of 1.0 M, 2.795 mmol) in THF. The
reaction mixture was warmed up to 0 °C for 20 minutes, cooled to -50 °C and treated with
diethylchlorophosphate (482.3 mg, 403.9 gL, 2.795 mmol). The reaction mixture was stirred
at

-40 °C for 20 minutes and at room temperature for 2 hours. The reaction mixture was diluted
with ice cold ethyl acetate {60 mL}, cooled in ice and shaken quickly with ice cold water
containing 1M HCI (2.8 mL, 2.8 mmol), basified with aqueous NaHCO, and extracted into
ethyl acetate. The organic extracts were dried over magnesium sulfate and concentrated to

give a pale yellow solid which was triturated with ether and filtered to give a pale yellow
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366 0.95-0.97 (6H, m), 1.97-2.03 (114, m), 3.55-3.61 (2H,m), 3.94 (LH,

m), 4.60 (1H, m), 6.75 (1H, vbrs), 7.09 (11-1, d), 8.20 (I EL d), 8.62 (1H

s), 8.66 (11-1, s), 9.20 (11, brs), 12.75 (11-1, s). 104 2-(2- h%
Wﬁéﬁ%l‘ﬂ?ﬁ%ﬁ‘uran 3- yl)ethylamino)-4-(5- (trifluoromethyl)-11-1 T idnsion

solid [:gliéolélz’%hb%ﬁsr IRjuh Op‘%lml%lng %{P 8{1@%8 éh% t%lg%é c% iﬁg{ﬁéd on

rahy ro- an 24 y yIaml 4-(5-(trifluoromet
sﬂlcaWiﬁ@ﬂﬂ%ﬁ-@}byndIﬁW)pmlmagiﬁér%éﬂmﬂ@%S}l@@19 mg) (fotal: 1.029
g, 149 geﬁ%plopropyl -3- hydroxypropylamino)-4-(5-

"H NMR (DMSO-dg, 400 MHz) § 1.19-1.28 (6H, m), 2.33 (3H, s), 4.17-4.27 (4H, m), 7.51
(2H, d), 8.15 (2H, d), 8.94 (1H, 5}, 9.24 (1H, 5), 9.41 (1H, s}, 9.48 (1H, s}; MB (ES™) 596,
Step 4B. tert-butyl 4-({1R)-1~(5-cyanc-4-(1-tosyl-5-(trifluoromethyl)-1 H-pyrrolo{2,3-

bipyridin-3-yDpyrimidin-2-ylamino}ethyl)piperidine-1-carboxylate.

Fr
F N s

g
o

w .._«yL
oL
O .

10228} 5-cyano-4-(1 «tosyl—S—(triﬂuoroinethyl)-l H-pyrrolo]2,3-b]pyridin-3-ylpyrimidin-2-y}
diethyl phosphate (200 mg, 0.3359 mmol) was treated with a solution of (R)-tert-butyl 4-(1-
aminoethyl)piperidine-1-carboxylate (76.70 mg, 0.3359 mmol) in THF (2 mL), and
diisopropylethylamine (70.22 uL, 0.4031 mmol). The reaction mixture was stirred at room
temperature for 24 hours. The crude mixture was diluted with ethyl acetate and washed with
agueous NaHCOs. The organic layer was dried over magnesium sulfate and concentrated
under reduced pressure. The residue was purified on silica gel by flash column
chromatography to afford the title compound as a colourless glass (188 mg, 84% yield).

MS (ES") 668.

Step 5: 2-((R)-1-(piperidin-4-yljethylamino)-4-(I-tosyl-5-(triflucromethyl)-1H-
pyrrolo{2,3-blpyridin-3-yDpyrimidine-5-carbonitrile 2,2,2-trifluoroacetate.

[0221] Trifluoroacetic acid (2 mL, 25.96 mmol) was added to a solution of tert-butyl 4-((1R)-
1-(5-cyano-4-(1-tosyl-5-(trifluoromethyl)-1H-pyrrolo[ 2,3-b]pyridin-3-yDpyrimidin-2-
ylamino)ethyl)piperidine-1-carboxylate (1.2 g, 1.79 mmol) in dichloromethane (25 mL) and
the reaction mixture was stirred at room temperature for 1 hour. The crude mixture was

concentrated to dryness to give the title compound as a white solid {1.021 g, 98% yield).
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(trifluoromethyl)-1H- pyrrolo[2,3-131pyridin-3- yl)pyrimidine-5-carbonitrile
403 107 2-((R.)-1-hydroxypropan-2- ylamino)-4-(5- (trifluoromethyl)-1H-
pyrrolo[2,3-b)pyridin-3- yl.)pyrimidine-5-carbonitrile 363 WO
‘W)@IEMWQ@%PCT/USZOO?/OZMQO 2-((2R,39)-1,3- PCT/US2087/026190
butan-2-ylamino)- 4-(5-(trifluoromethy1)-1H-
MS %Ig;’rr%? f} ﬁ]béﬁﬁm 3- yl)pyrimidine-5-carbonitrile
.t..e.Q&(zmmmmxww@mm&wmmmyémzﬁw@m{@ﬁdaimsidin -3-

it S hon 9§§g§ym T it S bantmte

[6222} Diisopropylethylamine (179 pl, 1.025 mmol) was added to a mixture of 2-((R)-1-
{pipmdm-cz.»ya)ethylamino}wz;«(1’imsyznsm(n@ﬂuommethyl)u1H-pyrroio[zss-b]pyﬁdm-s-
ylpyrimidine-5-carbonitrile 2,2,2-triflucroacetate (140 mg, 0.205 mmol), TBTU (131.7 mg,
(.14 mmol) and glycolic acid (15.6 mg, 0.205 mmol) in tetrahydrofuran (3 mL). The reaction
mixture was stirred at room temperature for 1 hour. The crude mixture was concentrated to
dryness and redissolved in ethyl acetate. The organic phase was washed with a saturated
solution of sodium bicarbonate and brine, dried over magnesium sulfate, filtered and
concentrated in vacuo. The residue was purified on silica gel by flash column
chromatography to afford the title compound (60 mg, 47% yield). Alse obtained was 20 mg
{21% yield) of the detosylated compound..

MS (ES™) 628, (ES") 626.

Step 7: 2-((R}-1-(1-(2-hydroxyacetylpiperidin-4-yDethylamine)-4-(S-(trifiuoromethyl)-
1H-pyrrolof2,3-b]pyridin-3-yl)pyrimidine-5-carbonitrile.

/\QE’\M

[0223] 1M solution of lithiumn hydroxide (382.5 pl, 0.38 mmol) was added to a solution of 2-
((R)-1-(1-(2-hydroxyacetyl)piperidin-4-yl)ethylamino)-4-(1-tosyl-5-(trifluoromethyi)-1H-
pyrrolof2,3-b]pyridin-3-yl)pyrimidine-5-carbonitrile (80 mg, 0.128 mmol) in tetrahydrofuran
{2 mL}. The reaction mixture was stirred at room temperature for | hour. The crude mixture
was concentrated to dryness and redissolved in ethyl acetate. The organic phase was washed
with water, dried over magnesium sulfate, filtered and concentrated in vacuo. The residue
was purified on silica gel by flash column chromatography (ISCO Companion| ) te afford the
title compound as a white solid (30 mg, 50% vyield).
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pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 24(S)-1-hydroxy-3,3-

dimethylbutan-2-ylamino)- 4-(5-(triflooromethyl)-1H-

pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile WO
WEDBBH79846PCT/US2007/026190 Compound No |- Name WETASABEYIH 0

Ehps Snivenm Y AR R s R R

(1H0), 162 (58 (211, 8,08 4214 L3NS0 {1k L1689, 8 DM (1)) 2758
; i 3 : : t
onA A R DR R IS mhtpiois m i

(trifluoromethyl)-1[-1- pyrrolo[2,3-b]pyridin-3- Syrimidine-5-carbonitrile
ignal, L - H,.m B
RN P ARl RS P T
bipyridipoi(pdperanidiydrsiaiprepyrtmiorehessthfdsrdrmemynpemamide 263
pyrrolo[2,3-b]pyridin-3-Fy pyrimidine-5-carbonitrile 379
N

Step I (R)-tert-butyl i-(¢-bydroxycyclohexyhethyicarbamate

VA
O
=0

o)

OH
[6225] (R)-tert-butyl 1-{4-hydroxyphenyl)ethylcarbamate (described in the literature: WG
2007035154 (A1)) (100 mg, 0.4214 mmol) was dissolved in methanol (5 mL). A methanolic
{5 mL) solution of rhodium on alumina (10 Wt %, 10 mg) was added. The reaction mixture
was place under a hydrogen atmosphere and stir at room temperature for 18 hours. The
rhodium catalyst was filtered off and the mother liquors were concentrated in vacuo. The
rééidue was purified cm. silica gel by flash column chromatography to afford the title
compound {62 mg, 61% yield).
[0226] Data for the cis isomer {26 mg as a white solid):
Rr (30% EtOAc/Petrol) 0.40;
*H NMR (DMSO-dg, 400 MHz) 8 1.04 (3H, d), 1.19 (1H, m), 1.30-1.40 (6H, m), 1.37 (9H,
s), 1.52-1.62 (2H, m}, 3.29 (1H, m), 3.73 (1H, br s), 4.21 {1H, d), 6.59 (1H, d).
10227] Data for the trans isomer {36 mg as a colourless oil):
Ry (30% EtOAc/Petrol) 0.33;
'H NMR (DMSO-dg, 400 MHz) 8 0.85-1.21 (5H, m), 1.03 (3H, d), 1.37 (9H, s), 1.60-1.67
(2H, m), 1.78-1.82 (2H, m), 3.20-3.30 (2H, m), 4.41 (1H, br s), 6.62 (1H, d).
Step 2: Cis-(R)-4-(1-(tert-butoxycarboenylaminojethyicyclobexyl methanesuifonate
S
o N "O 0.0
/O'S\

{0228} Cis-(R)-tert-butyl 1-{(4-hydroxycyclohexyliethylcarbamate (575 mg, 2.363 mmol} was

dissolved in dichloromethane (10 mL) and cooled to 0°C under nitrogen. Triethylamine
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115 2-((R)-2,3- dihydroxypropylamino)-4- (5-(trifluoromethyl)-1H-

pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile 379 116

2-((2S,3R)-1-hydroxy-3- methylpentan-2-ylamino)-4-

W8 Attitidmethyl)-1H- pyrrolo[2,3-b]pyridin-3- yppyrimidine FS-E4iis0eieiei 90
05 -((1- ylpiperidin-4- yOmethylaming)-4-(5-, .
T8 o Py S S P TS A e 1920
pl, 448 18D-{(dretdgipipnpinss- Vimethylammo)ute(baftsifiuedamethyl)-1H-
imidine-5-carbonitri -((IR,39):3-

s S CE T e
Samfﬁﬁéﬁ%?‘@f@,?PB]‘BW@£S®§W®ﬁ#h@ﬂ?@5%m@&%@m@@mﬂ

magredO2AGA2HM)ed ol Chadha B4 4(1KuR) 18 2 ée(d ’Gg)m&)QQd(m Shite solid
1H, m) WO 2008/079346PCT/US2007/026190 120

9.26
(706 $g P9 % ¥i5ifbio[2,3- b]pyridin-5- yl)methylamino)-4-(5-
"H N gormmg tyd)MH -z ralpf318- bipyridin-8: yitpyrimjdinesSr carbanitils 2.06-

2.20?2%% m), 3.03 (3H, s), 3.60 (1H, br s), 4.39 (1H, d), 5.00 (1H, s).
Step 3. Trans-(R)-tert-butyl 1-{(4-aminocyclohexyl)ethylcarbamate

A H, 2
“Q,
H

{0229] Cis-(R)-4-(1-(tert-butoxycarbonylamino)ethyl}cyclohexyl methanesulfonate (706 mg,
2.196 mmol) was dissolved in DMF (10 mL). Sodium azide (713.8 mg, 10.98 mmol) was
added and the reaction was heated to 80°C for 18 hours. The reaction mixture was cooled
down to ambient temperature and partitioned between EtOAc (50 mL) and water (50 mL).
The organic layer was separated, dried over magnesium sulfate and filtered. The ethy!
acetate solution was taken into next step without further manipulation.

16230} The above solution was diluted with MeGH (50 mL) and 10% Pd on carbon
(Degussa) (120 mg) was added. The reaction mixture was place under a hydrogen
atmosphere and stir at room temperature for 18 hours. The catalyst was filtered off and the
mother liquors were concentrated in vacuo to afford the title compound as an oil (558.4 mg,
quantitative yield).

"H NMR (CDCls, 400 MHz) 8 1.02-1.32 (8H, m}, 1.45 (OH, s}, 1.62-1.84 (4H, m), 1.87-1.95
{(2H, m), 2.60 (JH, m), 3.53 (1H, m), 4.39 (1H, m).

Step 4; Trans-tert-butyl (R)-1-(4-({R)-2-
hydrexypropanamidojcyclohexyljethyicarbamate

SR 3
O'LLN"" o
H NJJ\,\OH
H

[6231] Trans-tert-butyl (R)-1-(4-aminocyclohexyljethylcarbamate (125 mg, 0.52 mmol) was
dissolved in DMF (3 mL). D-Lactic Acid (49.52 mg, 0.52 mmol}, diisopropylethylamine
{166.6 mg, 224.5 pL, 1.29 mmol) and TBTU (165.6 mg, 0.5158 mmol) were successively
added. The reaction mixture was allowed to stir at ambient temperature for 3 hours. The
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CDC13/Me0D: 2.04 (2H, s), 2.66 (1H, s), 6.70 (1H, d), 7.55 (1H, d), 8.58
E?I—fll m), 8. 9?1(1|)K s), 9.35 (1H, s) 121 N-(4-(1-(5-cyano-4-(5-
rifluoromethyl)-1H- in-3- pyrrolo[2,3-b]pyrdi yl
% ?ﬁlﬁo?é%yl)phenyl)aceta mide 466 CDClB/MgB)I;)Ir i%?)(g‘é@ﬁ}ﬁé?n?/géﬁue
crude g%H %L%%\?&%?a%ﬁoﬁ@b gct%@eéa%l-hg ) abeffle(2dd e, 815@ 61@&11,0@)%&85 kel
s), 9.14 (1H s) 9.40 (Hlﬁ}g‘\’ %gs (1H, m
dried @zexx(@mw@mnﬁm {ReAYH SIRAHR “A"(%"‘(Pﬂﬂuo%ﬁ% W puified
on smraxr,gja'%ﬁ@ﬁy%ﬂi%n%iﬁ@%{wﬁw@mmmm o-GRa13)-1068 (3H,
m) r 1 2H, 7.40(1K,
MeOR BRVHD 8} BG . & PRHT (500 A ) 10 00K 99153
'H Nmt(@gx? 3, 400 MHz)S; 10 (3H, d), 1.12-1.38 (5H, m), 1.44 (3H, d), 1.46 (91, s),
5- cya ifluQr )-1H relg[
LT3 e S et Do m T re ST cetborite £8 124
q), 4. ﬁ@{ﬁéfdmmezazmﬂn@l)phenyl)ethylamlno) -4-(5- (trifluoromethyl)-1H-

PRI 3 Ba X snearbonitile-49 3hkia), 3.2
&L@y&m % ]8%&%9) 6.96 (2Hmrjr%a$129 (H, m)ys 71%%5% kéﬁé&% (1H4
d), 13.08 (1H m) 125 2-(1- (4-@9

no)-4-(5-(trifluoromethyl)- 1Hpyrrh lo[R %%py«rldln -3-
yl)pyrimidine-5-carbonitrile 494 1.53 (Sih-li-l ), 3.03 (41-1, m), 3.69 (4H, m),

[0232%3%8%%? rﬁﬂ glep’Ej ?( Wﬁ%@éﬁsﬁ%h&%&%ﬁc%mm (66

mg, W@Dhﬁﬂvl)mwlh-m@?%r(@@mmgﬁh@m%ﬁ tHIpyhEBos B SR Goxane
(209&'&%%%%%&@&8{3'{%% 2tkd. The reaction mixture was stirred at ambient

temperature for 18 hours. The crude mixture was concenirated in vacuo and coevaporated

10lingphenyl)ethylami

three times with diethylether. The residue was dissolved in methanol (10 mL), passed
through a sodium bicarbonate cartridge and concentrated in vacuo to give the desired
compound as a white solid (45 mg, quantitative yield).

'H NMR (DMSO:de, 400 MHz) & 0.80-1.10 (6H, m}, 1.12-1 40 (6H, m), 1.50-1.82 (5H, m},
2.54 (1H, m), 3.45 (1H, m), 3.91 (1H, quint}, 5.40 (1H, d), 7.35 (1H, d).

Step 6: Trans-(zR)mNn(ét-((lR)m1-(5-cyane-4-(5«(trﬁﬂu&mmethyi)«iﬂ-pyrmlo52,3»«
b}pyridin—Smyl)pyz'imidin-zuyiamino)ethyi}cycﬁohexyl}uzmhydmxypmpanamide I-265

Fp
F N
g

Y3
LS
N)L]\OH
H

10233] Trans—(R)~N-(4—((R)-1-aminoethyl)cyciohexyl)a2-hydroxypropanamide (45 mg, 0.21
mmol) was dissclved in THF (6 mL) and DMF (2 mL) and stirred over 4 A molecular sigves
for 10 minutes. 4~(5—(triﬂuoromethyl}-i-tosyl—IH—pyrroio[E,?s-b}pyridin-B-yk)—Z«-
(methylsulfonyl)pyrimidine-5-carbonitrile (131 9 mg, 0.2100 mmol) was added. The reaction
mixture was stirred under nitrogen at ambient temperature for 18 hours, The molecular
sieves was removed by filtration and washed with EtOAc. The filtrate was washed with
water, dried over magnesium sulfate, filtered and concentrated in vacuo. The residue

dissolved in tetrahydrofuran (6 mL). Lithium hydroxide (840.0 pL of 1 M, 0.8400 mmol)
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1.63 (3H, d), 2.01 (2H, m), 2.35(3H, ), 2.59 (2H, m), 2.72 (2H, m), 3.44
(2H, m), 3.54 (2H, in), 5.33 (1H, d), 6.64 (2H, d), 7.24 (2H, d), 8.45 (1H,
s), 8.59 (1H, s), 8.67 (1H, s), 9.19 (1H, s) 127 2-((R)-1-(4-(4-

WS ipkrazin-1- yl)phenyl)ethylamino) -4-(5- (trifluorometRfijA§2007/026190

idin-3- bonitril d

was g e 5 O I s 0 (A PR, The erude
mixtGB348 SafBtony)] Bep8eRDBH A darin 8 :68-818 ¢4 Mm ) 8abi(O:BihS) B:26 dried
ok e Sy
reverpg/nhﬂﬁqmm}pw@luwiylb%w dinelizedalBoHihé 460 facdlrom) mrobesHi 0%

95% @A\(sgi'\?éﬁ 2.54.(Bh, T A3 AL, mii%tﬁz(zﬂﬁt‘ﬂ?)myaﬁﬁg Hvzﬁﬂ)e@a@i@'ﬁ'ﬂmm
Ss), 8.70(2H, s), 9.12(1H, s), 1266 1H, br s) 129 2-0)-1-(6-(4-

The frgiRpmIBErLA IEae R iEasy mw&mfﬁ&ﬂ%ﬂ(@n&wﬁmﬁ%mfwe -dried
to g YO, mmﬁawmrsmidln@&garb%w@ﬁ% 1H NMR

nGURAER AR 5 Q8 O G b o

d), 3.059)3BOGBILE KH] 30), 28 LSV $4H4 () 3ELOA; 9&8(01@}%1@28{@1!4 m 8.50

oo B B LR R 0
9.23 Eﬁﬁ%@(?k@‘*lhﬁf@@@@ﬁs@s B027ES Y08.59 (1H, d), 8.75 (11-1, s),
8.86 (1H, d), 9.24 (TH, d) yl)phenypethylamino)(5

Exampie 6: 2-{1-(6- (4-hydr0xy-—1 methylpiperidin-4-ylypyridin-3-yhethylamino)-4-(5-
{trifluoromethyl}-1 H-pyrrolo[2,3-blpyridin-3-yhpyrimidine-5-carbonitrile I-266

[0234] 2-bromo-5-(2-methyl-1,3-dioxolan-2-yDpyridine (500 mg, 2.048 mmol) (described in
the literature: Bioorg. Med. Chem., 2005, 13, 6763) was dissolved in anhydrous
tetrahvdrofuran (10 mL) and cooled to -78°C under nitrogen. »#-Buli (501.2 pL of 2.5 M,
2.253 mmol) was added dropwise and the reaction mixture was stirred at -78 °C for 30
minutes. 1-Methyl-4-piperidone (602.6 mg, 655.0 pL, 5.325 mmol) was added and the
reaction was allowed to sfir at -78 °C for 20 minutes then warmed slowly to ambient
temperature. The reaction mixture was stirred at room temperature for 18 hours and
concentrated in vacuo. The residue was purified on silica gel by flash column
chromatography to afford the title compound as a sticky orange solid (483.4 mg, 85% yield).
'H NMR (DMSO-ds, 400 MHz) § 1.20-1.70 (5H, m), 2.03-2.40 (9H, m), 3.74 (2H, t}, 4.00
(2H, 1), 5.03 (1H, m), 7.65 (1H, d), 7.77 (1H, dd), 8.54 (1H, s); MS (ES") 279.
Step 2: 4-(5-(1-amincethyl)pyridin-2-yl)-1-methylpiperidin-4-ol
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(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile
131 2-(1-(4-(1,4-diazepan-1- yl)phenyl)ethylamino)-4-(5- (trill
uorornethyl)-1H- pyrrolo[2,3-blpyridin-3- yOpyrimidine-5-carbonitrile 507
WG 390461 -morpholinopropan- 2-ylamino)-4-(5- ,. (trifluordrh&tHSA ({26190
pyrrolo[2,3-b]pyridin-3- yl)pyrimjgiine-5-carbonitrile 432 (at 110C) 1.30(3H,
d), 2.50- 2.67(6H, in), 3.55(4H .39(1H, in), 7.63(1H m), 8.62(IH, s),
8.69(2H, s), 9.11(1H, s), 12.66(1 33 2-((R)-1-(4-
(dimethylamino)phenyl)ethy Iamlnohj 4-(5- trlfluoromethyl) -1H-
pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5- carbonitrile 452 1.51 (3H, m), 2.81
10235(6HMath8: 23 T B.6 B LK (e 2n)) e diny2o8 Ypperiie d-ph (83 ),
17355051904 %Ebéﬁ&e&ﬁlqgn%dm%u%wm OLRMEIS %347 L., 6.97 mmol) was

2-((R)-1-(1-acetylpiperidin- 4-yl)ethylamino)-4-(5- (trlfluorometh d) -1H-

adde"pyﬁtﬂéfz%@ﬁ&ﬁﬁ@sw%ﬂ)w R LSGTHHIE 9548 hgyrpaLdipgnoentrated
in vacked.9-1.23 (4H, m), 1.76-1.84 (3H, m), 1.93-1.98 (3H In) 2.96 (IH in), 3.80

s R R B SRR B o

mmogowwaam@musammamaamzusﬂl{@ &"ébgl@%’hdm}d) were
succesie.f(/H!S/ r:‘g Eﬁgargon %}rl%%%[g Sy ByiiRle [%1%;3'8}9%{;'9 K318 hours then
at 40°C for a ﬁmher 7 hours. The reaction mixture was allowed to cool down to room

temperature. The resin was filtered off and the mother liquors were concentrated i vacuo.
The residue was dissolved in methanol (20 mL) and MP-Carbonate (2.763 g, 8.675 mmol)
was added. The reaction mixture was stirred for 6 hours. The resin was filtered oif and the
mother liguors were concentrated in vacuo. The residue was purified on silica gel by flash
column chromatography to afford the title compound as a yellow solid (159 mg, 39% yield).
'H NMR (DMSO-ds, 400 MHz) 8 1.27 (3H, d), 1.44-1.48 (ZH, m}, 2.08-2.60 (9H, m), 4.02
(1H, ), 4.12 (2H, br s), 4.97 (1H, s}, 7.58 (1H, d), 7.75 (1H, dd), 8.46 (1H, d); MS (ESH
236. '

Step 3: 2-(1-(6-(4-hydroxy-1-methylpiperidin-4-yhpyridin-3-yDethylamino)-4-(5-
trifiuoromethyl)-1H-pyrrolo[2,3-blpyridin-3-yDpyrimidine-5-carbonitrile I-266

[0237] 2-(Methylsulfonyl)-4-(1-tosyl-5-(trifluoromethyl)-1H-pyrrolo[ 2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile (160.2 mg, 0.255 mmol) was added to a solution of 4-(5-(1-
aminoethyl)pyridin-2-vi)- l-methylpiperidin-4-ol (66.01 mg, 0.28 mmol) in tetrahydrofuran (8
mL). The reaction mixture was stirred under nitrogen at room temperature for 18 hours. IM
Lithium hydroxide (1.020 mL of 1 M, 1.020 mmol) was added and the reaction mixture was
stirred at room temperature for 4 hours. The crude mixture was partitioned between ethyl
acetate and brine. The organic exiracis were dried over magnesium sulfate, filtered and
concentrated in vacuo. The residue was purified by reverse phase preparative HPLC [Waters
Sunfire C18, 10uM, 100 A column, gradient 10% - 95% B (solvent A: 0.05% TFA in water,
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458 1.02 (11-1, m), 1.21 (41-1, m), 1.76- 1.84 (31-1, m), 1.93-1.96 (3H, m),

2.96 (1 H, m), 3.80 (11-1, m), 4.05 (IH, m), 4.41 (IH, m), 8.14(1K, m),

8.58-8.79 (3H, m), 9.12 (1H, m), 13.10 (1H, m) mixture of rotamers
WRANKEIRYOL - (5-cyano-4-(5- 1.54 (3H, m), 2.91 (3H, m), 5. Z%CT’USZ““W“%”@

soive%rgl :‘?f—? @ﬁ&hé/\%rli_g n‘(lmxtgg)at 5§'§1‘I7.h}1?n22 HEraleidhi %Mfi@@@ %Qsed

pyr 3502 7.40 (2H, m), 8.6 m), yl)pyrimidin-2-
thmughﬁ-wmwnsnwb%ta@ﬁn%e Wrﬁﬁ?@?&ﬁ?ﬁﬁﬁ&%%ﬁﬁ? @@@PB’Q@&F‘) 2 white
solid }@g@l{é_}g% ﬁgid}_esulfonamlde mixture of rotamers

'"H NMR (DMSO-dg, 400 MHz) § 1.40-1.49 (2H, m), 1.59 (3H, d}, 2.05-2.21 (2H, m), 2.16
(1.5H, s}, 2.16 (1.5H, 5), 2.25-2.33 (2H, m)}, 2.50-2.55 (2H, m), 4.96 (1H, d), 5.31-5.41 (1H,
m), 7.58-7.65 (1H, m), 7.78-7.87 (1H, m), 8.51 (0.5H, s), 8.57 (0.5H, 5), 8.70-8.72 (3H, m),
8.52-8.56 (1H, m), 8.97 (0.5H, s), 9.20 (0.5H, s), 13.03 (1H, br s); MS (ES") 523, (ES™) 521.
[6238] Compounds prepared using the methods of Examples 1-6 to give the title compounds
-1 to 1-299 are shown in Table [

[8239] The characterization data for these compounds is sununarized in Table I-A below
and includes LC/MS (observed) and 'H NMR data.

Table 1
E—FF g F No [fF N FF:F N
N M
H H
I-1 I-2 I-3 i-4
F
F. M FF FF M. E:F N
F = F = e = = N
e Reg Qe Hpare
¥ N
I-5 I-6 I-7 1-8
N
o Hm o s R
Wl
XO NN Iy gi H/\Elof
- .10 1-11 12
W h?@ 0 W e W
[-13 I- i-15 i-16
L-17 I-18 i-19 [-20
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N-(4-((IR)-1-(5-cyano-4-(5- 0.75 (4H, m), 1.54 (3H, m), 1.74
(trifluoromethyl)-1H- (11-I, m), 5.26 (1H, m), 7.29-7.35 137

yrroIH%23 b]pyridin-3- 492 (2H, in), 7.48-7.55 (2H, m), 8.69- 26190
&I}’BW {Mfds-2-"8.74 (31-1, m), 8.80 (1H, m), 9.00- PCT/US2007/
. yIarnlno)ethyl)phanyI)cycIo 9.22 (1H, jn), 1“0 14 (1H, m), N
: ecarboxamjde's (1H in) Mixture itamers ( /%/
% m)\ 4 ’@\ \ ¢ ! /\O / |
1.2 [-2 .23 [-24
3}}\?% b;f’\@ ﬁ/b }?bvk
1-25 i-2

I-29 I- I-3

@WQ WNW

I3 -34 [-35 I-36

b?”*@ D e

1-37 I-38 -39 I-40
E F w FF £ F ] /O-\ F F N
W M H M NN O
) "ﬁov E ?°“ R CEE
1-41 [-42 I-43
ﬁﬁ '\@)( L}S}}/ﬁ: N’\Q Q ?}?‘ b?:‘: b‘
1-45 1-46 -47 1-48
1-49 I-5 I-5 I-5

g1



3.63-3.69 (4H, m), 5.20-5.27 (11-1, 2-(1-(6-morpholinopyridin- m),
6 78-6.85 (1H, m), 7.59-7.65 3-ypethylamino)-4-(5- (1H, m), 8.11 (0.5H,
), 8.19 138 (trifluoromethyl)-1H- 495 (0.5H, s), 8.71-8.77 (41-1, i
WW?P& {BP%ppyridin-3- (0.5H, s), 9.19 (0.5H, s), 13.03 Bt Ao

F);})/}%)%Lmldlne -5- cag%rnq (0.5H, s 73,09 (O 5H, s). -1: 1
| et
% b U}

\,;Z

br;( @Ws\w “Qm’ﬁj
@f «Qﬁ waj}?f O “ e
Wﬁ ‘“?Fm W wj?}?f e
WN»\J\/”?}N}” ¥s b{f /\W o
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mixture of rotamers, water peak obscures some signals 1.54 (3H, d),
2.17 (1.51-1, s), 2.20 2-(1-(6-(4-methylpiperazin- (1.5H, s), 2.33-2.37
(41-1, m), 3.37- 1-yl)pyridin-3- 3.43 (4H, m), 5.20-5.24 (1H, m), 139

Wi etiiiitso)-4-(5- 508 6.77-6.83 (IH, m), 7.57-7.62 (1H,

POCT/US2007/626190

(trifluoromethyl)- I H- m), 8.08 (0.5H, s), 8.16 (0.5H, s)EH,

WZ ,3- b]pynd,arr—B

I-81 i-82

i-84

?}ﬁ\iﬂ ’\/(jm ”’\——N\/' N?};QLNO b;@ HE

I-85 I-86
IJ:F_N \j{ ;%
SRSVl
-89 I-90
AL N S "
3@%"“&% ks }”’kﬁ\,Q
Ci P
1-93 I-94
£F w OH
| N N N
H
[-97 [-88
O Rs% ”“b
[-101 102

OH

F F
ﬁwﬁ F&>_N Y\/\ :
N NN N};r o WAN»\/{DH

i-105 [-106

1-87
F M
LZ:;?;’J‘N’Y W ’\Q
191 192

N N\AN

AL o _
2]

H

I-95 [-96

i ”@W‘Q

-9 [-100

N?i;}@k;(ow w LC
I-103 {104

OH
:
)}}?:N

1-107 I-108



8.69-8.73 (4H, in), 9.05 (0.5H, s), yl)pyrimidine-5-carbonitrile 9.18 (0.5H,
S), 12.95 (11-1, vbrs). - 1:1 mixture of rotamers 140 2-((R)-1-(4-(4-
isopropylpiperazin-1- yl)phenyl)ethylamino)-4-(5- .
WorHligE SR athyl)-1Hpyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonirile b5 "
WO 2008/079346PCT/US2007/0 141 methyl 4-((1R)-1-(5-cyano-
v (triflyoro > A%@Io[%ﬁi&n%ﬂw)pyrimidin-z-
v yldfnfhoyethyl)phedylcada mate 4827353 (3H, m), 3.62 (3H, m), 5.28 (1H,
Hm), 7.28-7.41 (4H, m), 8.69- 8.78 (4H,Hm), 8.99-9.21 (I H, m), 9.58 (1H,
m);88.03 (1H, br s) mixtuge of rotamers 14212-((R)-1-(3-fluoro-4-(4-

methylpiperazin-1- yI)phenyl)ethylamino)-4-(5-(trif|uoromethyl)-lH-\g/
.5

+3-b]pyridin-3- yI)permid} -5-carbonitrile 525 Sy ou
ﬁ%@tm), 2.4 -1ha2i§5-3.02 (4H, :5.28"
5- 7.02C1H, m), 7.02-7738 (2H,mm), 8.7+ 8.97
1-1,$), 9.12 ‘gpusyﬁ), brs) 1 )
\_/

H

I-

55
Fr
F N‘:..
=N
\“:, iNJ'J\N
N-Z B
HN

i-112

84



2-(1-(6- (dimethylamino)pyri4in-3- yflethylamino)-4-(5-
(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile
453 1.54 (3H, d), 2.94 (3H, s), 2.98 (3H, s), 5.18-5.26 (1H, m), 6.61 (1H,
WHR P/ ERF59 (1H, m), 8.05 (0.5H, s), 8.13 (0.5H, s), 8.70- EFH A0 H{§6190
9.07 (O.5H,Hs), 9.19 (0.5H, s), 13.02 (0.5H, brs), 13.09 (0.5H, brs). -1:1
mixture of r8tamers 144 N-(4-((IR)-1-(&¢yano-4-(5- (trifluorom -1H-
pyrrolo[2,3-plpyridin-3- yl)pyrimidin-2« y mino)ethyl)phenyl)pr(filﬁ
rsonamide. 480 1.05 (3H, my, 1.54 (3H, 1), 2.25- 23@F(ZH m) 5.26 (1H,
i . 5 (2H, m)‘”48ﬂ .55 (2181, 8 7 '
QULT, ), 900-0.22 (1H/mY, O T8 ET 47, m)imitturk
N-fotEmers A5 2-((R)-1-(44(- xoﬁyrrﬁllln 1- yI)pheN efhylEmitho)-4-(5-
rifluoromethyl)-1H- pyrrol@TZ 3-b]pyridin-3- yl)pyrlmlé" e-5-carbonitrile
49812564 (3H, m), 1.99-2.06 (2H;,5m), 3.74-3.82 (3H, m),I6128 (1H, m),
7.36-7.42 (2H, m), 7.54-7.61 (2H, m), 8.67-8.71 (3H, m), 8.78 (1H, m),
8.99-9.21 (11-1, m). Mixture of rotamers 146 2-((R)-1-(4-((S)-1-
methylpyrralidin-3- yloxy)phenyl)ethylamino)- 4-(5-(trifluoromethyl)-1H- £,
pyrrolo[2, bE)yridin 3- yl)pyrimidine-5-carbonitrile 508 MeOD 1.59 (3H£
e m), 2.34 (21, m), 296(3Hm) 3.32 (3H, m), 3.82 (21-1, m), 5.25 (21-

1 N
£y, 6. 90( 7d), 7.39 4 cﬂ,@ 45 (1H 69,°8.60 (1H, s), 8.1 (L. H s)
R NO2008/079348R( 190 147 2-((R)=2- (6=~ ¢l
hiﬁ*pe Nein-1- y1)pyligie3° ino)- 445-06 N‘ﬂ‘* 2
romethyl) 1Hpyrrolo[2,8M]pyridin-3- YOpyrimidine-5- cartomitrile Sdé
Cqrpound No |- 1128 1-129
i
F v N s
FF N F ’/\O
F N, (™ b F Mo
o e =
w ! HiN . N/\\ w NN
HN k\,,MH HiMN H
I-130 i-131 [-132
F F
Fr v Fdh Ne Fk" Ns
SO RS OO N ST
N/ n* N A N N
A H,@t}z’ HN /\C?\'g/ HN N%(
I-133 [-134 1-135
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Name NI+1 (ohs) 111 NMR (DMSO-D6) 149 2-((R)-1-(2-fluoro-4-(4-

methylpiperazin-1- yl)phenyl)ethylamino)-4-(5- (trifluoromethyl)-1H-
“Pé/rrolog_z(),?a-b]pyridin-& yh)pyrimidine-5-carbonitrile 525 1.48-L52 (3H, m),

SIPP3E§ 2.7-2.76 (2H, m), 2.9-3.03 (2H, m), 3.07-3.2 (2BCHSH§826190
(2H, m), 5.4-5.5 (0.4H, m), 5.53-5.6 (0.6H, m), 6.7-6.85 (2H, m), 7.3- 7.4
(1H, m), 8{&8.9 (4H, m), 8.97 (0,&H, s), 9.22 (0.4H, s), 9.63 (1H, br s),
13.0-13.1% (11-1, m) 150 2-(1-(1: (thethylsulfonyl)piperidif-4-
ypethylamino)-4-(5-({rifluoromet )-1H- pyrrspLo[Z,B-b]ﬁﬂ/ri gih-3-

~¥ yDRyrimidi é/— -cafbpnitrile :

-
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494 1.2-1.35 (5H, m), 1.5-1.62 (1H, m), 1.8-1.97 (2H, m), 2.6-2.74 (2H,
m), 2.82-2.87 (3H, m), 3.5- 3.65 (2H, m), 4.0-4.1 (11-1, m), 8.3-8.36 (1H,
m), 8,67-8.8 (3H, m), 9.1-9.2 (1H, m), 13.0-13.15 (1H, m) %% 2dddBo2s190
W(}(%r%{e) Qg%%ino)pyridin-fs- ylethylamino)-4-(5- (trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3- yI)pyrimidine-S-Cﬁ;bong ile 439 1.55 (3H, d), 2.85
F ézeg (1,5H, brs), 5.17-5.22 ( m[rjl .

51-1, bif), 7:87 (1H, s), 7.96 49,5H, inf), 8.2:8. mﬁ --
5H.'s @o s), 13.12(0:5H,15); -1:1 n¥ixtu @
gotamers 152 methyF4-{1-(5<Cyano-4-(5- (tr]ifﬁﬁoromethyl)-lH-

i-154
e .
7\ \NJ\N
A H N OQ
HN T
0
1-136
CFy o
=
ML
N~ LA
C;
1-158
CFy e .
@ \NJ\N
N H N R
HN N
o}
i-160
CF,

s’
[-162 1-163
CF;
NC
CF Z N
§ NGz N 7\ <
74 \ ﬂ\ N N
J
n=¢ N H HN Neg
HN N‘CH3 Oz
O
I-164 1-165
CFs ne
i
7 i
CF, \ I8
NC Za M= f N g I =3
7 \ =~ J\ HN N/ N/\
N= | N § L\/N‘H
HN N._.CN
[-166 [-167
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pyrrolo[2,3-b]pyridin-3- yl)pyrimidin-2- ylamino)ethyppiperidine-1-
carboxylate 474 1.0-1.3 (6H, m), 1.68-1.72 (4H, in), 2.65-2.85 (2H, m),
3.52-3.58 (3H, m), 3.9-4.1 (3H, in), 8.25- 8.29 (1H ,m), 8.66-8.8 (3H, m),
WG P77 Cs), 9.18 (0.3H, s), 13.0-13.15 (11-1, m) 153 2-( [REFLUS2067/026190
CFgethylsuIfonyl)piperidin-4- yI)ethyIamino&-ﬁ-(S- (trifluoromethyl)-1H-
rrélé Wpyridin-3- yl)pyrimidine-5-cagboni& .15-1.3 (8H,m),
-1.6i(11-1,m),1.82-1.95 (21-1,m), 2.7-2.85 (2 m);)\2.92"-2.98 (2H,m),
a m)! Gy

65%2H 1), 210331 (ibk1,m), 8.28+8:31 (1A, my, 8F8E
.18 (1H,m), 1 é&k@) HN @ g,s\/
1-169

=83-

oug
i-168
F
C/’ NC ij NC o~y
~——\ \NJ\N S ) \Nﬁ\N ;
N / H H N | H H
HN N\/ HN N
O 0 :
-176 1-171
CF,
NC
~a N1 -
T CF
/_m\ \Nﬂ\N : S NG
N | H H a N
HN N\( N NN
O HN H N._-CN
172 i-173
CFs CF
NC 3
~Z N NC AN
/___\ \N/{kN / \ " /H\
) HN , H N\n/ = ; H
HN N\ //\\
S
O Oy
I-174 I-175
CF;
) \NC /‘N ; CFy o —~
s 4NN :
HN ! NH ) HN | H/U .S0,CH;
o i
176 I-177
CF CF,
3 NC.__ N P NG~ N :
4 \ ~ j\ \ = /IL -~
N=C N R e NSO R
HN N_F HN OH
I-178 1-179
CF,

&8



WO 2008/079346PCT/US21107/026190 154 2-((R)-1 -(4-(1-
methylpiperidin-4- yloxy)phenyl)ethylamino)- 4-(5-(trifluoromethyl)-11-1-
pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 522 15
w &tiffonyl)phenyl)ethy lamino)-4-(5- (trifluoromethyl)- %IQE%S%UWM%
yrrolo[2 3- b]pyrldln 3 yl)pyrimidine-5-caybonitrile 487 156 benzyl

R

i-183
CFy
p NC._o~
LS NEN
N N § “F ne

CF
CF; NC oy P ONC Ay
2 at 7\ o L
N=C H N=C - ©
HN CH HN NW/\
O 18]
1-186 I-187
CF
CF3 NC p N 3 NC 2N
2SN J@ 7y KK /LO
N-—.
M= ; l N
N HN NHCH;
iy R T
O 1-189
I-188
CF, CF,
NC Ny - NC. =
7/ L 7 J§
> - =
HN SO; ~ N Nﬁ
~ CF
7\ L J\O GOSN J@
N
HN }LWT/N\OP{ HN $”’
G
s}
1192 - I-193
CFj NC N Cljj NC P
N N N = N | i l P
f H || HN N
I-1%4 1-195
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1.21 (5H, m), 1.76 (3H, m), 177 (2H, m), 4.05 (3H, m), 5.03 (2H, m), 7.34

(5H, in), 8.27 (111, in), 8.66 (31-1, m), 9.13 (111, in), 13.04 (1H) 157

4-(1-(5-cyano 4 (5 487 1.21 (5H, m), 1.63 (3H, m), 2:68 (2H, m) ‘r2i7%§£|m
W30 .’??%Q(H, m). 4.03 (111, m), 8.26 (1H, m), 8.66 (31-1, M- & 11
Cgp), 13.0_8_(1H) (trifluoromethyl)-11-1- p,vﬁBoIq[Z,S’_-t_)]pyridin-S-

yH 5 Ylamino)ethyl)-N,N- dimethdpi nl- carboxamide
458 2-(14(1- (cyclopropylsulfonyppiperi dQ-4\ &.ﬁm%
N== N N =

|
N
H
o 502 i Q'/
[-196 CH
107
CF, CFy
NC N NC =N
7} | & I
« Mo S . A
N= N™ N = N=C N |
/ H | = HN : =
™ N ®<—< " D\
F
OH 1-199

S0



(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile

520 0.85-0.98 (411, m), 1.15-1.3 (5H, m), 1.6-1.7 (1H, m), 1.8-1.9 (2H, m),

2..7-2.85 (21-1, m), 3.6-3.7 (2H, in), 4.05-4.15 (1H, m), 8.3- 8.37 (11-1,
Wi)298%5%8%8 (3H, m), 9.1-9.2 (1H, m), 13.05-13,15(111, in) FGAL{A}T826190
(cyclgpropartecarbonyppipe ridin-4- yl)ethylamg’]o) -4-(5-
(triftorogethyl)-1H- pyrrolo[2,3-b]pyridin-3F rimidine-5-carbonitrile
484 0785 (2 ‘:gim): 1. 22 (61-1, m), 1.84 (4H ¢ (117 m), 4.06 (1H,

171 27 (1 H, in), 8.67 (3H, W) ,|n’5 08¢11-1,
) (1-(5-cyan (ﬁ”‘(tmrﬁluoromerhyl) -1 HN " & ﬁ\,

I-210 i-211
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pyrrolo[2,3-b]pyridin-3- yl)pyrimidin-2- ylamino)ethyl)-N-

methylpiperidine 1- carboxamide 473 1.04 (2H, m), 1.22 (3H, in), 1.70
311, m), 2.50 (31-1, in), 2.54 (2H, m), 3.99 (3H, in), 6.30 ( W g
Wil gﬁq ; b7 (311, m), 9.14 (1H, m), 13.03 (1H, s) 161 2- ((%;ﬁf(é e
metla;glpyrrohdm -3- onxy)phenyI)ethyIamlno)FA (5 (trifluoromethyl)- 1H-

pyFi -.‘ #3-bJpyridin-3- 508 1.55 (31-1, m), T¥ m), 2.23 (1H, in),

2.84¢790(3L 1 \m); 367 (2H, in), 5.10 (1H, ng)=53,30(1H}, irf), 6.88-6.96
(2H MY, 773447 40 (PHIm), 8. 0-8.75 (3H, | --*:;:__r Woh '
2008/6%9346PCT/US20077026160 yl)pyrimidine-5-carbonitrie ©H, ¥,

9.00-9.21 (1H, m), 9.99 (?H m), 13.09 (1H, m) mixture of rotamers
i-224 1-225

= F
F N\‘: F F N
e N N
{ . F == ]
\ - "
N ; NN i:l 4 ; N’LH Y
HN Ny ™ NH, HN W NH
O G
1-234 £-235
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162 2-(1-(6-(4- hydrox ypipenidin-I- yl)pyridin-3-yflethylamino)- 4-(5-(trifl
uoromethyl)-1H- pyrrolo[2,3-13]pyridin-3- yl)pyrimidine-5-carbonitrile 509
1.33-1.47 (2H, m), 1.54 (3H, d), 1.70-1.76 (21-1, m), 2.95-3.05 (2H, m),

W8 sHHI7HAH, m), 3.90-3.99 (2H, m), 4.62-4.66 (1H, m), 5. F§-TEU520¢7fap6190
m), 6F§O (1H, dd) 7.54-7. 59(1K m) 8.07 (O 5|;| s), 8.14 (0.5H, s)

top e (o ometi) 1H-
S . \étRyT)-N- rﬁé%@e mide
466193"73H m), 2.72<2. (§”H m) My on
o]

I-236

5|
[-238 1239
£ E
F ¢ N F F N s,
- ~ E\N = — b ]\N -
" ! Nd\ﬁ,\o OH w ! N‘»,LS»\O
HN N#Nﬁz HN N NH,
O o)
1-240 [-241
Fe br
F Mo F N s
e = E N - = = i N -
""’KFN’J\H/\O OH ’:'/IN’,L/\C':
HN N H, HN NY\NHZ
0 0
1-242 [-243
F *F
Fb o F N
S SURE:
Taanhe cEange
HN M NH, HN ,N/\j
T e
1-244 1-245
E Fe
Pt N Ny
- N g - SN -
- A s HaN W INJ\N
§ f H/\O\‘p HN! HI\O\* NH
HN Y\./ 2
o} o~
[-246 L.247%
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5.34 (1H, m), 7,44-7.50(2K, m), 7.73-7.80 (2H, m), 8.31-8.36 OK m),
8.67-8.73 (3H, m), 8.86 (1H, m), 8.94-9.22 (1H, m), 13.02 (IH, m) mixture
of rotamers 164 4-418)-1-(5-cyano-4-(5- (trifluoromethyl)-1H-
VB 2P8I PB4 31 pyridin-3- yl)pyrimidin-2- ylamino)ethyl)-N- PCT/US2007/026190
methylbenzamlde 466 1.56 (3H, m), 2.72-2. 7; (3H, m), 5.34(1 H, m),
7.42- 5:0\(2H m), 7.73-7. 80 (2H, m), 8.31 *:-: (;LH m) 8.67-8.73 (3H,
' : =) MiXitre of rotamers 165
, S),
)Wz

/U

I-256 1-257
’\C;L

[-258

1-25%
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m), 13.08 (1H, s) 2-(1-(1-tosylpiperidin-4- yl)ethylamino)-4-(5-

(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile

166 2-(1-(1- (cyanomethyl)piperidin-4- yl)ethylamino)-4-(5-
WQRAMIGTGR#éthy 1)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5E€Arboiitrie 6190

3
by

1-262 1-263

1-272 1-273
95



yl)pyrimidine-5-carbonitrile 494 1.54 (3H, d), 2.72-2.76 (4H, m), 5.18-5.26
(1H, m), 6.76 (1H, dd), 7.56-7.61 (11-1, m), 8.08 (0.5H, s), 8.16 (0.5H, s),
8.68-8.72(4K, m), 9.05 (0.5H, s), 9.18 (0.5H, s). Water peak obscures

WA HASs, -1:1 mixture of rotamers 168 N-(4-(( | R)-1-(5-BfaRG3(Be26190
(triflugromethyl )-1H- pyrrolo[2,3-b]pyridin-3- prpyrimidin-Z-

ylarfi{p)ethyl)phenyl)cyclo propanesulfonarfi 0.72-0.9 (4H, m),
1.48 (@Fh, d),JB-12-3714 (2H, m), 4.02-4.05 (1 32 (1H, m),
7.05-F46 {gH MM 7:2557.33 (2H, in), 8.63- 8. ,m 788 (1H,
m), 8.92%0.6H, s), 9.18{04FE), 9.5- WO  HN NN

2008/079346PCT/US2007/828190 9.6 (1H, in), 12.92-12.98 (1H,' ni}*169
N-(4-((IR)-1-(5-cyang-f-(5- (trittuoromethyl)-1H- 1275

F
: F F M,
P = N
NN " N'J\Nh
‘ENH " HN‘ H }N’ NvC:NH
H
-276 .277

I-284 1.285
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pyrrolo[2,3-b]pyridin-3- yl)pyrimidin-2- ylamino)ethyl)phenypethan
esulfonamide 516 1.1-1.25 (3H, m), 1.58 (3H, d), 2.95-3.07 (2H, m),
5.3-5.37 (1H, m), 7.12-7.22 (2H, in), 7.32-7.42 (2H, m), 8.7-8.8
W@.é‘l%s.@?%iﬁ, in), 8.95 (0.6H, s), 9.22 (0.4H, s), 9.71-9.76 (Ti%
13.2(1H, m) 170 4-((IR)-1-(5-cyano-4-(5- (trifluoromethy1)-1H-
g)ethyl)-N- ethylbenzamide

‘:3'_2'9?;% 26190

48Q'F05-1.10'(3A, in), 1.56 (3H, m), 3.21=4A, yn), 5.30-5.37 (1H, m),
7.48-7.38 (2H, 1), [ 74-7.81 (2H, m), 8.34 (k. My8.67-8.74 (3H, m),
8.88 (%A, m), 8.95-0 3@ m), 13.04 (1H, brg) “*Lﬁ S -
e HiN N ?/\,’Nw
£
1-286 1-287

- i ™
& NN N
i H
1-288 [-289
F
F F [
— = i N g
82N
HM N, N,\'\
k,Nj
I-291
F
F F N s
o' z .":t\];
\Y -
N N N R
HN! IN’ N\CN‘
H
[-203
F
F F M s,
= = i\}\i -
{1 -
NN Y
HN NN
*
N\
[-295
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4-((1 R)-1-(5-cyano-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-2- ylamino)ethyl)-N- cyclopropylbenzamide 492 0.51-0.54
(2H, m), 0.64-0.69 (2H, in), 1.55 (3H, m), 2.78-2.82 (IN, m), 5.33 (11-1,

Vi) 20p840 97449 (2H, m), 7.71-7.78 (2H, m), 8.29 (1H, m), 8.6 7R8TUSBI /40120
8.881H, m), 8.96-9.22 (1H, m), 13.06 (1H, br s) 172

} Lr D-Cyano- 4 -(5- (trlfluoromethyl) 1H- PYrroIo[2 3- b]pyrldln -3-

L 5B ERH NAN

#

7747""3 (2H |n)
8.97-9.23

Table ITA:
Compound Mi+1 i
Ne (I-) Name (obs) H NMR (DMSO-Dg)

) o 2.95(3H, d), 3.02 (3H, d), 8.26
%é%i‘?j’;z‘;g%ig (1H, t), 8.4 (1H, 1), 8.67 (1L, s),

2 pyrrolo[2 3oblpyridin.3- 319 | 8.72-8.76 (SH, m), 9.24 (2H, d),
S o 13.04 (1H, b . 1 .
yDpyrimidine-3-carbonitrile [~1 FI rr;ixziz"e ljf i‘gtéri!rs]m)

98




(1H, m), 13.05 (IH, br s) 173 2-0-0- (cyanomethyl)piperidin-4-
yl)propylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

yl)pyrimidine-5-carbonitrile 469 0.914 (3H, m), 1.34- 1.40 (2

1.50-

W HBY7H34f), 2.55 (1H, in), 3.13 (2H, m), 3.79 (2H, m) 8. 16’?1’?1”)§2%’7026190

8-74-(3H- M) 94N 305 (i s) 1742 u -
yl)propylaniiicpaebylanifnmrdriethyl)- 1H- pyrrolé[ ;}E H%@‘{'c?g 2)48127
y. pyrimldlnétﬁfbmmthi}@iﬂ?‘é 1.04 (3kl-m), L. @H (7’4’5 )’9 17
(CH, in),| 1. PaBiplihy-almsideim),12.92 (1H, m) 3 gél( Ig’])()étﬂi_ vbrs),
(11-1, m) yBmgigprineifenoyiisls, m), 9.11 (1H, m [Qi&%r&am
4]
2-(tert-butylamino)-4-(3- (llig; ;r?j, 38).315 ??}({?grsi? 8%623
4 (mf’;"“};"fgthﬂ);ﬂ; 361 $.74 (6H, m), 9.02 (2H, brs),
pyrrolo[2,3-b]pyridin-3- 13.02 (1H, brs), 13.11 (LH, brs).
yDpyrimidine-3-carbonitrile [~1:1 mixture of rotamers].
1.54-1.57 (6H, m), 5.31-5.35 (2H,
‘ 2-((S)-1-phenylethylamino)- m), 7.17-7.44 (10H, m), 8.69-8.71
5 4-(5-(trifluoromethy!)-1 H- 409 {4H, m), 8.74 (2H, s), 8.88 (2H,
pyrrolof2,3-bpyridin-3- d), 8.97 {1H, s), 9.23 (1H, s},
yhpyrimidine-5-carbonitrile 13.05 (1H, brs), 13.09 (1H, brs).
[~1:1 mixture of rotamers]
1.54-1.57 (6H, m}, 5.31-5.35 (2H,
2-({R)-1-phenylethylamino)- _ m), 7.17-7.44 (10H, m), 8.69-8.71
6 4-(5-(trifluoromethyl)-1H- 409 (4H, m), 8.74 (2H, s), 8.88 (2H,
pyrrolo[2,3-b]pyridin-3- d), 8.97 (14, ), 9.23 (1H, ),
ylpyrimidine-5-carbonitrile 13.05 (1H, brs), 13.09 (1H, brs).
[~1:1 mixture of rotamers
2.90-2.97 (4H, m), 3.63-3.65 (2H,
. m), 3.70-3.75 (2H, m), 7.19-7.31
2‘%532&&’&‘2‘21‘}? - (10H, m), 8.42 (1H, 1), 8.60 (1H,
7 lo[2.3-5 iy 409 ), 8.68 (1H, s), 8.73-8.77 (SH,
pyrrolo[2.3-b]pyndin-3- m), 9.12 (1H, s), 9.21 (1H, 8),
yhpyrimidine-3-carbonitrile 13.05 (1H, brs), 13.10 (1H, brs).
[~2:3 mixture of rotamers]
2-(benzyl(methyl)amino)-4- (23;3853?’22’,75;? (%I;’ ;),)5 é" g S
(5-(trifluoromethyl)-1 H4- AR . N
8 oyrrolo[2. 3. blpyridin.3- 409 | (1H,s), 8.75-8.79 (SH, m), 8.85
D e onite] (1H, 5), 9.16 (1H, s), 13.09 (2H,
yhpyrmidine-3-carbonitrile brs). [1:1 mixture of rotamers].
1.77 (12H, s), 7.05-7.07 (1H, m),
2-{2-phenylpropan-2- 7.15-7.21 (2H, m), 7.26-7.28 (1H,
yvlamino)-4-{5- m), 7.27 (4H, m), 8.34 (1H, s),
9 {triflucromethyl)-1 H- 423 8.49 (1H, s), 8.56 (1H, s}, 8.61-
pyrrolo[2,3-b]pyridin-3- 8.75 (8H, m), 9.27 (1H, s), 13.00
yl)pyrimidine-5-carbonitrile (1H, brs), 13.03 (1H, brs}. [~1:1
mixture of rotamers]
1.25-132 (2H, m), 1.33-1.41 (8H,
2 (eyclohexylamio)-4(- s it ), 3.85-395 (O, m),
10 (trifluoromethyl)- 14- 387 8.24 (2H, d), 8.31 (1H, d), 8.64

pyrrolo[2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile

(2H, s), 8.71-8.76 (4H, m), 9.09
(2H, s}, 9.12 (1H, s), 13.0¢ (2H,

brs). [~2:1 mixture of rotamers]
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17_5 2-0-0- (ethylsulfonyl)piperidin-4- yl)propylamino)-4-(5-
(trifluoromethyl)-1H- pyrrolo12,3-b]pyridin-3- yOpyrimidine-5-carbonitrile

522 0.91 (3H, m), 1.25 (5H, m), 1.72 (1H, m), 1.74- 1.80
WO(%@%Q”F?{’;‘,% 01 (2H, m), 4.01 (1H, m), 8.23 (IN, in), 8.73 (g%%rﬁfg%;%ﬁm

(T1=1;1
4-((IR)-
yl)pyrim
M), 7.2¢
8.90-9.1

23

1), 13709 (11-1,5) WO 200

1-(5-cyano-4-(5- (triﬂuorome
idfbenAsisiie} za
3 (iﬁr(% uﬁ’ﬁ@?‘

yhp madme-S cy@bong:?le

079346P
thyl)-1H- |
mide 452 1.
, 1. 473792

CTIUS2007/026 28I B), 3.70

yrolo[d)330lpyitingg 4.58 (2H,

56, (368 (@),5)30-5137. 3@ K, 0H,

(35, B} B.B8sB, BI IS, (48, ),

8.80 (1H, s), 8.84 (1H, s}, 9.11
(1H, s), 13.11 (2H, brs). [~1:1
mixture of rotamers].

iz

2-(4-rethoxybenzylamino)-

4-(5-(trifluoromethyly-1/H-
pyrrolo{2,3-b]pyridin-3-

yl)pyrimidine-5-carbonitrile

425

3.68 (3H, s), 3.72 (3H, s), 4.58
(2H, d), 4.66 (2H, d), 6.85 (2H,
d}, 6.90 (2H, d), 7.25 (2H, d},
7.28 (2H, d), 8.68-8.77 (TH, m),
8.95-8.98 (ZH, m), 9.25 (1H, s),
13.06 {2H, brs). [~1:1 mixture of
rotamers].

i3

2-(3-chlorobenzylaminge -4~
(5-(trifluoromethyl)-15-
pyrrolo[2,3-blpynidin-3-

yDpyrimidine-3-carbonitrile

429

4.68 (2H, ), 4.74 (2H, d), 7.26-

7.41 (8H, m), 8.68 (1H, s), 8.71-
8.75 (5H, m), 8.83 (2H, s), 9.6

(1H, 1), 9.26 (1H, s), 12.13 2H,
vbrs). [~1:1 mixture of rotamers].

14

2-(pyridin-3-
ylmethylamino)-4-(5-
{trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile

396

4.70 (2H, &), 4.76 (2H, d), 7.35-
7.39 (1H, m), 7.42-7.45 (1H, m},
7.77 (1H, d), 7.85 (1H, d), 8.45
(1H, d), 8.50 (1H, d), 8.56 (1H,
s), 8.63 (1H, s), 8.69 (1H, d),
8.72-8.76 (5H, m}, 8.88 (2H, m),
9.03 (1H, t), 9.24 (1H, s), 13.07
(1H, s), 13.12 (1H, s). [~1:1
mixture of rotamers}

15

2-(2-methoxybenzylamino)-

4-(5-(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-

yl)pyrimidine-3-carbonitrile

425

3.81 (3H, 5), 3.84 (3H, 5), 4.62
(2H, d), 4.65 (2H, d), 6.85 (1H, 1},
6.91 (1H, 1), 6.99-7.03 (2H, m),
7.14 (1H, d), 7.21-7.26 (3H, m),
8.60 (1H, t), 8.65 (1H, s), 8.70-
8.74 (4H, m), 8.81 (1H, s), 8.87
(1H, s), 8.88 (1H, t), 9.29 (1H, s),
12.54 (2H, vbrs). [~1:1 mixture of
rotamers)

16

2-(1-phenylpropylamino)-4-
(5-(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-

yhpyrimidine-5-carbonitrile

423

0.85-0.89 (3H, m), 1.76-1.85 (ZH,
m), 4.98-5.06 (1H, m), 7.12-7.38
(SH, m), 8.65 (2H, d), 8.70 (1H,
d), 8.84 (1H, d), 9.01 (1H, s),
13.04 (1H, s). [~2:1 mixture of
rotamers]

17

2-(2-chlorobenzylamino)-4-
(5-(trifluoromethyl}-1H-
pyrrolo[2,3-b]pyridin-3-

yl)pyrimidine-5-carbonitrile

429
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177 N-(4-((1R)-1-(5-cyano-4-(5- (trifluoromethyl)-1H-

pyrrolo[2,3-b]pyridin-3- yl)pyrimidin-2- ylamino)ethyl)-2-

fluorophenyl)methanesulfon amide 520 1.54 (3H, m), 2.95-3.00 (3H, m),
WO IBRUIAI4K, m), 7.11-7.34 (3H, m), 8.68-8.73 (3H m), 8.82¢TMUI2047)026190

OL -0

o oy
0.9U=J.21

ynyl)piperidi
pyrrolo[2}3
1141-1.47 (

4.04 (3H
9.78 (1H

(M) 953 (1 m)13-04

5-
%a@)s&@xﬂm%ﬁé >
13,18 (L 4Rz 2.02
?r%%cﬁrfé% LB e 0- 8.77 (3H,

“RIDYHA Y,

N

m), 13.06 (1H, m) 179 2-((R)-

(trifluororr
5- carbonmrll

(2M,3m),

{41
a4 11T, III)

1-(jlr,4R)

29g

é%fqd}”&% 2H, d), 703-
é@%& @25
). [~1:1

mﬁxmre of rotamers]

Pt

hydroxycyclohex lethylam

1%

chiorobenzylamino)-4-
(5-»(mﬂu0r0methyl) LH-
pyrrolo{2,3-&]pyridin-3-

yhpyrimidine-5-carbonitrile

429

20

2-(3-methoxybenzylamino)-
4-(5-(trifluoromethyl)-1 H-
pyrrolof2,3-blpyndin-3-
yl)pyrimidine-5-carbonitrile

425

21

2-(2-fluorobenzylamino}-4-
(5-(rifluoromethyl)-1H-
pyrrolef2,3-bipyridin-3-

yhpyrimidine-5-carbonitrile

413

4.68 (2H, m), 6.57 (1H, s}, 7.25
(3H, m), 8.50 (1H, s), 8.60 (1H,
m), 8.80 (2H, m), 9.20 (1H, s)

22

2-(4-fluorobenzylaming)-4-
(5-{trifluoromethyl)-1 -
pyrrolo[2,3-b]pyridin-3-

yljpyrimidine-5-carbonitrile

413

23

2-(pyridin-4-
ylmethylamino}-4-(5-
(trifluoromethyi}-1 4~
pyrrolo[2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile

396

24

2-(3-methvibutan-2-
viamino)-4-(5-
{tnfluoromethyl)-14-
pyrrolo{2,3-b]pyridin-3~
yl)pyrimidine-S-carbonitrile

375

0.93 (6H, m), 1.17 (3H, m), 1.87
(1H, m), 4.00 (1H, m), 8.27 (1H,
m), 8.70 (3H, m), 9.17 (1H, m)

25

2-{phenylamingo)-4-(5-
(trifluoromethyi)-1H-
pyrrolo{2,3-blpyridin-3-
ylypyrimidine-5-carbonitrile

381

7.14 (1H, 1), 7.36 (2H, t}, 7.69
(2H, d), 8.72 (1H, s), 8.78 (1H, s),
8.87 (1H, s), 10.38 (1H, s), 13.15

(1H, brs).

26

2-{(R)~1-(4-
methoxyphenyl)ethylamino)
-4-(5-(trifluoromethyi)-1H-
pyrrolol2,3-blpyridin-3-
yDpyrimidine-5-carbonitrile

440

1.53 (3H, d), 3.71 (3H, d), 5.26

(1H, m), 6.88 (2H, m), 7.33 (2H,

m), 8.70 (3H, m), 8.81 (1H, m),
8.99 (1H, d), 13.08 (1H, d)

27

2-(2-
phenylcyclopropylamino)-4-
(S-{trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile

421

1.30 (2H, m), 2.17 (H, m}), 3.14
(1H, m), 7.17 (5H, m), 8.74 (4H,
m), 9.34 (1H, d), 13.12 (1H, m)
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in0)-4-(5-(trifluoromethyl)- 1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile 431 (CDC13) 1.18-1.36 (7H, m), 1.90- 2.07

(4H, m), 3.61 (1H, m), 4.12- 4.22 (2H, m), 5.64-5.65 (1H, m), 8.58.55 (1H,
rﬁ)z‘]g&?%’ ’(31‘9 s), 8.8.83 (1H, m), 9.18 (1H, m), 10.09 (1H, s)"fééﬁ‘ﬂm‘”’“z" 5190

2= “r() 1= F
1H- pyrro
4-(1-(5-cy

(CDC13)

R

y5FTﬂ)>;rim|(JI|nr-1§:[éll chol -

5%?@/')
Ly PfRey {P%)i)ézﬁén@hb

1-carboxylate

N- diethyfbenze

yhethytamn
ine-5-carb
1H- pyrrolg

mo)=4=(5=(triftuoromethyt)-

onitfife(a81mig1.38 (9H, s), 1.72
[2, ST HridifZ32H, brs), 3.37
eneiffonanide Gy br s), 8.42

(1H, m), 8.71 (3H, m), 9.20 (1H,
d), 13.11 (1H, d)

29

2-(cyclohexylmethylamino)-
4-{5-(tnflucromethyl)-1H-

pyrrolo[2,3-b]pyridin-3-
yi)pyrimidine-5-carbonitrile

401

1.10 - 1.90 (13H, m), 7.37 (1H,
m), 8.52 (1H, m), 8.70 (2H, m),
9.20 (1H, d), 13.10 (1H, d)

30

2-{{1H-benzo{d]imidazol}-2-
ylmethylaming}-4-(5-
(trifluoromethyl)-1H-
pyrrolo]2,3-blpyridin-3-
yhpynmidine-5-carbonitrile

435

31

2-{(R)-1-(naphthaien-2-
vethylamino)-4-(5-
(trifluoromethyl}-1H-
pyrrolof2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile

459

32

4-(5-(trifluoromethyl)-1 H-
pyrrolo[2,3-blpynidin-3-yl}-
2-((6-
{(trifiuoromethyl)pyridin-3-
yhmethylamino)pyrimidine-
S-carbonitriie

464

33

2-((R)-1-(4-
bromophenylethyvlamino)-
4-(5-(trifluoromethyl}-1H-
pyrrolo[2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile

487

34

2-(1,2,34-
tetrahydronaphthalen-1-
yiamino}-4-{5-
(triflucromethyl)-1H-
pyrrolof2,3-blpyridin-3-
yhpyrimidine-S-carbonitrile

435

35

2-(pentan-2-ylamino)}-4-{5-
(trifluoromethyl)-1H-
pyrrolo(2,3-b]pyridin-3-
yDpyrimidine-5-carbomtrile

375

MeOD/CDCl; (400 MHz): 1.06
(3H, m), 1.39 (3H, m), 1.49 (2H,
m), 1.66 (2H, m), 4.29 (1H, m),
736 (1H, s), 8.46 (1H, s), 8.61
(1H, ), 8.77 (1H, s), 9.26 (1H, s)

36

2-{isobutylamino)-4-(5-
(trifluoromethyl)- 1 H-

pyrroio[2,3-blpyridin-3-
yl}pyrimidine-5-carbonitrile

361

MeOD/CDCls (400 MHz): 1.02
(6H, m), 1.31 (2H, m), 2.04 (1H,
m), 8.47 (1H, s), 8.62 (1H, s),
8.78 (1H, 5), 9.27 (1H, s)
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m), 3.19 (4H,9$), 5.46 (1H, s), 7.08 (1H, d), 7.53 (2H, d), 7.78 (2H, d), 8.55

(1H,s), 8.70 (1 H,s), 8.91(11-1, s), 9.22 (1H, d), 11.27 (1H, d) 182

2-(1-(1- (isopropylsulfonyppiperidin -4-yl)propylamino)-4-(5-
W@rm%%?ﬁ@thyl)-lH pyrrolo[2,3- b]pyridin -3- yI)pyrimidine-5-’c’i‘él”l‘lﬁ‘éﬁ"ﬁ‘fPiTéS’zG"9‘0

536-0:9% \OH, |||}, 126 (&n: Ill), 155 (1H |||), 91 (SH, lll), 275 (ZH, III),
3.54(2H, nég 0 a'h%“‘ (1H]m), 8.73 (BHYIROPICI2TG K GANERDE 37
(1H, s) 183 2% ?g‘u ;Efi? cetyl)pipgridin| 4CHety ihidh4a(5-6.80 (1H,
rifluorome ol g@_ y|pyiridin-3- yl)pypirbiditid B.earbéritriid, ). 9.23
488 1.22 (5 }nﬂl di;ggg{ (3H iR 93 (1H, s)
2-(2,3-dihydro-1H-inden-1- MeOD/CDCl; (400 MHz): 1.28
ylamino)-4-(5- (1H, m), 2.01 (1H, m), 2.64 (2H,
38 {trifluoromethyl}-1H- 421 m), 5.71 (1H, m), 7.21 (4H, m),
pyrrolo]2,3-b]pyndin-3- 8.48 (3H, m), 8.73 (1H, d), 9.19
ylpyrimidine-5-carbonitrile (1H, s)
2-(1-hydroxybutan-2-
viaming)-4-{5-
39 (trifluoromethyl)-1H- 377
pyrrolo[2,3-blpyridin-3= -7 -
yhpyrimidine-5-carbonitrile
N-(2«{5-cyano-4-(5- MeQOD/CDCL; (400 MHz): 1.39
(trifluoromethyl)-1H- (3H, m), 1.96 (1H, m}, 3.19 (IH,
46 pyrroto]2,3-blpyridin-3- 390 m)}, 3.68 (2H, m), 8.51 (1H, s),
yDpyrimidin-2- 8.61 (1H, m), 8.80 (1H, m), 9.27
viamino)ethylacetamide (1H, s)
2-(4- MeOD/CDCl; (400 MHz): 1.28
isopropoxybenzylamino)-4- (6H, m}, 1.31 (ZH, m), 4.45 {1H,.
41 {5-(trifluoromethyl)-1H- 453 m), 6.76 (2H, m), 7.20 (2H, m),
pyrrolo[2,3-blpyridin-3- 8.42 (1H, s), 8.49 (1H, m), 8.68
yl)pyrimidine-5-carbonitrile (1H, m), 9.05 (1H, s)
2-{4-hydroxy-3-
methoxybenzylamino)-4-(5-
42 (trifluoromethyl)-1H- 441
pyrrolof2,3-blpyridin-3-
yl)pyrirmdine-5-carbonitrile
2-((S)-2-methoxy-1- MeOD/CDCl; (400 MHz): 3.40
phenylethylamino)-4-(5- (3H, s}, 3.78 (2H, m), 5.53 (1H,
43 (trifluoromethyl)-1H- 439 m), 7.31 (5H, m}, 8.51 (1H, s),
pyrrolo[2,3-b]pyridin-3- 8.59 (1H, s}, 8.70 (1H, s}, 9.04
yl)pyrimidine-5-carbonitrile {1H, s)
2-((R}-1-hydroxy-4-
methylpentan-2-ylamino)-4-
44 (5-(triflucromethyl)-1H- 405
pyrrolo[2,3-b]pyridin-3-
viipyrimidine-5-carbonitrile
4-(5-(trifluoromethyl)-1H- MeOD/CDCls (400 MHz): 1.67
py“"“’[g’?(“’gpﬁf‘“"?’“yl)‘ (3H, m), 5.55 (1H, m), 7.49 (3H,
45 (rifluoromethylphenyl)eth 477 m), 8.49 (1H, s), 8.60 (1H, s),
) S 8.72 (1H, s), 9.05 (1H, 8), 9.35
ylamino)pyrimidine-S5- (1H, 5)
carbonitrile ’
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(1H, m), 3.30 (3H, m), 3.95 (2H, m), 4.01(3H, m), 4.41 (1H, m), 8.28 (1H,
m), 8.73 (3H, m), 9.15 (1H, m), 13.08 (1H, s) WO

2008/079346PCT/US2007/026190 184 2-(I-(I-(3-

PCT/US2007/026190

WO BKPopanoyl)piperidin -4-yl)ethylamino)-4-(5- (tri fluoromethyl)- | H-

pyrrotof;3-bipyridin=-3=yOpyrimidirje-5-carbonitrile 502 1.23 (5H, in), 1.81
(311, m), BAQhbhbimdeRAlutib)m), 3.51 (2111, MeOBAIBISL: (449) MLEg: 4.75
3H, in)] 8428;(AHf 8 ofatBy(BHEM) 9.123%111, )H1BDS FOH4E) 1857.20 (SH,
((R)-H(4-hyeremyrmsihipihanyl)eth ylamine)-47(68 dafdbromedi1H. 5.
pyrrolo[ 3 lasicima s y@ibyprinitine-5-carbointrile 8.69 (1H, 53, 9.03 (1H, $)
4-01R)-1-(5-cyano-4-(5-
2-((R)-1-hydroxy-3- {Performed at 110°C) 1.00 (3H.
methylbutan-2-ylamino)-4- d), 2.06 (1H, q), 3.67 (iH, m),
47 (5-(trifluoromethyl)-1H- 391 4.06 (1H, m), 4.25 (1H, m), 7.40
pyrrolo{2,3-b}pyridin-3- (1H, m}, 8.60 (1H, s), 8.68 {2H,
ylipyrimidine-5-carbonitrile s), 9.14 (1H, s), 12.64 (1H, br g)
2-(3,5-
diflucrobenzylamino}-4-{5-
48 (trifluoromethyl)-1H- 431
pyrrolo[2,3-blpyridin-3-
yl)pyrimidine-3-carbonitrile
2-((1-
hydroxycyclohexyhymethyla
minoc)-4-{5-
49 {(trifluoromethyl)-1H- 417
pyrrolo[2,3-bjpynidin-3-
yDpyrimidine-5-carbonitrile
2-((6-chloropyridin-3-
yDmethylamino)-4-(5-
50 (trifluoromethyl)-1H- 430
pvrrolo[2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile
2-(1-(pyridin-3- 1.57 (3H, d), 5.33 (1H, m), 7.47-
yhethylamino)-4-(3- 7.60 211-1, m), 7.94-7.96 (1H, m),
51 (trifluoromethyl)-1H- 411 8.47-8.86 (7H, m), 13.02 (1H, m)
pyrrolo[2,3-b]pymdin-3- ' 'mixture’ of ;otamers ’
yl)pyrimidine-5-carbonitrile
. 157 (3H. 4), 3.78-3.82 (3H, d),
2-(1-(6-methoxypyridin-3- 5.29 (%H, m)), 6.79 (1H, m), 7.73-
yDethylamino)-4-(>- 7.79 (1H, m), 8.12-8.21 (1H, m),
52 (trifluoromethyl)-1H- 41| £70.8.75 (3H, m), 8.82 (1H, m),
pyrrolo[2,3-b]pyridin-3- 8.97 (1H, m), 13.06 (1H, m) 1:1
yl)pyrimidine-5-carbonitrile mixture of rotamers
2-(3 4~
dimethoxybenzylamino}-4-
53 {5-(trifluoromethyl)-1H- 455

pyrrolo[2,3-blpyndin-3-
yl)pyrimidine-5-carbonitrile
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(tri fl uoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidin-2-

ylamino)ethyl)benzoic acid 439 453 1.55 (3H, in), 4.41 (2H, in), 5.28- 3.34

(IH, m), 7.21-7.29 (2H, in), 7.33-7.38 (211, m), 8.67-8.74 (311, m), 8.84 (I
W0 206§/96%846.9.23 (1H, in), 13.03 (I El, in) 1.57 (314, in), 5.345% HUp§0 794610

F55-(2H; M) 7-86-7F93-(211n),8:68=8-74(2H;m);-8:85-9:23-(21 1n);
12.82 (1H, br s}; @308 pher-Ar) 186 | 187 2-0 -(1-propionylpiperidin-
4-ypethylamiidhsazdagrmidtdmethyl)-1H- pyrrolo[2,3-b]pyridin-3-
yifoyrimitine (5i8aasemefll 1 dl- 477
pyrrolo{2,3-bipyridin-3-
yDpyrimidine-5-carbonitrile
475 (21, d), 735 (1H, d), 741
(1H, d), 7.49 (1H, 1), 7.54 (1H, 1),
2-{4-(1H-1,2 4-triazol-1- 7.75 (2H, 1), 7.87 (2H, s}, 8.19
yhbenzylamino}-4-(5- (1H, 5}, 8.22 {1H, s), 8.67 (1H, s},
55 (trifluoromethyl)- 1 H- 462 R.72-8.76 (6H, m), 8.86 (1H, s),
pyrrolo[2,3-b]pyridin-3- 8.92 (1H, 1), 9.09 (1H, 1), 9.23
yhpyrimidine-5-carbonitrile (1H, s}, 9.27 (1H, s), 9.30 (1H, s),
13.10 (2H, brs). [1:1 mix of
rotamers]
nzof{d][1,3]dioxol-5- 4.56 (2H, d), 4.64 2H, d), 6.77-
ylmethylamino)-4-(5- 6.89 (5H, m), 6.93 (1H, s), 8.71-
56 (trifluoromethyl)- 1 H- 439 8.75 (6H, m), 8.80 (1H, ), 8.94
pyrrolo[2,3-b]pyridin-3- (2H, brs), 9.25 (1H, s), 13.07 (2H,
yhpyrimidine-5-carbonitrile vbrs).[1:1 mixture of rotamers]
1.19-1.27 (2H, m), 1.62-1.68 (ZH,
m), 1.91 (1H, brs), 3.22-3.39 (4H,
2_((;632?}?;%%25?2:43 m), 3.83-3.87 (2H, m), 8.43 and
- trifluosomethyl). 1 H. s03 | 856 (1H total, 21), 8.67 (1H, s),
oytrolol2.3-bpyridin.3- 8.71-8.76 (2H, m), 9.15 and 9.21
3 'midiile-S—carbonitrile (1H, total, 2s), 13.03 and 13.12
yopyn (1H total, 2brs). [~2:3 mix of
rotamers]
0.92-0.97 (6H, m), 1.91-2.02 (1H,
2-((8)-1-hydroxy-3- m), 3.55-3.58 and 3.61-3.70 (2H
methylbutan-2-ylamino}-4- total, 2m), 3.99 (1H, brs), 4.68
58 (5(triflucromethyl)-1 H- 391 and 4,72 (1H total , 2t), 8.07 and
pyrrolo[2,3-blpyridin-3- 8.20 (1H total, 2d), 8.66-8.75
yhpyrimidine-5-carbonitnle (3H, m), 9.13 and 9.23 (1H total,
2s}, 13.05 (1H, brs).
(dimethylaxiig;benzylamm MeOD/CDCls 1.26 (2H, 5), 3.09
59 0)-4-(5-(trifluoromethyl)- | 438 (gﬁ’ s), 7.18 (2H, d), 7.45 (ZH,
o ), 8.56 (2H, m), 8.78 (1H, s},
1H-pyrrolo[2,3-blpyridin-3- 9.01 (1H, 5)
yDpyrimidine-5-carbonitrile ' ’
2-(2,5-
dimethylbenzylamino)-4-(5- MeOD/CDCl; 2.24 (3H, s8), 2.28
. (2H, s), 2.33 (3H, s}, 7.08 (3H,
60 (trifluoromethyl)-1H- 423
" m), 8.57 (2H, m), 8.76 (1H, s),
pyrrolo{2,3-b]pyridin-3- 9.07 (14, s)
yhpyrimidine-3-carbonitrile ' ?
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1.03 (41-1, in), 1.25 (51-1, in), 1.75 (311, in), 2.26 (2H,m), 2.95 (1H, m),

3.90 (111, m), 4.05 (114, m), 4.51(1H, m), 4.58 (3H, m), 8.25 (1H, in),

8.73 (31-1, m), 9.15 (1H, in), 13.09 (1H, s) 188 2-(1-(1-(2-
WANINGA&ESA ) piperidin-4- yl)ethylamino)-4-(5- (trifluoromethy B UE2007/026190

C.oar

o /I7Q 1 2A(6H. - M) -1.Q0

pytrotof2
(3H, m),
(1H, m),
($1-1, s)
in-4-yl)et
yhpyrimi

-3=blpyricin-3—yhpyrimidine
2.51 (111 2n6§R2»63 (1H, m)
7. @8"(@@%)‘?@1 (2R)-),
1895 ﬂ'g yl&min
hyI&?ﬁTﬁB)La;’(é’ ﬂ‘ﬁ‘&om
iHEPSTERE Wn?n%afbommiﬁ

haonmit
Jodl IJUI Hi;

3.01 (111
8.73 (31-1
h)acEtyl)piper
oth y1)-1HL

IIC =T [ \\JII IIII,.LU\J

el s s o

1H, s},
erid 47(1}{ 39869 1H s) .01
pyrro

lpysiclings

62

2-((2,3-dihydrobenzofuran-
S-ylymnethylamino)-4-(5-
(triftnoromethyl}-1H-
pyrrolo{2,3-b]pyridin-3-
ylpyrimidine-5-carbonitrile

437

63

2-{1-methylpiperidin-4-
ylamino)}-4-{5-
{trifluoromethyh-1H-
pyrrolo[2,3-blpyridin-3-
vhpyrimidine-5-carbonitrile

402

64

2«(pyridin-2-
yimethylamino)-4-(5- -
{trifluoromethyl)- 1 H-
pyrrolo]2,3-b]pyridin-3-
yDpyrimidine-5-carbonitrile

396

4.80 (2H, m), 7.33 (2H, m), 7.73
(1H, m), 8.51 (1H, d), 8.70 (44,
m), 9.09 (1H, d)

65

2-((1R,2R)-
bicyclo[2.2.1 Jheptan-2-
yiamino)-4-(5-
{trifluoromethyl)-1H-
pyrrolof2,3-blpyridin-3-
yhpyrimidine-5-carbonitrile

399

66

2-(ethylamino)-4-(5-
{trifluoromethyl}-1H-
pyrrolo{2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile

333

67

2-({1-ethylpyrrolidin-2-
yDmethylamino)-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-bipyridin-3-
yhpyrimidine-5-carbonitrile

416

68

2-(2-{piperidin-2-
ylethylaming)-4-{5-
(trifluoromethyl)-1H-
pyrrolo[2.3-b]pyndin-3-
yDpyrimidine-5-carbonitrile

416
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487 1.22 (5H, in), 1.87 (3H, in), 2.51 (311, m), 2.53 (111, in), 3.11 (111,
m), 4.05 (4H, in), 4.41 (EH, m), 8.31 (1H, in), 8.59 (2H, m), 8.74 (31-1, m),

9.16

1H, m), 13.10 (1H, s) 190 4-((1R)-1-(5-cyano-4-(5-
WA lr”’o)f’r‘f@thyl) 1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidin-2-

PCT/US20067/026190

—ytamino)ethyt)=-N;N=dimethylbenzengsuifonamid € 516 1.61 (31-1, m),

2.55 (6H, m maske @'48 (IH m% .67 (411, m), 8.71 (311, m), 8.80 (1H,
in), 8.90 (1‘]‘71‘“?9?)0 1r08 3( -(1;(8;(3-¢yclopropy1-3-
oroaze=t|d€$1 -t 95‘ tl@; min 5 4-(5- (trifluoromethyl)-11-1-
pyrrolo[2,3 ‘ﬁ; ey d‘ pe -5-carbonitrile
yl}p mz 11i6-5-CArbon i
2-(3-
morpholinopropylaming)-4-
76 (§-(triflucromethyl)-1H- 432
pyrroto[2,3-blpyridin-3-
yl)pyrimidine-5-carbonitrile
2-(cyanomethylaming)-4-(5- 4.49-4.53 (2H, m), 8.76-8.85 (3H,
71 - (trifluoromethyl}-1H- m), 8.92 (0.5H, s), 9.00 (0.5H, t},
pyrrolof2,3-b]pyridin-3- 9.23 (1H, s), 13.14 (0.5H, brs),
ylipyrimidine-5-carbonitrile 13.18 {0.5H, brs).
2.00 (3H, d), 4.60 (1H, d}, 4.68
gdgugi ;ﬁg;i 1(51- (1H, d), 7.25 (2H, dd), 7.51 (2H,
olo[2.3-b]pyridin-3- dd), 8.71-8.74 (3H, m), 8.80-8.82
72 pyIT Doy .mig’fz (0.5H, m), 8.97-8.99 (1H, m),
yiaminz)gi?hyl)phenyl)acet 9.26 (0.5H, 5), 9.87 (0.3H, 5),
mide 9.92 (0,5H, s), 13.06 {0.5H, brs),
13.09 (0.5H, brs).
1.59-1.65 (4H, m), 1.66-1.74 (2H,
2-(cyclopentylamino)-4-(5- m), 1.99-2.08 (2H, m), 4.30-4.39
73 (trifiuoromethyl)-1H- (1H, m), 8.38-8.41 (1H, m), 8.66-
pyrrolof2,3-blpyridin-3- 8.75 (3H, m), .18 and 9.20 (1H
ylpyrimidine-5-carbonitrile total, 2s), 13.03 and 13.09 (1H
fotal, 25k
1.38-1.45 (2H, m), 1.63-1.70 (2H,
2-{tetrahydro-2H-pyran-4- m)}, 3.15-3.21 (2H, partly
yviamino)-4-(5- obscured m), 3.69-3.74 (2H, m),
74 {trifluoromethyl)-1H- 3.89-3.94 (1H, m), 8.14-8.18 (1H,
pyrrolo[2,3-b]pyridin-3- m), 8.46-8.54 (3H, m), 8.85 and
yl)pyrimidine-5-carbonitrile 8. 95 {1H total , 2s), 12.81 and
12.89 (1H total, 2brs).
2-(2-hiydroxy-1- 3.69-3.78 (2H, m), 5.04-5.09 (1H,
phenylethylamino)-4-(5- m), 5.22-5.27 (1H, m), 7.19-7.44
75 (trifluoromethyl}-1H- (5H, m), 8.68-8.82 (4H, m), 8.97
pyrrolo{2,3-b}pyrdin-3- (0.5H, s), 9.25 (0.5H, s), 13.06
yhpyrimidine-5-carbonitrile and 13.09 (1H total, 2brs).
2-(cyclopropylamino)-4-(5- 0.63-0.69 (2H, m), 0.78-0.87 (2H,
6 (trifluoromethyl)-1H- m}, 2.85-2.88 (1H, m), 8.53-8.79
pyrrolo{2,3-b]pyridin-3- (4H, m), 9.18 and 9.46 (LH total,
y)pyrimidine-5-carbonitrile 2s), 13.01 (1H, vbrs).

167




523 0.39-0.44 (2H, m), 0.57-0.61 (2H, m), 1.36-1.39 (1H, in), 1.55 (3H, d),
3.83-3.95 (41-1, in), 5.22-5.27 (1H, m), 6.46 (1H, dd), 7.64 (1H, dd), 8.06
(0.5H, s), 8.15 (0.5H, s), 8.71-8.77(411, in), 9.03 (0.511, s), 9.18 (0.5H, ),

WIBZH(0%14, s), 13.09 (0.5H, s); 1:1 mixture of WO PCT/US2007/4126190
LUUOIG7n34UFb I IILJSZGGIIUZULQU IULaIIICIo E n') r) g o
hydroxyfl Pée%l’l 41 ryl efhylamino)-4-(5- r| g } 2126 G,
u 3 -4.08
pyrrolo[2/{3- éj' |{@1 ine-5- carbonlt 4 o 8.66-
(3H, m), 2. !5!0{12 3% &i}bén) $-72 (1H, in Z: 39 18 (1H
1-1, in), 3?} (HihilDhe 8508 43k m): 9.13 (11- 1 3.09 (1H
2-(1-(1-(2¢ (dimethylamino)acetyl)piper idin-4-yl ethylamlno -25)
(trifluoromethyf)- T H- 2.25-2.29 (m m), 2.33-2.38 (1H,
2 “%f::?:ﬁﬁ;fm} m), 3.67-3.88 (2H, m), 3.89-3.96
-8 (trifluoromethyl). 1H- (2H, m), 4.57-4.59 (1H, m), 8.57-

pyrrolo[2,3-b]pyridin-3-
yDpyrimidine-5-carbonitrile

8.63 (1H, m), 8.71-8.76 (3H, m),
9.11 (0.5H, s), 9.20 (0.5H, s),
13.07 (1H, brs).

70

2-(prop-2-ynylamino}~4-(5-
(trifiuvoromethyl)-1H-
pyrrolo[2,3-blpyridin-3-
yhpyrimidine-S-carbonitrile

3.11 and 3.19 (1H total, 28}, 4.21

(2H, m), 8.68-8.91 (4H, m), 9.26

and 9.36 (1H total, 25), 13.08 and
13.12 (1H total, 2brs).

80

2-(3-(1H-imidazol-1-
yhpropylamino)-4-(5-
(trifluoromethyl)- 1 H-
pyrrolo[2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile

2.15-2.24 (2H, m), 4.27-4.31 (2H,

m), 7.64 (0.5H, s}, 7.70 (0.3H, s},
7.83 (1H, d), 8.43 (0.5H, 1), 8.51
{0.5H.,t), 8.72-8.76 (3H, m), 9.05

(G.5H, s), 9.10{(0.5H, 5). 9.14
(0.5H, s), 9.19 (0.5H, s), 13.08
(0.5H, s), 13.13 {(0.5H, s), 14.25
{(1H, vbrs).

81

2-({((18,3R)-3-
hydroxycyclopentyl)methyl
amino}-4-{5-
(trifluoromethyi)-1 H-
pyrrolo[2,3-blpyridin-3-
yhpyrimidine-S-carbonitrile

1.20-1.35 (1H, m), 1.40-1.55 (2H,

m}), 1.82-1.91 (3H, m), 3.31-3.47
(ZH, partly obscured m), 4.13

(1H, m), 4.38-4.40 (1H, m), 8.44

and 8.54 {1H total, 2t), 8.66-8.74

(3H, m}, 9.17 and 9.20 {1 H total,
2s), 13.03 and 13.11 (1H total,

2brs).

82

2-(1-methoxypropan-2-
ylamino}-4-(5-
(trifluoromethyl)-1H-
pyrrolo{2.3-blpyridin-3-
yDpyrimidine-5-carbonitrile

1.21-1.25 (3H, m), 3.25 (3H, d),
3.36-3.51 (2H, partly obscured
m}, 4.33-4.39 (1H, m), 8.23 and
8.32 (1H total, 2d), 8.68-8.75
(3H, m), 9.13 and 9.20 (1H total,
28}, 13.09 (1H, brs).

83

2-(sec-butylamino}-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile

0.85-0.91 (3H, m), 1.22-1.26 (GH,
m), 1.54-1.69 (ZH, m), 4.03-4.08
(1H, m), 8.23-8.27 (1H, m), 8.66-
8.75(3H, m), 9.14 and 9.18 (1H
total, 25}, 13.03 and 13.09 (1H
total, 2s).

108




pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 501 1.23 (5H, m), 1.87
(3H, in), 2.54 (1H, in), 2.77 (6H, in), 3.03 (1H, in), 3.72 (1H, in), 4.02 -4.45
(5H, in), 8.31 (11-1, in), 8.68 (3H, in), 9.16(1K, m), 9.46(11-1, mg, 13.08

WA S T8%D_(1-(6-(3-cyclopropyl-3- hydroxyazetidin-1-

PCE/US2007/626190

yppylidill
pyrrolo[2
in), 1.14-
5847 OH,

, 8.70-8.768(ER\%) P .
it Es@ﬁ@j*@%%@%%t

13.11 (0.

() Fy) 1 H AY V4 el AR |
-o-ypcl_l I_ylal LLLL IU)' 4'\0'\“ T4

3-b]pyFitirB<

111G ﬂ*‘@}’ﬁﬁﬁﬂi’g%@ﬁ?' he!
dH-E3E PRt 5;5}3 B
BH. s),

rmidine;

4+l 1\
OTrorrretyi

L5-carbonitrife %2318, 49-6.%4
60-3.75 (4H3 ) (Brhgus, 3941447
(187fh), 8.8290S-¢ g, A OB (11,
9.18 (0.5H, ¥-13:6%

amers 195

=
ked signal,
147 {31 m),

_ ﬁ,} Bl: iswixture of

rotammers

85

2-(2-(pyrrolidin-2-
yhethylamine}-4-(5-
{(trifluoromethyl}-1H-
pyirolo[2,3-blpyridin-3- .
yl)pyrimidine-5-carbonitrile

402

&6

2+(2
thiomorpholinoethylamino)-
4{ 5-(trifluoromethyl}-1H-
pyrrolof2,3-bipyridin-3-
yhpyrimidine-5-carbonitrile

434

87

2-({R)-2-~
{(aminomethyl)pyrrolidin-1-
yi)-4-(5-(trifluoromethyl)-
IH-pyrrolof2,3-blpyridin-3-
yhpyrimidine-5-carbonitrile

388

88

2-((R}-pyrrolidin-2-
vimethylamino)-4-(5-
(irifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-

yhpyrimidine-5-carbonitrile .

388

8%

2-({(1-benzyipiperidin-4-
yDmethylaming}-d-{ 5~
{(trifluoromethyl)-1H-
pyrrolo[2,3-blpyridin-3-
ylpyrimidine-5-carbonitrile

492

90

4-(5-(1,1-Trifluoromethyl)-
IH-pyrrolof2,3-b]pyridin-3-
yl1)-2 {4~
hydroxybenzylamino)pyrimi
dine-5-carbonitrile

411

91

2-(2-hydroxypropylamino)-
4-(5-(trifluoromethyl}-1H-

pyrrolo[2,3-blpyridin-3-
yhpyrimidine-5-carbonitrile

363

109




2-(1-(6-(4-cyclopropy1-4- hydroxypiperidin-1- yl)pyridin-3-yl)ethylamino)-
4-(5-(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

IRV

r|m|d|ne 5-carbonitrile 549 1.55 (4H, d), 2.05-2.25 (7H§,&)m%2%§7)%25§%

%95-4.55 (1H, m). 5.15-5.30 (2H, in), 6.80-6.85 (1H, m),

.00-1.

196 44(1R)- 1

él pyrim
28-5.3
8.67-8.7
hydroxyy

“M-l

b(LH |n) 8.09-8.16(1K, m

1824505, ifluo
e

7.5
r| [Ta =Y.

dln-
9(1

‘Eﬂé”

Qe

C)

, 8.69-8.7
omethyl)-]
esulfg nan
1-7.61 (2H,
13.06 OF

hvlamino):
7 7

(4K, m), 9.06-9.18 (IH, in)
H- pyrrolo[2,3-b]pyridin-3-
nide 488 in) 1.57 (3H, m),
m), 7.73-7.80 (2H, in),

1, 197 2-(1-(6-(4-ethy1-4-

83

Zw(propylamino)-é%n{su
(trifluoromethyl}-1H-
pyrrolo[2,3-blpyridin-3-
- yh)pyrimidine-5-carbonitrile

347

94

2~(3-chloro-4-
methox ybenzylamine)-4-(5-
(triflucromethyl)-1H-
pyrrolof2,3-b]pyridin-3-
yi)pyrimidine-5-carbonitrile

459

95

2-(4-
hydroxveyclohexylamino)-
4-(5-{triftuoromethyl)-1H-

pyrrolo{2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile

403

96

2-(2-hydroxybutylamino)-4-
(5-(trifluoromethyl}-1H-
pyrrolo[2,3-b]pyridin-3-

y)pyrimidine-5-carbonitrile

377

97

2-{(R}-2-
hydroxypropylamino}-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-blpyridin-3-
yDpyrimidine-5-carbonutrile

363

98

2-((2R,35)-1,3-
dihydroxybutan-2-ylamino}-
4-(5-(trifluoromethyl)-1H-
pyrroto[2,3-b]pyndin-3-
yDpyrimidine-5-carbonitrile

393

99

2-((R)-1-(4-
hydroxyphenyl)ethylamino)
-4-{5-(trifluoromethyl}-1H-
pyrrolof2,3-b]pyridin-3-
yl)pyrimidine-5-carbenitrile

425

m), 13.04 (1H, m) mixture of
rotamers

{10

1.51 3H, m), 5.23 (1H, m), 6.65-
6.73 (2H, m), 6.96-7.18 (1H, m),
7.18-7.23 (2H, m), 8.69-8.79 (4H,
m), 9.02-9.21 (1H, m), 9.27 (1H,




4-(5-(trifluoromethyl)-1H- pyrrolo[2,3-blpyridin-3-

yl)pyrimidine-5-carbonitrile 537 0.81 (3H, q), 1.31-1.47 (6H, in), 1.54 (3H,

d), 3.11-3.22 (2H, m), 3.81-3.89 (2H, in), 4.10 (1H, d), 5.19-5.26 (Hi %
WA M), 7.55 (1H, dd), 8.09 (1H, d), 8.67-8.73 (4H, mB’Cé"YEZ(’ﬂ“ 6190

P P

U_I'I lgl g\bg{&i)@d/UlUdd-bl"bl/UbéUU 7/026190°198
-hyd{gﬁ sisaardRYipiper|din-1- yI)pynBﬁl‘-@?)& dafifig). m), 6.33
4-(5-(trif uoroppg Wﬂ%lﬁopﬂ@m[l» b]pyridin (1H, m), 6.96-7.22 (2H, m}, 7.51
PWbyrimidineibrgashanit p9.0.78-0. rréf 89 §. ﬁ@“%é’ﬁ : fii3-98-
(3H, d), 2.99- 3402kl i} 2:8734.08 (3H, m), j785§ ) ’m*l H 306
dd), 7.56 (1} eiehioe09(bkbchi8i%9-8.65 (31-1, mf/ 5{7“?)(%4‘ 6‘%* i“m
H, d) 199 2-(I-(6-(4-fluoropi - idi _ ,
) 190 2 (6 Tuoropiperdiy- Typyridint31.15-123 GH, g, 176 GH. m)
yDethylamino)-4-(5- 3.80 (1H, m), 4.04 (1H, m), 4.41
101 (trifluocromethyl)-1H- 458 (H, m), 8.30 (1H, m), 8.67-8.75
pyrrolo[2,3-b]pyridia-3- (3H,'m), 9.10 (1H, m), 13.10 (14
yi)pyrimidine-5-carbonitrile ’ m}, m.ix fure c;frogamers ’
1.51 (3H, m)}, 2.82-2.89 (5H, m),
2-(1-(4-(4-methylpiperazin- 3.09 (2H, m), 3.43 (2H, m), 3.78
1-yDphenyl)ethylamino)-4- (2H, m), 5.26 (1H, m), 6.92-6.99
192 (5-(trifluoromethyl)-1H- 507 (2H, m), 7.28-7.33 (2H, m), 8.70
pyrrolo{2,3-blpyridin-3- (7H, m), 8.80 (1H, m), 9.03-9.21
yDpyrimidine-5-carbonitrile (1H, m), 9.57 (1H, m)}, 13.10 (1H,
m) mixture of rotamers
0.95-0.97 {6H, m), 1.97-2.03 (1H,
2~((R)-1-hydroxy-3- m), 3.55-3.61 (2H,m), 3.94 (1H,
m.ethy]jbutan—2—y1ammo)~4— ), 4.60 (1H, m), 6.75 (15, vbrs),
183 (5-(tnﬂu0r0meth){i):1H— 366 7.00 (1H, d}, 8.20 (1H, d), 8.62
11’3’“?19%3'1??3’“5‘“‘?3‘,1 (1H, 5), 8.66 (1H, ), 9.20 (1H,
yvl)pyrimidine-5-carbonitnle brs), 12.75 (1H, s).
2-(2-hydroxy-1-
{(tetrahvdrofuran-3-
yhethylamino)-4-(5-
104 {trifluoromethyl)-1H- 419
pyrrolof2,3-blpyndin-3-
yipyrimidine-5-carbonitrile
2-(2-hydroxy-1-{tetrahydro-
2H-pyran-4-yhethylamino)-
105 4-(5-(trifluoromethyl)-1H- 433
pyrrolo[2,3-b]pyridin-3-
yDpyrimidine-5-carbonitrile
2-(1-cyclopropyl-3-
hydroxypropylamino}-4-(5-
106 (trifluoromethyl}-1 H- 403
pyrrolo[2,3-bipyridin-3-
yl)pyrimidine-5-carbonitrile
2-{{R})-1-hydroxypropan-2-
ylamino}-4-(5-
107 {(trifluoromethyl}- 1 H- 363
pyrrolo[2,3-bipyridin-3-
yDpyrimidine-5-carbonitrile

111




yl)ethylamino)-4-(5- (trifluoromethyl)- | H- pyrrolo[2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile 511 1.53 (3H, d), 1.58-1.69 (21-1, m),

1.80-1.94 (2
WSB!

H, m), 3.32-3.42 (2H, m), 3.64-3.75 (2H, m), 4.22:4.88,6}ibs 190
7 (111, m), 6.86 (IH, dd), 7.60 (11-1, d), 8.12 (1H, d),

8:50-8:65(31-1; na
(trifluoromethyly-1§4?

lamino]
{935& d
dd), 7.7
(1H, brd

877 (IH,d), 9
o

IR

¢t
 Sapiggeromed 5%
§ Pi«pg?;%:%oéﬁe%ﬁ%e

6 (IH, d) 200 4-((IR)-1-(5-cyano-4-(5-
yridin-3- yl)pyrimidin-2-

fonz3-1 ide 502 1.59 (3H, d), 2.31
1H;m), 7.86-7.41 (1H, m), 7.62 (2H,
194-8.97 (1H, m), 9.23 (0.5H, s), 13.08

169

2-{2-hydroxyethylamino)-4-
(S-(trifluoromethyl}-1H-
pyrrolo[2,3-b]pyridin-3-

yhpyrimidine-5-carbonitrile

349

116

2-{1-methoxy-3-
methylbutan-2-ylamine)-4-
{5-(triflucromethyl)-1H-
pyrroio[2,3-blpyridin-3-
ylpyrimidine-5-carbonitrile

405

1i1

2-((8)-1-hydroxy-3,3-
dimethylbutan-2-ylamino}=
4-(5-(trifluoromethyl)-1 H-
pyrrolo{2,3-b]pyridin-3-

yhpyrimidine-3-carbonitrile

405

112




201 2-(1-(6-(3-hydroxyazetidin- 1-yl)pyridin-3- yl)ethylamino)-4-(5-

(trifluoromethy1)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile

481 1.53 (3H, d), 3.55-3.61 (2H, m), 4.04-4.12 (2H, m), 5.19-5.25 (I H, m),
WO2608(119346), 6.36 (1H, dd), 7.54-7.59 (1H, m), 8.02 (0.5H, 8}, BUEZH0/H4190

s), 8.70-8.77 (4H, m), 9.06 (0.5H, s), 9.18 (0.5H, s), 13.07 (2H, hr s); -1:1

mixture of rotamers 202 N-((IR,4r)-4-((IR)-1-(5- cyano-4-(5-

Corftpiferadomethyl)-1H-
’A‘Vizalhﬁino)rtI PE%{

thylcyclohexy

€I0[2,3-b]py
m ethanest

ridifi34 yI)g
iIfofrugiide

yrimidin-2-
508 1.19-1.é§ F%M,Rm),

1.85-1.9

112

ethoxyphenyljethylamino)-
4-(5-(trifluoromethyl)-1H-
pvrrolel2,3-blpyridin-3-
yDpyrimidine-5-carbonitrile

T 420.), 2.06-2.10 (2H, m

,2.91 (3H

453

(DMSO) 1.28 (3H, g), 1.52 (1H,
d), 3.98 (2H, m), 5.26 (I1H, m),
6.82-6.90 (2H, m), 7.28-7.34 (2H,
m}, 8.70-8.81 (414, m), ©9.01-9.22
{1H, m), 13.05 {1H, m) i:1
mixture of rotamers

113

2-(2-hydroxy-1-(pyridin-3-
vllethylamino)-4-(5-
(trifiuoromethyl)-1H-
pyrrolo[2,3-blpyridin-3-
yhpyrimidine-5-carbonitrile

426

(DMSQO)} 3.80 masked signal, 5.30
(1H, m), 7.49-7.63 (1H, m), 7.98-
8.14 (1H, m), 8.52-9.24 (8H, m),
13.09 {1H, m) 1.1 mixture of
rotamers

114

2-{(5)-2,3-
dihydroxypropylaminoe)-4-
(5-(triftuoromethyl)-1H-
pyrrolo[2,3-blpyridin-3-
yl)pyrimidine-5-carbonitrile

379

115

2-({(R)-2,3-
dihvdroxypropylamino)-4-
(5-(trifluoromethyl)-1H-
pyrrolo[2,3-blpyridin-3-
yDpyrimidine-5-carbonitrile

379

116

2-((28,3R)-1-hydroxy-3-
methylpentan-2-ylamino)}-4-
(5-(trifluoromethyl)-1H-
pyrroiof2,3-blpyridin-3-
ylpyrimidine-5-carbonitrile

405

117

2-({(1-methylpiperidin-4-
ylmethylamino)-4-(5-
(trifluoromethyi)-1H-
pyrrolof2,3-b]pyridin-3-
vipyrimidine-5-carbonitrile

416

2-((1-ethylpiperidin-4-
yhmethylamino)-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-bipyridin-3-
ylpyrimidine-5-carboniirile

430

119

2-((1R,38)-3-
(bydroxymethyl)cyclopentyl
amino}-4-(5-
{(tmfluoromethyl)-1H-
pyrroiof2,3-blpyridin-3-
vl)pyrimidine-5-carbonitrile

403

CDCL/MeOD 1.40-2.40 (SH, m),
4.51 (1H, m), 8.44 (1H, s), 8.52
(1H, d), 8.60 (1H, 5), 9.26 (1H, m)

113




s), 3.16-3.22 (1H, m), 4.08-4.17 (2H, m), 5.47-5.55 (11-1, m), 8.43- 8.50

(1H, m), 8.65-8.80 (2H, m), 9.02-9.14(1K, m), 10.07 (11-1, In d) 203 N-((1

8,4s)-44(1R)- 1 -(5- cyano-4-(5- (trifl uorometh y1)- | H-
W@?ﬁ@ﬂfﬁ{ﬂ)%]pyridin -3- yOpyrimidin -2- ylamino)ethyl)cycloh@ﬁWﬁﬁZﬂW@%l%

CthaneSL ({Hnuc 39-1-86 \ tH m) 2-9F&-3-00-(3 \uu I-rotarner-s o}
3.70-3. 71 ﬁl 3‘[’91{ 2 (1H, s),|4.46-4.58( g'lrl %{hg )2 66
8.48- 8. 5 r711 % § (2H, m), 9.10-9.2 H 4
30204 2 yl)ethylamiﬁiﬁ-4- r S} 9 35
pyrrolo[2 g&% %fpwgwlgydme 5-carbon|1 ’
yi)pynmgéme -5-carbonitrile
}f“.(g‘”“”{s“ggﬁ‘;"ff“ CDCly/MeOD: 1.63 (3H, m), 2.09
(tri “;““(g‘b}y S (3H, d), 5.39 (1H, m), 7.39 (2H,
121 pyrroio{2,3-blpyridi 466 | d), 7.49 (2H, d), 8.56 (1H, d), 8.65
yi)py?"m“i?ﬁ“ henylsce (1H, s), 8.78 (1H, 5), 9.14 (1H, s),
;ﬁz‘“")"’ yopnenyljacdta 9.40 (1H, s), 9.85 (1H, m)
2-{1-{3~chloro-4- CDCl3: 1.68 (3H, s), 5.32 (1H,
hydroxyphenyljethylamino) m), 6.13 (1H, br s}, 7.00 (1H, m),
£22 ~4-{ 5-(trifluoromethyl}-1H- 459 7.22 (2H, m), 7.40 (1H, m}, 8.54
pyrrolo[2,3-b]pyridin-3- (1H, d), 8.69 (1H, s), 8.84 (1H, d},
vl)pyrimidine-5-carbonitrile 9.11 (1H, s), 10.06 (1H, 5)
tert-butyl 4-(4-(1-(5-cyano-
4-(5-(trifluoromethyi}-1H-
123 pyrrolo[2,3-blpyridin-3- 593
yhpyrimidin-2-
ylamino)ethylphenyl)pipera
zine-1-carboxylate
2-(1-(4-(piperazin-1-
UDphenylethylaming)-4-(5- 1.52 (3H, s), 3.24 (8H, m), 5.30
. (1H, m), 6.96 (ZH, m), 7.29 (2H,
124 (trifluoromethyl)-1H- 493
s m), 8.71 (6H, m}, 2.21 (1H, d),
pyrrolo[2,3-blpyridin-3~ 13.08 (1H. m)
yl)pyrimidine-5-carbonitrile ) i
2-(1-{4-
. . 1.53 (3H, s), 3.03 (4H, m), 3.69
morphohnoghenyl)ethyiami (4H, m), 5.26 (1H, m), 6.90 (2H,
125 no pd-(5-{trifluoromethyl)- 494 m), 7.26 (2H, m), 8.74 (4H, m)
I H-pyrrolo[2,3-blpynidin-3- 021 (IH, d), 13.06 (1H, m)
yhpyrimidine-§-carbonitrile ) P ’
2-(1-(4-(4-methyl-1,4- 1.63 (3H, d), 2.01 (2H, m),
diazepan-i- 2.35(3H, 8), 2.59 (2H, m}, 2.72
126 yDphenvljethylamino}-4-(5- 521 (ZH, m), 3.44 (2ZH, m), 3.54 (ZH,
(trifluoromethyl)-1H- m), 5.33 (1H, d), 6.64 (2H, d),
pyrrolo{2,3-blpyridin-3- 7.24 (2H, d), 8.45 (1H, 5), 8.59
yhpyrimidine-5-carbonitrile (1H, s), 8.67 {1H, 5), 9.19 (1H, s)
2-((R)-1~(4-(4~ 1.53 (3H,d), 2.20-2.25 (3H,m),
methylpiperazin-1- 2.4-2.5 (4H,m), 3.02-3.08 (4H,m),
127 yhphenylethylamino)-4-(5- 507 5.2-5.3 {1H,m}, 6.83-6.9 (2H,m),
(trifluoromethyl}-1H- 7.23-7.28 (2H,m), 8.68-8.8
pyrrolo[2,3-blpyridin-3- (4H,m), 9.1 (0.6H,s}, 9.25
yhpyrimidine-5-carbonitrile {0.4H,s), 13.2 (1H,s)
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416 1.1-1.35 (5H, in), 1.6-1.85 (4H, in), 3.0-3.15 (11-1, m), 4.0-4.1 (1H,
m), 8.2-8.3 (1 H, m), 8.7-8.9 (3H, m), 9.1-9.2(1K, m) WO
2008/079346PCT/US2007/026190 205 2-((R)-1-(1-(2-

WhIRKAERtyl)piperidin-4- ypethylamino)-4-(5- (trifluoromet

CTUS2007/026190
yi)-iH-

pyrrotof
1.75-1.9
m), 4.4-
e 1-13
methylp
pyrrolol?

Ar®ialingpapsia 28 (IN,

ylpyrimidine-5-carbonitrile

2/ fapiniy4406 2-((R)-1-(1-(

a3

P, 3=1Thyridin=3="yi)pyrifiidine-5-carbor
RA&R)-Bnmetiss-p-95 (11-1,|m), 3.63-3
n), 8.7-8.8
2-hydpxy-

lamino)-4-

itrfe 474 '1.05-1.2 (5H, m),

G5 (R0, 50T 03, (R5b-
@3511{3}15 ﬁlﬂ;'@@(&ﬂy Bi)m),

24 27(1H, m), 7.56(1H, m),
(3-4trifldpsnrasth@B)-4H9. 12(1 H,
s), 12.66(1H, brs)

2-((S)-1-(6-(4-
methylpiperazin-1-
yhpyridin-3-ylhethylamino)-

"H NMR (DMSO-ds, 400 MHz) 8
1.54 (3H, m), 2.18 (3H, m), 2.33-
2.37 (4H, m), 3.38-3.43 (4H, m),

5.18-5.27 (1H, m), 6.77-6.84 (1H,

129 4-(5-(trifluoromethyl)-1 H- 508 | 1, 7.56-7.62 (14, m), 8.08-8.16
pyrrolof2,3-blpyridin-3- (1H, m), 8.70-8.77 (4H, m}, 9.04-
yhpyrimidine-5-carbonitrile 9.18 (1H, m), 12.98 (1H, m}

mixture of rotamers
2-({R)-1-{4-(4- CDCP: 1.70 (3H, m), 2.61 (4H,
benzylpiperazin-1- s), 3.20 (4H, s), 3.58 (2H, s}, 3.80

130 yOphenybethylamino)-4-(5- 533 (1H, m), 6.31 (1H, m}, 6.92 (2H,
(trifluoromethyl)-1H- m), 7.34 (7H, m), 8.59 (1H, d),
pyrrolo{2,3-blpyridin-3- 8.75 (1H, s), 8.86 (JH, d), 9.24
yl)pyrimidine-5-carbonitrile (1H, d}
2-(1-(4-(1,4-d1azepan-1-
yl)phenyl)ethylamino}-4-(5-

131 (trifluoromethyl)-1H- 507
pyrrolo[2,3-blpyridin-3-
yl)pyrimidine-3-carbonitrile
2-({R)-1-morpholinopropan- (at 110°C) 1.30(3H, d), 2.50-

_ 2-ylamino)-4-(5-... . 2.67(6H, m), 3.55(4H, m)},

132 (trifluoromethyl)-1H- 432 439(1H, m), 7.63(1H m),
pyirolo[2,3-b]pyridin-3- 8.62(1H, s), 8.69(2H, s), 9.1 1(1H,
yhpyrimidine-5-carbonitrile s}, 12.66(1H, br s)
2A(R)-1-(4- 1.51 (3H, m), 2.81 (6H, m), 5.23
gg{‘;?ggf’fgm)phmYl)ethy (1H, m), 6.63-6.71 (2H, m), 7.20-

133 . 452 7.25 (2H, m), 8.70 (4H, m}, 5.07-
{trifluoromethyl)-1H- 9.22 (1H, m), 13.07 (LH, m)
pyrrolo[2,3-b]pyridin-3- g PRI ’

S o mixture of rotamers
yhpyrimidine-5-carbonitriie
1.03 (1H, m), 1.19-1.23 (4H, m)},
2-((R)-1-(1-acetylpipendin- 1.76-1.84 (3H, m), 1.93-1.98 (3H,
4-ylethylamino}-4-(5- m), 2.96 (1H, m), 3.80 (1H, m),
134 (trifluoromethyl)-1H- 458 4.07 (1H, m), 4.41 (1H, m), 8.10

pyrrolof2,3-bjpyridin-3-
yl)pyrimidine-5-carbonitrile

(1H, m), 8.57-8.65 (2H, m), 8.81
(1H, m), 9.12 (1H, m), 13.10 (1H,

m) mixture of rotamers
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yl)pyrimidine-5-carbonitrile 502 1.1-1.35 (10H, m), 1.8-1.9 (51-1, m),
4.0-4.1 (1H, in), 8.3-8.33 (1H, m), 8.7-8.8 (3H, m), 9.1-9.17 (1H, m),
13.1-13.16(1K, m) 207 2-((R)-1-(1-((R)-2- hydroxypropanoyl)piperidin

w9 %@{H\}T’émno) 4- (5 (trlfluoromethyl) 1H- pyrrolo[2 3-b]py HETHIE2007/026190

yhpyrimigine=5=carbonitrite488+-05r125(5H 1)+ 3++5-1-95-(3H-m);
2.8-2.96|(1H, m), 4.4-4.55 (1H, m), §.3-8.37 (1H, m), 8.65- 8,8 (3H, m),
9.1-9.2 (1H, m), 13.1-13.17 (1H, m) P08 N-((1R,40A(4A24GDC13NH, m), 1.76-
1.07-1.31 3448}, lir()} -dc84/¢8ptrdind .51-1.62 (21-1,89)3H 883, 1.92-0.$6L(3A).m),
1.97 (3H, $)yRe06- 1 21E89RH{IM), 3.71-3.81 (11-12.8Y) (. 4xd, 2BROIA H, na), 4.05
536 (11{Ktmfucromethyl)-1H- 458 {(1H,m), 441 (iH, m), 8.14 (1H,
pyrrolof2,3-blpyridin-3- m}), 8.58-8.79 (3H, m), 9.12 {1H,
yhpyrimidine-5-carbonitrile m}, 13.10 (1H, m) mixture of
rotamers
N-{4-({1R)-1-(5-cyano-4-(5- 1.54 (3H, m), 2.91 (3H, m), 5.29
(trifluoromethyl)-1H- (IH, m), 7.12-7.19 (ZH, m}, 7.34-
116 pyrrolo[2,3-b]pyridin-3- 500 7.40 (2H, m), 8.69-8.74 (3H, m),
yDpyrimidin-2- 8.82 {1H, m), 8.97-9.21 (1H, m),
ylamino)ethyl)phenyl)metha 8.66 (1H, m}), 13.06 {1H, m)
nesulfonamide mixture of rotamers
N-(4-((1R)-1-{(5-cyano-4-(5- 0.75(4H, m), 1.54 (3H, m), 1.74
(trifluoromethyl}-1H- (1H, m), 5.26 (1H, m), 7.29-7.35
137 pyrrolo{2,3-b]pyridin-3- 497 (ZH, m), 7.48-7.55 (2H, m), 8.69-
yhpyrimidin-2- 8.74 (3H, m), 8.80 (1H, m)}, 9.00-
yvlamino)ethyl)phenyljcyclo .22 (1H, m), 10.14 (1H, m),
propanecarboxamide 13.07 (1H, m) mixture of rotamers
1.55 (3H, d}, 3.38-3.42 (ZH, m),
3.63-3.69 (4H, m), 5.20-5.27 (1H,
2-(1-(6-morpholinopyridin- m), 6.78-6.85 (1H, m), 7.59-7.63
3-yhethylamino)-4-(5- (1H, m}, 8.11 (0.5H, s), 8.19
138 (trifluoromethyl)-1H- 495 (0.5H, s), 8.71-8.77 (4H, m), 9.05
pyrrolo[2.3-blpyridin-3- (0.5H, s), 9.19 (0.5H, 5), 13.03
yhpyrimidine-5-carbonitrile (0.5H, s), 13.09 (0.5H, s). ~1:1
mixture of rotamers, water peak
obscures some signals
1.54 (3H, d), 2.17 {1.5H, s}, 2.20
2-(1-(6-(4-methylpiperazin- (1.5H, s), 2.33-2.37 (4H, m}, 3.37-
1-yDpyridin-3- 3.43 (4H, m), 5.20-5.24 (1H, m),
139 yhethylamino)-4-(5- 508 6.77-6.83 (1H, m), 7.57-7.62 (1H,
(tnfluoromethyl)-1H- m), 8.08 (0.5, g), 8.16 (0.5H, s},
pyrrolo{2,3-b]pyridin-3- 8.69-8.73 (4H, m), 9.05 (0.5H, s),
yDpyrimidine-5-carbonitrile- 9.18 (0.5H, s}, 12.95 (1H, vbrs). ~
1:1 mixture of rotamers
2-{(R)-1~{4-(4-
isopropylpiperazin-1-
vlyphenyljethylamino}-4-(5-
140 {trifluoromethyl)-1H- 333
pyrrolo[2,3-b]pyridin-3-
yDpyrimidine-5-carbonitrile

16




5.52-5.64 (1H, 2 x d), 8.51-8.59 (11-1,2 x s), 8.73-8.88 (2H, m), 9.10-9.23
(1!—|, 2 X S), 9.96-10.00 (11-1, 2 x s) ((IR)-1-(5- cyano-4-(5-
w tn)fluogorgghyl)-lH- pyrrolo[2,3-b]pyr|d|n-3- yhpyrimidin-2-peres2007/026190
ethyl)cyclohexyl)a cetamide 209 N-((I S,4s)-44( 1 R)-1-(5-

Tyano-
ylamino

4.24-4.29,

450-8.9

TRedditprometigl-dnd- gyrrolo[2,3-
athyligysiehexdia/petamid
{Aoid[D,3%p4BdIR {1H, m), 6,10-6.3
Jyikhiti)dif-07-9.09

ylamino)ethyl)phenylcarba
mafe

> 472 (CDC

e

HJ@&";;S.ZS
241,10, 8.69-
)by e 09 (1H, m),

9.58 (1H, m), 13.03 (1H, brs)
mixture of rotamers

142

2-((R)-1-(3-fluoro-4-{4-
methylpiperazin-1-
yl)phenyl)ethylamino)-4-(5-
(triftuoromethyl)-1H-
pyrrolof2,3-bipyridin-3-
yhpyrimidine-5-carbonitrile

525

CDCI3 1.55 (3H,0), 2.17-2.24
(3H,m), 2.4-2.5 (4H,m), 2.95-3.02
(4H,m), 5.22-5.28 (1H,m), 6.95-
7.02 (1H,m), 7.02-7.18 (2H,m),
8.7-8.8 (3H,m), 8.97 (0.5H,8),
9.12 (0.5H.5), 13.1 (1H,brs)

143

1 2-(1-(6-

(dimethylamino)pyridin-3-
yljethylamino)-4-(5-
(triflucromethyl}-1H-
pyrrolof2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile

453

1.54 (3H, d), 2.94 (3H, s}, 2.98
(3H, s), 5.18-5.26 (1H, m), 6.61
(14, dd), 7.54-7.59 (1H, m), 8.05
(0.5H, s), 8.13 (0.5H, s), 8.70~
8.75 (4H, m), 9.07 (0.5H, s), 9.19
(0.5H, s), 13.02 (0.5H, brs), 13.09
(0.5H, brs). ~1:1 mixture of
rotamers

144

N-{4-((1R)-1-(5-cyano-4-(5-
(trifluoromethyl)-1H-
pyrrolo{2,3-blpyridin-3-
yhpyrimidin-2-
ylamino)ethyl)phenyljpropi
onamide.

480

1.05 (3H, m), 1.54 (3H, m), 2.25-
2.30 (2H, m), 5.26 (1H, m), 7.21-
7.35 (2H, m), 7.48-7.55 (2H, m)},
8.69-8.74 (3H, m), 8.78 (1H, m),
9.00-9.22 (1H, m), 9.78 (1H, m),
13.03 (1H, m) mixture of rotamers

1435

2-((R)-1-(4-(2-
oxopyrrolidin-1-
yliphenylJethylamino)-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-bipyridin-3-
yl)pyrimidineé—carbonitrile

402

1.54 (34, m), 1.99-2.06 (2H, m},
3.74-3.82 (3H, m}, 5.29 (1H, m),
7.36-7.42 (2H, m), 7.54-7.61 (ZH,
m), 8.67-8.71 (3H, m), 8.78 (1H,
m), 8.99-9.21 (1H, m). Mixture of
rotamers

146

2-((R)-1-(4-((S)-1-
methylpyrrolidin-3-
yloxy)phenyl)ethylamino)-
4-(5~(trifluoromethyl}-1H-
pyrrolo{2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile

508

MeOD 1.50 (3H, m), 2.34 (2H,
m), 2.96 (3H,m), 3.32 (3H, m),
3.82 (2H, m), 5.25 (2H, m), 6.90
(2H, d), 7.39 (2H, d), 8.45 (1H, 3),
8.60 (1H, s), 8.71 (1H, s), 9.04
(1H, d)
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(1H, 2 x s), 9.23 (1H, s), 10.09- 10.53 (1H, 2 x S) 210 2-((R)-1-(1-(2- 473
0.8-0.9 (I H, m), 0.9-1.0 (5H, in), 1.6-1.7 (4H, in), 2.4-2.5 (11-1, m), 2.7-2.8

o

, 3.8-3.9 (1H, in), 4.15-4.22 (1H, In), 7.7-7.8 (3H, m), 8.1-8.14 (1H,
29 Eg (3H, m), 8.85-8.95 (11-1, m), 13.1- 13.17 (11- 1 Fia}/US2007/026190

o)y=4=(5=triffttoromethyh-tH——————

ClllIIIIUClL,t l.% g 3!- yl)Ulllyldllllll
pyrrolo[2,3 “@i@ Opyrimidine+5-carbonitfile 211 N-((IR,4r)-4-(( |
R)-1-(5- a3 t )411-1- pyrrolo[2,3-b]pyridin-3-
F)‘ﬁ/rlmldl a( i &% EEJ}% exyl)508
y 3 Y@ﬁﬂ@%@i}{ 5
pyrrolof2,3-blpyridin-3-
yh)pyrimidine-S-carbonitrile
Ceompound
oL Name o) 'H NMR (DMSO-D)
1.48-1.52 (3H, m}, .212 (3H, ),
2-{(R)~1-(2-flucro-4-(4- 2.7-2.76 (2H, m), 2.9-3.03 (2H,
methylpiperazin-1- m}, 3.07-3.2 (2H, m), 3.8-3.9 (ZH,
149 yiphenyllethylamino }-4-(5- 575 m), 5.4-5.5 (0.4H, m), 5.53-5.6
(trifluoromethyl)-1H- (0.6H, m), 6.7-6.85 (2H, m), 7.3~
pyrrolo[2,3-b]pyridin-3- 7.4 (1H, m), 8.7-8.9 (4H, m), 8.97
ylpyrimidine-5-carbonitrile (0.6H, s), 9.22 (0.4H, s), 9.63 (1H,
brs), 13.0-13.15 (1H, m)
2-(1-(1- 1.2}-1.385 (SgH,(m), 1.5455 517%
C ey m}, 1.8-1.97 (ZH, m)}, 2.6-2,
(met%:sziﬁzgﬁigiww (2H, m), 2.82-2.87 (3H, m), 3.5~
150 ({riﬂu(i‘ometh 1. 494 3.65 (ZH, m), 4.0-4.1 (1H, m),
pyrrolo(2 3—b]p§ridin_3_ 8.3-8.36 (1H, m), 8.67-8.8 (3H,
) 'midi;le-S-carbenitriie m), 9.1-9.2 (1H, m), 13.0-13.15
yhpyri (1H, m)
1.55 (3H, d), 2.85 (1.5H, brs),
2-(1-(6- 2.89 (1,5H, brs), 5.17-5.22 (1H,
{methylamino)pyridin-3- m), 6.99 (1H, vbrs), 7.73 (0.5H,
151 ylethylamino)-4-(5- 430 | brs) 787 (1H, 5), 7.96 (0.5H, m),
(irifluoromethyvl)-1H- 8.72-8.79 (4H, m), 8.91 {0.5H, s),
pyrrolof2.3-b]pyridin-3- 9.18 (0.5H, s), 13.08 (0.5H, 3),
yhpyrimidine-5-carbonitrile 13.12 (0.5H, s); ~1:1 mixture of
retamers
methyl 4-(1-(5-cyano-4-(5- 1.0-1.3 (6H, m), 1.68-1.72 (4H,
(trifluoromethyl)-1H- m), 2.65-2.85 (2H, m), 3.52-3.58
152 pyrrolo[2,3-b]pyridin-3- 474 (3H, m), 3.9-4.1 (3H, m), 8.25-
yhpyrimidin-2- 8.29 (1H ,m), 8.66-8.8 (3, m),
ylamino)ethyl)piperidine-1- 9.12 (0.7H, s), 9.18 (0.3H, s),
carboxylate 13.0-13.15 (1H, m}
211 1.15-1.3 (8H,m), 1.52-1.6 (1H,m),
(ethyisulfonyl)piperidin-4- 1.82-1.95 H,m), 2.7-2.85
Dethylamino)4-(5- (2H,m), 2.92-2.98 (2H,m), 3.58-
153 (?;ﬁﬂué methyl)-1EL 508 3.65 (2H,m), 4.03-4.1 (1H,m),
010[203_13] Y s 8.28-8.31 (1H,m), 8.7-8.8 (3H,m),
pyYIrolol ~,2-0 jpyndin-J- 9.12-9.18 (1H,m), 13.0-13.1
yllpyrimidine-5-carbonitrile (H.m)
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2-hydroxyacetamide 488 (CDC13) 1.27-1.34 (5H, m), 1.35 (3H, d),
1.85-2.14 (4H, m), 2.37- 2.41 (1H, m), 3.77-3.83 (11-1, m), 4.11(1K, s),

4.18-4.29 (1H, m), 5.52-5.65 (1H, 2 x d), 6.21 (1H, d), 8.51-8.87 (3H, m)
WQ%W%‘?@%“‘E&H, 2 X s), 9.74-9.80 (1H, 2 x br s) WO PCT/US2007/026190
20_08/07 346PG T, }é?gy@?(p;bwu 2T2N=((IS BS)~4-((IR)-1-(5- Cyano-4-(5-
(trifluoro ethxgég—gﬂi Rl 2.3-b]pyridin-3- yl)jpyrimidin-2-
lamino ei%{);(y; G %wlg?ﬁﬁgypxyacetamide 488 (CDC13) 1.04-1.74
H, m), 20424, dy13-P4=4 22 (4, m), 5.52-5.65 OH, 2 x d), 6.40
(11-1, d), 848186 BHjpFdhOL- 9|17 (1H, 2k s), 9.62-9.71 (1H, 2 X br
S) yl)pyrimidine-5-carbonitrile
7-(1-(4-
{methylsulfonylphenylethy
155 lamino }-4-(5- 487
(trifluoromethyl)-1H-
pyrrolo[2,3-blpynidin-3-
yl)pyrimidine-5-carbonitrile
benzyl 4-(1-{5-cyano-4-{5-
(i fluoromethyl)-1H- 1.21 (5H, m), 1.76 (3H, m), 2.77
! (ZH, m), 4.05 (3H, m), 5.03 (2H,
156 pyrrolo[2,3-b]pyridin-3- 550 | ), 7.34 (SH, m), 827 (1H, m),
_yhpyrimidin-2- 8.66 (3H, m), 9.13 (1H, m), 13.04
yiamino)ethyl)piperidine-1-
(1H)
carboxylate
4-(1-(5-cyano-4-(5-
(trifluoromethyl)-1H- 1.21 (58, m), 1.63 (3H, m), 2.68
pyrrolof2,3-blpyridin-3- (28, m), 2.70 (6H, m), 2.74 (2H,
157 yhpyrimidin-2- 487 m), 4.03 (1H, m), 8.26 (1H, m),
ylamino)ethyl)-N,N- 8.66 (3H, m), 9.11 (1H, m), 13.08
dimethylpiperidine-1- {(iH)
carboxammde
2-(1(1- (0.85-0.98 (4H, m), 1.15-1.3 (54,
(cyclopropylsulfonylpiperi m), 1.6-1.7 (1H, m), 1.8-1.5 (25,
din4-yD)ethylamino)s-(5- m), 2..7-2.85 (2H, m), 3.6-3.7
158 in-4-yljethylamino 520 (2H, m), 4.05-4.15 (1H, m), 8.3-
(triflucromethyl)-1H- 8.37 (1H, m), 8.65-8.8 (3H, m)
lo[2,3-b]pyridin-3- ‘ T BT
pyrrolols T 9.1-9.2 (1H, m), 13.05-13.15 (1H,
yhpyrimidine-5-carbonitrile m)
2-{(1-(1- . 0.65 (4H, m), 1.22 (6H, m), 1.84
(?YCEOP’?pa“eca"bF’“yl)p‘pe (4H, m), 3.02 (1H, m), 4.06 (1H,
159 ridin-4-ylethylamino}-4-5- | 4o | 13 435 (OH, m), 8.27 (1H, m),
(trifluoromethyl)- 1 H- 8.67 (3H, m), 9.14 (1H, m), 13.08
pvrrolo{2,3-b]pyridin-3- (1H, m)
yhpyrimidine-5-carbonitrile ’
4-(1-(5-cyano-4-{5-
(trifluoromethyi)-1H- 1.04 (2H, m), 1.22 (3H, m), 1.7
pyrrolo[2,3-blpyridin-3- (3H, m), 2.50 (3H, m), 2.54 (2H,
160 yhpyrimidin-2- 473 m), 3.99 (3H, m), 6.30 (1H, brs),
ylamino)ethyl)-N- 8.26 (1H, m), 8.67 (3H, m), 9.14
methylpiperidine-1- (1H, m), 13.03 (1H, s}
carboxamide
2-((S)-1-(4-({S)-1- 1.55 (3H, m), 1.99 (1H, m), 2.23
methylpyrrolidin-3- (1H, m), 2.84-2.90 (3H, m), 3.67
161 yloxy)phenyl)ethylamino)- 508 (2H, m), 5.10 (1H, m), 5.30 (1H,
4-{5-(tnfluoromethyl}-1 H- m}, 6.88-6.96 (2H, m), 7.34-7.40
pyrrolof2,3-bipyridin-3- {2H, m), 8.70-8.75 (3H, m), 8.82
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21_3 (isopropylsulfonyl)piperidin -4-ypethylamino)-4-(5-
(5t;|2ulor1%m1et2h8yl()-lH- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonifrile
15-1. 11H,m), 1.7-1.8 (1H,m), 1.85-1.95 (2H,m),
WO ?%98-3.33 (1H,m), 3.6-3.7 (2H,m), 4.02-4.1 (11-1,rr%)?7§%g128§§7é026190

(EH G758 BRI BT IH, M), 13.05¢18.%a)(B-00ny 21412(1a§39.99
methylenecyclob_utyflethylarni no)-4-(5-(triflucrorbbtmyNi 2199 (1H, m) mixture of
pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbohitrile 399 Mixttam
rotame(s 1.10-1.25 (314, m), 2.35-2.85 (51-1] mi),33-20:A(361(14, tiys (3H. d),
4.65-4.80 (2H, m), 8-8.15 (11-1, m), 8.55-8.7 (ZW%)?S,W(@M.ﬁm%@dZH,
(0.7H, $), 9.10 (Ibl{ BY512-80-13.40|(1H, br s),!Mixtirédf.73 (1H, m}, 3.90-3.99
hydroxypiperidin-1- (ZH, m), 4.62-4.66 (1H, m}, 5.1 8-
162 yhpyridin-3-yljethylamino)- 509 5.24 (1H, m), 6.80 (1H, dd), 7.54-
4-(5-{trifluoromethyl}-1H- 7.59 (1H, m), 8.07 (0.5H, s), 8.14
pyrrolo[2,3-blpyridin-3- (0.5H, s), 8.69-8.74 (4H, m), 9.06
yi)pyﬁmidinﬁ-&carbonitrﬂe (0.5H, s}, 9.19 (0.5H, s}, 13.04
(1H, br s); ~1:1 mixture of
rotamers
4-{{1R)-1~(5-cyano-4-{5- 1.57 (3H, m), 2.72-2.77 (3H, m},
(trifluoromethyl}-1H- 5.34 (1H, m), 7.44-7.50 (2H, m},
163 pyrrolo[2,3-blpyridin-3- 466 7.73-7.80 (2H, m), 8.31-8.36 {1H,
yhpyrimidin-2- m), 8.67-8.73 (3H, m), 8.86 (1H,
ylamino)ethyl}-N- in), 8.94-9.22 (1H, m), 13.02 (1H,
methylbenzamide m) mixture of rotamers
4-((15)-1+(5-cyano-4-(5- 1.56 (3H, m), 2.72-2.77 (3H, m},
(trifluoromethyl)-1H-- 5.34 (1H, m), 7.44-7.50 (2H, m),
164 pyrrolo[2,3-blpyridin-3- 466 7.73-7.80 (2H, m), 8.31-8.36 (1H,
yDpyrimidin-2- m), 8.67-8.73 (3H, m), 8.85 (1H,
ylamino)ethyl)-N- m), 8.94-9.22 (1H, m), 13.00 (1H,
methylbenzamide m) mixture of rotamers
. 1.17 (5H, m), 1.46 (1H, m), 1.83
2-(1-(1-tosylpiperidin-4- (2H, m), 2.15 (2H, m), 2.34 (3H,
yhethylamino)-4-(5- 3.66 (2H 3.96 (1H, m)
165 (triflucromethyl}-1H- 570 8), 3. - m), 3. » T,
pyrrolo[2,3-b]pyridin-3- 7.40 (2H, m), 7.60 (2H, m), 8.19
Dpyrimidine-5-carbonitrile (1H, m), 8.69 (3H, m), 9.06 (18,
yHpym m), 13.08 (1H, 5)
2-(1-(1-
(eyanometryDpiperdin-4- ot o8 GRm, 29031 (IR
166 yhethylamino)-4-(>- 455 | m), 3.7-4.1 (3H, m), 8.23-83 (1H
(trifluoromethyl)- 11 m), 8.65-8.8 (3H, m), 9.1-9.2 (1H,
pyrrolo{2,3-b]pyridin-3- T ) n’]) o ’
ylpyrimidine-5-carbonitrile
1.54 (3H, d), 2.72-2.76 (4H, m},
2-{1-{6-(piperazin-1- 5.18-5.26 (1H, m), 6.76 (1H, dd),
yl)pyridin-3-yl)ethylamino)- 7.56-7.61 (1H, m), 8.08 (0.5H, s},
167 4-(5-(trifluoromethyl)-1H- 494 8.16 (0.5H, s}, 8.68-8.72 (4H, m),
pyrrolo[2,3-b]pyridin-3- 9.05 (0.5H, s), 9.18 (0.5H, s}.
yl)pyrimidine-5-carbonitrile Water peak obscures some
signals, ~1:1 mixture of rotamers
N-(4-((1R)-1-(5-cyano-4-(5- 0.72-0.9 (4H, m), 1.48 (3H, d),
(trifluoromethyl)-1H- 3.12-3.14 (2H, m), 4.02-4.05 (1H,
168 pyrrolo{2,3-b]pyridin-3- 598 m), 5.25-5.32 (1H, m}, 7.05-7.16
yDpyrimidin-2- (2H, m), 7.25-7.33 (2H, m}), 8.63-
ylamino)ethyl)phenyl)cyclo 8.71 (3H, m), 8.75-8.8 (1H, m),
propanesulfonamide 8.92 (0.6H, s), 9.18 (0.4H, 5}, 5.5- |
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rotamers 215 2-((R)-1-(1-(2- hydroxyethyl)piperidin-4- ypethylamino)-4-(5-
(trifluoromethyl)- 1 H- pyrrolo[2,3-blpyridin-3- yl)pyrimidine-5-carbonitrile

460 1.25-1.4 (314, m), 1.5-1.7 (2H, m), 1.8-2.0 (3H, m), 2.
W%@‘%’%%‘EH m), 3.5-3.6 (2H, m), 3.75-3.85 (2H, in), 4.1- 4%%132'%%’#{“5? -

oy =t =

5:255:35 (t14, ), 8-3-8:4"OH M), 8.7-8.83
9.1-9.2 (1H, in), 13.1-13.15 (IH, rrt)|216 2-((R)-1-(1-(3-
hydroxypropanoyflpiperidin-4- ypethylainino)-4-(5- (trifluoromethyl)- | H-
pyrrolo[2,3-b]pyridin-3- yl)pyrimiding-5-carbonitrile 488 1.0-1.22 (51-1, in),
1.7-1.87 (3H, m), 2.55-2.65 (2H, in), 2.9-3.02
4.4-4.5(1H, in), 8.32-8.36 (IH. in), 8.75-8.82 (8H, in), 9.1-9.08 (114, In\

o811 B.9:9, 02 625058 (1H, m)

(1H, m), 3.6-3.9 (6H, m),

13.1-1315 (111 M) P42 246R):45(14(5)-2- hydro&&bh?é ( g_?@ﬁe‘héﬁ\{ H, d),

(triflucromethyl)-1H-

2.95-3
m), 7.12-7.22 (2H, m), 7.32-7.42

), 5.3-5.37 (1H,

169 pym;z‘;gﬁgi}gffin's - 516 | (2H, m), 8.7-8.8 (3H, m), 8.8-8.82
. e (1H, m), 8.95 (0.6H, s), 9.22
ylm‘no)ethyl)ph"‘;gyl}ethm (0.4H, 5), 9.71-0.76 (1H, m), 13.0-
esulfonamide 13.1 (1H, m)
4{(IR)-1-(5-cyano-4-(5- 1.05-1.10 (38, m), 1.56 (3H, m),
(triflucromethyl}-1 H- 3.21 (2H, m), 5.30-5.37 (1H,§§£
pyrrolof2,3-blpyridin-3- 7.43-7.48 (2H, m), 7.74-7.81 (2H,
170 Hpyrimidin-2- 480 | 1) 834 (1H, m), 8.67-8.74 (3H,
ylamino)ethyl)-N- m), 8.88 (1H, m), 8.95-9.23 (1H,
ethylbenzamide m), 13.04 (1H, brs)
0.51-0.54 (2H, m), 0.64-0.69 (2H,
A m), 1.5 (3H, m), 2.78-2.82 (1H,
e el m), 5.33 (1H, m), 7.42-7.49 (2H,
171 py‘ml"[ .]é’.y"‘z‘ 492 | m), 7.71-7.78 (2H, m), 8.29 (1H,
y )p.y“mih“{" o m), 8.67-8.74 (3H, m), 8.88 (1H,
yiam‘“‘))fb yO-N- i m), 8.96-9.22 (1H, m), 13.06 (1H,
cyclopropylbenzami br 9)
A-{(1R)-1-(5-Cyano-4-(5- 1.10-1.15 (6H. m), 1.56 (3H, m),
(trifluoromethyi}-1H- 4.03-4.08 (1H, m), 5.31-5.37 (1;-11,
pyrrolol2,3-blpyridin-3- m}, 7.43-7.49 (2H, m}, 7.74-7.
172 y1)pyrimidin-2- 4941 (91, m), 8.08 (1H, m), 8.67-8.74
yiamino)ethyl)-N- (3H. m), 8.89 (1H, m), 8.97-9.23
isopropylbenzamide (1H, m), 13.05 (1H, br s}
2-(1-(1- 4 (3H,m), 1.34 - 1.40 2H
(cyanomethyl)piperidin-4- m(;',gil.sé ; 1’.9?271'—1, m), 2.55( (11,
173 Y”?é‘“’ylm‘ﬁog“i; g’ 469 m), 3.13 (ZH, m), 3.7 (2H, m),
péﬁ.:olz?;o?g]ipirzziin ; 8.16 (1H, m), 8.71 (3H£{m), 9.14
> o 1H, m), 13.05 (1H,
ylipyrimidine-5-carbonifrile (1H, m) (1H, 5)
- 1.04 (3K, m), 1.05 - 1.16 (2H, m),
2'(;‘“(1'a°T"Y1P‘p‘°’“4d“;‘4" 1.52 (1H, m), 1.74 (5H, m), 1.96
174 y )Pé‘}py m‘t‘;"g‘ 1;1 4o | (H,m),2.92 (1H,m), 3.99 CH,
pg’ol‘;‘[’;";‘%pﬁ&m ) m), 4.41 (1H, m), 8.19 (1H, 1;%,8
” o 8.69 (3H, m), 9.11 (1H, m), 13.
yl)pyrimidine-5-carbonitrile GH, m) (1, Sf) )
2-(1-(1- 0.91 (3H, m), 1.25 (5H, m), 1.72
(ethylsul fonyl)piperidin-4- e é) P i.so(( s ﬁg, s
175 ylypropylamino}-4-(5- T

22
(triflucromethyl)-1H- 3

pyrrolo{2,3-blpyridin-3-
yhpyrimidine-5-carbonitnle

(2H, m), 3.01 (2H, m), 4.01 (1H,
m), 8.23 (1H, m), 8.73 (3H, m),
9.12 (1H, m), 13.09 (1H, s)
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ypethylarnino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-blpyridin-3-
yOpyrimidine-5-carbonitrile 502 0.75-0.82 (H, In), 0.8-0.9 (2H, m),

1.0-1.25 (4H, m), 1.35-1.52 (114, in), 1.8-1.95 (3H, m), 2.9-3.1 §1H in), 41
WOV, 4.2:4.3 (1H, in), 4.4- 4,5 (11-1, m), 8.34-8.37 (AR H87026190
882 (214, Ny, 9:12-9.271TH,1M); dL-ldlb(llr;S)ALtsALM(
IR)-1- (STéyﬁ‘r{&lﬁ‘)(‘é ((Strﬁ}i%?o I)-1H- pyrrqlo Rdin-39-5.37 (1H, m),
yhpyrim dln-m%ﬁ%ﬁgﬁﬁl} peridjn- | ~ pacet gﬁcfé 7@)1341? 1@% mz){
m), 1.551. ?Y@PF"R P '$57311, inf3.90-3.7 1’9@252; t} : (‘;’H
m), 3.82L3 qﬁg S %rﬁ 71)772(1121 ¢
8.32-8.42({ 1T ) 8" §3§"‘F§ %),9.1-9.2 (114, m), 9.35-0.48 (1H m).
13.1-13 1B -(#1{d Rin)l -(5-cyanc-4-(5-
{trifluoromethyl)-1H- 1.54 (3H, m), 2.95-3.00 (3H, m),
pyrrolo[2,3-bJpyridin-3- 5.05-5.34 (1H, m), 7.11-7.34 (3H,
177 yDpyrimidin-2- 520 m), 8.68-8.73 (3H, m), 8.82 (1H,
vlaminoethyl)-2- m), 8.90-8.21 (1H, m), 9.53 (1H,
fluorophenyl)methanesuifon m), 13.04 {1H, m)
amide
2(1-(1-(prop-2- 1.22-1.26 (3H, m), 1.41-1.47 (2H,
ynylipiperidin-4- m), 1.78 (1H, m), 2.02 (2H, m),
178 ylethylamino }-4-(5- 454 2.97 (2H, m), 3.89 (ZH, m), 4.04
(trifluoromethyl -1 H- (3H, m), 8.29-8.35 (1H, m), 8.70-
pyrrolo[2,3-b]pyridin-3- 8.77 (3H, m), 9.10-9.17 (1€, m),
ylipyrimidine-5-carbonitrile 9.78 (1H, m), 13.06 (1H, m)
K (CDCl3) 1.18-1.36 (7H, m), 1.90-
hy dfoi(}i;éséi;;@gylm 2.07 (4H, m), 3.61 (1H, m), 4.12-
179 . . 4.22 (2H, m), 5.64-5.65 (1H, m),
ino }-4-{S-(triflucromethyl)- 431
_ o 8.58.55 (1H, m), 8.74 (1H, s),
tH-pyrmrolo2,3-b]pyridin-3- 8.8.83 (1H, m), 9.18 (1H, m)
ylypyrimidine-5-carbonitrite 10.09 (1HL s)
2-((R)-1-((15.48)-4-
hydroxycyclohexylethylam
180 ino)-4-(5-(triflucromethyl)- 431
1H-pyrrolo[2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile
4-(1-(5-cyano-4-(5- (CDCl3) 1.05 (6H, m), 1.75 (3H,
(trifluoromethyl}-1H- m), 3.19 (4H,s), 5.46 (1H, s}, 7.08
{81 pyrrolo[2,3-b]pyridin-3- sad (1H, d), 7.53 (2H, d), 7.78 (24,
yl)pyrimidin-2- d), 8.55 (1H, s), 8.70 (1H, s), 8.91
ylamino)ethyl)-N,N- (1H, ), 9.22 (1H, d), 11.27 (1H,
diethylbenzenesulfonamide d}
2:(1(1-
. L 0.91 (3H, m), 1.26 (8H, m), 1.55
(isopropylsulfonyl)piperidin
5 4y ropylamino)A-(5- (1H, m), 1.91 (5H, m), 2.75 (2H,
: 536 m), 3.54(2H, m), 4.01 (1H, m),
{trifluoromethyl)-1H- 3 19
> 19 (1H, m), 8.73 (3H, m), 9.12
pyrrolo[2,3-blpyridin-3- (1H, m), 13.08 (1H, )
yDpyrimidine-5-carbonitrile P T, 13- ’
2(1-(1-(2-
o 1.22 (5H, m), 1.83 (3H, m), 2.93
methoxyacetyl}piperidin-4-
182 JDyethylamino).4-(5- (1H, m), 3.30 (3H, m), 3.95 (2H,
: 488 m), 4.01(3H, m), 4.41 (1H, m),
(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3- 8.28 (1H, m), 8.73 (3H, m), 9.15
yhpyrimidine-5-carbonitrile (1H, m), 13.08 (1H, 5)
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WO 2008/079346PCT/US2007/026190 219 2-((R)-1-(1-((R)-2-
hydroxybutanoyl)piperidin-4- yl)ethylamino)-4-(5- (trifluoromethyl)-1H-
rolo[2,3-14pyridin-3- yOpyrimichne-5-carbonitrile 502 0.8-0.9(311, m),
"{i)gf‘ﬁ@("?i‘*f m), 1.2-1.26(311, m), 1.32-1.53 (2H, m), 1.78-BOYBEROT)§26190

ﬁOO’)f'\

JANN |

05-4-1{211 )41 /I')/’)1

11m\ AAARHI—I m\

8.3-8.34
Zké%[ )-1-
riflua

(4H,

aRGel
500 0. 72_r8 2&%’5%% P

L m},

111, m

g

TS

74l

yhpyrimidine-5- carﬁammle

.3-b

e|n) .9.1-9.2 (1H
.‘ anecarbonyl )
|pyridin-3-
11, in), 1,

=

m),.lﬁ(m%éﬁl(gmm 420310
ipaimd yDeBHamiNp s 4(2H,
yl) pyyimnidigietoneRrh o8 Bite, m),
1-8.29 (4 nin) BT7 53 HOm), 9.15
(1H, m), 13.08 (1H, s)

185

2-((R)~1-(4-
(hydroxymethyl)phenyleth
yiamingo)-4-(5-
(triftuoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-
ylypyrimidine-5-carbonitrile

439

1.55 (3H, m), 4.41 (2H, m), 5.28-

3.34 (1H, m), 7.21-7.29 (2H, m),

7.33-7.38 (2H, m), 8.67-8.74 (3H,

m), 8.84 (1H, m), 9.01-9.23 (1H,
m), 13.03 (1H, m)

186

4-({IR)-1~(5-cvano-4-(5-
(rifluoromethvi)-1H-
pyrroio] 2,3-blpyridin-3-
yhpyrimidin-2-
ylamino)ethyl)benzoic acid

453

1.57 (3H, m), 5.34 (1H, m), 7.49-
7.55 (ZH, m), 7.86-7.93 (2H, m),
8.68-8.74 (2H, m), 8.85-9.23 (2H,
m), 12.82 (1H, br s), 13.05 (1H,
m}

187

2-(1-(1-propionylpiperidin-
4-yhethylamino)-4-(5-
(trifluoromethyl)- 1 H-
pyrroto[2,3-bjpyridin-3-
yhpyrnimidine-5-carbonitrile

472

1.03 (4H, m), 1.25 (5H, m), 1.75

(3H, m), 2.26 (2H,m), 2.95 (1H,

my), 3.90 (1K, m), 4.05 (1H, m),

4.51(1H, m), 4.58 (3H, m), 8.25

(1H, m), 8.73 (3H, m), 9.15 (1H,
m), 13.09 (1H, s)

i88

2-(1-(1-(2-~
aminoacetyl)piperidin-4-
yiethylamino)-4-(5-
{trifluoromethyl)-1H-
pyrrolof2,3-blpyridin-3-
ylpyrimidine-5-carbonitrile

473

1.24 (6H, m), 1.86 (3H, m), 2.51
(1H, m), 2.63 (1H, m), 3.01 (1H,
m), 4.12 (2H, m), 4.24 (1H, m),
7.98 (2H, m), 8.30 (1H, m), 8.73
(3H, m), 9.16 (1H, m), 13.06 (1H,
s)

189

2-(1-(1-(2-
{methylamino)acetyl)piperid
in-4-yhethylaming)-4-(5-
(trifluoromethyl)-1H-
pyrrolo{2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile

487

1.22 (5H, m}, 1.87 (3H, m), 2.51
(3H, m), 2.53 (1H, m), 3.11 (1H,
m}, 4.05 (4H, m}, 4.41 (1H, m),
8.31 (1H, m), 8.59 (ZH, m), 8.74
(3H, m), 9.16 (1H, m), 13.10 (1H,
s)

150

4-((IR)-1-(5-cyano-4-(5-
(trifluoromethyl)-1H-
pyrrolof2,3-b]pyridin-3-
yDpyrimidin-2-
ylamino)ethy!}-N N-
dimethylbenzenesulfonamid
€

516

1.61 (3H, m), 2.55 (6H, m
masked), 5.48 (1H,m), 7.67 (4H,
m), 8.71 (3H, m), 8.80 (1H, m),

8.90 (1H, m), 13.08 (1H, )

151

2-(1-(6-(3-cyclopropyl-3-
fluoroazetidin-1-yl)pyridin-
3-yhethylamino)-4-(5-
(trifluoromethyl}-1H-
pyrrolo[2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile

523

0.39-0.44 (2H, m), 0.57-0.61 (2H
m), 1.36-1.39 (1H, m), 1.55 (3H,
d), 3.83-3.95 (4H, m), 5.22-5.27
(1H, m), 6.46 (1H, dd), 7.64 (1H,
dd), 8.06 (0.5H, s), 8.15 (0.5H, s),
8.71-8.77 (4H, m), 8.03 (0.5H, s),
9.18 (0.5H, s), 13.03 (0.5H, 5),

)

13.09 {0.5H, s); 1:1 mixture of
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rn)" 4.0-4.1 (214, m), 4.3-4.5(211, m), 8.3-8.34(111, in), 8.7-8.82(311, in),

9.1-9.2 (IH, m), 13.1-13.15 (11-1, in) 221 2-(1-(1-(2-hydroxy-2-

methylpropanoyl)azetidin-3- yflethylamino)-445- (trifluoromethyl)-11-1-
W8P B4 pyridin-3- yflpyrimidine-5-carbonitrile 474 1.06 RCZAEOH7147519¢

0D

[a 041 /AL D) 1 1 . [ W W, B W o W SO A W I | AY A-NTZ A A10{(44A
Z.10-Z.0[L (11T, Ill}, 9. 0OUTITASKREU blglldl, 9.04-95j90 (L L L TIT), ‘-P,SUI"-LJ.O\.LJ.J.,

m), 4.34+ 4.51 (21-1, m), 8.31-8.39
m)1 3.06-13.13 (1H, in) 222 2-(1-(I-((R)-2- hyd
ylethylamino)-4-(5- (trifluoromethyl)}1H- pyrrol
yOpyri T

m

1H, m), 8.¢

dine-5-carbonitrile 460 0.34-0.40(111

50-8.75 (3H, M), 913 (111,
roxypropanoyl)azetidin-3-
0[2,3-131pyridin-3-

in), 0.47-0.56 (5H,

192

2-(1-{1-(2-
hydroxyacetyl)piperidin-4-
yhethylamino)-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-blpyrdin-3-
yhpyrimidine-5-carbonitrile

474

1.23 (5H, m), 1.82 (3H, m)}, 2.59
{(1H, m), 2.85 {1H, m), 3.72 (1H,
m), 4.02 (3H, m), 4.40 (1H, m),
8.31 (1H, m), 8.68 (3H, m), 9.13
(1H, m), 13.08 (1H, s)

193

2-(1-(1-(2~
{dimethylarmino)acetyl)piper
idin-4-ylethylamino)}-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-
yipyrimidine-5-carbonitiile

501

1.23 (5H, my, 1.87 (3H, m), 2.54

(1H, m), 2.77 (6H, m), 3.03 (1H,

m), 3.72 (1H, m), 4.02 -4.45 (5H,

m), 8.31 (1H, m1), 8.68 (3H, m),

9.16 (1H, m), 9.46(1H, m), 13.08
(1H,s)

194

2-(1-(6-(3-cyclopropyl-3-
hydroxyazetidin-1-
yDpyridin-3-ylethylamino)-
4-{5-(triflucromethy!)-1 H-
pyrrolo[2,3-blpyridin-3-
ylpyrimidine-5-carbonitrile

521

0.29-0.41 (4H, m), 1.14-1.19 (1H,
m}, 1.53 (3H, d}, 3.60-3.75 (4H,
mj}, 5.19-5.25 (1H, m), 5.47 (1H,
d}, 6.36 (1H, dd), 7.55-7.60 (1H,
m), 8.02 {0.5H, s), 8.11 (0.5H, s),
8.70-8.76 (4H, m), 9.06 (0.5H, s),
9.18 (0.5H, s}, 13.05 (0.5H, br s),
13.11 (0.5H, br s}; ~1:1 mixture
of rotamers

195

2-(1-(6-(4-cyclopropyl-4-
hydroxypiperidin-1-
ylipyridin-3-yhethylamino)-
4-(5-(trifluoromethyl)-1H-
pyrrolo[2,3-blpyndin-3-
yl}pyrimidine-5-carbonitrile

545

1.55 (4H, d), 2.05-2.25 (7H, m),
3.45-3.55 (4H, m),4.45-4.55 (1H,
m). 5.15-5.30 (2H, m), 6.80-6.85
(1H, m), 7.55-7.65 (1H, m), 8.09-
8.16 (1H, m), 8.69-8.72 (4H, m),

9.06-9.18 (1H, m)

196

4-{{1R}-1-{5-cyano-4-(5-
{triflucromethyi)-1H-
pyrrolo{2,3-b]pyridin-3-
yhpyrimidin-2-
ylamino}ethyl)benzenesuifo
namide

488

1.57 (3H, m), 5.28-5.39 (1H, m),

7.22 (2H, m), 7.54-7.61 (2H, m),

7.73-7.80 (2H, m), 8.67-8.74 (3H,

m), 8.94-9.24 (2H, m), 13.06 (1H,
m)

197

2-{1-(6-(4-ethyl-4-
hydroxypiperidin-1-
ylipyridin-3-yDethylamino)-
4-(5-{trifluoromethyl)-1H-
pyrrolo[2,3-blpyridin-3-
yhpyrimidine-5-carbonitrile

537

0.81 (3H, q), 1.31-1.47 (6H, m),

1.54 (3H, d), 3.11-3.22 (2H, m),

3.81-3.89 (2H, m), 4.10 (1H, d),

5.19-5.26 (1H, m), 6.79 (1H, dd),

7.55 (1H, dd}, 8.09 (1H, d), 8.67-

8.73 (4H, m), 9.12 (1H, d), 13.05
{1H, br s)
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m), 2.15 (114, m), 3.01-3.10 (114, m), 3.30-3.47 (3H, at), 3.62-3.78 (2H,
m), 4.10 masked signal, 7.76-7.87 (211, m), 8.00-8.05 OK in), 8.49- 8.53
(Hi, m) 223 2-((R)-1-(6-(2-(pyrrolidin-1- yOethylamino)pyridin-3-

VD ERAAARO)-4- (5 (trlfluoromethyl) 1H- pyrrolo[2 3- b]pyrlcﬁ’r@y"52@{3"7"026190

on4n01A14 \ﬂl—r\

8111

pyrrolo[2,3-b]pyndin-3-
yl)pyrimidine-3-carbonitrile

——yhpytimiginess C" . ttrije JL ¢
(2H, ma>ke;: D d jl:wasked by 3. 49(5?;1}{
5.10-5. 3%, T § ljng}) ), 7.55-7.80¢L1 Lt ,5 o
83 04 %1 .fﬁj - , 901 (0.512,;% 1}3;%?7 5011,
9.70 (IH; b ﬁx% by @34 2 ((R’_)‘l'( | -(334), 8.00 (1H, d) 3, 49 8 65 (3H,
aminoprp ?}B&Mﬂﬁ!ﬁﬁ‘é Anlietiylamino)-4-(5- (ffluoremeing) 4y (11, )
pyrrolo(Z; 3-DIpyrdim-3- 1.53 (3H, d), 1.58-1.69 (2H, m),
2-(1- {6“21)231;?25‘??“@‘““ 1.80-1.94 (3H, m), 3.32-3.42 (2H,
Yothylamino)-4-(5- m), 3.64-3.75 (2H, m), 4.77-4.88
199 Y ' Y ol 1H 511 (1H, d), 5.21-5.27 (1H, m), 6.86
(trifluoromethyl)-1H- (1H, dd), 7.60 (1H, d), 8.12 (1H,
pyrrolo[2,3-b]pyridin-3- d), 8.50-8.65 (3H, m), 8.77
yhpyrimidine-5-carbonitrile (1H.d), 9.16 (1H, d)
4-((IR)-1 (5-cyano-4-(5- 1.59 (3H, dJ, 2.31 (1.5H, d}, 2.40
(trifluoromethyl)-1H- (1.5H, d), 5.32-5.42 (1H, m),
olo[2.3-bIpyridin-3- 7.36-7.41 (1H, m), 7.62 (2H, dd),
200 pyrT e .gynz 502 7.73 (2H, dd), 8.85 (0.5H, s,
iy )?y“mih“;"_l;r 8.94-8.97 (1H, m), 9.23 (0.5H, s),
ylaminojethyl)-N- 13.08 {1H, brd); ~1:1 mix of
methylbenzenesulfonamide
rofamers
1.53 (3H, d), 3.55-3.61 (2H, m),
2-(1-(6-(3-hydroxyazetidin- 4.04-4.12 (2H, m), 5.19-5.25 (1H,
1-ylypyridin-3- m), 5.59 (1H, dd), 6.36 (1H, dd),
281 yhethylamino)-4-{5- 481 7.54-7.59 (1H, m), 8.02Z {0.5H, s},
(trifluoromethyl)-1H- 8.11 (0.5H, s), 8.70-8.77 (4H, m),
pyrrolo[2,3-b]pyridin-3- 9.06 (0.5H, s), 9.18 (0.5H, s),
ylpyrimidine-5-carbonitrile 13.07 (2H, br s); ~1:1 mixture of
rotamers
N-((1R 41)-4-((R}-1-(5- 1.19-1.27 (7TH, m), 1.85-1.97 (2H,
cyano-4-(5- m), 2.06-2.10 (2H, m), 2.91 (3H,
{trifluoromethyi)-1H- s}, 3.16-3.22 (1H, m), 4.08-4.17
202 pyrrolo[2,3-b]pyridin-3- 508 (2H, m), 5.47-5.55 (1H, m), 8.43-
yhpyrimidin-2- 8.50 (1H, m), 8.65-8.80 (2H, my),
yviamino)ethyi}cyclohexyDm 6.02-9.14 (1H, m), 10.07 (iH, br
ethanesulfonamide d)
N-((18,4s)-4-((1R)-1-(5- 1.39-1.86 (11H, m), 2.97 & 3.00
cyang-4-(5- {3H rotamer s}, 3.70-3.74 (1H,
(trifluoromethyl)-1H- m), 4.27-4.32 (1H, s), 4.46-4.58
203 pyrrolo[2,3-blpyridin-3- 508 (1H, m), 5.49-5.64 (1H, m), 8.48-
ylpyrimidin-2- 8.58 (1H, m), 8.71-8.88 (2H, m),
yvlamino)ethyllcyclohexylm 9.10-9.23 (1H, m), 9.56-10.10
ethanesulfonamide (1H, m)
2y§§;;ﬁ‘§f;‘2‘g 1.1-1.35 (5H, m), 1.6-1.85 (4H,
204 (trifluoromethyl)-1H- 416 | ™-3.0-3.15 (1H, m), 4.0-4.1 (1H,

m), 8.2-8.3 (1H, m), 8.7-8.9 (3H,
m), 9.1-9.2 (1H, m)
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yl)pyrimidine-5-carbonitrile 487 1.04-1.24(611, m), 1.79 (3H, in), 2.59-2.67

(114, in), 2.94-2.99(311, m), 3.82 (111, m), 4.04 (1H, m), 4.45 (111, in),

7.58 (3H, br s), 8.32 (111, m), 8.68-8.76(311, m), 9.10 (111, in),
WW%@L@%@(lll m) mixture of rotamers 225 2 -((R)-1-(1-((Ry-2US2007/626130

nanol -Flr\ maxiclin (trifls nrnmnfln |\ 1 Ll
C.{IIIIIIU'JI IJCl -'% yIICLIIyI IIIIIIU} '-r \ i\bg_ ) } 95 (SH
pyrrolof _ 1A{Lm[&iln -5- carborltrll ‘ 63-3 68
m), 1.79 B4 (1Fi"'m), 3.03 (111, i sy ), 44
30854 4 ok 3H, n), 8735 (1H, { H. m)
9.10-9.1 Dalg e (111, m) 226/ 25 25,2 (1H, 1)
aminoby 4 ylsihylamino)-4-(5- 13.1-13.2 (1H, m)
-{(R) I-(1-(Z-hydroxy-2-
methylpropanoyl}piperidin- 1.1-1.35 (10H, m), 1.8-1.9 (§H,
506 4-ylethylamino)-4-(5- | o, | m), 4.0-4.1 (1H, m), 8.3-8.33 (1H,
(trifluoromethyl)- 1 H- m), 8.7-8.8 (3H, m), 9.1-9.17 (1H,
pyrrolof2,3-blpyndin-3- m), 13.1-13.16 {(1H, m)
yypyrimidine-5-carbonitrile
2-((Ry-1-(1{(R)-2- 1.05-1.25 (5H, m), 1.75-1.95 (3H,
hydroxypropanoylpiperidin m), 2.8-2.96 (1H, m), 4.4-4.55
207 -4-yhethylamino)-4-(3- 488 | (1H,m), 8.3-8.37 (1H, m), 8.65-
(trifluoromethyt)-1 H- 8.8 (3H, m), 9.1-9.2 (1H, m)
pyrrolo[2,3-b]pyridin-3- 131-13.17 (1H, m)
yDpyrimidine-5-carbonitrile ) ) ’
(CDCl;) 1.07-1.31 (4H, m), 1.34
N-((1R,41r)-4-((1R)-1-(5- (3H, d), 1.51-1.62 (2H, m), 1.88-
cyano-4-(5- 1.92 (1H, m), 1.97 (3H, s), 2.06-
(trifluoromethyl}-1H- 2.12 (2H, m), 3.71-3.81 (1H, m),
208 pyrrolo[2,3-bpyridin-3- 472 '4.14-4.25 (14, m), 5.26 (1H, d),
yl)pyrimidin-2- 5.52-5.64 (1H, 2 x d), 8.51-8.59
ylamino)ethyl)cyclohexylia (1H, 2 x s}, 8.73-8.88 (2H, m},
cetamide 9.10-9.23 (1H, 2 x s), 9.96-10.00
(1H,2x3)
N“((is"”z)‘g‘i(é?)“l“@“ (CDCly) 1.27-2.16 (14H, m),
(ti ﬂggr(in;ti; ES-—lH— 4.24-429 (2H, m), 5.54-5.79 (1H,
209 lo[2.3-b] Y Py . m), 6.10-6.32 (1H, m), 8.44 (1H,
Py”'ol‘; A ), 8.60-8.81 (2H, m), 9.07-9.09
|y pynm (1H, 2 x s), 9.23 (1H, s), 10.09-
ylamino)ethyl)cyelohexyl)a 10.53 (1H, 2 x )
cetamide ’ ’
PR 0.8-0.9 (1H, m), 0.9-1.0 (5H, m),
2AR)1-(1-2- 1.6-1.7 (4H, m), 2.4-2.5 (1H, m),
aminoacetylpiperidin-4- 2.7-2.8 (1H, m), 3.8-3.9 (1H, m)
210 ylyethylamino)-4-(5- 473 | 4.15-422 (1H, m), 7.7-7.8 (3H.
(trifluoromethyl)-1H- m), 8.1-8.14 (1H, m), 8.5-8.58
pyrrolo[2,3-b]pyridin-3- (3H, m), 8.85-8.95 (1H, m), 13.1-
ylpyrimidine-5-carbonitrile 13.17 (1H, m)
(CDCl3) 1.27-1.34 (5H, m), 1.35
N‘((lpz“gj_'gz?"l"(s' (3H, d), 1.85-2.14 (4H, m), 2.37-
(teif Yr hyl)-1He 2.41 {1H, m), 3.77-3.83 (1H, m),
11 ”01‘;§2°§’f§} i 458 4.11 (1H, 5), 4.18-4.29 (1H, m),
pyr Do .g.f_‘z_ 5.52-5.65 (1H, 2 x d), 6.21 (1H,
Ypyrmidi d), 8.51-8.87 (3H, m), 9.10-9.23
yvlamino)ethyl)cyclohexyl)- (1H, 2 x 5), 9.74-9.80 (1H, 2 x br
2-hydroxyacetamide ? P 9 ) ’
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(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile

501 0.85-0.90 (31-1, In), 0.92-1.24 (5H, m), 1.63-1.91 (511, m), 2.62 (1H,
m), 2.99-3.10(111, in), 3.88-4.07 (IH, in), 4.32 (111, m), 4.43 (1H, in),

67 8.75 (3H, in), 9.09-8E/E1407{A36 190

W@@@*@@é“(@l 1, m) 834(1K in), 8.

‘I’)‘I/I I‘I‘I

LO. \L
2008/0793 Jgéﬁ%ﬁgéﬁ) 36%0 227 2-((R)-{L-(1CEtidling43t. 74 (12H, m),
carbonypplp cﬁ 430 YDgtylamino)-4-(5- (triflup o etk Y- LiH-1n), 3.94-4.22 (4H,
pyprolo[2,3 §b¥ }ﬁmdlne -5-cagrbonitrilen39952-9851 P8, (5K din§,40
1.79 (3H H, m), 3.51 (1HBat}}. 382 -Masked, m}), 9.01-
signal, 4}4 C§}§§,{ 1, Im), 8.67- §. 741 A Hird "B P-PH-B} (1H, 2
s), 9.00- 9 62(;1,,1 i%é 4 (1H, m) 228 2-((R)-1- (1468‘1)3?2
hydroxypropanoy'rlplﬁ r|d|n 4~ yDethylamino)-4-(5-- (THlGoroefys)-LH 8
)-1-(1- (1H,m), 1.85-1.95 (2H,m), 2.75-
(isopropy 13””9“.5’ Dp‘pe”dm 2.9 (2H,m), 3.28-3.33 (1H,m),
213 d?&?ﬁiﬁﬁ?ﬁ)ﬁf- 522 3.6-3.7 (2H,m), 4.02-4.1 (1H,m),
0l0[2,3-b] Y s 8.3-8.36 (1H,m}, 8.7-8.8 (3H,m),
PYIT0IoL=, o= pynain-o- 9.1-9.17 (1H,m}, 13.05-13.12
yDpyrimidine-5-carbonitrile (1 H,m)
Mixture of rotamers 1.10-1.25 (3H,
2-1-(3- m}, 2.35-2.85 (5H, m), 4.20-4.35
methylenecyclobutyethylami {1H, m), 4.65-4.8C (2, m)}, 8-8.15
214 noy-4-{5-{trifluoromethyh-1 H-~ 399 (1H, m), 8.55-8.7 (ZH, m), 8.80
pyrrolof2,3-blpyridin-3- {0.3H, s}, 8.50(0.7H, 5), .10 (14, 5),
yhpyrimidine-S-carbonitrile 12.80-13.40 (iH, br s}, Mixture of.
rotamers
1.25-1.4 (3H, m), 1.5-1.7 (2H, m),
2A{(R)-1-(1-2- 1.8-2.0 (3H, m), 2.85-3.0 (2FL. m),
hydroxyethyl)piperidin-4- 3.1-3.25 (2H, m), 3.5-3.6 (2H, m),
215 ({ggfgfg;‘g;)gl(il 460 | 3.75-3.85 (2H, m), 4.1-4.23 (1H, m),
lo[2.53-b] Y gy 5.255.35 (1H, m), 8.3-8.4 (1H, m),
byIrolole, - pymndu-2- 8.7-8.83 (3H, m), 8.9-9.02 (1H, m),
yDpyrimidine-3-carbonitrile 9.1-9.2 (1H, m), 13.1-13.15 (1H, m)
2-((R)-1-(1-(3- 1.0-1.22 (SH, m), 1.7-1.87 (3H, m),
hydroxypropanoylipiperidin-4- 2.55-2.65 (2H, m}, 2.9-3.02 (1H, m),
316 yhethylamino)-4-(5- 488 3.6-39 (6H, m), 4.4-4.5 (1H, m),
{(triflucromethyl}-1H- 8.32-8.36 (1H, m), 8.75-8.82 (3H,
pyrrofo[2,3-blpyridin-3- m), 9.1-9.08 (1H, m}, 13.1-13.15
yDpyrimidine-5-carbonitrile (1H, m)
0.75-0.82 (H, m), 0.8-0.9 (2H, m),
2-(R)-1-1A(8)-2- 1.0-1.25 (4H, m), 1.35-1.52 (1H, m),
hydroxybutanoyljpiperidin-4- 1.8-1.95 (3H, m), 2.9-3.1 (1 H, m),
217 gg;iffi;‘;ﬁ?gfg 502 | 4.1-4.2 OH, m), 4.2-4.3 (1H, m), 4.4-
rolo[2.3b] Y oy 4.5 (1H, m), 8.34-8.37 (1H, m), 8.7-
PYITOioL2,=-0jpyndin-2- 8.82 (2H, m), 9.12-9.2 1H, m), 13.1-
yDipyrimidine-5-carbonitrile 13.15 (1H, m)
1.2-1.3 (3H, m), 1.55-1.7 (25, m),
2"(§;gé§§;é:1§;;§‘;}‘;§:(5' 1.75-1.95 (3H, m), 2.9-3.1 (2H, m),
olo[2.3-blpyridin3- 3.5-3.57 (2H, m), 3.82-3.87 (2H, m),
218 pyIr o .?’T 473 4.1-42 (1H, m), 7.72 (1H, 5), 7.95
YDpyrimidin-2- (1H, s), 8.32-8.42 (1H, m), 8.8-8.9
ylaminojethylypiperidin-1- (3H, m), 9.1-9.2 (1H, m), 9.35-9.45
yhacetamide (1H, m), 13.1-13.15 (1H, m)




pyrrolo[2,3-b]pyridin-3- yl)pyrimrdine-5-carbonitrile 488 / 229
2-((R)-1-(1-((R)-2-amino-3- methylbutanoyl)piperidin-4-
yflethylarnino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

WP R TERe-5-carbonitrile 515 0.84-1.24 (111-1, m) 1 82- 1@9”(84%9%26198

WAy, AN m\ 2.0

mﬁ

clead.qip

6-(11-1

1. A2
)5~ O0 UL \LII lll}, FIOUITTITASKCU

JIHIIQI

= I \I TNy ' i)
m), 7.9818.01 (2{Rin);8-dBX2H, m),|8.67-8.75 (q%gr%z Hrzbr 3(2(?3“’;)
.09- mi&@cmqaq%)%wﬁ%?s‘*ot served 23D H ) S)s3.3.6
m), 13.0 Ry &5 ﬂ {H, m),
teifluoro-2 t fipiperidin-4syOethylamsnn)-dbm), 4.1-4.2 25, m),
(trifluorometh mé“){fr -b]pyridin-3- yl)pyrmidih a5 egrBcnitse(t H, m),
ool 2 pyridi-
Dpyrimidine-5-carbonitrile 8.7-8.8 (3H, m), 9.1-9.2 (1H, m),
yupy 13.1-13.15 (1H, m)
2-((R)-1-(1 (1~ 0.72-0.78 (ZH, m), 0.85-0.92 (2H,
hydroxycyclopropanecarbonyl m), 1.1-1.27 (4H, m}, 1.75-1.9 {4H,
230 Jpiperidin-4-vi)ethylamino)-4- 500 m), , 4.0-4.1 {2H, m), 4.3-4.5 (2H,
(5-(trifluoromethyl)-1H- m}), 8.3-8.34 (1H, m), §.7-8.82 (3H,
pyrrolo{2,3-bipyridin-3- m}, 9.1-9.2 (1H, m), 13.1-13.15 (1H,
yl}pyrimidine-5-carbonitrile 1)
2-(1-(1-{2-hydroxy-2- 1.06-1.24 (6H, m), 2.76-2.81 {1H,
methylpropanoylazetidin-3- m), 3.60 masked signal, 3.84-3.96
531 yhethylaming)-4-(5- 474 {iH, m}, 4.07-4.16 {(1H, m), 4.34-
(trifluoromethyh-1H- 4.51 (2H, m), §.31-8.32 (1H, m),
pyrrolo{2,3-b]pyridin-3- 8.69-8.75 (3H, m), 9.13 (1H,
yhpyrimidine-3-carbonitrile m}13.06-13.13 (1H, m)}
2-{1-{1-((R}-2- 0.34-0.40 (1H, m), 0.47-0.56 (5H,
hydroxypropanoyijazetidin-3- m), 2.15 (1H, m), 3.01-3.10 (1H, m),
322 yvl}ethylamino)-4-(5- 460 3.30-3.47 (3H, m), 3.62-3.78 (2H,
(trifluoromethyl)-1H- m), 4.10 masked signal, 7.76-7.87
pyrrolo[2,3-blpyridin-3- {2H, m}, 8.00-8.05 (1H, m), 8.49-
ylypyrimidine-5-carbonitrile 8.53 (I1H, m)
1.56 (3H, d), 1.89-1.93 (4H, m), 2.50
2-{(R}-1-(6-(2-(pyrrolidin-1- (2H, masked by DMSO), 3.33 (4H,
yhethylamino)pyridin-3- masked by water), 3.54-3.60 (2H, m),
223 yi}ethylamino)wdtn(& 577 5.10-5.30 (1H, m), 6.55-6.85 (1H, br
(triftluoromethyi}-1 H- ), 7.55-7.80 (1L, br s}. 7.95 (0.5 H,
pyrrolo[2,3-blpyridin-3- 5), 8.04 (0.5H, s), 8.65-8.80 {(4H, m),
ylpyrimidine-3-carbonitrile 9.01 (0.5H, 5}, 9.18 (0.5H, s}, 9.50-
.70 (18, brs), 13.15 (1H, d)
1.04-1.24 (6H, m), 1.79 (3H, m),
aminopio%?rioiri();i;ﬁ dind- 2.59-2.67 (1H, m), 2.94-2.99 (3H,
Dethylamino)-4-(5- m), 3.82 (1H, m), 4.04 (1H, m), 4.45
224 yuemy 487 (1H, m), 7.58 (3H, brs), 8.32 (1H,
{trifluoromethyl)y1H-
olo[2,3-b]pyridin-3- m}), 8.68-8.76 (3H, m), 9.1_(} {1H, m),
PYITOI01£,9-, " 13.06-13.12 (1H, m) mixture of
ypyrimidine-5-carbonitrile
rotamers
2{(R)-1-(1-((R)-2- 1.04-1.31 (8H, m), 1.7¢-1.91 (3H,
aminopropanoyl)piperidin-4- m), 2.64 (1H, m)}, 3.03 (1H, m), 3.84-
395 yliethylamine)-4-¢ 5- 487 4.05 (ZH, m), 4.35-4.45 (1H, m},
{trifluoromethyl)-1H- 7.99-8.0t (3H, m}, 8.35 {11, m),
pyrrolo]2,3-blpyridin-3- 8.68-8.76 (3H, m), 9.10-9.17 (14,
yl)pyrimidine-5-carbonitrile m), 13.06-13.12 (1H, n1)
0.85-0.90 (3H, m), 0.92-1.24 (5H,
amifogignﬁééggﬁim-a;- m), 1.63-1.91 (5H, m), 2.62 (1H, m),
Dethylamino)4-(5- 2.99-3.10 (1H, m), 3.88-4.07 (1H,
226 yoey 501 m), 4.32 (1H, m), 4.43 (1H, m), 8.02-
{trifluoromethyl}-1H-
pyrrolo[2,3-b]pyridin-3- 8.05 (3H, m), 8.34 (1H, m), 8..67-
Dpyrimidine-5-carbonitrile 8.75 (3H, m), 9.09-9.17 (1H, m),
SUPY 13.14 (1H, m) mixture of rotamers
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542 / 231 2-((R)-1-(1-(2- oxopropanoyl)piperidin-4- yl)ethylamino)-4-(5-

(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile

486 1.0-1.22 (5H, m), 1.8-1.95 (3H, m), 2.3-2.4 (3H, m), 2.65-2.8 (1H, m),
“@93981‘}19(3;% m), 3.6-3.72 (1H, m), 4.08-4.12 (1H, m), 4.3- 41213@111%0@?19261%

‘?)20.c I11 .L m\ 07000 3H III,3192(1I ,lll,.l.ullg17
232 2-(1} (az%iﬁ é?H(?!ﬁ%%no) 4-(5- (tnﬂu‘%ro ﬁl‘ﬁ m), (1 i (%‘ m),
pyrrolo[2,3- b] ﬁ@ ‘Mfgnldme-S -carboni I’I|\? élglz( %Sﬁeuéj 5‘
@A, m),|3.02 Hu&ﬁmg 1. 2848H, 1 938 A& ,g ey
br s), 8.8§4-9 22k, E@}@QCSQ—E(JH or s) 233 2 41(4(& (iijr 8.87 (1H, br &, 9.09-
cyanoacketypiperitiineds-488-aidHE . 25 (5H, m), 1 @5&(9{,3%:} m))7-13.14 (1H, m)
ZA(R)-1-(1-((S)-2-
hydroxypropanoyl)piperidin-4-
yhethylamino)}-4-{5-
228 {trifinoromethyl)-1H- 488 /
pyrrolof2,3-blpyridin-3-
yhpyrimidine-5-carbonitrile
. 0.84-1.24 (11d, m), 1.82-1.99 (4H,
2-A{R)-1-(1((R)-Z-amino-3- m), 2.64 (1H, m), 3.02 (15, m), 4.03
methylnrtanoypiperidin-4- ol 4.25 (1H. b 456
yDethylamino)-4-(5- masked signal, 4,25 (1H, br s), 4.
229 (trifluoromethyl)-1H- 515 (1H, m), 7.98-8.01 (3H, m), 8.33
yerolo[2,3-b]pyridin-3- {1H, m), 8.67-8.75 (3H, m}, 9.09.
I? 'nﬁdigle—s-carbonitrile .17 (1H, m), 13.09-13.15 {1H, m)
yipym rotamers observed
2 {{(R)-1-(1-((5)-3,3,3~
trifluore-2-
hydroxypropanoylpiperidin-4-
236 yljethylamino}-4-{3- 542 /
{trifluoromethyi)-1 H-
pyrrolo{2,3-b}pyridin-3-
vhpyrimidine-5-carbonitrile
2-((R)-1-(1-(2- 1.0-1.22 (5H, m), 1.8-1.95 (3H, m),
oxopropanoylpiperidin-4- 2.3-2.4 (3H, mj}, 2.65-2.8 (1H, m),
31 yDethylamino)-4-{5- 436 3.0-3.14 (1H, m), 3.6-3.72 (1H, m),
(trifluoromethyl}-1H- 4.08-4.12 (1H, m), 4.3-4.4 {1H, m)},
pyrrolof2,3-b]pyridin-3- 8.2-8.6 (1H, m), 8.7-8.82 (3H, m)},
vhpyrimidine-3-carbonitrile 9.1-92 (1H, m), 13.1-13.17 (1H, m})
2-{1-{azetidin-3-
yhethylamino)-4-(5- 1.41 (3H, &), 2.43 (1H, m)}, 3.02 (2H,
232 {trifivoromethyl}-1 H- 388 m), 3.91 (1H, m), 4.28 (1H, m), 4.42
h {1H, m), 810 (3H, br 5}, 8.84-9.22
pyrrolo}2,3-blpyridin-3- (4H, m), 10.82 (1H, br s)
yDpyrimidine-S-carbonitrile P !
2-((R)-1-(1(2- 1.0-1.25 (3H, m), 1.75-1.9 (3H, m),
cyanoacetyDpiperidin-4- 2.5-27 (1Hm ), 2.95-3.1 (1H, m),
233 yhethylamino)-4-(5- 483 3.65-3.8 (1H, m}, 3.95-4.1 (3H, m),
(trifluoromethyl)-1H- 4.38-4.46 (1H, m), 8.3-8.37 (1H, m},
pyrrolof2,3-blpyridin-3- 8.7-8.82 (3H, m}, 9.1-.9.2 (1H, m),
vhpyrimidine-S-carbonitrile 13.1-13.15 (1H, m)
1.3-1.38 (3H, m), 1.65-2.0 {(4H, m),
2-(1-{1-(2-aminoacetyl)-4- 2.8-2.9(1H, m}, 3.3-3.4 (1H, m),
fluoropiperidin-4- 3.68-3.78 (1H, m), 3.8-4.0 (2H, m),
234 yiyethylamino}-4-(5- 491 4.33-4.43 (1H, m), 4.43-4.53 (1H,
(trifluoromethyl}-1H- m), 7.95-8.07 (2H, m}), 8.45-8.58
pyrrolo[2,3-bipyridin-3- (1H, m), 8.72-8.77 (3H, m}, 9.1-8.13
ypyrimidine-5-carbonitrile {0.5H, m), 9.26-9.28 (0L5H, m), 13.1-
13.15(1H, m)
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2.5-2.7 (11-1,m), 2.95-3.1 (1H, m), 3.65-3.8 (1H, m), 3.95-4.1 (3H, m),
4.38-4,46 (1H, m), 8.3-8.37 (1H, in), 8.7-8.82 (3H, in), 9.1-9.2 (1H, m),
13.1-13.15 (1H, m) ylhethylamino)-4-(5- (trifluoromethyl)-1H-

WOV B2 8-b]pyridin- 3 Apyrimidine -5-carbonitrile 234

PCT/US2007/026150

2=(=(1=(2 -aminoawt 4= ||UU|U|J||J ridin=4=—yhethytarnino)=4=(5=
(trifluoromethyl C y rrolo §b]py ridin-3- yQpyrimidine-5-carbonitrile
491 1.3-1.38 ré 1, m), 2.8-2.9 (IR, m), 3.3-14 (LH, m),
3%8-3.78 (lH(tm}l,o'%@%é& &m) 4.33%%3 (L1-1, m), 4.43-4.53 (1H, m),
7.95-8.07 (2pyr0)e[8, 45]83}581(11’& |, i), 8.72-8.77 (3H, in), 9.1-9.13 (0.5H,
in), 9.26{9. 2Bp(@ifkE M -ABbbxitrile
. 1.06-1.25 (5H, m), 1.68-1.92 (6H,
2-{{R)-1-(1«((S)-pyrrolidine-2-
({%:)a;bén;f}p)igg;?n{d? ¢ m), 2.33 (1H, m), 2.65 (14, m), 3.00-
Dot lometom)4 5. 3.23 (3H, m), 3.86 (1H, m), 4.06
136 YLy 513 (1H, m), 4.40 (1H, m), 4.54 (1H, m),
(trifluoromethyl}-1H-
pyrrolo[2.3-blpyridin-3- 8.33 (1H, m), 8.45 (1H, m), 8.68-
OHoLZ, o £.76 (3H, m), 9.09-5.27 (2H, m),
ylypyrimidine-5-carbonitrile 13.06-13.13 (1H, m)
1.1-1.2 (3H, m), 1.27-1.33 (3H, m),
A df"““(“"ﬂ“"mg“g(f{).‘g_‘ » 1.6-2.0 (SH, m), 2.75-2.85 (15, m),
Y Oﬁyptr}f’%a“";y p_fe“;_ n 3.2-33 (1H, m), 4.0-4.1 (1H, m), 4.3
337 (igguégiﬁg)l)_‘fﬂ_ 506 4.6 (3H, m), 8.4-8.55 {1H, m), 8.73-
oytrolo[2 B‘b]p;i dins. 8.82 (3H, m), 9.1-9.15 (0.6H, m),
Bpyrimi di;le—S—carbonitriie $9.26-9.28 (0.4H, mj), 13.1-13.15 (1H,
yLpyT m)
z'ﬁég;ggz";e"lﬁfﬁ?"““ 1.25-1.3 (3H, m), 1.7-2.0 (5H, m),
Dothylamino) 4-(5- 2.72-2.82 (1H, m), 4.5-4.6 (1H, m),
238 yemy 473 8.45 (0.6H, d), 8.55 (0.4H, d), 8.74-
{trifluoromethyl)-1H-
5y TTolo[2.3.blpyridin.3- 8.82 (3H, m), 9.12 (0.6H, s), 9.27
JDpyrimidine-5-carbonitrile (0.4H, 5), 13.1-1.3.18 (14, m)
. 1.04-1.25 (5H, m), 1.85 {3H, m),
2-((R)-1-(1-{(8)-2-amino-3-
hydroxypropanoylpiperidind- 2.56-2.67 (1H, m), 3.04 (1H,9 m%,H
Sethylamino)4-(5- 3,17 (2H, ), 3.68 (2H, m), 3.89 (1H,
239 o T 1H 503 m), 4.06 (1H, m), 4.28-4.45 (2H, m),
( “0122’;0;};] y );;hn_é_ 8.04 (3H. brs), 8.32 (1H, m), 8.68-
lpy”. o, Spy“b il 8.75 (3H, m), 9.10 (1H, m), 13.06-
yDpyrimidine-53-carbonitrile 13.13 (15, m)
2-((R)-1 (1 -((R)-2-amino-3-
hydroxypropanoyl)pipenidin-4-
yDethylarmino)-4-(5-
240 {trifluoromethyl)-iH- 503 /
pyrroto[2,3-bipyridin-3-
ylypyrimidine-5-carbonitrile
2-((R)-1 (1 -((R)-2-amino-4- 0.87-0.93 (6H, m), 1.04-1.24 (5H,
methylpentanoylpipendin-4- m), 1.39-1.93 (6H, m), 2.62 (1H, m),
24 yhethylamino)-4-(5- 530 3.74 (2H, m), 4.35-4.47 (2H, m),
(trifluoromethyl)-1H- 8.04-8.36 (4H, m), 8.67-8.75 (3H,
pvrrelo[2,3-b]pyridin-3- m}, 9.10-9.17 (1K, mj, 13.08-13.14
vDpyrimidine-5-carbonitrile {1H, m)
) 0.97-1.26 (8H, m), 1.82-1.88 (3H,
2-{(RY-1-{14{25,3R)-2-amino-
3-hydroxybutanoyl)piperidin- Elnp)i 2'57;2'}623 (IHL; n(rla), '2‘951’33’248
4-yhethylamino}-4-{5- (1H, m), 4.12 masked signal, 4.
242 517 (1H, m), 4.45 (1H, m), 7.93-7.98

(trifluoromethyl)-1H-
pyrrolof2,3-blpyridin-3-

yhpyrimidine-5-carbonitrile

(3H. m), 8.33 (1H, m), 8.68-8.75
(3H, m), 9.10-9.16 (1H, m), 13.07-
13.13 (1H, m)
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13.15 (11-1, m) WO 2008/079346PCOUS2007/026190 235 2-04142-
aminoacetypazetidin-3- ypethylamino)-4-(5- (trifluoromethyl)- | H-
pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile 445 / 236

WQ—{‘(@@)‘-"?{@((S) pyrrolldlne -2- carbonyl)piperidin-4- ypethy BG4 (826120

(triftoorgmethyt)=1H- pyrr()lo o oqurlaln 3=V
513 1.06-1.25¢548)- H)l ﬁé% 92 (6H m), 2.33

3.23 (3H, ?ﬁ?n?’ @4% (I 1, m), 4.40
8.

PYTEYAIRe-RiCarnariaieH, m),
(1H.68%1 22,85, (194, 3}, 3H0Gn),
(1BIBB()F4 5531 {81 Honyy), 4.28-

31383 (111, 68-8.768(31-1, mg%gg%@z&gqggﬂ;{jngﬂﬁs% 8. 3)0-
13.06-1B. 1 3 mj m
Sp "’m ”blpy“d‘“ 3 9.09-9.16 (1H, m), 13.06-13.13 (1H,
yipyrimidine-S-carbonitrile m)
2((R)-1-(1-((S)-3~ 1.03-1.24 (8H, m), 1.78 (3H, m),
amincbutanoylpipendin-4- 2.66 (1H, m), 2.97 (1H, m), 3.84
344 yDhethylamino}-4-(5- 501 (1H, m), 4.05 (1H, m)}, 4.45 (1H, m),
(trifluoromethyl)-1H- 7.68 {(3H, brs), 8.31-8.34 (1H, m),
pyrrolo[2,3-blpyridin-3- 8.67-8.74 (3H, m), 9.09-9.17 (1H,
yl)pyrimidine-5-carbonitrile m), 13.06-13.13 (1H, m}
(CDCL) 1.06-1.13 (2H, m), 1.24-
2'&}1{1{ ((i‘ Z;‘izi}:ii4“ 1.32 (2H, m), 1.28 (3H, &), 1.46 (3H,
Neyelohoxyethylaming)4- 5), 1.54-1.98 (7H, m), 2.28-2.34 (3H,
245 yDeyclohexyhethylamino 513 m), 2.38-2.70 (4H, m), 3.70 (1H, 2 5
(S-(trifluoromethyl)-1H- br 5}, 4.34-4.37 (LE, m), 5.63-5.65
pyrrolo[2,3-blpyridin-3- (1H, m), 8.50-8.83 (3H, m), 9.23
yDpyrimidine-5-carbonitrile (1H. 2 x )
1.10-1.24 (5H, m), 1.65-1.99 (SH,
2AR)1-(((IR,28)-2- m), 2.95.3.06 (1H, m), 3.16-3.24
a.rmpc;cyclopentanccgrbonyl)m (1H, m), 3.98-4.05 (2H, m), 4.45
146 peridin-4-ylethylamino)-4-(5- 527 (1H, m), 7.78 (3H, br 5), 8.31-8.35
(trifluoromethyl)-1H- (1H, m), 8.68-8.75 (3H, m), 9.10-
pymolof2,3-blpyridin-3- 9.16 (1H, m), 13.06-13.13 (1H, m)
yl)pyrimidine-5-carbonitrile rotamers observed
_ 0.84-0.93 (6H, m), 1.03-1.26 (5H,
. m), 1.77-1.86 (4H, m), 2.37 (1H, m),
2A(R)-1-(1A(8)-3-amino-4- 2.57.2.73 (LH, m), 2.89-3.02 (1H,
methylpentanoyl)piperidin-4- m), 3.26 (1H, m), 3.90- (1H, m), 4.06
247 y l?e‘hyla““‘"f)“‘“g 529 (1H, m), 4.44-4.57 (1H, m), 7.64
(urifluoromethyi)-1H- (3H, br 5), 8.32-8.35 (1H, m), 8.68-
pyrrolo[2,3-blpyridin-3- 8.75 (3H, m), 9.09-9.16 (1H, m),
yDpyrimidine-5-carbonitrile 13.06-13.13 (1H, m) rotamers
observed
0.50-1.26 (SH, my), 1.70-1.90 (2H,
2-((R)~1-{1-{(R)-2-amino-2- m), 2.62 (14, m), 2.99 (1H, m), 3.75-
phenylacetyl)piperidin-4- 4.05 (2H, m}, 4.47 (1H, m), 5.53
248 yhethylamino}-4-(5- 549 (1H, m), 7.35-7.46 (5H, m), 8.14-
(trifluoromethyl)-1H- 8.34 (1H, m), 8.49 (3H, m), 8.66-
pyitolo[2,3-blpyridin-3- 8.78 (3H, m), 8.95-9.18 (1H, m),
yhpyrimidine-5-carbonitriie 13.06-13.13 {1H, m) rotamers
observed
1.06-1.25 (8H, m), 1.82-1.86 (3H,
2((R)-1-(1-((2R,35)-2-amino- m), 2.58-2.67 )1H, m), 2.96-3.02
3-hydroxybutanovl)piperidin- (1H, m), 3.86 (1H, m}, 3.97-4.05
249 4-yhethylamino)-4-(5- 517 (2H, m), 4.22 (1H, m), 4.42-4.48

{trifluoromethyi}-1H-
pyrrolo[2,3-blpyridin-3-
vhpyrimidine-5-carboniirile

(1H, m), 7.92-7.98 (3H, m), 8.33-
8.36 (1H, m), 8.68-8.75 (3H, m),
9.10-9.17 (1H, m), 13.06-13.13 (1H,

)
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237 2-(1-(4_1-fluoro-1-((R)-2- hydroxypropanoyl)piperidin-4-
yl)ethylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

yl)pyrimidine-5-carbonitrile 506 1.1-1.2 (3H, m), 1.27-1.33
WO(%‘?QX’PH?%S 2.85 (1H, m), 3.2-3.3 (1H, m), 4.0-4.1 (1H, mﬁ’%@z{{{%’%ﬁ&

i);-84+8-55(1TH; M), 8. /d 8.82 (3

131131
éﬁﬂ. érrqu %4_
D y

ding'Telly

(0.4H,
fluoropi
pyrrolo
2B07-2.0
(0.4H, ¢

(SH, iN)yigsfmnaeee A1H, M),
) y&&&nmwﬁﬂmm&, 9y1P

4.pxohutanamide

4.5~
(0.6H, s), 9

T, m), 9.1:9.153Q. Mlm,)ng 260128 (4H,
2-(1-(1-(cyhnométhyipasked signal, 2.59-2.67

5- (trlfluoroméggg 913 08 (1H, m) 3.80-
e-5-carbonitr
5 ry%‘ .
4?%(11 }%% %‘% 8? ﬁ mri

69 8.76 (3, m), 9.07-9.17 (1H,
m), 13.05-13.12 (1H, m) rotamers
observed

251

2-{(R)-1-{1 {(R)-Z-amino-3-
cyanopropanoyl)piperidin-4-
yDethylamino)-4-(5-
(trifluoromethyl)-1H-
pyrrolo{2,3-bpyridin-3-

ylpyrimidine-5-carbonitrile

512

1.04-1.32 (5H, m}, 1.86 (3H, m),
2.60-2.67 {1H, m), 2.92-3.17 (3H,
m}, 3.93-4.04 (2H, m), 4.43 (IH, m),
4.75 (1H, m), 8.32-8.43 (4H, m},
8.68-8.76 (3H, m), 9.09-9.17 (1H,
m), 13.06-13.12 (1H, m) rotamers
observed

252

2-4((R)-1-(1-{((R}-2,5-
diaminopentanoy!)piperidin-4-
yhethylamino)-4-(5-
{trifluoromethyl}-1H-
pyrrolof2,3-blpyridin-3-
vl}pyrimidine-5-carbonitrile

530

1.04-1.26 (SH, m), 1.50-1.92 (7H,
m), 2.58-2.77 (3t m), 2.99-3.07
(1H, m), 3.88-3.91 (1H, m), 4.04-
4.06 (1H, m), 4.44 (2H, m), 7.74
(3H. m), 8.10-8.13 (3H, m), 8.35
(1T, 1), 8.70-8.76 (3H, m), 9.10-9.17
(1H, m), 13.08-13.14 (1H, m)

253

2-{(R)-1-{1-({1s,35)-3~
aminocyclobutanecarbonyl)pip
eridin-4-yl)ethylamino)-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-bipyridin-3-
yl)pyrimidine-5-carbonitrile

513

0.98-1.05 (2H, m), 1.19-1.23 (3H,
m), 1.77-1.86 (3H, m), 2.17-2.24
(2H, m), 2.33-2.46 (2H, m), 2.85-
2.98 (1H, m), 3.05-3.16 (1H, m),
402 (1H, m), 4.40 (1H, m), 7.90
(3H, m), 8.31 (1H, m), 8.68-8.75
(3H, m), 9.10-9.16 (1H, m), 1306-
13.12 (1H, m)

54

2-{(R)-1-(1{(8)-2,5~
diaminopentanoyl)piperidin-4-
yhethylamino)-4-(5-
(triflucromethyl)-1H-
pyrrolo[2,3-blpyridin-3-
yl)pyrimidine-5-carbonitrile

530

1.06-1.27 (5H, m), 1.40-1.66 (4H,
m), 1.83-1.90 (3H, m), 2.67-2.77
(2H, m), 2.99-3.08 (1H, m}, 3.87-
4.12 (2H, m), 4.37-4.47 (2H, m},
7.68-7.73 (3H, m), 8.11 (3H, m),
8.34 (1H, m), 8.69-8.76 (3H, m},
9.09-9.16 (1H, m), 13.07-13.14 (1H,
m), rotamers observed

255

2-((R)-1-(1-{(5)-2-amino-3-
cyanopropanoyl)piperidin-4-
ylethylamino)-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-
yl)pyrimidine-5-carbonitrile

512

1.10-1.26 (5H, m), 1.81-1.88 (3H,
m), 2.62-2.67 (1H, m), 2.92-3.10
(3H, m), 3.96-4.10 (2H, m), 443
(1H, m), 4.71-4.81 (1H, m), 8.30-
8.43 (4H, m), 8.69-8.76 (3H, m),
9.10-9.17 (1H, m), 13.06-13.12 (1H,
m) rotamers observed

256

2-((R)-1-(1~-((R)-2-hydroxy-3-
methylbutanoyl)piperidin-4-
yl)ethylamino)-4-(3-
(trifluocromethyl)- 1 H-
pyrrolo[2,3-blpyridin-3-

yDpyrimidine-5-carbonitrile

516

0.70-0.87 (6H, m), 0.85-1.23 (6H,

m), 1.76-1.81 (4H, m), 2.94 (1H, m),
4.02 (3H, m), 4.40 (1H, m), 8.31-
8.33 (1H, m), 8.67-8.75 (3H, m),

9.10-9.16 (1H, m), 13.04-13.10 (1H,

m) rotamers observed
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(0.4H, s), 13.1-1.3.18 (11-1, in) 239 2-((R)- | -(1-aS)-2-arnino-3-

hydroxypropanoyl)piperidin-4- yl)ethylamino)-4-(5- (trifluoromethyl)-1H-

pyrrolo[2,3-b]pridin-3- yOpyrimidine-5-carbonitrile 503 1.04-1.25 (5H, m),
%@W9W) 2. 56 2. 67(111 m) 3.04 (1H, m), 3.17 (2H, s), BIGBUE2$01/626190

200 LA} A/ll:l")11 NM--Q N4 (2L] hr )
III),OOU LT, T ,‘-I-UU\ I III),'—I-LUH- J\&L ,Ill},U\J—l‘\UII T35
8.32(1K,|m m an m dm_lD (1H, m), [L3.065-13413xlIh)in)784080 (34,
2-((R)-1- 14 A= roxygropanoyl)piperidi#s-4iH, m), 4.65 (ZH, m), 4.29
ﬁ%thylanlno)n{llg(éor(,tﬂ@m%omethyl) | H¥0Gyrr Id[fﬁsﬁbﬂ,%ﬁﬁhﬁgmg? 8.31 (;H r;l)
yl)pyriniidinepreasionitie-aass. 241 2-((R)-1-(L-(fr)2 3, 9.10-9.17 (1F
L . my, 13.04-13.10 (1H, m)
yDpyrimidine-S-carbonitrile
1.11-1.24 (5H, m), 1.82 (3H, m),
2~(t§i(é§3;i§;§§?§?§: G 262 (1H, m}, 3.03 (1H, m), 3.75.
02,4 blpyridin - 3.78 (1H, m), 4.05 (1H, m)}, 4.31
158 py”‘)lf{ blpyme 487 | (1H, m), 7.60 (1H, m), 8.00 (1K, m),
iR 8.32 (1H, m), 8.67-8.76 (3H, m),
ytaminoethylpiperidin-1-y1)- 9.10-9.17 (1H, m), 13.03-13.10 (1H,
2-proaceiamide
m) rotamers observed
- 1.06-1.24 (5H, m}, 1.78-1.87 (3H,
2 ((ﬁéosyi()(;; meldine2 m), 2.36 (1H, m), 2.61-2.82 (2H, m),
Dethylamino)-4-(5- 291 (1H, m), 3.41 (1H, m), 3.70
259 o 499 (1H, m), 4.38 (1H, m), 5.27 (1H, m),
(trifluoromethyl)-1H- 8.32 (1H, m), 8.68-8.75 (431, m)
pyrrolo[2,3-blpyridin-3- . » 1, S : N
Dpyrimidine-S-carbonitrile 0.10-9.16 (1H, m), 9.23 (1H, br s),
ypyrimicme 13.07-13.13 (1H, m)
2-((1R)-T-(1 -(3-aming-2- 1.08-1.24 (5H, m), 1.83 (3H, m),
hydroxypropanoylpiperidin-4- 2.60 (IH, m}, 2.87-3.05 (3H, m),
260 yhethylamine)-4-(5- 503 447 (2H, m), 7.75 (3H, br), .32
{trifluoromethyl)-1H- (1H, m), 8.67-8.75 {(3H, m}, 9.10-
pyrrolo[2,3-blpyridin-3- 9.17 (1H, m), 13.07-13.13 (1H, m)
y)pyrimidine-5-carbonitrile rotamers observed :
2-((R)-1((1r,4R)-4-(4- (CDCls) 1.20-1.34 (6H, m), 1.38-
methylpiperazin-1- 223 (10H, m}, 2.84 (3H, s), 3.00-
261 yl)cyclqhexyi)ethyiamino)—din 513 3.09 (1H, m}, 3.45-3.75 (6H, m),
(5-(eriflucromethyl)-1H- 4.18-4.21 (1H, m), 547-5.92 (1H,
pytrolo[2,3-b]pyridin-3- m), 8.48-8.87 (3H, m), 9.08-9.16
yl¥pyrimidine-5-carbonitrile (1H, m), 9.92-10.03 (1H, m)
2-4(R)-1-{1-{(2R4R)-4- 1.10-1.25 (5H, m), 1.67-1.91 (4H,
hydroxypyrrolidine-2- m}, 2.60-2.73 (1H, m), 2.97-3.16
carbonyl)piperidin-4- (3H, m), 3.72 (1H, m), 4.06 (1H, m),
262 yDethylamino)-4-(5- 529 4.36-4.51 (3H, m), 5.29 (1H, m),
{trifluoromethyl)-1H- 8.34 (1H, m), 8.50 (1H, m), 8.69-
pyrrolof2,3-b]pyridin-3- 8.76 (3H, m}, 9.11-9.17 {1H, m),
yl)pyrimidine-5-carbonitrile 6.34 (1H, m), 13.06-13.12 (1H, m)
1.05-1.25 (5H, m}, 1.83-1.94 (4H,
2b§$i;y;;§$iiﬁ o), 2.27 (1H, m), 2.65 (1, m), 2.97-
carbonyl)piperidin-4- 313 (2H, m), 3.26 (2H, m), 3.80
263 yDethylamino)-4-(5- 59 | (IH, m), 4.06 (1H, m), 4.40 (2H, m),
(triflucromethyl)- 1 H- 4.67 (1H, m), 834 (1H, m), 8.60
pyrrolo[2.3-b]pyridin.3- (1H, m), 8.69-8.76 (3H, m), 9.11-
D 'midigxe-swcarbonitriie 9.17 (1H, m), 9.54 {1H, m), 13.06-
TUPYTL 13.12 (1H, m) rotamers observed
2-amino-N~({1 R 4r)-4-((1R)-1- {CDCE) 1.12-1.35 (10H, m3}, 1.86-
(5-cyano-4-(5- 2.10 (4H, m), 3.34 (2H, 5), 3.35-3.42
{triffuoromethyl)-1H- (1H, m}, 4.18-4.25 (1H, m), 5.52-
264 pyrrolof2,3-bpyridin-3- 487 5.60 (1H, 2 x d), 7.11-7.13 (1H, m),
yDpyrimidin-2- 8.51-8.59 (1H, 2 x s), 8.72-8.86 (2H,
ylamino}ethylcyclohexyDacet my), 9.10-9.23 (1H, 2 xs), 9.73 (14,
amide br s)
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methylpentanoyDpiperidin-4- yl)ethylamino)-4-(5- (Di fluoromethyl)- | H-
pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile 529 0.87-0.93 (6H, m),

1.04-1.24 (5H, in), 1.39-1.93 (61-, m), 2.62 (11-1, m), 3.74 (2H.
WORBEATAFE2H. in), 8.04-8.36 (4H, m), 8.67-8.75 (31-I, m), &%ﬁ@%‘ﬁ?m

|||), 137
3-hydrg
pyrrolo]
216582-11
signal, 4
8.68-8.1

8=13: 14 (111, i) 24272

yutRneVRAPeriding)d-yBe
2, SritlpyridHerEuphypyeihyighn
38 (BHymoR 57 RB8lE-1,
1.28 (1HDEaids-f1H in), |
PSSR P RBI T

hydrdkypropanatmid

)-1-(1-((25
thylamino

e

FRDECEAMBPOO-35 (8H, m), 1.44 3H,

4d{5t SHAUO@Hhathy 34 (. d),
b_5-carboriitrifesS 8780 QL met
m),53795-3
y.93-7.98

m), 13.07-

Vi
(¥ 34D, , d),
o %%gﬁ@ %&g 8.58
%.’7 T 877 (0,331,
W dy 909 (0.33H, ),
9.23 (0.67H, s), 9.64 (1H, br )

2-{1-{6-{4-hydroxy-1-
methylpiperidin-4-ypyridin-
3-yDethylamino}-4-(5-

1.40-1.49 (ZH, m), 1.59 (3H, d),
2.05-2.21 (2H, m}, 2.16 (1.5H, s},
2.16 (1.5H, 5), 2.25-2.33 (2H, m),

7.50-2.55 (2H, m), 4.96 (14, d),

266 . 523 531-541 (1H, m), 7.58-7.65 (14,
(‘“ﬂ“"mmahﬁ?g.ﬁé m), 7.78-7.87 (1H, m), 8.51 (0.5H,
pyrrolof2,3-blpyridin-3- $), 8.57 (0.5H, 5), 8.70-8.72 (3H, m),
yDpyrimidine-5-carbonitrile §.52-8.56 (1H. m), 8.97 (0.5H, s),
.20 (0.5H, s, 13.03 (LH, br 5)
2 <(R)-1(6-(piperacin- 158 (3H. d), 2.3 <3Hés), 3.15 »32523
TR o 3.63-3.73 (4H, m), 5.2-5.
yDpyridin-3-yljethylamino)-4- (?F ﬁiﬁg, 6.87~6.96({1H, 1'31), 7.65-
267 fygggg?‘;ﬁ;‘ggﬂ . 494 7.75 (1H, m), 8.15 (0.6, s), 8.0236
olof2,3- -3 (0.4H, 5), 8.7-8.83 (5H, m), 9.
ylypyrimidine-5-carbonitrile (0.6H. 5), 9.22 (0.4H, )
152.1.6 3H, m), 1.85-2.0 (2H, m),
2-((R)-1-(2-((5)-1- 2.82-2.93 (2H, m), 3.08-3.3 (1.5H,
yﬁﬁﬁ?ﬁﬁiﬁ% m), 3.52-3.8 (L.5H, m), 3.85—3.953 3
. T (1H, m), 4.454.55 (1H, m), 5.2-5.
268 y‘?e‘hy‘amng)‘f"f;’ 509 | (1H m), 7.51-7.53 (0.55H, m), 7.67-
pgigg‘[};;ngpgém}s 7.1 (0.45H, m), 8.-4:«)-8.35 g% I‘l’)l),
olo[2,3- -3~ §.7-8.8 (4H, m), 9.05 90.55H, 5),
yDpyrimidine-3-carbonitrile 9.18 (0 45H, 5), 9.67-9.8 (1H, m)
2+((8)-1-((1r,38)-3- 1.1-1.5 (4H, m), 1.80-1.95 (1H, m),
hydroxycyclobutylethylamino 1.95-2.10 (3H, m), 4.1-4.4 (2H, m),
269 )‘i)gé{:é“;g‘;‘;?ﬁgw 403 4.90 (1H, br 5), 7.20-7.90 (2H, m),
3" -3- $.35 (2H, d), 8.95 (24, s
ypyrimidine-S-carbonitrile ( ) ( )
118303 1.05-1.20 (4FL m), 1.40-1.60 (2H,
ST E AL .80-2.00 {1H, m}, 2.20-2.35
hydroxycyf:lobutyl}ethyiami:m (311}3{)::11)% 3 80-3 F90 (1H), ),4.0-4.15
278 iﬁ‘ﬁ?&“ﬁ&?ﬁ?ﬁ‘éh' 403 aH, m), 4.35»4.958(01}1, a. 8.4;-}8(.)65
3 3- 2H. m), 8.70-8.80 (1L, m), 9.
yl)pyrimidine-5-carbonitrile (ZH, m) (1H. s}( )
2-(1-(6-((R)-1-
methyipyrrolidin-3- 1.56 (3H, d), 1.99 (1H, m), 2.33 (2H,
vloxy)pyridin-3- m), 2.80-3.17 (4H, m), 5.27-5.41
271 yDethylamino)-4-(5- 509 (2H. m), 6.79 (1H, 1), 7.78 (1H, m),

{trifluoromethyt)-1H-
pyrrolo[2,3-b]pyridin-3-

ypyrimidine-5-carbonitriie

8.13-8.20 (1H, m), 8.71-8.82 (4H,
m), 8.96-9.18 (1H, m), 13.05 (1H, m)
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WO_ 2008/079346PCT/US2007/026190 243 2-((R)-141-((S)-2-
aminopropanoyl)piperidin-4- ypethylamino)-4-(5- (tri fluoromethyl)-1H-

pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 487 1.0
Wq?éaséé’fﬁ%m) 2.65 (1H, m), 2.94-3.16(111, m), 3.83 (1H, m %&ﬁ%éﬁﬁ hog'l’)m

N
)4 28=444(2H; III)““8_UJ_ 31-1,7'S), 8.307 8.34s¢1 34, A)1.91-2.15 (1H, m),
8.68-8.75(311,; ﬁﬁj(f@@wi@eﬁ(% M), 13.06-13 150(1F1; (AH2dAH 2.72-3.3.15 (3H,
2-((R)-1-(1-(( noyl)plperldln -4- |yl ethyamint) 4t 5m). 4.08-4.22
frafluorgmet xB%é{H) 0 3 RS- yOpy ine KeE4 Ay ;%6 38.
L s . 200 G Ay B s
yl)pyrimidine-5-carbonitrile ), 9.0549. 17 (1H, 2xs)
1.2-1.3 (3H, my), 1.5-1.6 (3H, m), 2.8-
IA{(R)-1-(6-((8)-3- . ~2.9 (1H, m), 3.0-3.13 (2H, m), 3.2-
methylpiperazin-1-yl)pyridin- 3.4 (2H, m), 4.22-4.35 (ZH, m), 5.2~
573 J.yl)ethylamino)-4-(5- 508 5.3 (1H, m), 6.87-7.0 (1H, m}, 7.65-
{trifluoromethyl)-1 H- 7.75 (1H, m), 8.15-8.25 (1H, m),
pyrrolo[2,3-b]pyridin-3- 8.55-3.8 (4H, m), 8.9-9.0 (1H, m),
yl)pyrimidine-5-carbonitrite 9.08 (0.6H, s), 9.18 (0.4H, 5}, 13.1-
13.2 (1H, m)
12-1.3 (3H, m), 1.5-1.6 (3H, m), 2.8~
2{(R}-14{6-{(R)-3- 2.9 (1H, m), 3.0-3.13 (2H, m), 3.2-
methylpiperazin-1-ylpyridin- 1.4 (2H, m), 4.22-4.35 (2H, m}, 5.2-
274 3-yl)ethylamino}-4-(5- 508 5.3 (1H, m), 6.87-7.0 (1H, m), 7.65-
(triftuoromethyl)- 1 H- 7.75 (1H, m), 8.15-8.25 (1H, m),
pyrrolo[2,3-blpyridin-3- 8.55-8.8 (4H, m), 8.9-9.0 (1H, my),
yl)pyrimidine-5-carbonitrile 9.08 (0.6H, s), 9.18 (0.4H, s}, 13.1-
13.2 (11, m)
1.5-1.6 (3H, m), 2.5-2.6 (3H, m), 2.9-
2-((R)-1-{(6-(methyl(2- 3.0 (3H. m), 3.07-3.12 (2H, m), 3.7-
(methylamino)ethyljamino)pyr 3.8 (28, m), 5.25-5.35 (1H, m), 6.7-
275 ‘dm‘s‘.‘yl}ﬁ‘hyla“"?“)"“(s - 496 | 6.85 (1H, m), 7.7-7.82 (1H, m), 8.07-
(trifluoromethyl)-1H- 8.15 (1FL. m), 8.32-8.47 (2H, m), 8.7-
pymolo[2,3-blpyridin-3- 8.84 (41, m), 9.1 (0.6H, 5), 9.2
yl)pyrimidine-5-carbonitrile (0.4H, 5), 13.05-13.1 (1€, m)
1.2-1.3 (6H, m), 1.52-1.57 (3H, m),
2-((R)-1-(6-((35,5R)-3,5- 2.68-2.72 (1H, m), 3.25-3.35 (2H,
dimethylpiperazin-1- m), 4.38-4.45 (ZH, m), 5.22-5.32
276 yl)pyridin-3-ylethylamino)-4- . (1H, m), 6.9-7.0 (1H, m), 7.65-7.75
(5-(trifluoromethy})-1 H- (1H, m), 8.15 (0.6H, ), 8.25 (0.4H,
pyrrolo[2,3-blpyridin-3- s), 8.38-8.45 (1H, m), 8.7-8.82 (4H,
yDpyrimidine-5-carbonitrile m), 8.9-9.0 (1H, m), 9.1 (0.6H, s).
9.2 (0.4H, s), 13.1-13.2 (1H, m)
o 1.52 (3H, dJ, 1.85-2.01 (1H, m),
2‘(1'1{6’(.(8))'py‘.’f§1‘d3?n‘3" 2.51.2.65 (1H, m), 2.72-3.01 (3H,
{ af;“l" pyrt f;’ s m), 3.18-3-55 (1H, m), 4.08-4.23
277 (};rzgugr;:;?}?)i):l(}g- 494 (1H, m), 5.12-5.30 (1H, m), 6.37-
2t o i 6.55 (2H, m), 7.35-7.48 (1H, m),
pyrrolof2,3-b]pyridin-3- 7.90-8.05 (1H, m), 8.55-8.77 (4H,
ylpyrimidine-5-carbonitrile m), 9.05 + 9.16 (1H, 2xs)
2-(1-(642- 1.54 (3H, m), 2.56 (3H, m), 3.04-
(methylamino)ethylamino)pyri 3.09 (2H, m), 3.46-3.52 (2H, m),
278 din-3-yhethylamino)-4-(5- 482 2.19 (1H, m), 6.63 (1H, m), 7.62
(trifluoromethyl)-1H- (1H, m), 7.96-8.04 {(1H, m), 8.40
pyrroto[2,3-b]pyridin-3- (1H, m), 8.72 (4H, m), 9.03-9.18
yDpyrimidine-5-carbonitrile (1H, m), 13.06-13.11 (1H, m}
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(111, m), 4.05 (111, m), 4.45 (IH, in), 7.68 (3H, br s), 8.31-8.34(111, m),
8.67-8.74(311, m), 9.09-9.17 (1H, m), 13.06-13.13 (IF!, m) 245 24(R)-141

s,4S)-4-(4- methylpiperazin-| -

yflcyclohexypethylarnino)-4-

W(% Kir#ordmethyl)-1H- pyrrolo[2,3- b]pyrldln -3- yl)pyrimidine BS-EA38HiPAe 0

CI3)y I-08=1 13 (2, m), 12 (7
(314, s),1,54- 129@@(11 (61512 28-2, 34(311, m) 2,,;5?2%502 44@,&9%),337@ . §_gg
(141, 2 $ br srguﬁéi WARATONEY P ) 5.63-5.69 (1111 M)rSs5O-B BB, M0 (1,
9723 (111, 3’2 “m&%“% RY-171700.12,282- | m), 6.46 (1.2H, d), 6.51 (0.8H, d),
metly- 1A
aminocyclo ecathonviphperidin-4-yp ethylatind) 448, m), 8.67 - 8.74 {4H,
(trifluorom@mmgw@m@,&t@]p/rldin-3- y1) ﬁ?nﬂ%@eﬁ%éh%ﬁgﬁ@ 5) and
527 r
e 2e(1-(6-{(S)-1- 2.08-2.40 (4H, m), 2.45-2.55(1H, m),
methyipyrrolidin-3- . =2,61-2.75 (1H, m), 4.15-4.25 (1H,
ylamino)pyridin-3- my, 5.12-5.22(1H, m), 6.40-6.46 (iH,
280 yljethylamino)-4-(5- 508 dd), 6.56 (1H, 1), 7.43 (1H, 1),
(trifluoromethyl)-1 H- 7.92+8.00 (1H, 2xs), 8.69-8.74 (4H,
~ pyrrolo[2,3-blpyridin-3- m), 9.07+ .19 (1H, 2xs), 13.00 (1H,
yl}pyrimidine-S-carbonitrile br 5)
(MeOH-d,) 1.62-1.75 (3H,m), 2.0-
(mcthylfr&g);r2253amno)ph 2.1 (2H,m), 2.7-2.8 (38,m), 3.07-
enyl)etlylamine }4-(5- 3.15 (2H,m), 3.4-3.55 (2H,m), 5.25-
281 YISty 496 5.42 (1H,m), 7.03-7.1 (1H,m), 7.85
{triflucromethy}-1H~
pyrrolo[2,3-blpyridin-3- (0.5H,5), 7.95 (0.5H,5), 8.0-8.1
Dpyrimi fine-S carboritrile (1H,m), 8.6-8.73 (2H,m), 8.8 (1H,s),
YUPY 9.02 (1H,s), 9.42 (1E,s)
2-((R)-1-(64(2- 1.2-1.3 (3H, m). 1.5-1.6 (3H, m), 2.8
(dimethylamino)ethyl)(methyl) (3H; d), 2.92 (3H, d), 3.2-3.3 (2H,
amino)pyridin-3- m), 3.8-3.9 (2H, m), 5.2-5.35 (1H,
282 vlethylaminc)-4-{5- 510 my, 6,65-6.8 (1H, m), 8.1-8.22 (1H,
(triflooromethyl)-1H- m), 8.7-8.85 (3H, m), 9.05-9.25 (1H,
pyrrolof[2,3-b]pyridin-3- m), 9.3-9.55 (1H, m), 13.05-13.1
yDpyrimidine-5-carbonitrile {1H, m)
. 1.25-1.35 2H, m). 1.5-1.6 (3H, m),
( dimemi;ﬁié)gog D(methy 1.85-1.95 (3H, m), 2.74 (3H, d), 2.82
Damino)pyridin-3- (3H, d), 2.95-3.1 (4H, m), 3.55-3.65
283 yl)ethylammino}-4-(5- 525 (2H, m), 5.2-5.3 (1H, m), 6.7-6.8
(trifluoromethyl1 H- (1H, m), 7.7-7.8 (1H, m), 8.08-8.17
 pyrrolof2,3-blpyridin-3- (1H, m), 8.72-8.85 (3K, m), 9.1
pyrimidine-5-carbonitrile (0.5H, 5), 9.23 (0.5H, s}, 9.4-9.55
YIpYH (1H, m), 13.05-13.15 (1H, m)
2-((R)-1-(6-(4~
isopropylpiperazin-1-
vhpyridin-3-yljethylamino)-4-
284 (5-(trifluoromethyl)-1H- 536
pyrrolof2,3-blpyridin-3-
yDpyrimidine-5-carbonitrile
1.2-1.28 (3H, m). 1.53-1.58 (3H, m),
2-((R)-1(6-(4-cthylpiperazin- 2.95-3.1 (4H, d), 3.15-3.25 (2H, m),
| yDpyridin-3-yDethylamino)- 3.5-3.6 (2H, m), 5.22-5.32 (1H, m),
yDpyri ylethy
285 4-(5-(trifluoromethyl)-1H- 522 6.9-7.0 (1H, m), 7.7-7.8 (1H, m),
7 8.18 (0.6H, m), 8.25 (0.4H, s), 8.7-
pyrrolof2,3-b]pyridin-3- -
Bpyrimidine-3-carbonitrile 8.83 (3H, m), 9.05 (0.6H, 5), 9.18
YUY (0.4H, s), 9.4-9.55 (1H, m), 13.05-
13.1 (1H, m)
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1.10-1.24 (5H, m), 1.65-1.99(911, m), 2.95-3.06(111, in), 3.16-3.24 (111,

m), 3.98-4.05 (211, m), 4.45 (1H, in), 7.78 (3H, br s), 8.31-8.35 (114, in),

8.68-8.75 (3H, m), 9.10- 9.16 (1H, m), 13.06-13.13 (1H, in) rotamers
WORIEF(EE 7 2- ((R) 1- (1 ((S)-3-amino-4- methylpentanoyl)%@Hﬁﬁ‘?ﬁﬂ" 26190

3.26(11-
BE&), 832~
(111, in)
phenyla¢

yhpyrimi

% q;’%ﬁ%ﬁn&

etyhpipetidie-4-carbonitrile

mno)=4=(5=(triffuoromettty T
dine- 5 carbonitrile 529 O 84
1.77-1.86 411 T

fOt%&%ﬁ;Qbﬁﬁfyﬁdi%ﬁ 2 (

=1 H=pyrTG
-0.93(611,

§7-2.73 (1H,
5 (111, m), 4
(3H, 1429.0¢
R)-1-(1-((R)-

“1’155{3‘1!1%/)“9'1'253 (2H, m), 2.8-2.9
MyH.-R3-1. 2685511 M), 3.5-3.7
(), 289 ‘aaaa}(aznéjnm)s.zs_sas
A414.52)(E P68 )Y B.64)(3T5;7 85
D- 9(@_6 H 1) 8%3.960.8513 m),

(BG5FL. 9), 8.15 (0.45H, s),
“75 8.9 (3H, m), .05 (0.5H, ), 9.18

(0.5H, s}, 9.95-10.05 (LEH, m), 13.05-
13.1 (1H, m)

287

2-((R)-1-(6-{(2-
{diethylamino)ethyl)(methyla
mino)pyridin-3-
yhethylaminoy-4-(5-
(trifluoromethyl}-1H-
pyrrolof2,3-blpyridin-3-
yhpyrimidine-5-carbonitrile

538

1.02(3H, ). 1.1 (3H, v}, 1.42 (3H, 4,
2.8-2.9 (3H, m), 2.95-3.15 (6H, m),
3.6-3.75 (2H, m), 5.1-5.2 {1H, m),
6.6-6.7 (1H, m), 7.55-7.65 (1H, m),

7.95 (0.55H, s), 8.05 (0.45H, 5), 8.6

8.72 (4H, m), 8.95 (0.55H, 5), 0.1-9.2

(1H, m), 13.05-13.1 (1H, m)

288

2-(R)-1-(6-((5)-1,3"
bipyrrolidin-1"-ypyridin-3-
yhethylamino)-4-(5-
(trifluoromethy)-1H-
pyrrolo[2.3-bjpyridin-3-
yhpyrimidine-5-carbonitrile

548

289

2-{{R)-1-(6-{methyl{3-
{methylamino)propyhamino)p
yridin-3-yDethylamino}-4-(5-
(trifluoromethyl)-1 H-
pyrrolo[2,3-bjpyridin-3-
yDpyrimidine-5-carbonitrile

510

0.8-0.9 (3H, m). 1.2-1.35 (2H, m),
1.85-2.0 (3H, m), 2.2-2.3 (1H, m),
2.35-2.5 (2H, m), 2.8-3.0 (2H, m),
4.45-4.6 (1H, m), 6.35-6.45 (1H, m),
7.2-7.35 (2H, m), 7.7-7.85 (2H, m),
8.0 (1H, s), 8.25 (0.5H, m), 8.6
(0.5H, s}

290

2-((R)-1-(6~((5)-3-
(dimethylamino)pyrrolidin-1-
vi)pyridin-3-yDethylamino)-4-
(3-(irifluoromethyl)-1 H-
pyrrolof2,3-blpyridin-3-
yhpyrimidine-5-carbonitrile

522

1.55 (3H, d), 2.2-2.35 (2H, m), 2.8~
2.9 (6H, m), 3.4-3.75 (3H, m), 3.75-
4.0 (2H, m), 5.25-5.35 (11, m), 6.7-
6.9 (1H, m), 7.75-7.85 (0.55H, m),
7.85-7.95 (0.45H, m), 8.05 (0.55H,
5), 8.15 (0.45H, ), 8.75-8.9 (3H, m),
9.05 (0.5H, s), 9.18 (0.5H, s), 9.95-
10.05 (1H, m), 13.05-13.1 (1H, m)

181

2-{({(R)-146-((S)-
hexahydropyrrelo[1,2-
ajpyrazin-2{1 H}-yDpyridin-3-
yDethylanuno}-4-(5-
(trifluoromethyl)-1H-
pyrrolo[2,3-blpyridin-3-
yDpyrimidine-5-carbonitrile

534

1.55 (3H, dY, 1.8-2.2 (4H, m), 3.0~
3.08 (1H, m), 3.3-3.4 (1H, m), 3.5
3.8 (2H, m), 3.8-3.95 (1H, m), 5.25-
5.35 (1H, m), 6.85-7.0 (1H, m), 7.7
7.8 (1H, m), 8.15 (0.65H, d), 8.25
(0.35H, d), 8.75-8.9 (3H, m), 9.05
(0.6H, 5), 9.18 (0.4H, 5), 9.7-9.8
(0.5H, m), 10.07-10.12 (0.5H, m),
13.05-13.1 (iH, m)

292

2-((R)-1-(6-(4-methyi-1,4-
diazepan-1-yDpyridin-3-
vhethylamino)-4-(5-
{trifluoromethyl)-1H-
pyrrolef2,3-b]pyridin-3-
vhpyrimidine-5-carbonitrile

522

1.55 (3H, d), 2.1-2.2 (2H, m), 2.7-2.8
(1.5H, m), 3.08-3.2 (1.5H, m), 3.45-
3.65 (4H, m), 4.2-4.33 (1H, m), 5.25-
535 (1H, m), 6.75-6.9 (14, m), 7.7-
7.85 (1H, m), 8.12 (0.5H, s), 8.2
(0.5H, s), 8.75-8.9 (3H, m), 9.15
(0.5H, s}, 9.23 (0.5H, s5), 9.5-9.65

(14, my, 10.05-10.15 (1H, m)
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yl)ethylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-blpyridin-3-
yl)pyrimidine-5-carbonitrile 549 0.90-1.26 (5H, m), 1.70-1.90(211, in), 2.62
(1H, in), 2.99 (IH, m), 3.75- 4.05 (2H, m), 4.47 (11-1, in), 5.53 (IH, m),

WP 3BHUBIEH, m), 8.14- 8.34 (111 m) 8.49 (31, In) 8.66- 8%‘(%21*&7%7190

895'91"(111, I) 1O \LJ. III} 1'Otart CI%S&J f§>§2 lO IH br S
24(R)-1-(14(2 és%%)g‘;@ﬁ hydjljoxybutanoy @tPS%%Y i 1 m), 3.47 (Sz.H masized
4-y|)ethycjamln9)a4n%);(mﬁupﬁomethyl) 1H- pyriolg[2.a:p}Ryrdi38=4.50 (11, br s),
yppyrimidine-5tpairbanisip 07 1.0611.2506811] m); L8R LLBOG3 L 6i59,6.75 (14,
2.58-2.677 ) 1H}afo2096:By02 FkH, m), 3.86 (111, m)}, 3.95-470%! {ZHy)irg)70-8.80
4.22 (114, O 4 AFPTIEn - ? 7|92-7.98 (311{4¥H) 18, 3315838 (@49 3H) 2 ),
8.68-8.75 /j,ﬂ mmdme«S ~carbonitri 9.65-10.0 (1H, br my, 13.10 1H, d)
M i 1.45.1.6 (6H, m}, 1.95-2.1 (3H, m),
2-((R)-1-{6-(4- 2.7-2.9(8H, m), 3.3-34 (1H, m), 4.4-
(dimethylamino)piperidin-i- 4.5(2H, m), 5.2-5.3 (1H, m), 6.93-
204 yhpyridin-3-yhethylamino)-4- 536 7.65 (1H, m), 7.65-7.79 (11, m),
(5-(trifluoromethyl}-1H- 8.05 (0.55H, s), 8.15 (0.45H, s),
pvirolo[2,3-b]pyridin-3- 8.72-8.9 (4H, m), 9.05 (0.5H, 5}, 9.18
yDpyrimidine-5-carbonitrile (0.5H, s}, 9.4-2.55 {1H, m), 13.05-
131 (0H, m}
2H{{1R)- 1 (6-{mmethyl(l-
methylpyrrolidin-3-
yhamino)pyridin-3-
285 yhethylaming)-4-(5- 522 /
(trifivoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile
2-((R)-1-{6-((2~
{dimethylamino)ethyl {ethyha
mino)pyridin-3-
296 vhethylamino)-4-(5- 524 /
(trifluoromethy})- 1 H-
pyrrolo[2,3-blpyridin-3-
yl)pyrimidine-5-carbonitriie
2-((R)-1-(6-(1-
methylpiperidin-4-
ylamino)pyridin-3-
297 yDethylamino)-4-(5- 522 /
{triflucromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-
yhpyrimidine-5-carbonitrile
1.55 (3H, d), 1.8-2.2 (4H, m),3.0-
R (R 3.08 (1H, m), 3.3-3.4 (1H, m), 3.5-
hefagl(ylji)rolps(:'rc()(li{)l 5. 3.8 (ZH, m}, 3.8-3.95 {1H, m), 4.45-
: 2 4.55 (0.5H, m), 4.65-4.75 (0.5H, m),
alpyrazin-2(1H)-yhpyridin-3- 5.25-5.35 (1H, m), 6.85-7.02 (1H
298 yi?ethylamjno)—rlw(s- 534 m:) 7 6.8«-7 78 (,Hri,m-} 8 1'5 © 6H’
(tﬁg‘;}’éo;fg;hyaﬁi_ d), 8.25 (0.4H, d), 8.75-8.9 (3H, m),
PYFroioLe,2-bipynicin-J- 9.05 (0.6H, 5), 9.18 (0.4H, s), 9.68-
vljpvrimidine-5-carbonitrile 9.8 (0.5H, m), 10.07-10.15 (0.5H
m), 13.05-13.15 (1H, m)
mjtigil?;i;egizgi-l ) 1.52-1.56 (3H, m), 2.2 (3H, d),2.3-
Upyrimidin- Soylyethylamino)- 2.4 (4H, m), 3.65-3.75 (4H, m), 5.1-
299 o trifluoramethyl)- 11 509 5.22 (1H, m), 8.38-8.47 (1H, m),
oyrolo[2 3_b]pyri?éh;’_3‘” 8.72-8.8 (4H, m), 9.02 (0.5H, 5), 9.15
o o (0.5H, 8), 13.05-13.1 {1H, m)
yilpyrimidine-5-carbonitrile
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9.10-9.17(111, m), 13.06-13.13 (111, m) WO

2008/079346PCT/US2007/026190 250 (3R)-3-amino-4-(44(1R)-1-(5-

ano-445-

u anojEtHy

‘(trlfluoromethyl) 1H-pyrrolo[2,3-b]pyridin-3- yl)pyrimidin-2-
Yppiperidin-I-yl)- 4-oxobutanamide 530 1.03-1.09 {5y 7626190

N Oy OO O£

Compdidrd -
) B.80-

(4H; M), 243 masked Signal, gj59-2
4.04 (3H, my»3€1-4.55 (2H| i

67 U_I'I m), £.906-3.U

(111, i) NAER @M@Qﬁ%ﬁ}

8.02-80
to), 13.05-
2-((R)-1-

yi%ﬁthylarr}l n(é?)j;%ﬁg
r|m|c ine-5-

(3H, 1), B-31-8.35 (IH, 10)
13.12 (4#l!

%thyl) 1

e

pyrrolo[2,3-blpyridin-3- -
yipyrimidine-5-carbonitrile

8.69-8.
tlamers observed 253
§nopropanoyl)p|

H- 5%%”0

(8340, HO7 HILH01EH,; m),
81-2.91 (3H, m), 3.10-3.27 (1H,
pekiflin-g4-3.75 (2H, m), 5.27-5.36
0[a3; b;}@yfléms?»ﬁs (1H, m), 6.80
(1H, t), 7.79 (1H, m), 8.13-8.22
(1H, m), 8.71-8.86 (4H, m), 8.96-
9.18 (1H, m), 10.01 (1H, m),
13.08 (1H, m)

2-((S)-1-(6-(I-1-
methylpyrrolidin-3-
vioxypyridin-3-

1.56 (3H, d), 1.99-2.30 (2H, m),
2.81-2.91 (3H, m), 3.10-3.27 (1H,
m), 3.67 (2H, m), 5.27-5.35 (1H,
m), 5.51-5.55 (1H, m), 6.83 (1H,

-4-{5-(trifluoromethyl}-1H-
pyrrolo[2,3-blpyridin-3-

yhpyrimidine-5-carbonitrile

301 gg;i’g;ggg&iﬁi 309 15,779 (11, m), 8.14-8.22 (1HL
pyrrolof2,3-blpyridin-3- m), 8.72-8.86 {4H, m}, 8.96-9.18
Dpyrimidine-5-carbonitrile (1H, m), 10.01 (1H, m), 13.08

yipyn (IH\, m)
2-(I-1-(2-hydroxypyrimidin- (MeOH-dy) 1.65-1.75 (3H, m),
5-yljethylamino)-4-(5- 5.1-5.2 (0.8H, m), 5.3-5.4 (0.6H,

302 (trifluoromethyl)-1H- 427 m), 8.42-8.55 (ZH, m), 8.6-8.7
pyrrolo[2,3-b]pyridin-3- (ZH, m), 8.82 (1H, s), 9.15 (0.4H,

yhpyrimidine-5-carbonitrile s), 9.4 (0.6H, s}
2-(I-1-(2-methoxypyrimidin- 1.62-1.68 (3H, m), 3.87-3.92 (3H,
5-yhethylamino)-4-(5- m), 5.26-5.32 (1H, m), 8.42-8.55

303 (trifluoromethyl}-1H- 441 | (2H, m), 8.62 (1H, s), 8.7-8.8 (4H,
pyrrolo[2.3-b]pyridin-3- m), 8.82 (1H, d), 8.9 (0.6H, 5). 9.2

yhpyrimidine-S-carbonitrile (0.4H,5), 15.1-15.2 (1H, m)
2-((R)-1-(4+(2- 1.48-1.52 (3H, m), 2.13-2.16 (6H,
{dimethylamino)ethyl }{meth m), 2.25-2.40 (2H, m)}, 2.80-2.87
304 yDamino)phenylethylamino) | .y | (3H, m), 3.33-3.55 (3H, m), 6.56-

6.66 (2H, m), 7.15-7.25 (2H, m),
8.65-8.75 (4H, m), 9.05+9.21 (11,

2xs), 13.02 (1H, br s)

Preparation 4: 2-(4-chloro-5-cyanopyrimidin-2-ylamine)-2-methyl-N-(2,2,2-

trifluorocthyl)propanamide.

\T\A KKNVXF

{0240] 2,4-dichloropyrimidine-5-carbonitrile (E. F. Godefroi, J. Org. Chem, 1962, 27(6),
2264-6) (0.10g, 0.57mmel), 2-amino-2-methyl-N-(2,2,2-trifluoroethyl}propanamide. 1 TFA
(Meinke, Peter T.; Shih, Thomas L.; Fisher, Michael H., US 6,221,894 B1)(0.171g, 1.14
mmol) and DIPEA (0.39 mL, 2.29 mmol) were combined in anhydrous THF (SmL) in a
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1.04-1.32 (511, m), 1.86 (3H, in), 2.60-2.67 (1H, m), 2.92-3.17 (3H, in),
3.93-4.04 (2H, t0), 4.43 (1H, m), 4.75 (111, In), 8.32-8.43 (4H, m),
8. 88764§H m), 9.09-9.17 (1H, m), 13.06-13.12 (11-1, in

WRREENEE D52 2- -((R)-1-(1-((R)-2,5- d|am|nopentanoyl)plperliagiel?s}iﬂ-g}-g ¥7mas1o0

sealed 8@&@9{@@5@&3}% -Ga-o(rifllqronatyhsfdrt REralRld SdiPMithBraure. The
yOpyrimidine-5-carbonitrile 530 1.04-1.26, éSH m -1.92 ( 7HR‘§8)
solvery BRSEYRELIE), Y229 3 A1 1o dH§ piaaed by ?Effiil ShyeHBAEARE (1P SO

entax%)mﬂﬁ%cﬁgt&té- 107084/ 44631 5. 4Bl O Bich3(30 afﬂ)uc&l&ﬁt@é‘bdﬁlpound as a
. B.70-87631 03(%9 10- 9 7 (1H, m), 13.08-13.14 (1H, in) 253
cotor ?SE('F'%?WFP £8. Wi E’3cyclobutanecarbonyl)plp

Ms(B¥dinskyRethylarnino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-blpyridin-3-
pyrimidine-5-carbonitrile 513 0.98-1.05 (2H, m), 1.19-1.23(311, m),
MS( 37%@ H, m), 2.17-2.24

Example 5: 2-(5-cyano-4-(5-(triflusromethyl)-1 H-pyrrole{2,3-b]pyridin-3-yi)pyrimidin-
2-ylamino)-2-methyl-N-(2,2.2-trifluoroethyl)propanamide.

Step 1 2-(S-cyano-d-(1-tosyl-5-(triflnoromethyl)-1 H-pyrrolo[2,3-blpyridin-3-
yi}pyrimﬁdmmzmyiamine}2mmethyEwN»(Z,2,Entriﬂuﬂmethﬁ)pmg‘mnamide.

[0241] A mixture of 5-trifluoro-3-(4,,4,5,5-tetramethyl-1,3 ,2-dioxaborolan-2-y1)-1-tosyl-1H-
pyrrolof2,3-b]pyridine (23mg, 0.07mmol, 1.0Eq.) and 2-(4-chloro-5-cyanopyrimidine-2-
ylamino)-2-methyl-N-(2,2,2-trifluoromethyl)propanamide (33mg, 0.07mmol, 1.0Eq.} was
suspended in toluene (2.0mL) and EtOH (0.5mL) and treated with 2M K,CO4 (105 ul,
0.21mmol, 3.0Eq.). The mixture was sonicated under an atmosphere of nitrogen for 20
minutes and then treated with PA(PPhs)s (8mg, 0.007 mmol, 0.1Eq.). After sonication for a
further 5 minutes the reaction was heated under microwave conditions at 140 °C for 20
minutes. The reaction was partitioned between EtOAc and water and the aqueous phase
extracted with EtOAc (3 x). The combined organic layers were dried (MgSO,) and
concentrated in vacuo. The crude product was purified by column chromatography (I5CO
Companion™, 12g column, 0-100% EtOAc/Petroleurn Ether) to give the title compound as a
white solid (29 mg, 66%]).

Step 2: 2—(5wcyana-4-—(5-(tréﬂuommethyﬁ)-EH-pyrrolo{Zﬁ-b’ig)yridinﬁ-yl)pyrimidinw}
ylamino)-2-methyl-N-(2,2,2-trifluoroethyDpropanamide.
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(2H, in), 2.33-2.46(211, in), 2.85- 2.98 (1H, m), 3.05-3.16(411, in), 4.02
(1H, m), 4.40 (1H, m), 7.90 (3H, m), 8.31 (1H, m), 8.68-8.75 (311, m),
9.10-9.16 (1H, in), 1306- 13.12 (11-1, in) 254 2-((R)-1-(1-((S)-2,5-
ViiZti#BPétHtanoyl)piPendin-4- yl)ethylamino)-4-(5- (trifluoror@sH2at4626190
pyrrolo[2,3-b]pyridin-3- yI)pyrimidlnii;égfarbonitrile 530 1.06-1.27(511, m),
1.40-1.66 (4H, to), 1.83-1.90 (3H, m), 2.67-2.77 (214, m), 2.99-3.08 (1H,
10245 - gpanct 8- D1os - rdnaramede il 8801073 313 n)lie- 1 Y8 yimidin-2-

IS SRR e s

dissoby gt b aAayh bt perrythities- 2ith Haé}rﬁé@m@) 43mmol, 15

eq) and aﬂowed to stir at room temperature overnight. The reaction mixture was
concentrated and the residue partitioned between EtOAc and water. The organic phase was
washed with saturated aqueous NaHCO; followed by brine, dried over MgSO,, filtered and
the solvent evaporated. The residue was purified by column chromatography (ISCO
Companion™, 12g column, 0-100% EtOAc/Petroleum Ether) to give the title compound as a
white solid (13 mg, 60%). MS (ES") m/e = 472, '"H NMR (DMSO) 1.53 (6H, s), 1.58 (6H, 3),
3.65-3.65 (ZH, m), 3.75-3.79 (2H, m), 8.26-8.34 (2H, tm), 8.45 (1H, 5), 8.65-8.78 (6H, m),
8.96 (1H, 8}, 9.29 (1H, s), 13.05 (2H, brs) [1:1 Mixture of rotamers]

[6243] A variety of other compounds of Formula [ have been prepared by the methods of
Example 5. The characterization data for these compounds is summarized in Table II-B
below and includes LC/MS (observed) and '"H NMR data.

F
VAN N o Ns o~y . o NSy .
p O RN IN s BEE ORI pE
w, NN FoS7 NN Foe g NN —k
IR T MR e W N
H H H
IA-1 [A-2 IA-3
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pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 512 1.10-1.26 (5H, in),
1.81-1.88 (3H, m), 2.62-2.67 (1H, m), 2.92-3.10 (3H, in), 3.96-4.10(211,
m) 443%1H m), 4.71-4.81 (11-1, m), 8.30- 8.43 (4H, m), 8.69-8.76 (3H,
WAV E3598467(111, m), 13.06-13.12 (11-1, m) rotamers obseRfeHUBA07/026190
Rz ((R) 1-(1-((R)-2-hydroxy-3; methylbutanoyl)piperidin 4-

yia | 0}44-(5- (tri

4 S onitfi

14 pyrrolofﬁ 3-b rm -3

g5

Wﬂ"
N4 618i'(4€1.?1 12.94(1 )462(@15@446 )8'”810833
f111, m), 8.67-8.75 (3H, m)"9.10-9.16 (1H, in), 13.04-18.10(111, m)
rotamers observed WO 2008/0%9346PC T/US2007/026190 254 .5

f N;\\
- [ j«i
e N7 NSO
N "o
]
1A-9
[A-12
TABLE 1I-B :
Compound M+i 1
No. Mame (obs) H NMR
(DMSO) 1.51 (6H, s), 1.56 (6H, s),
?&Eﬁlsgf;g;h(i)m 1.76-1.91 (2H, m), 2.01-2.39 (2H,
olof2 3-b}y i3 m}, 3.06 (2H, brq), 3.24 (2H, brg),
iA-1 p;;“ 'mi:iin~213y{1amino)-2- 486 | 7.90 (2H, ), 8.33 (1H, 5), 8.42 (1H,
i}e?t’g"; N33 33: s), 8.70-8.77 (6H, m), 8.99 (1H, s),
ethyl-N-(3,3, . 9.28 (1H, s), 13.04 (1H, brs).[1:1
trifluoropropyl)propanamide Mixture of rotamers.]
ii(““(fj“.cgor‘;)fg_i"pm"l0[2’3' (DMSO) 1.54 (6H, d), 2.10 (1H, m),
. ?’“ h i’c’i.n -ylamino)-N- 2.35 (1H, m), 3.25 (2H, m), 6.56
1A-2 (5’ zngpy“m‘ H-cmylamine,= 452 | (1H, brs), 7.90 (1H, m), 8.38 (2H,
el m), 8.66 (2H, m), 9.20 (1H, d), 12.80
trifluoroethyl)cyclohexanecarb (1H, s)
oxamide ’

142




2-((IR)-1 -(1 -(2,3- dihydroxypropanoyl)piperidin- 4-yl)ethylamino)-4-(5-

(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile

504 1.05-1.24 (51-1, m), 1.78-1.80(311, m), 2.93 (1H, m), 4.05 (211, m),
Wﬁ’:é@?ﬁ%‘*ﬁ]) 4. 43 (1H m) 8. 31 (1H in) 8.67-8.75 (314, nhCT/US2007/026190

9-16-9t1 2582 4-({HR)-1-(5-eyanre4-(5
(trifluo & M O%ﬁgmﬁ g %?pyrldln 3- yl)pyrimidin-2-

ylamln ns1 é;)l Bofgpacetamide 487 1.11-1.24 (51-1, m),
1282 (\ 4B 2 62 114, 'm 111, 478 3.75- 3.78 (IH, m), 4.05 (1H,
m), 4. ~]n{ﬁﬂxéydéﬁq Q*;—éxg%cgrgo (1H, m),;8.32 (IH, m), 8.67-8.76 (3H,
m), 9.105 zd@ﬁgm) 13.03-13.10(1K, in) rotamers observed

2-{4-(5-chloro-1 H-pyrrolo[2,3-
blpyridin-3-v1}-5-

1A-4 cyanopyrimidin-2-ylamino)-N- 424
cyclopentyl-2-
methylpropanamide
2-{4-(5-chloro-1H-pyrrolo]2,3-
blpyridin-3-y1)-5-

IA-5 cyanopyrimidin-2-ylaming)-N- 438
cyclohexyi-2-
methyipropanamide
(25)-2-(4-(5-chloro-1H- (DMSO) 1.47 (3H, m), 3.81 3K, m),
pyrrolo{2,3-blpyridin-3-yl}-5-

IA-6 cyanopyrimidin-2-ylamino}-N- 424 7.53 (1H, m), 820 (1H, 5), 8.26 (2H,
B2 brs), 8.43 (1H, s}, 8.57 (1H, s, 8.65
trifluoroethyl)propanamide (1H, 5). 8.97 (1H, 5)
éié%ilﬁ?r%}s}_{npmﬂom’3' (MeOD) 1.87 (4H, brs), 2.20 (2H,
cyampyrimgﬁn_z_ylmm)% m), 2.45 (2H, m), 3.83 (2H, m), 8.29

A7 | o 464 | (1H, s), 8.41 (2H, m), 8.52 (1H, s),
trxﬁuoroethyl)cyciopentanecar 8.72 (1H, 5), 8.83 (1H, 5), 9.30 (IH,
boxamide S)
2-{4-{5-chloro-1H- -
b};yfi dii_;"‘;)_ ;;I pyrrolo[2,3 (MeOD/CDCI3) 1.63 (6H, brs), 2.71

1A-8 A . 370 | (3H, m), 8.29 (1H, 5), 8.54 (1H, s},
cyanopyrimidin-Z-yiamino)- 8 60 (1H 995 (1H. b
N,2-dimethylpropanamide 69 (1H, 5), 9.25 (1H, br 5)
2-{5-cyano-4-(5-

(trifluoromethy!)-1H- (MeOD) 1.58 (3H, s}, 1.67 (3H, s),
1A-8 | pyrrolo[2,3-b]pyridin-3- 391 | 8.49 (1H, s), 8.55 (1H, s), 8.70 (1H,

yhpyrimidin-2-ylamino)-2- s), 9.13 (1H, s}, 9.31 (1H, s)

methylpropanoic acid

2-(5-cyano-4-(1H-pyrrolo[2,3- (MeOD) 1.64 (br, 6H), 3.80 (br, 2H),

[A-10 b]py@dm%«yl)pynm;dm—} 404 7.37 (s, 1H), 8.58 - 8.36 (m, 2.78H),
ylamino}-2-methyl-N-(2,2,2- 8.69 (br, 1H), 8.92 (br, 0.44H), 9.30
trifluoroethyl)propanamide {(br, 0.47H)

2-(4-(5- 18- -
(4-(5-chioro-1H-pyrrolo[2,3 (CD30D/CDCI3) 1.64 (6H, s), 3.82
blpyridin-3-yl)-5- 2H, m), 7.60 (1H, brs), 8.25 (1H

TA-11 cyanopyrimidin-2-ylamino)-2- 438 (2H, m), 7.60 (1H, brs), 8.25 (11,

methyl-N-(2,2,2-

trifluoroethyl)propanamide

s), 8.47 (1H, s), 8.64 (1H, s), 8.75
(1H, brs), 8.99 (1H, br s)
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259 2-((R)- I -(1-((R)-azetidine-2- carbonyl)piperidin-4- yl)ethylamino)-4-(5-

L?gl—éﬂluggo;netrzyl)-ll-l- pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile
.06-1.24(511, m), 1,78-1.87(311, m), 2.36 (1H, m), 2.6412:844Zd %k

WQ 20063 A S 190
G998 11, m), 3.41 (1H, m), 3.70 (111, m), 4.38 (IH, in), 5.27 (1H, m),

13.0713.18 12Oy BN DU R)-1:-(L.-(3-aminmked signal, 4.54-4.58 (2H, m),

1 ahygdroxypropd Iperidin:a-yhethylapino) A-FR4RiM3ddnathyA)} 319-61 (1H,

pyrrol b iﬁ ;i idine-5-carbonitrite) 53008 134 (8){8173;9-30
53

832 (IH, m 7(}g}.e;s-a%.m (4»1?5), 9.10-9.16 (11-1,imMy, @B3r(), 3132 E), m), 3.46

o[2.F 23!
s (P Ho ey ) oA pgper
83 (32 %(% ¥ﬁrm")‘{f’§%$f§?‘}r§§§ﬁf i 9 (311, m), 414% @1 )7 ?%d@lf}w

S), 8.3 10- observe
(2R)-2-(5-cyanc-4-(>- 1 24-1.44 (7H, m), 1.76-1.99 (2H,

(tﬂfﬁ“";‘?’;ﬁ‘g}‘yl?gi&a m), 3.77-3.83 (2H, m), 4.54-4.72
JA-13 pyrrolo[2,3-blpyna: 460 (2H, m), 7.91-8.12 (1H, m), 8.57-
yDpyrimidin-2-ylamino)-N-(2- $.82 (4H, m), 8.96-9.30 (1H, m)
hydroxycycle;?gntyi)pmpanm 13.07 (H:I rr::) J— obse:we;i

1Ge ’

2-(5-cyano-4-{5-

(trifluoromethy!}-1H-
o 0.84 (6H, m), 2.34 (2H, m), 2.75
iA-14 pyrrolo[2,3-bpyridin-3- 434 (2H, m), 7.06 (1H, br s, 7.78 (2H,

Yl)py“f;gif;é’tg‘;;f‘;}”h]“@“ m), 7.99 (1H, 5), 8.30-8.61 (1H, m)

methylpropanamide

Example 6: 2-(pi:a.eﬁyithie}~4-(5—(triﬁuuromethy&)-1H—pyrmk0[2,3-b}pyrﬁdmn?&w

yhipyrimidine-S-carbenitrile.

B0
[0244] 2-(methylsulfonyl)-4-(1-tosyl-5-(tri fluoromethyl)-1H-pyrrolo[2,3-b]pyndin-3-

yl)pyrimidine-5-carbonitrile (75mg, 0.15mmol} was heated with benzenethiol (31uL,

© 0.30mmol, 2.0Eq.) and DIPEA (78uL, 0.45mmol, 3.0Eq.) in THF (ZmL) under microwave
conditions at 100 °C for 10 minutes. A solution of LIOH.H,0 (32myg, 0.75mmol, 5.0Eq.} in
water (1mL) was added to the mixfure and the reaction left to stir for 90 minutes. The
reaction was partitioned between EtOAc and water and the aqueous phase extracted with
EtOQAc. The combined organic layers were dried (Na;SCa) and concentrated in vacuo. The
resultant solid was purified by column chromatography (1ISCO Companion™, 12¢g column, 0-
30% EtOAc/Petroleum Ether) and lyophilized to give the title compound as a pale vellow
solid (28mg, 47% over 2 steps).

[0245] MS (ES™) m/e = 398. 'H NMR (DMSO) 7.48-7.50 (3H, m), 7.68-7.71 (2H, m}, 8.37
(1H, s), 8.70 (1H, s), 8.80 (1H, s), 9.02 (1H, s), 13.25 (1H, brs).
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9.17 (1H, m), 13.07-13.13 (IH, m) rotamers observed 261 2-((R)-1 -(( |
r,4R)-4-(4- methylpiperazin-1- yl)cyclohexyl)ethylamino)-4-
(5-(trifluoromethyl)-11-1- pyrrolo[2,3-b]pyridin-3- .
WO MRS o 5_carbonitrile 513 (CDC13) 1.20-1.34 (6H, m) 1.36-2 55
4, | 4 B Qb 82 BH B35S AR GIthpe)3 4+d Bidsddied
Wz“ﬁ’%‘]f%‘i )%1;‘207&%‘1%351{1%’-1,_ in). %.1%-8.87 311, m), 9.08-9.16 H , d% LB
in Tab@e.gg-m.6@@(fhanaﬁﬁqrzezozxetﬁﬁ@t&@&@ﬁ@:m%ﬁhmsmw g3l 1ll-
belowCAPRRDRIPERdIsAoYRaRRsRING)- MaR aifloromethyl)- 114-
pyrrolo[2,3-b)pyridin-3- yl)pyrimidine-5-carbonitrile 529 1.10-1.25 (51-1,
Tabﬁﬂiﬁ%%"ﬁ.e?-l.gl (4H, m), 2.60-2.73 (111, in), 2.97-3.16 (31-1, in), 3.72 (1H,

e F i), 4.06 (11:%, iR), 4.36-4.51 (314 mk.5.29 (1 &4 (1H, m),
FWim), 8’:.%?\@1 “\“zlj/) 9%@?@% 9.34 &?;ff}}\sﬁm
w1 .06-%3.12( n)*263 2-((R)-1-(1<2R,4S)-4- hydroxyﬁyﬁ’lidine-z-

6arbonyl)piperid$1-4- yl)ethylamino)-4%(5-
Ii-1 -2 I3 -4

F F. F e By
NN P £Fow e N AN
E- - M | F L epg ] e \NﬁLS .
A N A Wog =
ot 7 NS N [ WS 1 B NE I -
N o] M t H
H H

-5 [1-6 -7 11-8
N EF FFow ‘ i Fon
F - = N i B - P B !,//\? . ®
Azf f?;,ks@\a/\ m&,&s\/@ e LZ ‘ Al
N N B i
H i B
11-9 11-10 1-11 -2
I g F
g F M FF F N‘\\\A FF: ___N “n (\DH E _ ~N
F (i};(\i Q A}WN:’I\SQ W g s
NS N 1 Nt ] N
N N S N N
g H ~ H H
1-13 I-14 I1-15 11-16
F P M
F = | N
= 1
T
N
H
-0
Table 111B:
Compound N Wi+1 'H NMR
No {fI-) ame {obs) (DM SO-Dg Except where noted)
2-(methylthio)-4-(3- 2.70 (3H, 5), 8.79 (1H, 5), 8.85 (1H, s,
i (trifluoromethyl)-1H-pyrrolo[2.3- | 450 | g 04 (1H, 5), 9.13 (1H, 5), 13.32 (1H,
blpyridin-3-y)pyrimidine-5- brs).
carbonitrile
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(trifluoromethy1)-1H- pyrrolo[2,3-131pyridin-3- yOpyrimidine-5-carbonitrile
529 1.05-1.25 (51-1, m), 1.83-1.94(4K, m), 2.27 (114, m), 2.65 (11-1, in),

WO 6 300011, m), 880 (11, i, 8.60.6.76(31%, s LG ay
(TH, Ny, 954 (1171, |n) 13 06 13.12 (1H, m) rotgmers observed 264
2-amin 2rxﬁ4 ﬂlié% %ggbi { ﬁ-c An0-A-(5- (trif}mﬂmemym TH4 (2H, ), 839 (1H, s
@yrrolo L ﬁ -'ylamibd)ethy§eye BhexyB)BicEtH, s), 9.04 (1H, s}
amide 4 3”5‘? “5%@( 011, nr) 1.86- 2.10.3814H.M)s)13.34 (2H,
s), 3.3¢ %ari’f"t ﬁl m) 4 18-4. 25(111 m), 5.52- 5/60 (1H. 2 x d), 7.11-7.13
(1F1, m), 8,51 % B8:42-8.86 (2H, in), 9.10-9.23 (114, 2 x %

9.73 (1f f}ﬂglrmt} fé g.é TYUS2007/0281 60265 /.03 (ZH d), 7.60 (28, d
3 428 | 8.40 (1H, s), 8.71 (1H, 5), 8.81 (1H, 5)
blpyrdine- yl)py“m‘dm"“" > 9.02 (1M, 5), 13.28 (1H, brs).

CArponiwiie
2-(3-bromophenylthio)-4-(>- 745 (14, 1), 7.71 (2H, 1), 7.92 (IH, 5),
4 (trifluoromethyl)-1H-pyrrolof2,3- | 40 | ¢ 39 (11 §), 8.60 (1H, 5), 8.86 (1H, 5)
blpyridin-3-yljpyrimidine-5- 9.01 (1H, s), 13.32 (1H, brs).
carbonifrile
2-(2-chlorophenylthio)-4-(5- 7.47 (1H, 1), 7.56 (1H, 1), 7.67 (1H, d}
5 (trifluoromethyl}-1H-pyrrolo[2,3- 432 7.89 (1H, d), 8.35(1H,5), 8.72 (1H, s
blpyridin-3-yl)pyrimidine-5- 8.81 (1H, s}, 9.06 (1H, 5), 13.31 (1H,
carbonifrile brs).
2-(3-chlorophenylthic)-4-(5-
6 (trifluoromethyl)-1 H-pyrrolo[2,3- 432
blpyridin-3-y)pyrimidine-5-
carbonitrile
2-(2-bromophenylthio)-4-(>- 7.27 (2H, m), 7.63 (1H, d), 7.70 (1H,
7 S;%Eﬂeﬁﬁgigﬁ%ﬂl3' 476 | 8.14 (1L 5), 8.49 (1H, s), 8.61 (1H, &
carbonitrile 8.84 (1H, s)
2-{4-bromophenylthio}-4-(5-
8 {trifluoromethyl)-1H-pyrrolof2,3- 476
blpyridin-3-yl)pyrimidine-5-
carbontrile
2-(3-ethoxyphenylthio)-4-(5-
9 (trifluoromethyi)- | H-pyrrolo{2,3- 447
blpyridin-3-yl)pyrimidine-3-
carbonitrile
2-(phenethylthio)-4-(5-
10 (trifluoromethyl)- 1 H-pyrrolo[2,3- 476
blpyridin-3-y)pyrimidine-5-
carbonitrile
2-(3-methoxyphenylthio)-4-(5-
11 (trifluoromethyl)- | H-pyrrolo{2,3- 428

blpyridin-3-y)pyrimidine-5-
carbonitrile
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(2R)-N-((,1 R,4R)-4-((1 R)-1 -(5- cyano-4-(5-(trifluoromethyl)-
1H-pyrrolo[2,3-b]pyridin-3- yOpyrimidin-2- ylamino)ethyl)cyclohexyl)-2-

PR

Ok )

anatnide 502 (CDCI3) 1.20-135 (811, m), 1.44
41-1, m), 2.34 (1H, d), 3.69-3.81 (111, m), 4.18-

é%g[(%mnszawo

5:52+0
(0.33H,
$)» 9.23

3311, d);5:58(067EL, d); 627

@y(@opzom&l @)48(77 (0. 33H d

b

ogyethpld- Py et

(TT=1:;
8.86 (0.
2-(13&4(4+

850 (U 66H,5), 858

6;@%;{ ) 909 0.331-1,

4.07 (1H, m), 8.79 (1H, «

methyly B%Y&%%HWHW&@"?I thylamino)-4-(5- ﬂﬁo??rég[%?f{H m), 13.32 (1K,
pyrrolo[?@“ﬁﬂﬁ&}mﬁn 3- yl)pyrimidine-5-carbonitrile 523 1.40-1.49 (2H, m),

159 (3 (21-1, m), 2.16 (L.511, S),|2.16 (1.5H, s),

2.25-2.3 dm A @;3 4196 (lii, d), 580684 1n(11 2-09 (A}, m), 3.91 (1H,
158-7.6 )% i g 8/514045H, 8)).8.37 (D:h 11, 80 (2H, d), 13.31
8.70-8.7 ag%%d ’Q.EW CLF, m), 8.97 (0.5H, §F9s20 (0.5H, s), 13.03

(1H. bris ) 1-(6-(piperazin-1- ViOpyridin-3-yOethylamino)-4-

2-(2-methoxyphenylthio)-4-(5-
{trifluoromethyi)-1H-pyrrolo{2,3-

3.71 (3H, s}, 7.05 (1H, 1), 7.16 (1H, d)
7.51 (1H, 1), 7.64 (1H, d), 8.40 (1H, s)

blpyridin-3-yl)pyrimidine-5-
carbonitrile

14 bipyridin-3-yljpyrimidine-5- 428 1 g 74 (1H. d), 8.80 (1H, d), 8.99 (1H, 5
carbonitrile 13.31 (1H, 8)
2-(1-hydroxyhexan-3-ylthio)-4-

(5-{trifluoromethyl}-1H-

15| oyrrolof2.3-blpyridin-3- 422
slpyrimidine-5-carbonitrile
2-(pentan-2-ylthio)-4-(5- (MeQD/CDC;) 0.97 (6H, d), 1.69 (2

16 (trifluoromethyl}-1H-pyrrolo{2,3- 397 m), 1.80 (1H, mj}, 3.36 (2H, m), 8.65
blpyridin-3-yhpyrimidine-5- (1H, s), 8.75 (1H, 5), 8.87 (1H, 5), 9.2
carbonitrile {1H, s)
2-(phenylthio}-4-(5-

: 7.48-7.50 (3H, m), 7.68-7.71 (2H, m)

17 (ifluoromethyl)-1H-pyrrelof[2,3- | - 300 | g 3911 ) 870 (1H, ), 8.80 (1H, 5,

9.02{1H, s), 13.25 (1H, brs)

[0247] Using the methods of Example 3, compounds wherein R? is -OR® were prepared as

follows.

Example 7: 2-Phenoxy-4-(5-(trifluoromethyD-1 H-pyrrolo[2,3-b}pyridin-3-

yi)pyrimidine-5-carbonitrile

o

7N
w={ |
H
R4

PG NC~ /TN Q
)\Q

N

[0248] MS (ES™) m/e = 382. 'H NMR (DMSO) 7.4-7.45 (3H,m), 7.48-7.53 (2H,m), 8.3 (1H,

s), 8.72 (1H,s),

8.9 (1H,s), 9.23 (1H,s)
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(5-(trifluoromethy0-1H- pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile

494 1.58 (31-1, d), 2.3 (3H, s), 3.1-3.22 (4H, m), 3.63-3.73 (4H, in),

5.2-5.3 (1H, m), 6.87-6.96 (IR, m), 7.65- 775011 m), 8.15 (0.6H, s), 8.26
WRZHVEY8 7-8.83 (514, m), 9.03 (0.6H, S), 9.22 (0.414, 5) DEFUS2007/02619

t =33 |
e R
Yf)wﬁfﬁgﬁﬁfﬁﬁoﬁn@%@@m'@mtme 509 1.52-1.6 (3H, m), 1.85-2.0 (2H, m),

2.82-2,93(211, in), 3.08- 3,;3&1 51%cM)r3192-38 (1.511, m), 3.85-3.95

(1H, m), 4.45-4.55 (11-1, m) <-5.3 (11)].,‘ .51-7.53 (0.5511, m),

7.67-7.70 (0.4511, m), 8.4-§.52 7 my 8. 8.8 (414, m), 9.05 90.5511,

s), 9.18 (0.45H, s), 9.67-9.8(¥13 269 2-((S)-1-((1 r,3S)-3-

hydroxycyclobutyl)ethylamino g

EG-5
[6249] MS (ES*) m/e = 349. '"H NMR (MEOH) 1.55 (6H,d), 5.55 (1H,m), 8.95 (1H,s), £.9
(1H,5), 8.97 (1H.,s), 9.32 (1H,8)

Example 9: 2-(isopropylamine)-4-(5-(phenylamino)-1H-pyrrolo[2,3-blpyridin-3-

yhpyrimidine-5-carbonitrile.

N
i/ \)zNH
=N

Z
SN
el A

EG-6
Step |: 1H-pyrroloj2,3«bjpyridin-5-amine
H;N
2 ! % \
TN
N g

{0250] S-bfomo»1H~pyrrolo{2,3-b]pyﬁdine {6.0g, 30.45mmol) in ammonium hydroxide
(120mL) was treated with copper suiphate pentahydrate (1.50g, 6.09mmol, 0.2 eq) and heated
in a sealed tube overmght. The reaction was diluted with EtOAc and the insoluble black
solid was filtered off. The filtrate was extracted (EtOAc/Water) and the organic layer washed
with saturated agueous ammonium chloride, followed by water and brine. The organics were
dried over magnesium sulphate, filtered and evaporated to dryness to give the product as a
pale brown solid (2.57g, 63%)
Step 2: Benzyl 1H-pyrrolo[2,3-bjpyridin-5-ylcarbamate,
H

Chz” Nm

(0251} 1H-pyrrolof2,3-b]pyridin-5-amine (9.45g, 71.05mmol) was dissolved in THF

(150mL) and stirred at O °C under an atmosphere of nitrogen. Benzyl chloroformate (20.3mL,
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)-4-(5-(trifluoromethyl)- | H- pyrrolo[2,3-b]pyridin-3-
yOpyrimidine-5-carbonitrile 403 1.1-1.5 (414, m), 1.80-1.95(111, m),
1.95-2.10 SSH, m), 4.1-4.4(211, m), 4.90 (111, br s), 7.20-7.90 (2H, m),
WO 3BE9348), 8.95 (211, s) 270 2-((S)-1-((Is,3R)-3- PCT/US2007/126190
hydroxycyclobutypethylamino )-4-(5-(trifluoromethyl)-1H- .
142, ‘;S%WBR%{@,@E@W&B fided MropRisRRers-eBE il e monensnd Fom@iturg,
04 1S (L1 T ot 96 (111 0 BLAS B.68 L 1o B r0B00 ("
(29) ﬁ%‘,%?i@z(ﬁ—ﬁ; 91 5:%%(%9(’(%)%1’??}? A1ty FrETYERS S80S Repyiam own

soluth@ ethytasainty-44 Sro(trifl Ute rasthiyt) shikinre was taken to pH 4 (125mL of 10% aq.

citric acid) and the 2 layers were separated. The agueous layer was back extracted with

3

EtOAc and the combined organics were dried over magnesium sulphate, filtered and dried
under vacuum. The crude product was purified by column chromatography (50% EtOAc/
Petroleum Ether) to give 14.59g (77%) of pale yellow solid.

Step 3. Benzyl 3-bromo-1H-pyrrolo[2,3-bipyridin-S-ylcarbamate.

B Br
N
Cbz l AR
N
H

[0252] Benzyl 1H-pyrrolo[2,3-blpyridin-5-yicarbamate (9.48g, 35.5mmol) in chloroform
(100mL) wa—s cooled to 5 °C and treated dropwise with bromine (1.86mlL, 36.21mmo},
1.02Eq). The reaction was allowed to to stir at 0 °C for 1 hour and then at room temperature
for 1 hour. The mixture was diluted with DCM and washed with a 1:1 sat. aq. sodium
thiosulfate/scdium bicarbonate solution (200mL). The organic layer was separated and the
aqueous layer taken to pH 12 and re-extracted with EtOAc. The combined organics were
dried over magnesium sulphate, filtered and dried under vacuum and the resultant brown
solid triturated with diethyl ether/EtOAc to give 10.24g (83%) of the title compound.

Step 4: Benzyk 3-bromo-1-tosyl-1H-pyrrelo[2,3-blpyridin-S-yicarbamate

121 Br
N
Chz ] TN
o
NT N
Ts

{0253] Benzyl 3-bromo-1H-pyrrolo{2,3-blpyridin-5-ylcarbamate (10.22g, 29.53mmol} in dry
THF (120mL) was cooled to 0° C and treated portionwise with sodium hydride (1.193g,
29.83mmol, 1.01Eq). The mixture was allowed to stir at this temperature for 1 hour and then
treated with tosyl chloride (5.744g, 30.13mmol, 1.02Eq) in THF (15mL) over a period of 10
minutes. The mixture was lefi to stir at room temperature for a further 4 hours and then
quenched with sat. ag. ammonium chloride. The mixture was diluted with EtOAc and the
organic layer separated, washed with brine, dried over magnesium sulphate, filtered and
evaporated to dryness. The crude product was purified by column chromatography (5%
MeQOH/ DCM) to give 11.09g (75%) of brown solid.
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pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 509 1.56(31-1, d), 1.99

(1H m) 2.33 (2H, it), 2.80-3.17(411, in), 5.27-5.41 (214, in), 6.79 (11-1, t),

7.7 412813820(111 m), 8.71-8.82 (4H, m)896918(r m),
Wi’sz |n) WO 2008/079346PCT/USZOO7/026190 275’C US2001/026150

-t—eg—(t%uoréa( Ir%’% %&pa?/r% %g{)g/lglr:n :/%[‘g%/r?’n%g] e- -car SRRAie

b]pyﬂ&d&wﬁw&bhx®t¢ 91-2.15 (1H in), 2.50-2.71 (11-1, m), 2.72-3.115(311,

m), 3.20-3.58 (IH, m), 4.08-4.22 (1H, m), 5.10-5.27 (1H, m), 6.38- 6.55

(2H, m), 7.35-7.50 (111, m), 7.88-8.05 (1 , 8.42-8.80(411, in),

9.05+9.17 (1H, 2xs) 273 2-((R);L-(6-((S}3‘;’§;O

Cbz/N ! ST
NN
Ts

[0254] Benzyl 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridin-5-ylcarbamate {3.51g, 7.02mmol)
in dry dioxane (35mL) was treated with bis{pinacolato)diboron (2.14g, 8.42mmol, 1.2Eq) and
potassium acetate (2.06g, 98.15mmol, 3.0Eq), the reaction mixture was degassed and stirred
under nitrogen for 20 minutes and then treated with Pd(PPhs)s (0.811g, 0.70mmol, 0.1Eq). |
The mixture was degassed and heated at reflux under mitrogen for 2 hours. The mixture was
partitioned between EtOAc and sat. aq. ammonium chloride, the organic layer was separated,
washed with brine, dried over magnesiu_m sulphate and evaporated to dryness. The residue
was filtered through a plug of Florisil eluting with 50% EtOAc/Petroleum ether and the
resultant solid triturated with EtOAc to give the title compound as an off-white solid (2.805g,
73%).
Step 6. Benzyl 3-(5-cyvano-2-(methylthio)pyrimidin-d-yi)-1-tosyl-1H-pyrroloj2,3-
blpyridin-S-yvicarbamate.

[0255] Benzyl 3-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-y1)-1-tosyl-1 H-pyrrolof2,3-
blpyridin-5-ylcarbamate(0.50g, 0.91mmol) in toluene/ethanol (7.5mL : 2.0mL) was treated
with 4-chloro-2-(methylthio)pyrimidine-5-carbonitrile (0.186g, 1.00mmcl, 1.1Eq) and 2M
aqueous potassium carbonate (1.37mL, 2.74mmol, 3.0Eq), degassed and stirred under
nitrogen for 20 minutes. Pd{dppf),Cl;(0.075g, 0.1Eq) was added and the mixture allowed to
heat at 100° ¢ for 1.5 hours. The reaction was partitioned between EtOAc and saturated
aqueous sodium carbonate and the organic layer separated, dried over magnesium sulphate
and evaporated to dryness. The mixture was purified by column chromatography eluting
with 10% EtOAc/Petroleum ether to vield a white solid (0.219g, 42%).
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methylpiperazin-1-yl)pyridin- 3-yl)ethylatnino)-4-(5- (trifluoromethyl)-1H-
pyrrolo[2,3-blpyridin-3- yppyrimidine-5-carbonitrile 508 1.2-1.3(311, m),

15-1.6(311, in), 2.8- -2.9(111, m), 3.0-3.13 (21-1, m), 3.2- i)
W‘w%"& (‘ﬁll in), 5.2- 5.3 (I H, m), 6.87-7.0 (1H, m) 7.65- &%@%}ﬁqﬁsﬁf‘f’“

sin g By e P A s D R A (g oot

b]pyrmmwmmmmeyl)pynd 3-ylethylamino)-4-(5- (trlfluoromethyl)-lH-
pyrrolo[2,3-b]pyridin-3- yflpyrimidine-5-carbenitrile 508 1.2-1.3 (31-1, in),
1.5-1.6(31-1, m), 2.8- 2.9 (I H, in), 3.0-3'43(#1%,m), 3.2- 3.4 (2H, in),
4.22-4.35(211, in), 5.2- 5.3 (11-1y4 -7:0 (1H, in), 7.65- 7.75 (1H, m),
8.15-8.25(111, m), H

[6256] Benzyl 3-(5-cyano-2-(methylthio)pyrimidin-4-yl)-1-iosyl-1 H-pyrrolo[2,3-blpyridin-5-
ylcarbamate(1.316g, 2.308mmol) in DCM (75mL) was treated with mCPBA (0.877g,
5.08mmol, 0.2Eq) and allowed to stir at room temperature overnight. The mixture was
gvaporated to a smaller volume and the resultant solid filtered off and washed with EtOAc
(0.826¢g, 60%).

Step 8. Benzyl 3-(S-cyano-2-(isopropylamino)pyrimidin-4-yi)-1-tosyl-1H-pyrrolo{2,3-
bi:pyridims-»ysmrbamate. .

[0257] Benzyl 3-(5-cyano-2-(methylsulfonyl)pyrimidin-4-yl)-1-tosyl-1H-pyrrolo[2,3-
blpyridin-5-ylcarbamate (0.826g, 1.372mmol) in THF (30mL) was treated with
isopropylamine(0.234mL, 2.744mmol, 2.0Eq) and DIPEA (0.478mL, 2.744mmol, 2.0Eq) and
allowed to heat at reflux for I hour. The mixture was concentrated in vacuo and purified by
column chromatography (JISCO Companion™, 40g column, 0-100% EtQAc/Petroleum ether)
to give 0.651g (82%) of the title compound.

Step 9: 4-(5-amine-1-tosyl-1H-pyrrole|2,3-blpyridin-3-yi)-2-

e
[ NN
=N

(isopropylaminc)pyrimidine-S-carbonitrile.

H,N

I

=
-

N
N N
Ts
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8.55-8.8 (4H, m), 8.9-9.0 (111, in), 9.08 (0.6H, s), 9.18 (0.41-1, s), 13.1-
13.2 (1H, m) 275 211R)-1 -(6-(methyl(2- (methylamino)ethypamino)Pyr

idin-3-yl)ethylamino)-4-(5- (trifluoromethyt)-1H- pyrrolo[2,3-1/]pyridin=3-.
WO BMHFRtRe-5-carbonitrile 496 1.5-1.6 (311, in), 255[6 (3%%@%@?86

oo AT A G SEF B3 e

blpyriBi-SeyBArbatEalf). 224006V 28yr0 12 OROH)l Smlgsves chyad jjlh pgimonium

formars RV 5638, AR Soimathyipipeiaziabayhryvidin-2siihe jBOYdor 3
orm %%Eﬁléf pyrrolo[2,3-b]§$ﬁ§ﬁ@-3- yI)pyrirﬁdi?ﬁe@&carg}onitrile ﬁfgﬁé&iﬁ;@i;ﬁ;& >
hours(614, m), 1.52-1.57 (31-1, m), 2.68-2.72(111, m), 3.25-3.35 (2H, m),

[ﬁzsgﬁf@g&ﬁé%ﬁﬁc&r@m&@a&-3&)(3@&1&ﬁnt):r&i%}e&@ﬂaqsmg)gﬂoesﬁw&mﬁg
through g;vgrb@ }ie? #15@3&18("52}.%%%';&5 i S0 S 1 T L8 Badddd v otumn

the title compound as a yellow solid (0.103g 67%).
Step 10 2~{§§upmpy&amima)wéé«(ﬁ—(phenyiamﬁm}l—iasyﬁnlH—pywei@@,&b]pyridin{%_

yhpyrimidine-$-carbenitrite.
N,
. NC [ ,‘I:[’NH
_ N
SRS
NN
Ts

[0260] 4-(5-amino-1-tosyl-1 H»py'rroio{2,3'b]pyridin~3—yi)—2~(isopropylamino)pyrimidine—S—
carbonitrile (0.204g, 0.455mmol) in DCM (12mL) was treated with phenylboronic acid
(0.111g, 0.910mmol, 2.0Eq), copper acetate (0.124g, 0.682mmol, 1.5Eq), pyridine (0.074mL,
0.910mmol, 2.0Eq) and 4 Angstrom molecular sieves (0.600g) and the reaction was allowed
to stir at room temperature for 16 hours. The reaction mixture was quenched with 4M
Ammonia in MeOH (12mL) and filtered through a plug of celite whilst washing through with
further DCM/MeOH. The combined washes were evaporated to dryness and purified by
column chromatography (ISCC Companion™, 12g column, 0-100% EtQAc/Petroleum Ether)
to give the title compound as a yellow solid (85 mg, 36%).

Step 111 Zm(isepropyiaﬁnino)n4~(5—(;311eaylamino)»lH»-pyrrolﬂizgii»-h} pyridin-3-

yiypyrimidine-S-carbonitrile.

EG-6
[0261] 2-(isopropylamino}-4-(5-(phenylamino)-I-tosyl-1 H-pyrrolo[2,3-b]pyridin-3-

yl)pyrimidine-5-carbonitrile (0.083g, 0.1 58mmol) was stirred in THF (7mL)} and water
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9.2 (0.411, s), 13.1-13.2(111, m) 277 2-(1 -(6 -((S)-pyrrol idin-3-
ylamino)pyridin-3- yl)ethylamino)-4-(5- (trifluoromethyl)-111-
“Pf%/rrolo%z,:%-b]pyridin-& yl)pyrimidine-5-carbonitrile 494 1.52 (3H, d),
@80 53¢¢11, in), 2.51-2.65 (1H, m), 2.72-3.01(311, rn), 3 RETEIBE(T/pp6190

m), 4.08-4.23 (11-1, m), 5.12-5.30(111, in), 6.37- 6.55 (211, m), 7.35-7.48
(1SNt 55 ) 48,7 PR oy |6 G et Rl g o room
temper{luGAz-1(nethylamiae)sitiylamineye widdypettaand poyd«dby column

trifluorgm )-1H- pyrrolo[2,3-blpyridin-3- yrimjdine-5-carpbonitril
cheo L) S e ) A S TR b 3 59 G0 iy 2ome,
50%)2.19 (1H, m), 6.63 (1H, in), 7.62 (111, in), 7.96-8.04(111, in), 8.40 (1H, m),

1265 (45(EES Y/ 2.03-R 18k (BP0 3dE (R W (11, m), 6.79 (1H, my),

7.03 (2H, m}, 7.22 (2H, m), 7.31 (1H), 8.19 (1H, m), 8.51 (2H, m), 8.63 (1H, m), 11.98(1H)

Example 10: 3-(3-(5-cyano-2-(isopropylamine)pyrimidin-4-yl}-1 H-pyrrolo{2,3-

»/

bipyridin-5-yviamino)-N-methylbenzamide,

™
/ ANNIRY V|2
i WNC =N
N
B
o
N
N H
O II\IH
CH;
BG-7

[0263] The title compound prepared from 4-(5-amino- 1 -tosyl-1H-pyrrolo]2,3-b]pyridin-3-
ybh-2~(isopropylamine) pyrimidine-5-carbonitrile using the methods described in Example 9.
MS (ES™) m/e = 427. 'H NMR (DMSO) 1.12 (6H, m), 2.80 (3H, m), 4.15 (1H, m), 7.12 (14,
m}, 7.24 (3H, m}, 7.53 (1H, m), 7.83 (2H, br s}, 8.20 (1H, m), 8.52 (2H, m), 8.66 (1H, m)},
12.00 (1H).

Example 11: 2-((R})-1-hydrexy-3-methyibutan-2-ylamino)-4-(5-methyl-1H-pyrrofe]2,3-

blpyridin-3-ylpyrimidine-S-carbonitrile,




WO 2008/079346PCT/US2007/026190 279 2-(0R)-1-(4-(1-

methylpyrrolidin-3- ylamino)phenyl)ethylamino)- 445-(trifluoromethyl)-1H-

pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 507 1.49 - 1.50(4K, m),
WO M98/05%6F (714, m), 2.62 - 2.74 (I H, m), 3.72 - 3.88 (1H br’EJ/E: ?)”ZT#,”“

(02643 T8 R 0 B B S o SRS 2150 (OB )
potas68 (6 (BYtAyiphbethyd YD lidinl 33 yiamihoxpyvidinagonate (12.56 g, 38.57
mmo%%g%%rﬁg%qggﬁé}é%%}é%ﬁﬁgE%?%?%%%%E}%E&}%B@%@iﬁaﬁimﬁﬂ’ﬁ'ﬁ'E%' g, 1.43 mmol)
in THF (150 mL) and water (15 mL) was heated at reflux for 18 hours. The reaction mixture
was cooled down to ambient and partitioned between EtOAc (100 mL) and water (100 mL).
The organic phase was separated, washed with IN HCI (100 mL) and brine (100 mL), then,
dried over magnesium sulfate and concentrated in vacuo. The residue was purified on silica
gel by flash column chromatography to give the title compound as a white solid (1.903 g,
47% yield).

TH NMR (DMSO-Dys, 400 MHz) § 2.33 (3H, s), 2.34 (3H, s), 6.74 (1H, d), 7.40 (2H, d), 7.83
(2H, s}, 7.95 (2H, d), 8.20 (1H, s); MS (ES+) 287.

Step 2. 3-bromo-S-methyi-1-tosyl-1H-pyrrole[2,3-bipyridine.

{0265] 5-methyl-1-tosyl-1H-pyrrolo[2,3-blpyridine (1.9 g, 6.62 mmol) in dichloromethane
(40 mL) was treated dropwise with a solution of bromine (0.678 mL, 13.24 mmol) in
dichloromethane (3 mL). The resulting solution was stirred at room temperature for 3 hours.
The reaction mixture was partitioned between dichloromethane (150 mi.) and a 1:1 mixture
of a saturated aqueous solution of NaHCO3 and a saturated aqueous solution of Na282G3
(250 mL). The organic phase was separated and the aqueous phase was re-extracted twice
with DCM (50 mL). The combined organic phases were dried over magnesium sulfate and
concentrated in vacuo to give the desired compound as an off-white solid (2.381 g, 99%
yield).

1H NMR (DMSO-Dyg, 400 MHz) § 2.34 (31, 5), 2.39 (3H, s), 7.42 (ZH. d), 7.75 (1H, s}, 7.99
(ZH, d), 8.14 {1H, s}, 8.21 (1H, s}; MS (ES+) 365.

Step 3: S-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi)-1-tesyl-1 H-pyrrele[2,3-

bipyridine.
S
NN
Ts

[6266] A mixture of 3-bromo-5-methyl-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1.0 g, 2.75

mmol), bis(pinacolato)diboron (1.046 g, 4.12 mmo!} and potassium acetate (0.851 g, 8.67
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(mahylamino)propylamino)ph enypethylamino)-4-(5- (trifluoromethyl)-1H-

pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile 508 496

2.08-2.40(411, m), 2.45-2.55(1 H, in), -.2.61-2.75 (1H, m), 4.15-4.25 (IH,
WE3I0APHD(1H, In), 6.40-6.46(111, dd), 6.56 (111 1), 7. 4???@5%5’”7’“2“9“

R ey R S R
reactidnlinif@ded, s &:@&55@ﬁﬁlﬂiﬂﬂéxsalﬁﬁmﬁ%@smny)ﬁ&ﬂ&imm(@ﬂqﬁ)‘ 77g86 27
mmoélﬁéai’]é’gzgisf?g EF% gﬁg %(Qta%tg' ?%Mf;%)w% ?ﬁ%ﬁ%&?&! EQ)‘@%I& %&ﬂl%)hgupg The
resultfometiytarisrodedhsd) fmethiylyeamineypyriiinsangitisyrarifg)el-ggud of celite

washing with ethyl acetaie. The filtrate was concentrated in vacuo and purified on florisil by
flash column chromatography to afford the title compound as a white solid (0.779 g, 69%

- yield).

'H NMR (DMSO-Dys, 400 MHz) 6 1.32 (12H, s), 2.34 (3H, s}, 2.37 (3H, s), 7.42 (2H, d), 7.89
(1H, s}, 7.99 (1H, s}, 8.04 (2H, d), 8.22 (1H, s); M3 (ES+) 413.

Step 4 4-(5-methyl-1-tosyl-1H-pyrrolo[2,3-blpyridin.3-yi}-2-(methylthio)pyrimidine-5-

carbonitrile.

[0267} A mixture of 5-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl}-1-tosyl-1H-
pyrrolof2,3-b]pyridine (306 mg, 0.74 mmol) and 4-chloro-2-(methyithio)pyrimidine-5-
carbonitrile (207 mg, 1.12 mmol) in dioxane (9 mL} was degassed and stirred under nitrogen
for 10 minutes. The reaction mixture was treated with potassium carbonate (336 mg, 2.23
mmol) and bis(tri-t-butylphosphine)palladium(0) (38 mg, 0.074 mmol) and degassed again.
The reaction mixture and stirred under nitrogen for 10 minutes. Water (1.35 mL) was added
and the reaction mixture was degassed and stirred under nitrogen for 2 hours. A suspension
was observed. The resulting mixture was filtered and the solid was washed with dioxane and
water. The solid was dried in a vacuum oven to afford the title compound as a white solid ~
(282 mg, 87% yield).

"H NMR (DMSO-Dy, 400 MHz) § 2.36 (3H, s), 2.42 (3H, s), 2.68 (3H, s}, 7.46 (2H, d), 8.07
(2H, d), 8.36 (1H, s), 8.49 (1H, s), 8.93 (1H, s), 9.15 (1H, s); MS (ES+) 436.

Step 5. 4-(5~-methyl-1-tosyl-1H-pyrrelo[2,3-blpyridin-3-yi)-2-

{methyisulfonyDpyrimidine-5-carboritrile.

0268] 4-(5-Methyl-1-tosyl-1H-pyrrolo[2,3-blpyridin-3-yl}-2-(methylthio)pyrimidine-35-
carbonitrile (216 mg, 0.498 mmol) in dichloromethane (15 mL) was treated with m-
155



(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yppyrimidine-5-carbonitrile

510 1.2-1.3 (3H, m). 1.5-1,6(311, m), 2.8 (3H, d), 2.92 (3H, d), 3.2-3.3

(2H, m), 3.8-3.9(211, m), 5.2-5.35 (11-1, m), 6.65-6.8 (1H, m), 8.1-8.22

WO LHPSHIP38:7-8.85 (314, in), 9.05-9.25 (1H, in), 9.3-9.55 (IHF{ri)US2607/026196

BRI U 120 SR Colametemn P e
rocnpyrgiaiBddlpyrhvds ypyrinidioe-igafaonis o5 dk?Bedndbi211, m).
sl O00D) LIS AT G A Gl 9 292
satur@lpfl an)e8L08BuLB( DI Ns)SBITR(8085 (31 Thein)e@hik (hid va)s S:2B4Rbhhd the
aque%)ys%ﬁzi@e s re-extracted twice with DCM. The combined organic phases were dried
over magnesium sulfate and concentrated in vacuo. The resulting solid was triturated with
EtOH and filtered to afford the title compound as an off-white solid (186 mg, 80% yield,
10:90 sulfoxide : suifone mixture by LCMS).
'"H NMR (DMSO-Dg, 400 MHz) 8 2.37 (3H, 5), 2.42 {3H, s}, 3.54 (3H, s), 7.48 (2H, d), 8.10
(2H, d), 8.40 (1H, s}, 8.61 (1H, s), 9.09 (1H, s), 9.64 (1H, s); MS (ES+) 468 (sulfone), (ES+)
452 (sulfoxide).
Step 6; 2-((R)-1-hydroxy-3-methylbutan-2-ylamino)-4-(5-methyl-1-tosyl-1 H-
pyrrole{, 3-bipyridin-3-yhpyrimidine-5-carbonitrile.

OH
f N\:)-NH
NE"N=nN

Ts
[0269] A mixture of 4-(5-methyl-1-tosyl-1H-pyrrolo[2,3-b]}pyridin-3-yi)-2-
(methylsulfonyljpyrimidine-5-carbonitrile (120 mg, 0.257 mmol), (R)-(-)-2-amino-3-methyl-
t-butanol (57 T1, 0.515 mmol) and diisopropylethylamine (90 {11, 0.515 mmol) in THF (4
mL} was heated at reflux for 1 hour. The reaction mixture was concentrated in vacuo and the
residue was purified on silica gel by flash column chromatography to give the titie compound
as a colourless glassy solid (97 mg, 77% vield).
'"H NMR (DMSO-Ds, 400 MHz} 6 0.92 (3H, d), 0.94 (3H, d), 1.98 (1H, m), 2.36 (3H, s), 2.40
and 2.45 (3H, 2 s rotamers), 3.50-3.64 (2H, m}), 3.97 (1H, m), 4.68 (1H, dt), 7.45 (2H, d),
8.05 (2H, dd), 8.19 (1H, t}, 8.33 (1H, dd), 8.54 and 8.80 (1H, 2 br s rotamers), 8.73 and 8.76
(1H, 2 s rotamers), 8.82 and 8.86 (1H, 2 s rotamers); MS (ES+) 491, (ES-) 489.
Step 7. 2~{(R)-1-hydroxy-3-methylbutan-2-ylamino)-4-(5-methyl-1H-pyrroio}2,3-
blpyridin-3-yl)pyrimidine-5-carbonitrile,




(1H, m), 13.05-13.15(111, m) 284 2-((R)-1-(6-(4- isopropylpiperazin-1-
yl)pyridin-3-ypethylamino)-4- (5-(trifluoromethy1)-1H-
pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 536 285
WO ARFAYB4-ethylpiperazin- 1-yl)pyridin-3-ypethylamino)- PCT/US2007/026150
4-(5-(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-
yppyrimidine-5-carbonitrile 522 1.2H> (311, m). 1.53-1.58 (31-1, m),
[027@. 254B. 1 (435kird}y B Lo ethR i A ath 53-8 (B Imikthy) » B32yb B2 ko) 2, 3-

o BT S A R S U B e
mL) inds Wa20ORBIONOB46 R@RIFIYS20OHORBISO (83 mg, 1.98 mmol). The reaction
mixfure was stirred at room temperature for 18 hours. The reaction mixture was partitioned
between EtOAc and water. The organic layer was separated and the aqueous phase was re-
extracted twice with EtOAc.and twice with DCM. The combined organic layers were dried
over magnestum sulfate and concentrated in vacuo. The residue was purified on silica gel by
flash column chromatography then via reverse phase preparative HPLC [Waters Sunfire C18,
1000M, 100 A column, gradient 10% - 95% B {sotvent A: 0.05% TFA in water; solvent B:
CH3CN) over 16 minutes at 25 mL/min] to afford the title compound as an off-white solid
and a TFA salt (12.5 mg, 14% yield).

'H NMR (DMSO-Ds, 400 MHz) & 0.94 (6H, m), 2.01 (1H, m), 2.05 3H, s), 3.59 (2H, m),
4.08 (1H, m), 4.68 (1H, m), 7.89 (1H, m), 8.21 (1H, m), 8.51 {1H, m), 8.61 (2H, m), 8.87
(1H, s), 12.42 (1H, s); MS (ES+) 337, (ES-) 335

Example 12: PLK Assays
{0271] The compounds of the present invention are evaluated ag inhibitors of human PLK
kinase using the following assays.

PLK]I Inhibition Assay I:

{0272] Compounds were screened for their ability to inhibit PLK1 using a radioactive-
phosphate incorporation assay. Assays were carried out in a mixture of 25 mM HEPES (pH
7.5), 10 mM MgCl, and imM DTT. Final substrate concentrations were 350uM [y-
33P]ATP (136mCi 33P ATP/ mmol ATP, Amersham Pharmacia Biotech / Sigma Chemicals)
and 450pM peptide (KKKISDELMDATFADQEAK) [SEQ. ID:1]. Assays were carried out
at 25°C in the presence of 2nM PLK1. An assay stock buffer solution was prepared
containing all of the reagents listed above, with the exception of ATP and the test compound
of interest. 30pl. of the stock solution was placed in a 96 well plate followed by addition of
2ul. of DMSO stock containing serial dilutions of the test compound (typically starting from
a final concentration of 10pM with 2-fold serial dilutions) in duplicate (final DMSC
concentration 5%). The plate was pre-incubated for 10 minutes at 25 °C and the reaction
initiated by addition of 8uL {y-33PJATP (final concentration 350 uM).
{0273] The reaction was stopped after 240 minutes by the addition of 100:L 0.14M
phosphoric acid. A multiscreen phosphocellulose filter 96-well plate (Millipore, Cat No.
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286 2-((R)-1-(6-((R)-3- (dimethylamino)pyrrolidin-1-

yflpyridin-3-yl)ethylamino)-4- (5-(trifluoromethyl)-1H-

pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 522 1.55 (3H, d),
WMDQS@W m), 2.8-2.9 (6H, m), 3.35-3.45 (I H, m), 3.5-3.7 EXH/U#3007/026190

m), 5.25-5.35 6.7-6.9 (1H, m), 7.75-7.85 (0.5511
MAP%V%B@& ftg &5 Rfg %% *t&né?éil‘xi ospheriprasiarien iathe M diapf
125 nh)OBtﬁBs(Qaﬁéda@ﬁ%@élﬂh&ﬁﬁ%a&@@ﬁ)éﬁmzm)@ i&@ﬁpﬂ&l #H,

287 2-(R):1 thyl eth thy in-3-
o A3 5 B B IR, SOOI S BBy Cocta
(Perlyf) an)dme@@b@ ﬁmmﬁm@:@@ {31 BbA oBititg 11420(BHemheta Liguid

&;imﬁi@ﬁ&?&%i‘n&ﬁ%ﬂ%ﬁ?&:ﬁ-15(611, m),

{02741 After removing mean background vaiues for all of the data points, Ki{app) data were
calculated from non-linear regression analysis of the initial rate data using the Prism software
package (GraphPad Prism version 3.0cx for Macintosh, GraphPad Sofiware, San Diego
California, USA).

PLK] Inhibition Assav II:

18275] Compounds were screened for their ability to inhibit PLK1 using a radioactive-

phosphate incorporation assay. Assays were carried out in a mixture of 25mM HEPES (pH
7.5, 10 mM MgCly, 0.1% BSA, and 2 mM DTT. Final substrate concentrations were 150uM
[v-33P]JATP (115mCi 33P ATP/ mmol ATP, Amersham Pharmacia Biotech / Sigma
Chemicals) and 300puM peptide (KKKISDELMDATFADQEAK) [SEQ. ID:2]. Assays were
carried out at 25 °C in the presence of 4nM PLK1. An assay stock buffer solution was
prepared containing all of the reagents listed above, with the exception of ATP and the test
compound of interest. 30uL of the stock solution was placed in a 96 well plate followed by
addition of 2 uL of DMSO stock containing serial dilutions of the test compound (typically
starting from a final concentration of 10pM with 2-fold serial dilutions) in duplicate (final
DMSO concentration 5%). The plate was pre-incubated for 10 minutes at 25 °C and the
reaction initiated by addition of 8 pL [y-33P]ATP (final concentration 150pM).

[0276] The reaction was stopped after 90 minutes by the addition of 100 ul 0.14 M
phosphoric acid. A multiscreen phosphocellulose filter 96-well plate (Millipore, Cat No.
MAPHNOB30) was pretreated with 100 L 0.1 M phosphoric acid prior to the addition of
125 uL of the stopped assay mixture. The plate was washed with 4 x 200 pL 0.1 M
phosphoric acid. After drying, 100 pL Optiphase ‘SuperMix’ liquid scintillation cocktail
(Perkin Elmer) was added to the well prior to scintillation counting (1450 Microbeta Liquid
Scintillation Counter, Wallac).

{0277] After removing mean background values for all of the data points, Ki(app) data were
calculated from non-linear regression analysis of the initial rate data using the Prism software
package (GraphPad Prism version 3.0cx for Macintosh, GraphPad Sofiware, San Diego
California, USA)Y.
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3.6-3.75 (2H, m), 5.1-5.2 (1H, m), 6.6-6.7 (1H, m), 7.55-7.65 (1H, m), 7.95

(0.5511, s), 8.05 (0.4511, S), 8.6- 8.72 (414, in), 8.95 (0.5511, s), 9.1-9.2

(111, m), 13.05-13.1 (11-1, in) 288 2-((R)-1 -(64(S)-1,3'- bipyrrolidin-1
WRDARTER53- yOethylamino)-4-(5- (trifluoromethyl)- IH PCT/US2007/026190

[e27 35? érmrolo[z e M%ﬁ%&%ﬁ%ﬁe r%'l%%%%%]% gzﬁ%%gz no)lIl ﬂ(g fable,

PLKi(tﬂﬂM@mmh:s@)nwrspwomx im}pynmn& &;d)wmmmmamwﬁ and

rik s ALy Dl VR BB I R s (11

m), 7.2-7.35 (2H, in), 7.7-7.85 (2H, |n)
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8.0 (111, s), 8.25 (0.511, in), 8.6 (0.5H, s) 290 2-((R)-1-(6-US)-3-
(dimethylamino)pyrrolidin-1- yO pyridin-3-yl)ethylamino)-4-
(5-(trifluoromethyl)-1H- pyrrolo[2,3-blpyridin-3- yOpyrimidine-5- itri

WOSHPSVEEABH, d), 2.2-2.35 (2H, m), 2.82.9 (6H, m), 3.4-3.7??5@%@%@0
4.0 (2H, in), 5.25-5.35 (111, in), 6.7- 6.9 (IH, in), 7.75-7.85 (0.55H, in),

7.85-7.95 (0.4511, m), 8.05 (0.5511, s), 8.15 (0.45H, s), 8.75-8.9(311, m),

TAQOS(0-5LL, 5)1 9.18 (0.514; S §.95] 10.05 (1H, rn), 13.05-T32 (I, im)++
{A:’291 -(REH6-((S)- hex .ydmgymiu[i,@- ajpyrazin-2(IH)ypynd in-3;
ethylamino)+4-(5- (triflupromethyl)-1H-"pyrrolo[2,3-b]pysidin-3
i-yOpyrimidine-5-carbonitrile 534455 (31-, d), [1.8-2.2 (41-11.'4 )..3]0- 308
{H, ), 3334 (1H, m), 35-B-8 (211, m}, 3.843.95 (111, m};%6.25; 5.35-
{_?11-1, in),_§,85;7.0(114, T TE!;?E/./?‘ (1,7, 8 15 (0.651T dB25 4+
1_30 35H, ri)”:? 75-8.9 (3H, m), B-2-{06H; 59418 (0.4H, 8); S8
1.4 + I-11 + 1-53 +
15 n 1-26 4+ I-54 +
16 bk 1-27 + I-55 4+
7 n 12 + I-56 ++
i3 " 1-13 + 1-57 et
1i-0 4 1-28 + I-58 +-t
A9 + 1.29 4 EG4 +
19 T i-14 -+ 1-59 ++
1-10 Tt .30 + I-60 ++
I-11 + 1-31 ++ 1-61 ++
I-12 + 32 + 1-62 -
1-13 + £-33 + 1-63 +-t
I-14 et I-34 + 1-64 +
1.15 N 1-35 A 1-65 ++
116 S+ 1-36 + 1-66 +
1-17 + 1-15 + 1-67 +
I-18 4+ [-37 + [-68 +
i-19 + [-38 + 1-69 +
1-20 + -39 At 1-70 +
I-21 + 1-40 4+ I-71 +
122 + I-41 + 172 ++
173 + 1-42 + I-73 +4-
I-24 A 1-16 + I-74 ++
.25 Tt 1-43 4 I-75 +4
-2 + I-44 + [-76 +
I1-3 + 1-45 ++ -77 ot
-4 1 1-46 + I-78 ++
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(0.511, In), 10.07-10.12 (0.5H, m), 13.05-13.1 (1H, m) 292 2-((R)-I
-(6-(4-methy1-1 ,4- diazepan-I-yl)pyridin-3- yl)ethylamino)-4-(5-
(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yOpyrimidine-5-carbonitrile

W8 2008/B538H, d), 2.1-2.2 (211, in), 2.7-2.8 (1.5H, m), 3.08-F TSP {190
3.45- 3.65 (4H, m), 4.2-4.33 (I H, m), 5.25- 5.35 OH, m), 6.75-6.9 (IH, in),
7.7-7.85 (1H, m), 8.12 (0.514, s), 8.2 (0.5H, s), 8.75-8.9(311, in), 9.15

(0.511, s), 9.23 (0.514, s), 9.5-9.65 (1H. m), 10.05-10.15 (1H. m) WO

1-2008/079346PCT/1JS2007/026190 293 2-(1-(§-((R)-1- mettylipyrralidint3-
[-3amino)pyridini3- yOethylamjingy4-(5- (frfluoromethyl)-1H-1-149 e
_E?ﬁm%b’mndm_} I-115 e 1-15¢ PR
1-82 4 I-116 e I-151 N
1-83 SR, 1-117 + 1-152 -
-84 SRR I-118 + [-153 bt
1-85 + 1-119 4+t I-154 it
I-86 e [-120 . I-155 R
1-87 + 1-121 —— -156 NT
1-88 X 122 S I-157 -
189 " 1123 T+ I-158 +++
1-90 ke I-124 e I-159 +++
i-ol r \ 125 | 4+ i
1-92 + 1-126 T I-161 +++
I-93 -t £127 P -162 -+
1-54 ++ 1-128 At 1-163 et
1-95 ++ 1-130 T+ 1-164 ++
I-96 ot 1-131 T I-165 +t
1-97 ++ [-132 T 1-166 -+
1-99 ot I-133 St 167 -+
1-100 +++ 1-134 it I-168 ot
EG5 + 135 St I-169 +++
I-101 -+ 1-136 St I-170 +-++
1102 et 1137 At 1-171 ++
104 e 1-138 bt I-172 4t
I-105 ++ 1-139 A+ -173 o
1-106 ++ 1-140 T [-174 +++
[-107 At 1-141 Y -175 s
I-108 o 1142 gt 1-176 -
1-109 RN i-143 e 177 At
I-110 ++ 1-144 et 1-178 4
111 - 1-145 . 179 +4+
1-98 1 I-146 T I-180 4+
112 . 1-147 ot I-181 ++
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yl)pyrimidine-5-carbonitrile 508 1.54 (3H, d), 1.85-2.10 (IH, br s),

2.80-2.95 (411, m), 3.47 (4H, masked by water peak), 4.30-4.50(111, br

s), 5.15-5.30(111, hr s), 6.55-6.75(111, m), 7.55-7.75 (1H, m), 8.70-8.80
WOIOHTIB 5.9 20 (2x 0.511, 2 5), 9.65-10.0 (11-1, hr m), 1396 ALY /5120

1.45-1.6(611, in), 1.95-2.1 (3H, m), 2.7-2.9(811, m), 3.3-3.4 (1H, m), 4.4-

4.5 (21-1, m), 5.2-5.3 (1H, m), 6.93- 7.05 (111, m), 7.65-7.79(11-l, m),

8.05(0.551-1, s), 8.15(0.4511. 5), 8.72-8.9 (41-1, m), 9.05.(0.5H, s), 9.18

IFI@.5H, )#9:4-9]55 (1H, m), 1308 13.1 (H m) 294 2-(R)-11@BHa- | ++

I- iEmethyJamino)piperidin-1- yOpyidin-3zyDethylamino)-4-  1-249 St

(E. (teiflliararaadkh I H H = 1 P |
{trffiroromethyl)-1H- py'roig[?l:g—blrpynqu%—j epyrimidimesSygarbonitril
FIEAA D ot ek i R

1-185 4 1-217 A4 I-251 et
I-186 R 1-218 N 1-252 e
aadl T I-219 EEE A [-253 wdendt
L1ss T 1-220 B [.254 .
i S 221 A+ 1-255 T+
S W 1372 | +++ 1-256 Tt
Fot L Th-14 ¥ 1257 .
-192 -+ 1223 i 5 —
1-193 R 1-224 S 555 i
1-194 e 1.225 e T -
I-195 4+ 1-226 IR T5E pa—
I-196 et 1-227 oot

[-262 et

- -22
I-197 4 1222 4+ 563 T
1-198 ++ I- - +++ T "
I-199 ++ 2 At BTT —y
£-200 = [-231 - YT p——
1-201] RIS 1.232 NT
. 1-233 e+ 1-267 ++4+
P02 | A 1-268
1-234 ERETES At
S 1769 | 4+
1270 et
[-205 236 | A4+
A 1271 —
[-237 et
206 T 1-272 oot
1207 238 | 44+ ‘
S 273
I-239 I +++
P208 | A L2274 | it
I-275 et
-241 ++
I-210 et 576 pa
211 1242 1 44+
e 1-277 et
212 1-243 -+
- T 1-278 At
1-244 EREEEE
213 ] 44+ 1-279 ++
TA 12 T [-245 + 1280 T
IA-13 -+ 1-246 +++ [.281 Tt
[-247 NG [-282 -+
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24(1R)-1-(6-(methyl (1- methylpyrrolidin-3- yOamino)pyridin-3-

ypethylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

y1)pyrimidinc-5-carbonitrile 522 / 296 24(R)-1-0-(2-
WEAHsthAhino)ethylgethyl)a mino)pyridin-3- yl)ethylamino) 2CEUS2007/026190

(trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3- yppyrimidine-5-carbonitrile

524 [ 297 2-4R)- | -(6-(1 - methylpiperidin-4- ylamino)pyridin-3-

yl)ethylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

I-283pyrimidire-5-carbonitrile
i-284 ++
[-285 -
j-286 ek
1287 -+
[-288 ++
i-289 ot
[-290 e
[-281 e
12292 A+t
1-293 -
1294 o+
[.295 -+
[-296 e
[-267 ++
[-298 -
[-299 il
1A-2 +
IA-3 4+
T1A-4 -t
IA-5 ot
1A-6 +
IA-7 e
IA-8 e
EG6 1
EG7 44
BEGS 4t
1A-10 kS
IA-11 4+
i-300 =+
1-301 +
i-302 e
1-303 -+
1-304 NT
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522 / 298 2-((R)-1 -(6-((R)- hexahydropyrrolo[1,2- alpyrazin-2( |
H)-yl)pyridin-3- ypethylamino)-4-(5- (trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3- yl)pyrimidine-5-carbonitrile 534 1.55 (3H, d),
WO 2087 m),3.0- 3.08 (1H, m), 3.3-3.4 (1H, m), 3.5- 3.8 PAHUpR§E7/626190
3.8-3.95 (1H, m), 4.45- 4.55 (0.5H, m), 4.65-4.75 (0.5H, m), 5.25-5.35
(1H, m), 6.85-7.02 (111, in), 7.68-7.78 (lI-l, m), 8.15 (0.611, d), 8.25
(0.411, d), 8.75-8.9 (31-1, m), 9.05 (0.6H, s), 9.18 (0.4H, s), 9.68- 9.8
(0.5H, m) 10.07-10.15 (0.5H, m), 13.05-13.15 (IH,m) 299 2-((R)-1-(2-(4-
Afipesasiy:1- yl)pyrimidin-5-ypethylamino)- 4-(5-(trifluoromethyl)-1H-

E@E?Qpﬂéﬂﬁ&%&%@@&&ed for their ability to inhibit PLK.2 using a radioactive-phosphate
incorporation assay. Assays were carried out in a mixture of 25 mM HEPES (pH 7.5), 10mM
MgCly, 0.1% BSA, and 2mM DTT. Final substraie concentrations were 200 pM [y-33P]ATP
(57mCi 33P ATP/ mmol ATP, Amersham Pharmacia Biotech / Sigma Chemicals) and 300uM
peptide (KKKISDELMDATFADQEAK) [SEQ ID:3]. Assays were carried out at 25°C in the

presence of 25nM PLK2, An assay stock buffer solution was prepared containing all of the
reagents listed above, with the exception of ATP and the test compound of interest. 30 pL of the
stock solution was placed in a 96 well plate followed by addition of 2 yl. of DMSO stock
containing serial dilutions of the test compound (typically starting from a final concentration of
10 uM with 2-fold serial dilutions) in duplicate (final DMSO concentration 5%). The plate was
pre-incubated for 10 minutes at 25 °C and the reaction initiated by addition of 8 pL [y-33P]ATP
{final concentration 200 uM}.

[0280] The reaction was stopped afier 90 minutes by the addition of 100 pL 0.14 M phosphoric
acid. A muliiscreen phosphocellulose filter 96-well plate (Millipore, Cat No. MAPHNOBS50)
was pretreated with 100 pL 0.2M phosphoric acid prior to the addition of 125 pL of the stopped
assay mixture. The plate was washed with 4 x 200 uL 0.2 M phosphoric acid. After drying, 100
1L Optiphase “SuperMix’ liquid scintillation cocktail (Perkin Elmer) was added to the well prior
to scintillation counting (1450 Microbeta Liquid Scintillation Counter, Wallac).

{0281] After removing mean background values for all of the data points, Ki(app) data were
calculated from non-linear regression analysis of the initial rate data using the Prism software
package {(GraphPad Prism version 3.0cx for Macintosh, GraphPad Software, San Diego
California, USA).

PLEZ Inhibition Assav:

10282] Compounds were screened for their ability to inhibit PLK3 using a radioactive-phosphate
incorporation assay. Assays were carried out in a mixture of 25 mM HEPES (pH 7.5), 10mM
MegCls, and ImM DTT. Final substrate concentrations were 75 pM [y-33PJATP (60mCi 33?
ATP/ mmol ATP, Amersham Pharmacia Biotech / Sigma Chemicals) and 10pM peptide
(SAMG6S protein A332-443). Assays were carried out at 25 “C in the presence of 5 nM PLK3
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yl)pyrimidine-5-carbonitrile 509 1.52-1.56 (3H, m), 2.2 (31-1, d),2.3- 2.4
(41-1, m), 3.65-3.75 (4H, m), 5.1- 5.22(11-1, in), 8.38-8.47(111, m),

8.72-8.8 (4H, m), 9.02 (0.5H, s), 9.15 (0.511, s), 13.05-13. ' .
WOHBRY?$8$46PCT/US2007/026190 Compound No |- Namejpré%%?ig\‘ ﬁ?fi%

NMR (DMS0416) 300 2-(1-1-(6-(I-1- methylpyrrolidin-3- yloxy)pyridin-3-

yl)ethylamino)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

yl)pyrimidine-5-carbonitrile 509 1.56 (3H, d), 1.99-2.30 (2H, m), 2.81-2.?1
(S38-ABH) MATEBYHRTN bHfenyobigen vasnisppre capiningl of the reagents listed

above, with the exception of ATP and the test compound of interest. 30 pL of the stock solution
was placed in a 96 well plate followed by addition of 2 uL of DMSO stock containing serial
dilutions of the test compound (typically starting from a final concentration of 10pM with 2-fold
serial dilutions) in duplicate (final DMSO concentration 5%). The plate was pre-incubated for
10 mirutes at25 °C and the reaction initiated by addition of 8uL [y-33PJATP (final
concentration 75 uM).

[6283] The reaction was stopped after 60 minutes by the addition of 100uL 0.14M phosphoric
acid. A multiscreen phosphocellulose filter 36-well plate (Millipore, Cat MNo. MAPHNOBS0)
was pretreated with 100 pL 0.2M phosphoric acid prior to the addition of 125 pL of the stopped
~ assay mixture. The plate was washed with 4 x 200 uL 0.2 M phospboric acid. After drying,
1001 Optiphase ‘SuperMix’ liquid scintillation cocktail {Perkin Elmer} was added to. the well
prior to scintillation counting (1450 Microbeta Liquid Scintillation Counter, Wallac).

[0284] Afier removing mean background values for all of the data points, Ki(app) data were
calenlated from non-linear regression analysis of the initial rate data using the Prism software
package (GraphPad Prism version 3.0cx for Macintosh, GraphPad Software, San Diego
California, USA).

PL K4 inhibition Assay:

{0285] Compounds are screened for their ability to inhibit PLK4 using a radioactive-phosphate
incorporation assay. Assays are carried out in a mixture of 8 mM MOPS (pH 7.5), 10 mM
MgCly, 0.1% BSA and 2 mM DTT. Final substrate concentrations are 15 pM [y-33PJATP
(227mCi 33P ATP/ mmol ATP, Amersham Pharmacia Biotech / Sigma Chemicals) and 300 uM
peptide (KKKMDATFADQ) [SEQ 1D:4]. Assays are carried out at 25 “C in the presence of
25nM PLK4. An assay stock buffer solution is prepared containing all of the reagents listed
above, with the exception of ATP and the test compound of interest. 30 pL of the stock solution
is placed in a 96 well plate followed by addition of 2 uL of DMSO stock containing serial
dilutions of the test compound (typically starting from a final concentration of 10 pM with 2-fold
serial dilutions) in duplicate (final DMSO concentration 5%). The plate is pre-incubated for 10
minutes at 25 °C and the reaction initiated by addition of 8 uL [y-33P]ATP (final concentration
15 pM).
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(1K, m), 5.51-5.55 (1H, m), 6.80 (1H, t), 7.79 (1H, m), 8.13-8.22 (1H, m),
8.71-8.86 (41-1, in), 8.96- 9.18 (1H, m), 10.01 (11-1, m), 13.08 (1H, m)
301 2-((S)-1-(6-(1-1- methylpyrrolidin-3- yloxy)pyridin-3-

WO SN a1 h0)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridf{-BUS2007/026190
yOpyrimidine-5-carbonitrile 509 1.56 (3H, d), 1.99-2.30 (2H, m), 2.81-2.91
(3H, in), 3.10-3.27 (1H, m), 3.67 (2H, m), 5.27-5.35 (1H, m), 5.51-5.55 (IH,
in), 6.83 (1H, t), 7.79 (1H, m), 8.14-8.22 (1H, m), 8.72-8.86 (4H, in),

6286806 2:48i(hHs s)ppkd. O=( 1B mind8sQ (Addayidf2f 100 nL 0.14M phosphoric

acid. %Qm%;igg dr XY %Q‘l'&‘i'&eff’%&f‘é@%”i‘mg? Higniilueremetvletiior o) is

pyrrolo in-3-
pretreated with 100 ;LL 0 2 M phosphoric acid prior 16 the addition of 125 pL of the stopped

assay mixture. The plate is washed with 4 x 200 pL 0.2 M phosphoric acid. Afier drying, 100
uL Optiphase ‘SuperMix’ liquid scintillation cocktail (Perkin Elmer) is added to the well prior to
scintillation counting (1450 Microbeta Liquid Scintillation Counter, Wallac).

[6287] After removing mean background values for all of the data points, Ki{app) data are
calculated from non-linear regression analysis of the initial rate data using the Prism software
package (GraphPad Prism version 3.0cx for Macintosh, GraphPad Sofiware, San Diego
California, USA),

[0288] Compounds of formula Id show selectivity for PLK1 over PLKZ and PLIK3 as illustrated

in the following table.

Compound Mo, i%‘m .%M)
(PLK1) (PLK1)

I-102 113 28
i-124 323 185
1-126 211 126
[-127 210 140
[-131 180 163
[-139 1000 456
[-142 <30 <23
I-147 523 186
I-148 63 70
I-149 < 130 < 100
I-167 914 586
I-267 1152
1-268 293 141
i-272 67 14
I-273 1813 581
[-274 4074
1-275 313 919
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yl)pyrimidine-5-carbonitrile 427 (MeOH-d4) 1.65-1.75 (3H, in), 5.1-5.2
(0.8H, m), 5.3-5.4 (0.6H, m), 8.42-8.55 (2H, in), 8.6-8.7 (2H, in), 8.82 (1H,
s), 9.15 (0.4H, s), 9A (0.6H, s) 303 2-(1-1-(2-methoxypyrimidin-
WA NIN0)-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyFdintid2067/82615¢
yl)pyrimidine-5-carbonitrile 441 1.62-1.68 (31-1, m), 3.87-3.92 (3H, in),
5.26-5.32 (tH, m), 8.42-8.55 (2H, m), 8.62 (1H, s), 8.7-8.8 (4H, m), 8.82

(11-1, d), 8.9 (0.6H, s), 9.2 (0.4H, 5), 15.1-15.2 (1H, m) 304
2-((R)-1-(4-((2- (d eth%fa@ @o)ethylﬁne_m)yl)a mil@phkenyl)ethylamino)
-4-(5-(trifluoromet yAH- pyrrol [2, Fgpyidin-3- Bierxn
yl)pyrimidine-5-¢arbonitrifé 509 2952

1-277 39

1-278 208 142
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1.48-1.52 (31-1, m), 2.13-2.16 (6H, m), 2.25-2.40 (2H, m), 2.80-2.87
(31-1, in), 3.33-3.55 (3H, m), 6.56- 6.66 (2H, m), 7.15-7.25 (2H, in),
8.65-8.75(414, m), 9.05+9.21 (1H, 2xs), 13.02 (1H, br s) Preparation 4:
WO IMERIBI-5-eyanopyrimidin-2-ylamino)-2-methyl-N-(2,2,2 FCT/US2067/626190
trifluoroethyl)propanamide. H F F CAN N N HO 102401
2,4-dichIoropyrimidine-S-%rﬁgﬁjtﬂﬁé%ﬁh&ggpéroi, J. Org. Chem, 1962,
27(0, 2264-6) (0.10g, 0.5/mmor),
2-amino-2-methyl-N-(2,2,2-trifluoroethyl)propanamide.1TFA (Meinlce,

(02897 9L&! J-botiReLhRmasLwikishes iMIGhRRI ke 52101221804 BAorrkfigh with
1.14 mmol) and DIPEA (0.39 mL, 2.29 nunal) were combined in

the de4pRtHGER TS (BAAES 5 GHESS086/5TIBAEPE ITSST bBYet Sedr

Hmit m@g@w& beatethie A& w;%abawmbﬁwmmhagfmmme Other
he solvent was evaéné rated in vacu the resi 5% % |f|ed b flash

R N e e i
column volumes) to afford the title compound asa colorless waxy solid
(0.0369, 19.7%). MS(ES+) : 322.28. MS(ES-) 320.39. Example 5:
2-(5-cyano-4-(5-(trifluoromethyl)-1H-pyrrolo [2,3-bl
pyridin-3-ylOpyrimiclin2-yla mino)-2-methyl-N-(2,2,2-trifl uoroethyl)propart
amide. Step 1:
245-cyano-4-(1-tosy1-5-(trifluoromethyl)-111-pyrrolo[2,3-blpyridin-3-
yl)pyrimidin-2-ylamino)2-methyl-N-(2,2,2-trifluoroethyl)propanamide. F FN
Ts 102411 A mixture of
5-tritluoro-3-(4"4,5,5-tetramethy1-1,3,2-dioxaborolan-2-y1)-1-tosy1-1Hpyrr
olo[2,3-1Thyridine (23mg, 0.07mmol, 1.0Eq.) and
2-(4-chloro-5-cyanopyrimidine-2-
ylamino)-2-methyl-N-(2,2,2-trifluoromethyppropanamide (33mg,
0.07mmol, 1.0Eq.) was suspended in toluene (2.0mL) and EtOH (0.5mL)
and treated with 2M K2CO3 (105 ul, 0.21mrnol, 3.0Eq.). The mixture was
sonicated under an atmosphere of nitrogen for 20 minutes and then
treated with Pd(PPh3)4 (8mg, 0.007 rrunol, 0.IEq.). After sonication for a
further 5 minutes the reaction was heated under microwave conditions at
140C for 20 minutes. The reaction was partitioned between EtOAc and
water and the aqueous phase extracted with EtOAc (3 x). The combined
organic layers were dried (MgS0O4) and concentrated in vacuo. The crude
product was purified by column chromatography (ISCO CompanionTM,
12g column, 0-100% EtOAc/Petroleum Ether) to give the title compound
as a white solid (29 mg, 66%). Step 2:
2-(5-cyano-4-(5-(trifluoromethyl)-1H-pyrrolo[2,3-b ipyridin-3-yl)pyrimidin-2-
ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)propanamide. F F WO
2008/079346PCT/US2007/026190 1A-0 102421
2-(5-cyano-4-0-tosy1-5-(trifluoromethyl)-1H-pyrrolo[2,3-1Thyridin-3-yOpyri
midin-2- ylarnino)2-methyl-N-(2,2,2-trifluoroethyl)propanamide (29mg,
0.046mmol, 1.0Eq.) was dissolved in THF (4mL) and water (1mL) and
treated with LiOH.H20 (10mg, 0.23mmol, 15 eq) and allowed to stir at
room temperature overnight. The reaction mixture was concentrated and
the residue partitioned between EtOAc and water. The organic phase was
washed with saturated agueous NaHCO3 followed by brine, dried over
MgSO4, filtered and the solvent evaporated. The residue was purified by
column chromatography (ISCO ConipanionTM, 12g column, 0-100%
EtOAc/Petroleum Ether) to give the title compound as a white solid (13
mg, 60%). MS (ES) m/e = 472. IH NMR (DMSO) 1.53 (6H, s), 1.58 (6H,
s), 3.65-3.69 (2H, m), 3.75-3.79 (2H, m), 8.26-8.34 (2H, m), 8.45 (1H, s),
8.65-8.78 (6H, in), 8.96(1K, s), 9.29 fl [8—| s), 13.05 (2H, brs) [1:1 Mixture of
rotamers] 102431 A variety of other cOmpounds of Formula | have been
prepared by the methods of Example 5. The characterization data for
these compounds is summarized in Table 11-B below and includes LC/MS
(observed) and II-1 NMR data.



FN IA-101A-111A-12 TABLE 11-B: Compound No. Name M-1-1 (ohs)

IR NMR 1A-1 2-(5-cyano-4-(5- (trifluoromethyl)-1Hpyrrolo[2,3-b]pyridin-3-

y1)pyrimidin-2-ylamino)-2- methyl-N-(3,3,3- trifluoropropyOpropanamide
VABEBINISES) 1.51 (6H, s), 1.56 (6H, s), 1.76-1.91 (2H, in), 2RFILE SHY#436190

m), 3.06(2H, l%rq), 3.24 (2H, brq), 7.90(2K, t), 833 (1H, s), 8.42 (1H, s),

WH‘%T}%W%%,%), 8.99 (1H, s), 9.28 (11-1, s), 13.04 (LH, brs).[1:1 Mixture

1of rotampsand AfZatefdi{S:chloro-1H-pyrrolo[2,3- b]pyridin-3-y1)-5-

cyanopyrimidin-2-ylamino)-N(2,2,2- trifluorogthyl)cyclohexanecarb

m), 6.56 (1H, brs), 7.90 (1H, in), 8.38,
12.80 (1H, s) WO 2008/079346RPCT/US

oxamide478

or a pharmaceutically acceptable salt thereof, wherein:

R' is -H, halogen, C\.¢ aliphatic optionally substituted with 1-3 R?, -O(C . aliphatic)
optionally substituted with 1-3 R?, or -N(H)R;

Each R is independently H, C.¢ aliphatic, aryl, heteroaryl, Cs.g cycloalkyl, or 4-12
membered heterocyclic ring optionally containing 1-3 groups selected from -N(R;7)-, -O-, or
-S-; wherein each of the aliphatic, aryl, heteroaryl, cycloalkyl, and heterocyclic ring are
optionally substituted with 1-3 of Q;

Each Q is independently selected from halogen, hydroxy, C).s alkyl, benzyl, oxo,
~CFa, W, -CN, -NHy, -N(H)}-W, -N{(W)y, -N(H}-SOp-W, -S(O)2-N(H}-W, -S{O)2-N{W),,
~C(O)-W, -C(O)-N(W)y , “NID-C(O)-W, -O-C(0)-W, -C(O»O-W _ -80,-W, SW or -OW;

Two Q can be linked together to form a 4- to 8-membered carbocyclic or heterocyclic
ring optionally substituted with C, alkyl or CF3;

Each W is independently selected from -H, Cy.6 alkyl, aralkyl, cycloalkyl or
heterocyclic ring; each C¢ alkyl, aralkyl, cycloalkyl or heterocyclic ring is optionally
substituted with 1-3 of halogen, ~OR6, -CN, Cy.s alkyl or NRISREQ; or

One W, together with the nitrogen atom to which it is attached and a carbon atom of
R, form a 4- to 8-membered ring; or

Two W, together with the same or different nitrogen atom or carbon atom to which
they are attached, form a 4- to 8-membered heterocyclic ring;

Each R™® and R' is independently hydrogen or Cy.; alkyl; or

R'" and R", together with the nitrogen atom to which they are attached, form a 4- to
8-memebered heterocyclic ring, optionally substituted with C,.3 alkyl or CFa;

Two W can be linked together to form a 4- to 8-membered cycloalkyl or
heterocycloalkyl optionally substituted with Cy_; alkyl or CF3;

169



478 1A-4 2-(4-(5-chl oro-1H-pyrrolo [2,3- b]pyridin-3-yl)-5-
cyanopyrimidin-2-ylamino)-N- cyclopentyl-2- methylpropanamide 424
IA-5 2-(4-(5-chloro-1H-pyrrolo[2,3- b]pyridin-3-yl)-5-
We(}%zai)iﬂﬁﬁ?ﬁ'fmidin-Z-ylamino)-N- cyclohexy1-2- methylpropan&inidesa%s/paLe)
S)-2-(4-{55chlare-1HRyrro -p]pyridin-3-y1)-5-
c%ﬁ%b@%r%dih- -yla n%r@% ,2- trifIuoroeth)yl)propanamide 424
(BMS@J k. 4ABthdany) BHBloRH, Th), A58 (11, omhBeRR(TE, s), 8.26 (2H,

ht.s), 8,43 (1H, s), 8.5.7 (IH 8. 2f T
R R T R SO ool w1 &
cranlo By risrifel ep2agrntiinG) Ndphaicwisiiendiiyheyeitsdentinkéds or a 4- © 8-

memBRATNAE 464 MOR) b 8L(dbl ﬁ?@g&i@d@é’bﬁﬁbﬁl@s%ﬁit&&d%ﬁ 1-4 R,
(2H, m), 8.29 (1H, s), 8.41 (2H, m), 8.52 (1H, s), 8.72 (1H, s), 8.83 (1H, 9),

ot 9.30 (1H, s) IA-8 2-(4-(5-chloro-11-1-pyrrolo[2,3- b]pyridin-3-y1)-5-
cyangpyRigdin2iamingidsimathipepananide 370 iMeRHEDELI)
1.63 (6H, br s), 2.71 (3H, m), 8.29 (1 H, s), 8.54 (1H, s), 8.69 (1H, s), 9.25

substiatﬁc} Writé)irﬁ_

Fach R® is independently H, C alkyl, -L-aryl, or -L-heteroaryl, wherein each of the
1. alkyl, -L-aryl, or -L-heteroaryl is optionally and independently substituted with 1-3 rS:

L is Co.3 alkyi;

Each R’ is independently oxo, alkyl, halogen, -CN, —ORQ, -8R, wN(R9)2, Ciz
cycloalkyl, aryl, heteroaryl or a 4- to 8-membered heterocyclic ring containing }-3 groups
selected from -N(R'")-, -O-, or -8-, wherein each alkyl, cycloalkyl, 4-8 membered
heterocyelic monocyclic or bicyclic ring, aryl, and heteroaryl is optionally and independently
substituted with 1-3 R%, or

Two R’ on the same atom or adjacent atoms is joined to form a carbocyelic ring or a
4- to 8-membered heterocyclic ring containing 1-3 groups selected from NRYY-, -O-, or -S-,
wherein each of the carbocyclic ring and the 4- to 8-membered heterocyclic ring is optionally
and independently substituted with 1-3 rE;

Each R® is independently -R, -Q, -R’, -OR’, -N(R”),, halogen, or -CN;

Each R’ is independently -H, “N(R'®),, C3. carbocyclic ring, Cs.6 heterocyclic ring, or
C,; aliphatic, wherein Ca.¢ carbocyclic ring, Ci¢ heterocyclic ring and C,.3 aliphatic are each
optionally substituted with 1-3 Q; or

Two R groups together with the N atom to which they are bound form a 4-8
membered ring additionally containing 1 or 2 groups each independently selected from
N(R'")-, -O-, or -S-, wherein the 4- to 8-membered ring is optionally and independently
substituted with 1-3 of W,

Fach R'® is independently hydrogen or Cy alkyl, or

Two R' groups together with the N atom to which they are bound form a 4- to 8-
membered ring containing 1 or 2 groups sélected from NRY O, 01 S;

Each R!7 is independently, hydrogen, Q, or C;.4 aliphatic or cycloaliphatic, wherein

each C,4 aliphatic or cycloaliphatic is optionally substituted with 1-3 of Q;

170



2-(5-cyano-4-(5- (trifluoromethyl)-1H- pyrrolo[2,3-b]pyridin-3-

yl)pyrimidin-2-ylamino)-2- methylpropanoic acid 391 (MeOD) 1.58 (3H, s),

1.67 (3H, s), 8.49 (1H, s), 8.55 (1H, s), 8.70 (1H, s), 9.13 (11-1, s), 9.31
WOLHORPTR0 2-(5-cyano-4-(1H-pyrrolo[2,3- b]pyridin-3-yOpyPfifichiHipri62619¢

e R e G R S

N(WB. (D NQEIAW), -BIBD)O(CO- 07, HDHA(D]- /(4 BogHIBRY; biH-pirrows[2,3-

b] y(ﬁ'|d| - no idi ino t %2,2,2-
tri uoronﬁylgph?pa g?ﬁﬁgé ?§?%§%8%é% i 6%%(%% ’s), 3.82 (2H,

mR'7 i80GdH I ¥ 8BIRIR '), 8.47 (1H s), 8.64 (1H, s), 8.75 (1H, hr s),
8.99. (1507 SN0 ROPRINZIRAGP T 8290 B100 EAATBI8 Srutca with 1-
, 2-(pheny1thio)-4-(5-(trifluoromethy1)1H- PyrrOI [2,344pyridin-3-
ﬁ)pyrlmldlne 5-earbonitrile. F F 11-0 [0244]
2-frivethy sifftonydd vhittdesydRr(tofiueronmpibvbribidanyréoiola3dalpywidin: 31 R,
- yppyrimidine-5-carbonitrile (75mg, 0.15mmol) was heated with
benzenethiol (31uL, 0.30mmol, 2.0Eq.) and DIPEA (78uL, 0.45nunol,
3.0y d R HEA Benjjneddepettierowre conditions ai! KOG fomka mirutes of R;
A solution of LiOH.H20 (32mg, 0.75mmol, 5.0Eq.) in water (1mL) was
added to the mixture and the reaction left to stir for 90 minutes. The

reBetioR WasdpR HitiomddrisedmesénHEtOAc dind. warlerexabicie hejgestic
opt:of?ﬁlﬁ?ﬁ;ﬁ%ﬁ%@&t&%’éﬁth E{QA@. The combined organic layers were dried

gnd concentrated in vacuo. The resultant solid was ?urlfled by o
coﬁfunﬁﬁl% o SE§RPIY (rsebr TS ahioinapPiiogatiy GHbat teshwath 1-3 of R”.
2 EtoRcBeiselpdnitiben anahivephilizadin give the title compound as a
pa ellow solid (28mg, 47% over 2 2 ste ). 102451 MS (ES) in/e =
é’ﬁe‘%ﬁf)mwf‘(‘il:‘ﬁﬁé%‘j’%%" B SH '§7 68-7.71 (2H, m), 8.37 5), 8.70
4 (1&@9&&@%;?3};1}9102 (\audgesm E.Sx@ﬁ?@h-l;;bm)c Mi@nally substituted with 1-3

2008/ 1J82 07/ 6190,1 %0 1 Ol}!leg ggmpounds of Formula
I p%ﬁéare eac e rﬁse'}f g{m% re il trrate In Table 111-A.

5 Tﬁ@eﬁamenéeﬁ@iﬁdmﬁ ﬁiﬁmgcmﬁp@@%& ppdoshssihettinerapit -3 of

R, 2hEl0ha0ddnciidesdeV S (Ohserved)andstH NMR data. Table I1I-A
Table I1IB: Compound
6. The compound of claim 5, wherein R' is methyl optionally substituted with 1-3 R?

or

and

and each R’ is independently halo.

7. The compound of claim 5, wherein R'is -CF;.

8. The compound of claim 5, wherein R' is -CHs.

9. The compound of claim 1, wherein R!is -NHR and R is H, C;.¢ aliphatic, aryi, or Cs.4
cycloalkyl.

10. The compound of claim 9, wherein R is H, C¢ alkyl, or aryl.

11. The compound of any one of claims 1-10, wherein R? is -NR*R® or -NR'R'".

12. The compound of claim 11, wherein R?is -NR*R®, wherein R*is H or C1¢ aliphatic
optionally substituted with 1-3 R’ and R? is C,.¢ aliphatic optionally substituted with
1-4 R or a 3- to 6-membered monocyclic or 6- to 10-membered bicyclic ring
optionally substituted with 1-4 R’.

13. The compeund of claim 12, wherein R*isHor Cpe aliphatic, and R’ is C\¢ alkyl that
is optionally substituted with 1-4 of R,
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No (II-) Name M+1 (ohs) NMR (DMSO-D6 Except where noted)
2-(methylthio)-445- (trifluoromethyl)-1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidine-5- carbonitrile 336 170 9.04 brs). (31-1, s), 839
WeHRS M8 (1H, s), 8.85 (1H, s (1H, s), 13.32 (1H, WO  PCT/US2007/026190
2008/079346PCT/US2007/026190 242_-%41-chlorop_heny)thio)-4- 5-

Lo ORRIHDN A pir blop2hs TR rithlaapd Ry ificirds! oty
A3ty ), 7AR7(21-1, d), 8.39 (1H, s 8.81 (11-1, s), 8.83 (1H, s),
e Ser SR D Ryl S A - Carben e
4283861 (BHLshiFQB(AdydyiT60.(2H, d 8.40(11-1, s), 8.71 (1H, s), 8.81
Ié;l‘“l”?le %B%‘&&l&%%f%ial%? l%? \gf:i"lg"i’elbf{ @7 145 %ﬁ(gr_y rgr %PGQSQQQ@ é%?i'f's' Sp_tianaliy
substituted with 1-3 of R®,
17. The compound of claim 16, wherein R is phenyl, pyridyl, or pyrnimidyl, and is
optionally substituted with 1-3 of R®.
18. The compound of claim 17, wherein R’ is phenyl optionally substituted with 1-3 of

RE,

19. The compound of claim 18, wherein R is phenyl optionally substituted at the ortho-

or meta-position with R? and also optionally substituted at the para-position with R%.

20. The compound of claim 19, wherein the optional substituent R® at an ortho- or mera-
position, when present, is halo.
21. The compound of claim 19, wherein

R’ is phenyl substituted at the para-position with -R or -N{R")a;

R is 4- to 8-membered heterocyclic ring optionally containing 1-3 groups each
independently selected from -N(R'")-, -O-, or -S-, and the heterocyclic ring is optionally
substituted with 1-3 of (;

Each Q is independently selected from halogen, hydroxy, C alkyl, benzyl, -CFs, W,
-C(O)-W, -C(O)-N(W), , -C(O)-0-W;

Each W is independently selected from -H, Cy alkyl, or eycloalkyl;

Each R% is independently -H, Ci¢ heterocyclic ring, or Cy.; aliphatic, wherein Ca.g
heterocyclic ring and C;.; aliphatic are each optionally substituted with 1-3 Q; or

Two R’ groups together with the N atom to which they are bound form a 4- to 8-
membered ring containing additional 1 or 2 groups each independently selected from -
NR")-,

-0O-, or -S-, wherein the 4- to 8-membered ring is optionally and independently substituted
with 1-3 of W,
22. The compound of claim 21, wherein R is optionally substituted at an ortho-position
with fluorine.
23. The compound of claim 21, wherein
R is 5- to 7-membered heterocyclic ring optionally containing 2 nitrogen atoms and

optionally substituted with 1-3 of ;
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(trifl uoromethyl)-1H-pyrrolo[2,3- b]pyridin-3-y1)pyrimidine-5- carbonitrile
476 7.45 (11-1,t), 7.71 (2H, t), 7.92 (1H, s). 8.39 (1H, s), 8.69 (1H, s),
8.86 (1H, s) 9.01 (1H, s), 13.32 (1H, brs). 5 2-(2-chlorophenylthio)-4-(5-

W@ HBFGRthyl)-1H-pyrrolo[2,3- blpyridin-3-yppyrimidine-5- E&ATBHiE626190

432 7.4% (11-1,1), 7.56 (1H, 1), 7.67 (1H, d) 7.89 (11-1, d), 8.35 (1H, 9),

s.%"zf%iﬁ, B‘Pglipéﬁlﬁz,egﬁ?yg%ﬁ?)i-ﬂ?ﬁﬁrﬁ%f%‘f F11810T ey Fiphatic, wherein Cs 6
heter@e(@tehionpphb QyHhi )i duthic(tii aaro meibnd) bt tubspyrtaloliB 13 of Q; or

blpyridin-3-yhpyrimidine-5-.carbonitrile 432 7 2-(2-bromophepylthio)-4-(5-

s o BN e BB &
memdFedrRE (2hiaming 1681 End) 7Tl koB. 2dd 2atibnelySdSfited)wBI61-3 of
w._ (IH, s: 8.84 (1H, s) 8 2-(4-bromophenylthio)-4-(5-

(trifluoromethyl)-1H-pyrrolo[2,3- blpyridin-3-yl)pyrimidine-5- carbonitrile

29 78hcouBostoRtyHENYthTd)ezeim R (siftinsremesiopiionally swavdlep vith 1-3 of

b]pyridin-3-yOpyrimidine-5- carbonitrile 442 10 2-(phenethylthio)-4-(5-

trifluoromethyl)-11-1-pyrrolo[2,3- b]pyridin-3-y)pyrimidine-5- carbonitrile
2 .2"%16 compougd) of ciair%ym R wgmcrein yis yhpy

kﬁ r{x‘ ”a ’
U N”ﬁ Q\Q

’ L_NH

“CHy

“CHs or

K/N‘CHsb

26. The compound of claim 19, wherein R’ is phenyl substituted at the para-position wfth
~OR’.

27. The compound of claim 26, wherein.R® is -H, Ca.¢ heterocycloalkyl ring, or Cy.3 alkyl,
wherein Cig heterocycloalkyl ring and C).4 alkyl are each optionally substituted with 1-3 of
Q.

28. The compound of claim 27, wherein R is pyrrolidinyl or piperidinyl and optioanily
substituted with 1-3 of Q.

. St
OO
29. The compound of claim 28, wherein R’ is ’(?1 : or :23 .
S
O™ e
30. The compound of claim 29, wherein R is :’?2 , \:3—& s

CHj3
f

; N
e 10
G
& ,or ~ .
31. The compound of claim 17, wherein R’ is pyrimidinyl optionally substituted with 1-3
of R%.
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11 2-(3-methoxyphenylthio)-4-(5- (trifluoromethyl )-1H-p yrrolo[2,3-
- b]pyridin-3-yl)pyrimidine-5- carbonitrile 428 WO
2008/079346PCT/1182007/026190 12 2-(isopropylthio)-4-(5-
W@ritdgpdtethy 1)-1H-pyrrolo[2,3- blpyridin -3-yppyrimidine-5 pﬁﬁ@%?f@z@g“

1.45 (61-l,.d) 07( 7(1 8.85 4
335 WP %fé e*x‘(%ﬁ‘i RN tﬁméﬁéﬁ%&ﬁ&% %%’ f% g the 2-
b]pysndmn@vy&)mﬁ'lmldlne 5- carbonitrile 404 1.44 (8H, m), 2.09 (21-1, m),
)..9.00.(2H, d), 13.31 (1H, s) 14
3% % xyp ené12 j;%' e&rlﬁuorom ethyl)-1H-pyrrolo [2,3-
b]ﬁﬁ/nsirﬁl ARYriARAiNEB pahsbratileng®8.71 (3H, ), 7.05 (1H, t), 7.16

1 ¢ 4 w C C T 3
5 S5O0 AT T S A S e b

alspk@i&rm%%féxhw&%fj%m% S pbstRrREliromE Ritfne-siehrbs A et

o h&%ayk@bg;{mga&mg VIthig)A-(5- (trifluoromethyl)-1H-pyrrolo [2 3-
b]pyridin-3-yl)pyrimidine-5- carbonitrile 392

T /Q

34. The compound of claim 33, wherein R’ is

-—3{ />— N—CHy "

35. The compound of claim 17, wherein R"is pyridinyl optionally substituted with 1-3 of
R®.
36. The compound of claim 35, wherein R’ is 3-pyridinyl optionally substituted with 1-3
of R%.
37. The compound of claim 35, wherein R’ is 3-pyridinyl optionally substituted at the 6-
position with R®.
38. The compound of claim 37, wherein R® is -Q, -R’, -OR’, -N(R®),, halogen, or -CN;
Each R’ is independently -H, Cj.¢ heterocyclic ring, or Cy .3 aliphatic, wherein Cs.6
heterocyclic ring and C.; aliphatic are each optionally substituted with 1-3 of Q; or
Two R’ groups together with the N atom to which they are bound form a 4- to 8-
membered hetercycloalkyl ring optioanlly containing an additional 1 or 2 groups selected
from
-N(R'")-, -O-, or -S-, wherein the 4- to 8-membered heterocycloalkyl ring is optionally and
independently substituted with 1-3 of W;
Each R' is independently, hydrogen, or C, aliphatic, wherein cach C, .4 aliphatic is
optionally substituted with 1-3 of Q;
Each Q is independently selected from halogen, hydroxy, C;‘,(, alkyl, -CF3, -NH;, -
N{H)-W, or -N{(W}y;
Each W is independently selected from -H, C) alkyl, aralkyl, cycloatkyl or
heterocyclic ring; each Cy alkyl, aralkyl, cycloalkyl or heterocyclic ring is optionally

substituted with 1-3 of halogen, -OR®, -CN, C\. alkyl or -NR'*R'%; or
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(MeOD/CDC13) 0.97 (6H, d), 1.69 (2 m), 1.80 (1H, in), 3.36 (2H, m), 8.65

(11-1, s), 8.75 (114, s), 8.87 (1H, s), 9.2i (1H, s) 17 2-(phenylthio)-4-(5-

(trifluoromethyl)-1H-pyrrolo[2,3- blpyridin-3-yppyrimidine-5- carbonitrile
W8g80/H83750 (3H, m), 7.68-7.71 (2H, in) 8.37 (1H, s) 8 70RRTGI08Tde190

(1>§% ©9.02 (L H, Esl’{? krH %%) 10247@1 Using etg efg %fa carbon
'?'ﬁp B oss gL T2 2R Wete 1prepare
atom BRENTolen & £2- anmmybéséﬁ-i(ﬂmglmromethyl) 1H-pyrrolol[2, 3 b]pyrldln 3-

y rigpidine-5- n|tr|l 410 NMR.
(E]Jﬁé(%? A ?ﬁ 4%97%5%% % %gzlf%%“‘*‘%’%% (h. 8o
whmieihmyfr@az@c@leﬁﬂf@)nw@a QO‘@B?@W@@WG@@W%QO@Y‘F@BG&O Example 8:

32 8RPIORAXY -7 {ititleromethyl) AHpyrrolo12,3-bipyridin-3-
Apyrimidine-5- earbonltrlle F3CNC /N N- EG-5 102491 MS (ES) m/e =
3491H NMR (MEOH) 1.55 6H ,d), 5.55 (1 m) 8.95 (1H,$), 8.9 (1H $),

8.9 932(1I—T,) ”‘H T
2-(isof o 0)-4-(5-(phef pyridin-3+,# N/\
pryrlmlﬁlne?% arbonitrile. L]E/N“ @ tep 1: l\/NH ,
1H-pyrrolo[2,3-bipyriciin-5-amine Fi2N, {02501
5-bromo-1H-pyrrolo[2,3-b]pyridine (6.0g, 30.45mmol) in ammonium

hydroxide (120mL) was treated with copper sulphate pentahydrate (1.50g,
6.09mmal, 0.2 eq) and heated in a sealed tuhe

2rnight. The reaction
wds-.difyte W|th EtOAC 5’51 i soluble black @ as filtered om
filtrate ed (EtOACAN the orga et wasShed withr

saturated aq ammonlum chloy\g followed by Wa\tgr/and brige. The
organics were ed |oVer magnesium mphate filtered and evaporated to
dryness to give the product as a pale brown solid (2.57g, 63%) Step 2:

Benzyl 111-pyrrolo[2,3-61pyridin-5-ylcarbamate. Cbz, Ntr>
40. The compound of claim 17, wherein one R” is aryl, heteroaryl C3-Cy cycloalkyl, or 4-

2D
)
w
I
©
.o

to 8-membered heterocyclic ring each optionally substituted with 1-3 of Q.

41. The compound of claim 40, wherein one R® is a 4- to 8-membered heterocyciic ring
-optionally substituted with 1-3 of Q.

42, The compound of claim ™41, wherein one R® is a 5- to 6-membered heterocyclic ring
optionaily substituted with 1-3 of Q.

43. The compound of claim 42, wherein one R® is a piperazine ring optionally substituted

with 1-3 of Q.

44. The compound of claim 17, wherein one R¥is Q.

45. The compound of claim 44, wherein Q is -NHW, -NW,, -NH-SO, W, -NH-COW,
-CO-NHW, -CO-NWy, -SO0,NHW, -80,-NW;, -SW, -OW, or -W.

46. The compound of claim 45, wherein Q is -NHW, -NW, or ~OW,

47. The compound of claim 46, wherein W is C5 alkyl, aralkyl, cycloalkyl or
heterocyclic ring; each Cy.¢ alkyl, aralkyl, cycloalkyl or heterocyclic ring 1s optionally
substituted with 1-3 of halogen, -OR®, -CN, Cy.¢ alkyl, Cy¢ alkyl or -NR"R".

48."The compound of claim 47, wherein W is C_s alkyl or heterocyclic ring; each Cy6
alkyl, aralkyl, cycloalkyl or heterocyclic ring is optionally substituted with 1-3 of halogen, -
OR®, -CN, C).6 alkyl, C1.¢ alkyl or -NR'*R",

46, The compound of claim 17, wherein one R¥is -R’, -OR’ or —N(Rq)z.
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N N 102511 IH-pyrrolo[2,3-b]pyridin-5-amine (9.45g, 71.05mmol) was

dissolved in TI-IF (150mL) and stirred at O C under an atmosphere of

nitrogen. Benzyl chloroformate (20.3mL, WO
W2DUBH7T9846PCT/1JS2007/026190 142.10mmol, 2. OEq) waBddicRado7/026190
S? wise ove od of 15 minutes and the né? llowed to stir. at

o t%‘%‘ﬁ‘BSP T30 i IEEE P The fel R AMCNG D ©o-

heter¢aggl(63s3tnér, Qiﬁab@fﬂmmmﬁa)mwaﬂmeym ﬁh@mwmmm;mng and
T aﬁisthl fant. brov%? lutlgn éﬁm@r for. or. 16, hjogs The reaction mixture was

aken to pH 2 0 aq citric acid)-and the 2 layers were
seﬁwmﬁﬂwwg@b%%wwd@mkwm&wm Eﬂz@m&; frehithé- to 8-
mem@%@ﬁ%ﬁf&ﬁ@i@éﬂﬁ(ﬁﬁﬁE%ﬁ%ﬂW% md)» -0-, or

dried under vacuum. The crude product was urlfled %y column
-5, vehstRdtsTalns Tk et Aeepeaienr R ipfsravdent s ogtstirgdoyith 1-3
of wpale yellow solid. Step 3:
zy13- bro -1H-pyrrolo[2,3- pr 4d|n -5-ylearbamate. Br Cbz- N
shobie 3%@%1 T TR ot a*a@fﬁféaefﬁe%%n
mondayehitosotoeyriitQom bptiamtpeledtimEdCrand tteatdd dropwise with

|ne I86 oI 1.02E¢q). The re ction was, wed ta to stir
S S e hoi s P BSHESAUEC AL

monaggeiditine @ nithae Miatidawdshide Wit BRI 1 sat. ag. sodium
Sih@?yﬁéﬁgﬁégﬂ%ﬁ Rigaraengiesglution (200mL) The organic layer was

arated and the aqueous layer taken to pH 12 and re-extracted with
S‘Et CCMRROEBMBI B roRNTES 8 R Hristreirs sy SRmY stidRam (W): -
c(o)fﬂjeuwdralgd)g.lwd under vacuum and the resultant brown solid triturated

dleth ether/ OAc e | 0. the title coqmpound. Step
5% @een% OBPSbS é efﬁ}f]rédgi%eé% %‘ﬁﬁ-é@éa amate Br
S&HHeNcohgp[RRE3I BemﬂlSBxbhemm RHipyColofk aipytidinpharshybatsitatcd
with ilé)EgQg 29.53mmol) in dry THE (120mL) was cooled to OC and treated
portionwise with sodium hydride (1. 1939 29.83mrnol, 1.01Eq). The
S'nikbgreowagaonedpin St m@f@&m@raﬁ% for 1 hour and then treated
sﬂvﬁll%&%%{hﬁmﬂﬁdﬁ ERifft49, RSO, LM It RLSMNE Vet an).-w,|

“‘F d of 10 minutes. The mixture was left to stir at room temperature for a

Nt R 766 ¥ ank @eNQN%CMMﬁ@aWa%f Lrri&Pildm chloride. The
59nikhgreowps dilLbEdiwith BI0ARRNK0Ne eleeniiayersgpp@tos.washed
i J;Il;}]bn(r)\e dr| %Lcefarl m qne%{lejrr‘;;]l s%ph filtexed and evaporated to

dryness fe'tride pro Ut was purlfled column chromato}graphy (5%

6 MaBEIFB@M)id efiebrikl GRgviese) B sowmm* WORPRP)C(=OINR MR,
62%@4@3&%@5@#&%&%&3@7%@%&9 PR B; ﬁm&%l 3 a,ikgii i H: and R"is

-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1-tosy1-1H-pyrroldl2,3
alkyi ?&i‘ltle@ \y}ghmgm%nqtgymg@ﬁ@éﬁ,ﬂ R 138 cycloalkyl substituted With
hydroxRromo-1-tosy1-11-1-pyrrolo[2,3-b]pyridin-5-ylcarbamate (3.51g,,

7.02mmol) in dry dioxane (35mL) was treated with bis(pjnacolato)diboron
éz 149, 8.42mmol, 1.2E d potassium 2. ()}5, B/ISmCEnoI
6%%@%@@&%% “W%@‘&e%aé%ed and stirred under nltrogeﬁffor
HO. 20 minutes and then treated with Pd(PPh3)4 (0.811g, 0.70mmol, 0.1Eq).
xture was degassed and heated at reflux under nitrogen for 2
: Fhe mixture was partitioned between EtOAc and sat. ag.
~ASammehium chloride, the organic layer was separated, washed with brine,
dried over magnesium sulphate and evaporated to dryness. The residue
64vadeiterenbtimdbatjmy pheg b€ B orsiF eluting iS5 096 RO Ac/REffoleum
oS AL A0 NGB AR I LIRS MR IS aaleieiey
compound as an off-white 'solid (2.805g, 73%). Step 6: Ben
3-(5-cyano-2-(methylthio)pyrimidin-4-yl)-1-tosyl-IH-pyrrolo12,3-
pyridin-5-ylcarbamate. Cbz' 176




Ts [02551 Benzyl

3-(4,4,5,5- tetramethyl 1,3,2- dioxaborolan 2-y1)-I-tosy1-1H-pyrrolo[2,3-
66, \J%]% r|d|n 5- %a ate O O(13119 mm |n tquene/ethanoI (7.5mL :
MEPWAS treated |?1 oro fmetﬂ fﬁfé)pyplmldlne 5-carbonitrile

rf (0.186g, 1.00mmok 1. qu) and 2M eous potassrum cg-‘r onale

__ ( L 2.74m \nlegas e under nithegen rQO/L/
E dppf)2 1 g/O 1E nd thejqaix feN
N aIIowed t heat at 1%0& for 15 hours. T reactron was partlt[fg)ned

between Ef0Ac and safurated aquéous sodrum carbonate and the organic’

layer separated, dried over magnesium sulphate and evaporated to

dryness. The mixture was purified by column chromatography elutrng with
£ P nJd0% EtOAc/Petroleym ether to yield.& Wlmte solid (0.219gF %5 ﬂN@r\

2508161 9346F’W7{026190 7Béhz
%5 -eff @ Sutfo imidiig-4- )gl)”il tﬁxf@pyrrtﬂé 3- /\(D

N blpyridin-52y earbarfnate ON '| Ts 2561 Benzyl
3-(5-cyano-2-{methylthio)pyrimidin-4-y1)-1-tosy1-1H- pyrrolo[2 3-b]pyridin-
5- ylcarbamate(1.316g, 2.308mmol) in DCM (75mL) was treated with
- F mCPBA (0.8 7r9 5 08mmol O ZEq) ghd allowed to strrrrat

rature overniy \'Rhe %ﬁvﬁporated tazama efivolume
N < tep Itant Wed&h@to —@f 2’69@5@\

3 -(5- cyano 2*(lsopropylamrno)pyrlnndrn -4-y0-1-tosyl- 111- pyrrolo[2 3-

FF o nyridin-5- ylearbamate Ts 1025 FBenzyI

i 3 ngyano 2-%? u nyI)pyrnL'n -1-tosyl-IH- p IOTZ/S’\N
v L3 FThylidin-5-yl afe eNOB28g, oy F (3 WﬁsN

Htreated with isoprofylamine(0. Q34mL R744mméi, .0EQ) arfd DlPEA
(0.478mL, 2 744mmol1, 2. OEQ) and allowed to heat at réflux for 1 hour.
The mixture was concentrated in vacuo and purified by column

L E chromatography (}SCO CompanlanM 40g column, 0- (30%j

¢\\

F /PetrolF no_etherfto give 0.6 {\ 204 of the title'c ouy JN\Step
m 408y IND 91012,3Dlpyt R23x TN
|sopro ino)pyifimidine-5-garbonitrile” WO o i .
2008/079346PCT/U52007/02619G 102581 Benzyl k ™

. 3-(5-cyano-2- (|sgpropylam|no)pyr|m|d| -4- YD | -tosyl- | H@yrer[Z 3-

SN jdin-5- yIc 1999 0.342; ithEtOH (15m asr /;\/
= dm (0.12 T OE THY
x10A9Pd/ 0409 ﬂZEq)'a ted at r{éflux for 3 héurs, [02§9] .

" Reaction mlxthre alfbwed to cool and filtered through a plug of celite
\tvasryng thro \g h ﬁwther EtOAc T Fmixfure was con Lﬂ

NA‘ |

N ‘ i N !

J L > ””“ A\b \r‘“r
.

F
FF N g F
F B 2 , M
oy S A
NN N_{ HN@ "i JNE’\(\/\ N~ OLALS
eEF

- N i H N ~E
5 5 Y
LK M FFAi— M%
3 — ]
Hr wQ\ w IRy N
-l ] N—% Ny g N/j N4 N
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ohromatographyilSCOCompafliOTM, F2g cOlunm,10:10043/0
(EtOAc7Petroleum ethef) to give the title compound as a yellow solid
(0.103g 67%). Step 10:

A,?}N:%fgsopropylamlr;g(;%4 (5-(pb mlno) -1-tosyl-I1H- pyrr(;t912 3- pryrldln -3-
rimidine-5-garbdhitr tle N \m y
Nx tosy14Th mg ﬁ?@fsﬁw : i M
H dine-5- carf oﬁl‘trlle 04g, 8.455mmb 4in DCM (I2mL) Wﬁs treated with
phenylborShic acid (0 111g, 0.910mmol, "2.0EQ), copper acetate (0.124q,
rF . 0.682mmol, 1.8EQ)¥ rdlne (. 074m;Lr= 0,910nunol, 2. OEg)Fand 4
i fi S TL
(}?ﬁ” iystrom molecyla Qéeé,-@ 00g)a tﬁeﬁgact“ ion was s
{ Tat'rdorytémperattirg-for 16 hours. Their ti8n ¥ni wa n’e @
H with 4M76\”K ia in MeOH (12€rnL3 and fiftered thro a plugﬁof celite
whilst washing through with further DCM/MeOH. The combined washes !
EE n Were evaporatedg tq, c dryness and purified by column chrorrlf\ate ra hy

O Corhpahion] ™ I2g column, 0-168% /P ﬂ’bleL(m\E )ﬂ give
tgg

the Hitles cbgm ou as éi yklloyrsolig (85 p 1145
H 2- (|sopropylam|no)ti4 (5-(ph englanino)- 1H1'1byrrolo [2 13] pyrld in-3-
yI)pyrlmldlne 5 carbonitrile. E G-6 102611

F&” |sopropyl ning 4- (phenyl -tosyl -1H- py|EF lo[2:3-k]pyridin-3-
t ,yrlmldme- -C ile.(0.0839,0:15 0 wasstrr WTHE(7mL)
{Jand wat 8/0793 MO 261 5mLj “and theated
R with L10 20( .066g, 16 |, 10!0Eq) and aHowed to stir at roofi “o—

CF temperature for 16 hours. The reaction mixture was concentrated and 1
F%(Q\;(npﬁed by columﬁ tographyr: 0% c/Petroleurrether) to yield
|e

g, 50! MS (ES3HNK="870.1H
INMR (D )112 (éH m), 44.3(1H, ,6.7§‘( ), 7.08421-4, Iy~
7.22 (2H, m)°7.31 (1H), 8.19 (1H, ¥ 851 (2H,m e§(1Hﬂm) )

[}
11.98(IH) Example 10: =

e F 3-(3-(5- eyano:2- (|sopropylam|no)p rlm;p|n4 y0-111- pyrrolo[g 3-

Mo E Mrldln -5- y |tto ethylpeh? EG-7 [02
/ amln - - roI pyr
1)- Zi‘tIS a o) py fine-5- cahbonltrlle using the m§thods

descrlbed I Example 9. MS (ES-F) mie = 427. 11-1'NMR (DMSO) 1.12
(6H m), 2.80 (3H m) 4.15 (11-1, m), 7.12 (1H, m), 7@4 (3H m) 7.53 (I ’

“H m) 783( 20(1H 5 8,52(2H
J24(R‘7 rox}'f N eth ZE (E— hyI -1k ;y roi"o[ﬁ

pyridin- pyrlml ine-5- earb e. Slept
FF 5 -methyl-1-tosy}-1H-pyrrolo12,3- Ipyrldlne e

/90@4 TI 7/0261 solution/ o o-1- tosyl I
3-b] 4.29 mmohypatassium /~
tnfluo*to(methyl)bor@fe (2 21.43 mol) % ate (ﬁZ

3837 mmol) and
Ne, [1 1%b|s(d|phanylp,[;tosph|no)ferrocene]q40hloropall 1) (1.16 g, 1. 43
- mol) in U (450 iyrand water Ak s heatets tr filix for 18
] h@uwﬁmeac |>etute/Wacheq| W ty-arbiént,and partmd .
§ between EtOAc (10% mL) and water{100imL). The Grganlc phase ’k
separated, washed with IN HC1 (100 'mL) and brine (100 mL), then, drigd
over magnesium sulfate and concentrated in vacuo. The residue was
purified on silica gel by flash column chromatography to give the title
compound as a white solid (1.903 g, 47% yield). | H NMR (DMS0-135,
400 MHz) 82.33 (3H, s), 2.34 (3H, s), 634 (1H, d), 7.40 (2H, d), 7.83 (214,
s), 7.95 (2H, d), 8.20 (11-I, s); MS (J/:78+) 287. Step 2:
3-bromo-5-methyl-1-tosy1-1H- pyrrolon 3-b[pyridine. Br\




N N Ts [0265] 5-methyl-I -tosy1-1H-pyrrolo[2,3-b]pyridine (1.9 g, 6.62
mmol) in dichloromethane (40 mL) was treated dropwise with a solution of
bromine (0.678 mL, 13.24 mmol) in dichloromethane (3 mL). The resulting
F F rsolutlon was |Fredqgt room tempera!;ug;e for 3 hours. The react|on mixture

— w rt|t| egn wlc or ne L) an

u:a S u'lﬂfom! HCO SAtES
ﬁ)f Na2§203 (250 nﬁ.) The organic phase as se}‘i‘)ar
phase was re‘extracted twice with DCM ( mL). The'et

F,F hases were dN ver magneS| su;lfate and con entr@ted invacuoto '
g| e t’ﬁe es mjouhd azsan 0 Selid (2. 38 53;?0f\yleld)
(IF N soN 460  MHz)'5 2 m sk 7&1 T)¥

i-d) 7.75 (114, 5), 7199 (214, d), 8.14 OK s), 8.21 (114, s); VIS (ES+) 36§\!A\N

Step 3:
5-methyl-3-(4,4,5,5-tetramethyl-1,3,2- dioxaborolan-2-y1)-1-tosyl-1H-pyrrol
F‘f{ x.0[2,3- blpyridine. L0266]A mixture of FF x

Q?ﬁ mo-5-met td)*syl/-uﬂ pyrrolowfétK - idine (1. 6%\;75% nol),
%togg r@)b\;ﬂ; 12 @Hqug)assmﬁ cétats (0

g, 8.67 2008/% 6PeT/uszoo“7"<®:26190“mmol) in dioxane (2
was degassed and stirred under nltregen for 30 minutes. The reactios:
mixture was treated with tetrakis(triphenylphosphine)palladium(0) (0.317

g, 0.27 mmol) and degassed again. The reactlon mixture was then heated

£ onat reflux for 16 1 he resulting mi Looled ggwnto room
W eratuig re throughyapad
acktalie. trat ad'cdhcentratéd in' auo Fgl»r?(\f_l:&rlfleciﬁnflo'i‘lsﬂﬂ?)y;%)
H flash column chromatography to afford the fltle compound asta white so
(07799, 69% yleld) 1H NMR (DMSO-D6, 400 MHz§ 5 1.32 (12H s), 2.34

SH s), 2.37 (38 7. 2(2H d), gse (g,H s) 7.99 (1;% 8,04 (2H, d),
! j s); W Step %
N 4 (5 syTy111-Pyrioly 123 i ri‘blnﬂ’Syyl) 2-(f t*nylthnb) imi
Ts 0

dine-5- carb trile. sN' N 2671 A hixture '8t M
5-methy1-3- (4 4,5 5-tetramethy1-1,3,2- dioxaborolan-2- yO 1- tosyl Iprrr&IJ

N\p@ 3- b]pyrlm‘: e {806.ng, 0.74 mrnpl) a
Mnmgz (m?@ io)pyimidine- §P %‘oﬁmne ?'ag, 1 MQI) in
dio%ane (9 mL) Was ‘o@o and stirre AT Ritrogen for rrffnﬁt’s/\
The reaction mixture was tfedted with potassmm carbonate (386 mg, 2

mmol) and bis(tri-t-butylphosphine)palladium(0) (38 mg 0.074 mmol) and |
degassed again. The reaction mixture and stirred under nitrogen for 10

minutes. Water§1.85 mL) wag addedrang the reaction [p;xtwe was
?E assed an%ﬁ&eﬁaﬁﬁ eE/trogeigE%?yﬁg{rs A susp
serv The résiylting Mixgyre was fitérad rﬂdmoh a Wa
i with dioxane and Water. The solid was dtied in a um ouén to aff

the title compound as a white soI|d (282 mg, 87% y|eI8 11 1 NMR ©
(DMSO-D6, 400 MHz) 52.36 (3H, s), 2.42 (31-1, s), 2.68 (3H, s), 7.46

§}i%M d), 80  £2hi, d), 8.36 (LH, 5), 849(1H s), 893(1H s), 9.15 (1H, s)

MS (BES+ 4 teg 5% AN

NH

012,3-14 ﬁ% W
! (meth nyl)rtyrlmldlne- =carbonitrile. EI.J026

4-(5-Methyl-Istosyl-1H-pyrrolof2,3-1Thyridin-3-y1)-2- (methylthlo)pyrlmldlne
-5- carbonitrile (216 mg, 0.498 mmol) in dichloromethane (15 mL) was {
treated with m- 155 WO 2008/079346PCT/US2007/026190
chloroperbenzoic acid (215 mg, 1.244 mmol). The resulting suspension
was allowed to stir at room temperature for 18 hours. The reaction mixture
was partitioned between dichloromethane and a 1:1 mixture of a saturated
agueous solution of NaHCO3 and &’aturated agueous solution of
Na2S203 (50 mL). The organic phase was separated and the aqueous
phase was re-extracted twice with DCM. The combined organic phases
were dried over magnesium sulfate and concentrated in vacuo. The
resulting solid was triturated with EtOH and filtered to afford the title

compound as an off-white solid (186 mg, 80% yield, 10:90 sulfoxide :
crilfone mivtiire hyv | CMSK) NMBR (DM<O-DA A00 MH7Y A2 2?7 (RH <)



Ts 102691 A mixture of

4-(5-methyl-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-y1)-2-
(methylsulfonyOpyrimidine-5-carbonitrile (120 mg, 0.257 mmol),
(R) () -2- amlno 3 -methyll-butanol (57 01, 0.515 mmol) and -

|n - 9 I\pm 515 mgol) fa THE (4 mL) wes h&ated,at ~OH
bﬂejf our on. mixture was ﬁegnze/ed inv _
Nreadd’% urlflgdmh silica gelqby flasf Getumn ithromatography to glve &

the titte compound a¥ a colourless glassy dblid (97 mg, 77% vyield).

\{:\ -FINMR (DMS@?RGVD%LFO MHz) 60482 (8H, 0)-0.94 (3H, d), 1.98 (1H, m),
g
7

08), 2.4 "45.(3b1, 2s rOtamers), 8.58+-3.64 (2H, m), 3.97 (I
JH m) 4.68 (1H 45H2H, d), 8.05 §2H, dd), 8.19 (1H, 1), 8.33 (H,
dd) 8.54 and 8.80 }({1H 2 br s rotamers), 8.73 and 8. 76 (1H, 2s rotamers),
8.86 (1H 2 s rotamers); MS (ES+) 491, (ES ) 489. Step 7\)§

wHytiroxy-3- -metfiylbutan-2-ylamipo)-445-methyl-1-tosyl- LiH-pyrrolo[2,3-
b]pyridin-3- yl)pyhn'{ldlgne 5-carbdnitrile (97 mg, 0.198 mimol)in TF1F (7

Fr mL) and water (1.5 mL”)pwas treated with |IthIlFLm hydroxide monohydrate

B
N o 1.98 mmol) e ctign mixigye W stylrned at room temperature
| miXture was partiti ween EtOAc and
N < shipaate and Qs was

"Te- extracted ic& with EfYAc,and twicéNith DM’ The cdmbsiied organic
. Fr layers were dried over magneS|um sulfate apd concentrated in vacuo. The

Neesidue was purifiédipnisilica gel by flasiclu Q) chromatography then via
re er% phase preparat P aters 1OE M, 100 A
oluthn E{g/\adeﬁ‘t' 10%< 3% "B (40|

; solvent B:
HN"CH3CN) ovér 16 minutss at 25 mL/m|n] ;to atftid the title ¢ |5'eund as an
£ 7 off-white solid and a TFA salt (12.5 mg, 14% yield).. NMR (DMSO D6,

N Hz) 60.94 (6H,_ sz@ 01 (1H, m)2.05 (3H, 5 3. (2H, m), 4.08

, M), 4,68 (1H, m), A.8 ), 8. (111m) NM), 8.61
< 1eH “m)ﬁg\a;aéw 5), 1032 (1-Lis) M (ES+) 33% Exappley
12: PLK Ass 3“110271'1 compeunds o;‘ the present nventiéh a N
evaluated as inhibitors of human PLK kinase using the following assays. H,
PLK1 Inhibition Assay I: 102721 Compounds were screened fct
ability to inhibit PLK1 using a radioactive-phosphate incorpor dfmj:b say.

Fe Assays were carried out in a mixture of 25 mM HEPES (pH 7.
nMgC12, and | mM DTI TFrinal substrate concentrations were 350}

AT (136mC| 33p AT oI ATP, AmershiamvEharmagia Biotech
alg) and: | e (KKKISD ADQEAK)
HN SEQ 1D: T Asgals weételcafriety o in the 88 0f" M PLK

C
l. An assay stocK buffer solution was pre reeHcontaiming all of the '
reagents listed above, with the exception of ATP and the test compound
of interest. 30p.L of the stock solution was placed in a 96 well plate
followed by addition of 24 of DMSO stock containing serial dilutions of the
test compound (typically starting from a final concentration of IOpM with
2-fold serial dilutions) in duplicate (final DMSO concentration 5%). The
plate was pre-incubated for 10 minutes at 25 C and the reaction initiated
by addition of 84 [y-3311ATP (final concentration 350 pM). 102731 The
reaction was stopped after 240 minutes by the addition of 100pL 0.14M
phosphoric acid. A multiscreen phosphocellulose filter 96-well plate
(Millipore, Cat No. WO 2008/079346PCT/US2007/026190 MAPHNOB50)
was pretreated with 100 p L 0.1 M phosphoric acid prior to the addition of
125 pL of the stopped assay mixturé/d he plate was washed with 4 x 200
pL 0.1 M phosphoric acid. After drying, 100 pi Optiphase "SuperMix' liquid
scintillation cocktail (Perkin ElImer) was added to the well prior to
scintillation counting (1450 Microbeta Liquid Scintillation Counter, Wallac).
102741 After removing mean background values for all of the data points,

Ki(app) data were calculated from non-linear regression analysis of the
initial rate data 1icinAa the Priecm enfiware nackane (CranhPad Priem
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HI 1-298 LIl 1-299 +-Hfr . IA-2 IA-3 ++ IA-4 ++ |A-5 ++ |IA-6 |IA-7 LA-8
-F EG6 ++ EG7 ++ E68 ++

t77f



IA-10 + 1A-1 1 ++ 1-300 Il 1-301 + 1-302 1l 1-303 IN 1-304 NT WO

2008/079346PCT/US2007/026190 PI,K2 Inhibition Assay: 102791

Compounds were screened for their ability to inhibit PLK2 using a
CFradloactlve phosphate incorporation assay. Assays were carried out in a
|xtmté\,925 mM HEPES (pH 7.5), 10m9ﬁ\/lgqg,g, 0.1% BSA, and 2mM
Z/DTY. Fin I syibstrate concentrations were pM [¥=33R]JATP (57mCi 33P
Mok A m Pharmacia Bi i [

hem;c:ji and
peptide iK1 EL@DATFADQ AK) [SEQ ID:3}1 Asdhys were:
carried out at 25C in the pr%se@of 25nM IﬁI_\iCZ An assay sto ﬁEF S~
solution was prepared containing all of the reagents listed above, withfthe

crexception of ATP and the test compoung[llpf interest. 30 p L of the stock
IQIaced |n a 96 well plate followed bg.addition of 2 pL of

rting froth a fi ntrqglon of 10 pivkwith-2<fols Seri s) in
duplicate (final DM oncentration 5%). The Plate was b*re i ed for
10 minutes at 25 C and th reactlon initiated by addition of 8 pi, W

[y-33P]ATP (final concentratlon 200 gM). 102801 The reaction was ©

cr,Stopped after 90 minutes by the addition of 100 pL 0.14 M phosphoric
YA igcreen phosphocellulose filter 96-well plate (Millipore, Cat No.

% ) was pretreated with 100 pEFo. 2I\/Nahos horic acid prior to

itioh of 425 nm pped assay mixture.Fhe Platerias washed
x2009L02 Raspharic acid. After dryings se

“SuperMix' liquid scintillati n cocktail (Perkln Imer) was agded to the well
prior to scintillation countlng (1450 Mlcrobetaﬁl\qud Scintillation

CWallac) 102811 After removing mean background values for all of the !
dE ta were calculated?ﬁiom -linear regression
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102821 Compounds were screened for their ability to inhibit PLK3 using a
radioactive-phosphate incorporation assay. Assays were carried out in a
mixture of 25 mM HEPES (pH 7.5), 10mM MgC12, and 1mM DTT Final
substrate concentrations were 75 pM [y-33P]ATP (60mCi 331" ATP/ mmol

G TP, Amersham Pharmacia Biotech / Sighia Chgmicals) and |OpM
ptide (é%l\} protein 6.332-443). Ass i
1 d

(S38- i 40)SAn Z\Bsa sto¢k buffer solution repared Bontdining,all of
the reagents listed abcM wigh the exception of ATP and the test j}/\o
compound of interest. 30 pi Stithe stock solution was placed in a 96 well

CF,s plate followed by addition of 2 p.L of DMSO stock containing serial

dilutidns t{;e test compound (typically starting from a final concentration

M v/vgh 24fold serial dilutions) in duplicate (final DMSO

ngentration §%): plate was pre-inctibated_for 10 minutes a125 C

d-the reaction initiatest by dditfjp\n of 8tl «

concentration 75 p.M). 102831 The reactian w. edl. after 60 minutes

by the addition of 100p.L ¢.14M phosphori]é“ id. mmtiscﬁm

phosphocellulose filter 96-well plate (Millipore;*Cat No. MAPHN 3

cpretreated with 100 pL 0.2M phosphoric acid prior to the addition of 125

1 of ) Bed assay mixture. The pla?é:waswsh d with 4 x 200 pL

phosphgric dcid. After drying, 1004 @ptiphasé” SuyperM

foncocktal (Petkd Elmer) was added '

tion courtting () Migtgbeta Liquid cinfillation CBunter, llac).

102841 After removing meah background valli&s for all of the da POIRTS,

Ki(app) data were calculatef! from‘non-linear regression analysis of the

initial rate data using the Prism software package (GraphPad Prism
[ cx for Macintosh, GraphPad Seftwage, San Diego California,

‘arel’screened for their
ai mLCQ fen assay.
PS (pH'7.5)L10:mM
“Bre TBICH;
o

MgCI2, 0.1% BSA and 2 niM B¥%. Final substrate concentrations
p.M [y-33PJATP (227mCi 33P ATP/ thmol ATP, Amersham Pharrnacia i
Biotech / Sigma Chemicals) and 300 pM peptide (KK1CMDATFADQ)
; D:4]. Assays are carried out at 8C in{he presence of 25nM
. An agsay stock buffer solution is prepgared Containing all of the
tS istedyaboye xwith the, exception; of pound
‘ tocKég\lution isp in a 96 Well platg followe
by addition of 2 pL of Ms@:stoclg containing serial dilutions ofthe s
compound (typically starting from a final concentration of 10 pIVI with ¥
cr, 2-fold serial dilutions) in duplicate (final RMSO concentration 5%). The
|t sincubated for 10 minutes at 25 C awd_the.reaction initiated by
7" aYdition.of 8 pL [y-3313]JATP (final concghtrati
N=200 /O79846%K3T S2007/026190 102864 5 '
H80 minutes by th i 0 pl. 0.14M,pt osphorchacid AN P
multiscreen phosphocellulose filter 96-well plate (Millipore, Cat No.\{f\f
MAPHNOB50) is pretreated with 100 pi, 0.2 M phosphoric acid priopto the |
addition of 125 pL of the stopped assay mixture. The plate is washed with
4 x 200 p.tL 0.2 M phosphoric acid. After drying, 100 pL Optiphase
'‘SuperMix' liquid scintillation cocktail (Perkin Elmer) is added to the well
prior to scintillation counting (1450 Microbeta Liquid Scintillation Counter,
Wallac). 102871 After removing mean background values for all of the
data points, Ki(app) data are calculated from non-linear regression
analysis of the initial rate data using the Prism software package
(GraphPad Prism version 3.0cx fot Macintosh, GraphPad Software, San
Diego California, USA). 102881 Compounds of formula Id show selectivity
for PLK | over PLK2 and PLKS as illustrated in the following table.
Compound No. Ki(PLK2) Ki(PLKI) 113 Ki(PLIC3) Ki(PLKI) 28 1-102

-

f




1-124 323 185 1-126 211 126 1-127 210 140 1-131 180 163 1-139 1000
456 1-142 <30 <23 1-147 523 186 1-148 63 70 1-149 < 130

CF, CF
NC P NG
/ -
7 X L0
=~ N )\
N= N N X N N™ "N =
T L PN
HN \N{/\NQZS ; N N/\\
OH OH

CF,
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<100 1-167 914 586 1-267 1152 1-268 293 141 1-272 67 14 1-273 1813
581 1-274 4074 1-275 313919 WO 2008/079346PCT/US2007/026190
OTHER EMBODIMENTS
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[02891 It is to be understood that while the invention has been described
in conjunction with the detailed description thereof, the foregoing
description is intended to illustrate and not limit the scope of the invention,
which is defined by the scope of the appenged claims. Other aspects,

/an ages and modifications are withinst sgqpe of the following

008/079346PCT/US2007/02 ¥ IS CLAIMED IS: 1.
gj‘ovn . or a pharmaceui i It ther

h: | is~HyHalogen, C1_6 aliphatieeptionall§f su stityted wwi
1-3R3,-0(Ci_6 allprfatlc) optionally substituted with 1-3 R3, or EN(H)R; !
Ea R is mdependently H, Cl 6 allphatlc a t, heteroaryl C34 cycloalkyl,
cOrtaining 1-3 groups

h ftl% aliphatic, aryl,

)

hetérdar l, &cli’pal yI nd heterocycllc ring areCopitiortallyi sustituteg with
1-3 of'); Each Orisifdependently selectedrom halogen: %ng
C1.6 alkyl, benzyl, oxo, CF3, W, -CN, -NH2, -N(H)-W, -N(W)2, ©
-S02-W, -S(0)2-N(H)-W, -S(0)2-1\(W)2F C(0)-W, -C(0)-N(W)2 ,

, -0-C(0)-W, -C(0)-0-W, -S02- 0 OW Two Q
cad ba lin ed,j\o ther to form a 4- to 8-me "é ed arp\oc C|IC or
hef‘é‘ c clid'rin g&@'\a substituted with ¢ 31 Iky or“C
W is mdependently sele tedfrom -H, C1..6 alkyl, aralkyl, cyc W
heterocyclic ring; each ¢16 alkyl, aralkyl, cycloalkyl or heterocycli¢ ring is

aIIy substituted with 1- 3 of halogen FO‘R -CN, C1..6 alkyl or NRI8BR
|ch it |s attached

antl gcar oniat R, form a 4- to 8-me d g
toge 1e with the shm orOHﬁ‘erent nitrogen Htomibr d%L ﬁ@; h|ch
they are attached, form & 4- to 8-membered he't\'erocycllc ring;

and R19 is independently hydrogen or C1..3 alkyl; or Ri8 an RE9

together with the nitrogen atom to which they are attached, form a 4- to
8-memebered heterocyclic ring, optionally sulpa_tltuted with C1.3 alkyl or

CF N Two W can be linked together to f a4- to 8-membered
cyc héterpcycloalkyl optionally subst IthhNC1=3 alkyl or
CF3y 1

‘ ¢ PF% US2007/026190:R¢ 15 “NRARS YOR, -8R6,
or -NRER11; Each R3-84 ndently halogemnNC1 6 alkyl, Nqﬁk
heteroaryl; Each R4 is in@ependently -H or C i_6 aliphatic optionally ¢
substituted with 1-3 R7; Each R5 is nﬁqalependently C1.6 aliphatic
optiorvally substituted with 1-4 R7 or a 2=fo 8xmembered monocyclic or 6-
to 10=hemiered bicyclic ring optionally titu ,ed itA 1 4 R7, or R4
and Rpan el inefl together to form awagh cycﬂflc ar bicy |c rlng
optio bstitufed'with 1-3 R9;  Each Ré€is indepen
alkyl, -LP8fyl, or -L-heteroaryl, wherein each of the C1-6 aIkyI QL aryI o,
-L-heteroaryl is optionally and independently substituted with 1-3 R8; L is

C0:3 alkyl; Each R7 is independently oxo, alkyl, halogen, -CN, -OR9,
- , NN(R9)2 C34 cycloalkyl, aryl, heterqaryf or a 4- to 8-membered

he Ting containing 1-3 groups selected N(R17)-, -0-, or -S-,
wher @J?La;j} loalkyl, 4-8 member lickmonocyclic or
bicyalicting, ar hetergaryl is optlonallyajw flndepemde

substituted with 1-3 R8 E?r [ \cr)(\NH2

]
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Two R7 on the same atom or adjacent atoms is joined to form a
carbocyclic ring or a 4- to 8-membered heterocyclic ring containing 1-3
groups selected from -N(R17)-, -0-, or -S-, wherein each of the carbocyclic
ring and the 4- to 8-membered heterocyclic nnf__g is optionally and

inde endently substituted with 1-3 R8 Each: %,\glndependently -R, -Q,

BR pendently -H,
6\3%“ C34 heterocyclj N I|phat|c
whereim €3.4 carbo hﬁiﬁﬁ heterocycl g andC1.8 aliphaditic
are each optionally substiuted with 1-3 Q; or Two R9 groups t gefﬁég
with the N atom to which they are bound form_a 4-8 membered ring

addgtionally containing 1or 2 groups each ina bquently selected from

ind “ tguted with 1-3 of W Eac j knéqpén[gﬁqtly _OH
hydi %\ Two R16 groups.egdether with the:N afom
to wh hey are bound {of a 4- to 8- membered ring containing or's®
grodps selected from NR17, 0,or S; Eacp R17 is mdependently,

hﬁ ogeR, Q, or Cl4 allphatlc or cycloallpha \/Mhereln each C14

3S207 &
-S(0)2MN(H)- W S(0)2-h ,.‘v C(O) -W, -C(0)- h(W)2, C(U) W
-N(H)-C(0)-W, -0-C(0)-Wg -C(0)+0-W, or -802-W: R1 is -H or c1 6 liphatic
optionally substituted with 1-3 of R7; R" is -C(R12R13)C(=0)N12.14R15;
Fadh ofR12 and R13 is independently H or rmalehatlc optionally
K3 R? or R12 and R13 can ether to form a
fiA 1-3 of R9; or joined

togetter to form a ri i@ally substituted wifin-1-3 of Ro; % ch
R14 and Ri5 is independently H, C1.6 alkyl, carbocyclic, or heter&{\
opt;opally substituted with 1-3 of R7; or tc. and R15 can be joined together ?
tdfgrmv@ ring optionally substituted with 1-8 2. The compound of

' , Wiferéin R1 is halogen. 3. The com , mQ wherein f?../
is ; e%o@@d of claim 1, wherein N @optlonally
substitited with 1-3 ~aptieach R3is ind dentlymal
heteroaryl. 5, The compound of claim 4, wherein R/ is C1_6 alkyl\/r\;
opt‘;oanlly substituted with 1-3 of R3, and each R3 is independently halo,

, 8heteroaryl. 6. The compound of cl &whereln R1 is methyl

0 al | Umpstrtuted with 1-3 R3 and eac iS 1depengdently halo. 7.
T herein R1 is C§F : d of claim
5, wiherein R1's -SHB.9~The compound of elaim 1, wheérei iS~NHKHR

and R is H, C1_6 aliphatic, aryl, or C3.8 cycloalkyl. o =
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10. The compound of claim 9, wherein R is H, C1-6 alkyl, or aryl. 11. The
compound of any one of claims 1-10, wherein R2 is -NR4R5 or -NR1R11.
12. The compound of claim 11, wherein R2 is -NR4R5, wherein R4 is H or
Cl. ngllphanc optionally substituted with 1-3 R7 and R5 is C1.6 aliphatic
opfigna substltuted W|th 1 4 R7 ora 3-toH: embered monocyclic or 6-

i 4-4R7.13. The
compogng OfeTai 2’,\\{\/ R4 is Hor CIy HekﬁndTR«E]ls Clk
alkyl thatis optlonall yied with 1-4 of R,
2008/079346PCT/U820 /026190 14. The compound of clalm 13,5
whegein R4 is H, and R5 is CI _4 alkyl and ontlonaIIy substituted Wlth 1-4
R7{15¢The compound of clalm 14, whereinR5js ethyl substituted at the

I‘ﬁ\@ﬁ ryl or heteroaryf, anel.is
with#n of R8 4 ound of claim 16,wherein K7 i .
pyridyl, or pyrlmldyl anais optlonally substltuted with 1-3 of R8 l‘

R8. 19. The compound of cla
substituted at the orthoor mew-pesition; With R8 and also o\ptlonally
substituted at the pata-positionwyj ; mpetifd of claim 19,
wherein the optional substituent R& tan loo- -gosmon when
present, is halo. 21. The compound of claim 19, whegein R7 is phenyl
substituted at the para-position with -R or R IS 4- to 8-membered
hétefociglic |ng optionally containing 1-3 gt ps;e,ach independently
selected fr m;\N(IZ 17)-, -0-, or -S-, and the ro cm: rigg is optionally
subsUTEd With !\ A’é@ Each Q is inde orrl O
halog@h, hydroxy, lipenzyl, -C(0)-W, HE(0)- N(\A/Y ﬁj

Each W is independentlyselected from -H, C1.6 alkyl, or cycloalk

Elgcm:R9 is independently -H, C3_6 heterocypuc ring, or C1_3 allphatlc
wheéyeiN€3_6 heterocycllc ring and C1.3 afiphatic.are each optionally

sulgstitutediwj or Two R9 groupg T With-the N atom to
whierthgy afe ﬁo'mg%b a 4- to 8- membewed TG 66 wmi@addi ignal
lor i"éjroups each | naeptly selected fromi="N(R OH or J’}'wﬁein
the 4- to 8-membered rird is optionally and independently substituted with

1-3of W. 22. The compound of claim 21, wherein R7 is optionally
substltuted at an ortho posmon with fluorine. 23. The compound of claim
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Each R9 is independently -H, C3_6 heterocyclic ring, or C1.3 aliphatic,
wherein C3-6 heterocyclic ring and C1-C3 aliphatic are each optionally
substituted with 1-3 of Q; or Two R9 groups together with the N atom to
Whlgh they are bound form a 6- to 7- membered ring containing 1

ﬁo;mal nitrogen atom and optionally sulrsti ﬁtgd W|th 1-3 0of W. 24. The

co glaim 23, wherein R is piperazi y substituted with
1- ‘eompound of claim 21, wheirej IS GH3
26. T ompolind iR 18+wherein R7 is ghenyl substit

para-position with .-OR9  27. The compound of claim 26, Wher

-H, €8.6 heterocycloalkyl ring, or C| 3 alkyl, w t}ereln C3.6

lo \k%l ring and C1.3 alkyl are ea ally substituted with

128; The compound of claim 27, in 95!% pyrrolldlnyl or
1

31

pound

pipéri in aﬁd dbtiopntly substituted with 1-310f4

-~

of claiti 28, wherein . The compound offefaim 29, Wh

cH3 N-CH3, Or 31. The pound of claim 17, wherein R7 is pyrlmo\tﬁyl
optionally substltuted with 1-3 of R8. WO

2008 6PCT/US2007/026190 32. The comfpound of claim 17,
whereif*R7 i 5- yrnﬂnldyl optionally substitute

33. The€o pcmnc;ﬁ”“fgl“ herein R8 is -R5)-0R, ;5R9, ‘N(R9)2,
halogerii6r -CN; crg]wmmdependently"- , 3@0%0%0 ring,

C3.6 heterocyclic ring, or C1.3 allphé\tlc wherein @3 6 carbocyclic ﬁ*ﬁg,,
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N-CH3 35. The compound of claim 17, wherein R7 is pyridinyl optionally
substituted with 1-3 of R8.  36. The compound of claim 35, wherein R7
is 3-pyridinyl optionally substituted with 1-3 of R8.  37. The compound of
clalgn 35, wherein R7 is 3-pyridinyl optlonall,y substituted at the 6- position
R8. 38. The compound of claim 37, w remRS is -Q, -R9, -0R9,

> a;?lge or -CN; Each R9 is indepe ently~1 1,C3-6
[ rﬁéﬁ 3 Qhatlc wherei

Cl.t®aliphatic are Reoptionally substitutediwith 1-3 of Q; n~dwg, -
R9 groups together witH the N atom to which they are bound fon‘ﬁ a4-1o |

membered hetercycloalkyl ring optloanFIIf@ontalnlng an additional 1 or 2

cted from -N(R17)-, -0-, or -S-, Whétein e 4- to 8-membered
e c I ring is optionally and inde en en s/gbetltuted with 1-3
l?jﬁjls mdd\pendently, hydrdgen, of CY_ 4Jalifjhatic,
Whereln each CIA alfipHa ticTis optionally subsff ted with 1-3 ¢ E,W\lf
Each Qis mdependently selected from halogen, hydroxy, C1.6 alkyl, i
TNH2, - N(H)-W, or Each Wis mdependently selected from -H,
rralkyl cycloalkyl or heterocycfieiring; each C,6 alkyl, aralkyl,

I|c ring is optionally s it with-1-3 of halogen,
-ORGH-EN, Cl"6 al ee; or WO 2008 e 7/026190
One W group, toget er wgmth nitrogen atonx hich it is i Qe%and a
carbon atom of R, form a 4- tp 8-membered ring; or Two W gfQups, -
tngether with the same or different nitrogen atom or carbon atom to which ;
ft y R(e attached, form a 4- to 8-membered heterocyclic ring; 39. The
~of clalm 35, wherein R7 is 40. The compound of claim 17,
n’eLR |, heteroaryl, C3- c8 Q
hetenetyclic rihg g\oi;onally substitut ith 1#3.0f O _41. The

-

compound of claim 40,wHerein one R8 is &4 t§ 8- Pher&‘lbe ed

heterocyclic ring optional Vsubstltuted with 1°3 of Q. 42. fe §6ﬁrpouﬁd
of claim-41, wherein one R8 is ‘a 5- to 6-membered heterocyclic ring {
optionally substituted with 1-3 of Q. 43. The compound of claim 42,
whereln one R8 is a piperazine ring optionally substituted with 1-3 of Q.
ympound of claim 17, wherein one R8is Q.  45. The

F‘n ou d,g')if claim 44, wherein Q is - -NHWE =NW2, -NH-S02W, -NH-COW,
SE-NEWN @p’m _SO2NHW, -S02-Ri2,4SW, -OW, or -W.  46.
Th&ompound of @Ialm\il}'s wherein Q is -

N
; H
;
nl\ ‘i\
- ! K .
NTNTNaN NTTNTY
/N LN ;
t !
. !
Fb
e \N_
‘h“/ [‘;!\u
-~
NN R T
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47. The compound of claim 46, wherein W is CI..6 alkyl, aralkyl, cycloalkyl
or heterocyclic ring; each C1_6 alkyl, aralkyl, cycloalkyl or heterocyclic
ring is optionally substituted with 1-3 of halogen, -OR, -CN, C1.6 alkyl,
C1-6 alkyl or -NRI8R19. 48:The compound of clalm 47, wherein W is
C1-6 dlkyl or heterocycllc rng; each C1-6 alky ra”lg\yl, cycloalkyl or

cli f N, = OR6, -CN,
ng R8 iR j -C R9 or WO 2008/0793k£ . T/USZ@%NO
50. The%ompound of ¢lginm49; wherein R9 is independently H, 3
carbocyclic ring, C3-6 hete je ring, or C1-3 aliphatic, wherein C@\B
carbocyclic ring, C3-6 heterocycl‘ic ring and Ci.3 aliphatic are each "~
optionally substituted with 1-3 Q; or Two R9 groups, together with the
N a;tom to which they are bound, form a 4- to 8- membered ring optionally
aiming additional 1 or 2 groups selected from -N(R17)-, -0-, or -S-,

24 to=8- membered ring is optionally and mdependently

m W.  51. The compotindof clalm 15, wherein R7 is
a 4- to10-member erqcyclic monocyclit “'a-. o rimg optlonally
substituted with 1-3 of R8, 52. The compound gf T &Fﬁ@l}gﬁi w-is
a 4- to 6-membered hetergcyclic monocyclic ritigoptionally stisti
W|th 1-30f R8. 53. The compound of claim 52, wherein R8is Q7 54.

Cl-6

~—NC(0) -0-W or - 802 W.  55.Theg o_f_clalm 54,
ge om -C(0)-W; 56.T ound 6f claim 15,
whergig-R7 is a'C3 arko cle optionally"§ ituted with [L-\f;ﬂf';R8

57. The compound of'claim 56 ywherein one R is Q. 58. Th&'cofnpound
of claim 57, wherein Q is selected from hydroxy, -NH2, -N(H)-W m&v)z
-M(fg5-302-W, -C(0)-N(W)2 , -N(H)-C(0)-W 0] #0-C(0)-W.  59. The ‘

co glaim 58, wherein Q is selected\fr -C(O) -W. 60.
Thé c laiqy 11, wherein R2 is - he compound
of claim /60, whereu:fﬂ RE |sjEH)and R" is -C(RY2R1 )ct‘-ojiNR 4R15§ g2,
The compound of cldim 81, Wherein R12 is 1- f“iRlS is C1.3 aﬂkyo 4 i3
H; and |s aIkyI substituted with trifluoremethyl or hydroxy, or R15 is
cycloalk ted Wlth hydroxy 63. Thg ¢ ound of claim 62,

S,SS 64. The OMpo hd}o\f any one of claims
1-10, whefgif R2'is O R!or SR 65. The! m ouhd m@\m

P
E N
N A
v -~
N ; N’Lﬁ |
|

» or a pharmaceutically acceptable salt thereof.

67. The compound of claim 1, selected from the following group :
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66 The compound of claim 1, selected from the foliott. a group:

, or a pharmaceutically acceptable salt thereof,

68. The compound of claim 1, selected from the following group
F

Al Ne ot g v o N,

Wiy ¢ j\i/\ U % | Nf&s/\/ x}j/\N A g
H

m SO pree S, m/\s@ %;r

z/
g
=
2—{
-z
Z\ |
5
Z_/
bz
[7;]
s '\
O)A
N
>.“
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SO2- OH , Or a pharmaceutically acceptable salt thereof. 67.
The compound of claim I, selected from the following group :

FFF Ma FF'F N
\N .\
- Y - ) @ Abi G
NQT\Q"S z}}/‘; "o J= ek
N M
F i H

} ! {

, or 2 pharmaceutically acceptable salt thereof,

69. The compound of claim 1, selected from the following group:

N »ﬂ
I
=N

2
/

O NH /I\

,ora pharmaceutically acceptable salt thereof.

70. A composition comprising a compound of any one of claims 1-69, and a pharmaceutically
acceptable carrier, adjuvant, or vehicle,

71. The composition of claim 70, further comprising another therapeutic agent selected from the group
consisting of synthetic small molecule VEGF receptor antagonists, small molecule growth facior receptor
antagonists, inhibitors of the EGF receptor or VEGF receptor or integrin receptor or any other protein
tyrosine kinase receptors which are not classified under the synthetic smaii~molecules, inhibitors directed to
EGF receptor or VEGF receptor or integrin receptors or any other protein tyrosine kinase receptors, which
are fusion proteins, compounds which interact with nucleic acids and which are classified as alkylating
agents or platinum compounds, compounds which interact with nucleic acids and which are classified as
anthracyclines, as DNA intercalators or as DNA cross-linking agents, including DNA minor-groove hinding
compounds, anti-metabolites, naturally occurring, semi-svnthetic or synthetic bleomycin type antibiotics,

inhibitors of DNA transcribing enzymes, and especially the topoisomerase [ or topoisomerase 1I inhibitors,
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FF r, or a pharmaceutically acceptable salt thereof 68. The compound of
claim 1, selected from the following group : 1.----M- N- I ' /NS -> N H Fr,rN
friFFN"-'N 144N N S - 0 69. The compound of claim 1, selected from
_ f i up;. NH .CH3 . or a,pharmaceutica{ﬂ acceptable salt
o e S o A s O
nbibitoss, €BZVIIS, S PHEPRT B TREARY st Atshenoas b ietjuirdititor vekhichd biosynihesis,
sterc}ids7dyt6[dhesi;)mpﬁsiﬂﬂéb®$dﬂ§dﬁfb§i9s,Mﬁﬁ%z@%ﬁﬁ%ﬂﬁﬂ%ﬁ%ﬁﬂﬁﬁimﬁirﬁRlﬁUH@s directed
against 8geNLSelegt | consisting of synthetic small molecule
e A lE 0 e SRkt g aiscon
PSR SO RIS FO B Y REirareb &y HPVEG Phe ceptspordntégrinoptionally
medifiefeeeptbrordmyotheriprotein fmesiaekinase, WeRRiers WHEH: a58iAQes treeting
zowt Slasailiedandenibe sypihelcamallmelegles, innibitors directed 0GR -
metallo rre(z)tce%:glts%g %eVI]E F recept?r or integrin receptors or any other protem .
T GSe KiasE PUNRIEY QURER S MUSIBR Sioemsasempoupidy Whittranslation
Or proteih eaPESE Wit vt atids emdl whichiareciassifiedhas akyatingagents or
hyal uroxﬁkﬁﬁ@@lﬁﬂe@(ﬁmlﬂ?%r@%@@%H%%gi,%&%%gggh%&hn%CLeijit?c%%iedr\% and
which are classified as anthracyclines, as DNA intercalators or as DNA
cross-linking agents, including DNA minor-groove binding compounds,
anti-metabolites, naturally occurring, semi-synthetic or synthetic bleomycin
type antibiotics, inhibitors of DNA transcribing enzymes, and especially
the topoisomerase | or topoisomerase H inhibitors, chromatin modifying
agents, mitosis inhibitors, anti-mitotic agents, cell-cycle inhibitors,
proteasome inhibitors, enzymes, hormones, hormone antagonists,
hormone inhibitors, inhibitors of steroid biosynthesis, steroids, cytokines,
hypoxia-selective cytotoxins, inhibitors of cytokines, lymphokines,
antibodies directed against cytokines" oral and parenteral tolerance
induction agents, supportive agents, chemical radiation sensitizers and
protectors, photo-chemically activated drugs, synthetic poly- or
oligonucleotides, optionally modified or conjugated, non-steroidal
anti-inflammatory drugs, cytotoxic antibiotics, antibodies targeting growth
factors or their receptors, antibodies targeting the surface molecules of
cancer cells, inhibitors of metalloproteinases, metals, inhibitors of
oncogenes, inhibitors of gene transcription or of RNA translation or protein
expression, complexes of rare earth elements, compounds which reduces
the transport of hyaluronan mediated by one or more ABC transporters,
and photo-chemotherapeutic agents. WO
2008/079346PCT/US2007/026190 72. The composition of claim 70,
further comprising another therapeutic agent selected from the group
consisting of a small molecule VEGF receptor antagonist selected from a
group consisting of vatalanib (PTK-787/21C222584), 811-5416, SU-6668,
SU-11248, 81114813, AZD-6474, AZD-2171, CP-547632, CEP-7055,
AG-013736, IM-842 and GW786034; a dual EGFR/HER2 antagonist
selected from a group consisting of gefitinib, erlotinib, C1-1033, and
GW-2016; an EGFR antagonist selected from a group consisting of iressa
(ZD-1839), tarceva (OSI-774), P1(l-166, EKB-569, 1-11(1-272, and
herceptin; an antagonist of the mitogen-activated protein kinase selected
from a group consisting of BAY-43-9006 and BAY-57-9006; a quinazoline
derivative selected from a group consisting of 4-
[(3-chloro-4-fluorophenyl)amino]-6- ([4-(N,N-dimethylamino)-1-oxo-2-bute-
n-l-yllaminol7-((S)-tetrahydrofuran-3-yloxy)-quinazoline or
4{(3-chloro-4-fluoro-phenyDamino]-6-{[4-
(homomorpholin-4-y1)-1-oxo0-2-bu- ten- | -yl] amino } -7-
[(S)-(tetrahydrofuran-3-yl)oxyk quinazoline, and their pharmaceutically
acceptable salts; a protein kinase tééeptor antagonist selected from a
group consisting of atrasentan, rituximab, cetuximab, AvastinTM
(bevacizumab), IMC-1C1l, erbitux (C-225), DC-101, EMD-72000, vitaxin,
and imatinib; a protein tyrosine kinase inhibitor which is a fusion protein
and is VEGFtrap; an alkylating agent or a platinum compound selected

from a group consisting of melphalan, cyclophosphamide, an
nvazanhnenhorine cienlatin carhonlatin aovalinlatin eatranlatin



WO 2008/079346PCT/US2007/026190 consisting of SAHA, MD-275,
trichostatin A, CBHA, LAQ824, and valproic acid; an anticancer drug from
plants selected from a group consisting of paclitaxel (taxol), docetaxel and
wiareteresainca alkaloid selected from a group consisting ekmawelsinge;6156
vinblastin, vincristin, vindesine, and vinorelbine; a tropolone alkaloid
TBelbeteRTPOR Y RS G TB ST TcesieRiting Ao thelelivenratinaasst, sglected

from 'fﬁ@%&@hﬁ%&?éﬁﬁﬁ?@off Qitha9 Eﬁb‘ﬂ%&@é‘@ﬁm&fzéﬁ‘ﬁytﬁﬁ%&;@@&&%@é @ﬁ%'&
and rhizoxin; an antlmltotlcge tlde selected from a %mlg) conS|st|n
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a group consisting of oblimersen, a non-steroidal inflammatory drug
selected from a group consisting of acetylsalicyclic acid, mesalazin,
ibuprofen, naproxen, flurbiprofen, fenoprofen, fenbufen, ketoprofen,
indoprofen, pirprofen, carprofen, oxaprozin, pranoprofen, miroprofen,

tioxaprofen, suprofen, alminoprofen, tiaprofenic acid, fluprofen,
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78. The use according to claim 77, wherein an additional therapeutic
agent selected from a chemotherapeutic or anti-proliferative agent, an
anti-inflammatory agent, an immunomodulatory or immunosuppressive
W§ettsd@etrotrophic factor, an agent for treating cardiovaschtas giSeases 190
an agent for treating destructive bone disorders, an agent for treating liver
conysug ol StiidhiMid By Shehastatient EiHrb alitgXBRio drdisetpers, aid; an anti-
can@geniforoieaing LS On %WE&%&Q%I%HBMQPH%I% Wo¥etaxel and
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CB- rein the aliphati eterparyl, cycloalkyl, and heterocyclic
lring’ ﬁg §§t8|§r{])(gl?;q§0 s ﬁfj‘f(sé% rz\;]\)ri%/ﬁ,liqﬁgogﬁfyﬁﬁﬁu@ SRR AbRItRmIn, 2
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heterocyclic ring optionally substituted, with CL3 alkyl or CF3; Each W is
independently selected from -H, 016 alkyl, aralkyl, cycloalkyl or
heterocyclic ring; each C _6 alkyl, aralkyl, cycloalkyl or heterocyclic ring is
optionally substituted with 1-3 of halogen, -OR6, -ON, 01,6 alkyl or

NR16R16; or One W, together with the nitrogen atom to which it is

attached and a carbon atom of R, form a 4- to 8-membered ring. or
Two \W tonethar with the ecame nr diffareant nitrocen atom or carhon atom



WO 2008/079346PCT/US2007/026190 R18 and R19, together with
the nitrogen atom to which they are attached, form a 4- to 8-memebered
heterocyclic ring, optionally substituted with C1_3 alkyl or CF3; Two W
warrve/tirked together to form a 4- to 8-membered cycloalkybhyys2067/626190
heterocycloalkyl optionally substituted with C1_3 alkyl or CF3; R2 is
mongpipts, pREorsREduN RIBRE. larE abhiRB4dt ididependently-dialabesie
seledeek Gratk\, , 3 iS | endently -H or,C1, 6
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Jna(s:%'t ?tom is joined to form a parbocg{clic ring or a 4-8 membere
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e or
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p UREPYGTTSERE kR (ithners Kewigat iflamientove e houiatofdemasibiotic,
an anf®dyempeieg HoguetRtaining @asasditioral b os %M&@%&%‘E%%@#%Hsisﬁng

- -, 0% 00 =S-, wherein the 4- tq. 8-membered ring is optionally and
Ofa??r%gg’ezr%ﬁént%@gt?gs%%%%‘%mﬁ ¥ SeplrieiRes freh Shasher
consipirgeeiddP ¢ ke AMYE -1 ZincTwoiiiigredpsdogeathesadivaheod atesyp

. i b 4- bered. ri ining 1 or 2
consg@é?ﬁfgggi?%fﬁm%%ﬁé%%?g?a%g]gn@en%%el&@dﬁ?&@'&”& up ggnsisting
of thepgrprishia spenierss ob bntbesden & phetacthauThsripgepengenitlylected from a

grouphysagey me@%&ﬁ%@tl@rﬁm}@|9§#58;5%J]4&1m\§f§§5§i90ﬁ§pq§¢IAC ili%h atic
Wi -0 0 ; IIS -

iphatic i i Il bstituted
s . oS 1 VoS AStew B svoueoEngo!

the heaTOpN( R/ HIRG) @) MGr -LACARINYonCARN- As\WorarRRZWY; Rl is -H

a“yia%’(%%k 13)C §§%ﬁ?ﬁ%§ﬁs§§§fnﬁ%¢” 1 g‘f?&?%é%&é%?&‘eﬁly H
hyaluggnen rgedimsprhity oprionally soBKtituesbwitrlscBokR Troar RI1L2R66bRGHP-gp)
inhibiRst iRiGeLIOBRIRRHIR BRI LRI SURSTIISHWID 423 0f RO st and
capable of blocking the ABC transporter, an antisense oligomer, iRNA, siRNA or aptamer
directed against one or more ABC transporters, or a therapeutic agent selected from a group
consisting of IM-842, tetrathiomolybdate, squalamine, combrestatin A4, TNP-470,
marimastat, neovastat, bicalutamide, abarelix, oregovomab, mitumomab, TLK-286,
alemtuzumab, ibritumomab, temozolomide, denileukin diftitox, aldesleukin, dacarbazine,

floxuridine, plicamycin, mitotane, pipobroman, plicamycin, taml.oxifen, and tesiolactone.
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Or 121 and R'2 can be joined together to form a ring optionally substituted

with 1-3 of R9; and Each R14 and R15 is independently H, C1.6 alkyl,

carbocyclic, or heterocyclic optionally substituted with 1-3 R7; or R_14 and

WO 2BE&IPEE joined together to form a ring optionally substitused/withek 6100

of R9, ift(c)R.)2 comprising contacting a mixture of a compound of formula

J BefREap il Rigsn e utive aty st srattgk memmmc%eqneelemd

fron\ith QRS ey they e atRehed oM AR <9840 HeE D Yonsistin

0 .tiogn)@f subsst%%%a% with 1 to 4 methgl grlg%%ls, tagNC pyri?%[i8 ineof © . &
of PYEVNAITA REFD), A0 BHCLIREN AT Ech Dovare sohepamétdraroatanysein o
constuitaiémaobiaing, viBBlaIne praaess.oficlalm 8 fxavbarsiitine. Ralladiuma10id

is bis-(tri- ' lladi 0). .89. The process of
se{ecg%%%rﬁ%t:}g \%%osé; tgotegts %?Igt%:%}aoﬁi% Igl%z_%%}g%%,(v?mrisﬁm vindgsine and

ein thé p _
vinogaeitteylthielyiririnigling:8-cazlptetitrile: anch herddorapatel €4ef dSroup consisting

o ST W bracgmipontorine cisplae caboplssin, raliplatn,
satraglytifhistipiatas loTorbEin. ovi tEreinstive saiteible soheritis BIOMARelamastine

(ccthe dkalimetabearhpnalg :;B%éﬁﬁ»iﬂﬁ'&t%{gb&ﬁ%m%@ch E'}‘Eu%fg‘%egl%s‘%&d
claim 87, wherein R2 is -SCH3, further comprising the steps o
Se“*‘é?%o%%%@éﬁ%‘ﬁ’@@iﬁ%ﬁ%?ﬁé@%ﬂi@wﬁmﬁ%%ﬁswwwﬁ%m dfug selected

fromformuip A6EREAG ommgmnﬁieﬁmpaﬁui%ﬁlxﬁﬁé%@gg é\fggé}tﬁ%@% g;
eAMERUS el e o o U T SonC LT
doxomjwmmmﬂg}simmdﬂaaﬁm ESRE wf@%i@ﬁiﬁﬂ%ﬁ%gre as
RS DR S TR R B,
pibﬂr&xm@hﬁﬂ@g@}w&%}@ﬁm@ @gﬁ@p@gy@g,@m@my@n, chromemycin, olivomycin, a
phtal HEHAS SRR @B 8@roup consisting of propamidine or stilbamidine, an anthramycin,
an aziridine, a nitrosourea or a derivative thereof, a pyrimidine or purine analogue; an
antagonist or an inhibitor of the nucleoside diphosphate reductase selected from a group
consisting of cytarabine, 5-fluorouracile (5-FU), pemetrexed, tegafur/uracil, uracil mustard,
fludarabine, gemcitabine, éapecitabine, mercaptopurine, cladribine, thioguanine,
methotrexate, pentostatin, hydroxyurea, or folic acid, an acridine or a derivative thereof, a
rifamyein, an actinomycin, adramycin, a camptothecin selected from a group congsisting of
irinotecan and topotecan, an amsacrine or analogue thereof, a tricyclic carboxamide, an
histonedeacetylase inhibitor selected from a group consisting of SAHA, MD-275, trichostatin
A, CBHA, LAQ824, and valproic acid; a proteasome inhibitor selected from a group
consisting of bortezomib, a small molecule VEGF receptor antagonist selected from a group
consisting of vatalanib (PTK-787/ZK222584), SU-5416, SU-6668, SU-1 1248, SU-14813,
AZD-6474, AZD-2171, CP-547632, CEP-7055, AG-013736, IM-842 and GW-786034; an
antagonist of the mitogen-activated protein kinase selected from a group consisting of BAY-
43-9006 and BAY-57-9006; a dual EGFR/HER?2 antagonist selected from a group consisting
of gefitinib, erlotinib, CI-1033 and GW-2016; an EGFR antagonist selected from a group
consisting of iressa (ZD-1839), tarceva (OS I-774), PKI-166, EKB-569, HKI-272 and
herceptin; 2 quinazoline derivative selected from a group consisting of 4-{(3-chloro-4-

fluorophenyl)amino]-6-{ [4~(N,N-dimethylamino)-1-ox0-2-bute- n-1-viJamino +-7-((S)-
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06-156 PCT.5T25.txt SEQUENCE LISTING <110> Vertex _

Pharmaceuticals Incorporated <120> Compounds useful as Protein

kinase Inhibitors <130> 125805/00400 <160> 4 <170> Patentin version

3.3 <210> 1 <211> 19 <212> PRT <213> Artificial <220> <223> PLK

Inhibition Assay <400> 1 Lys Lys Lys lle Ser Asp Glu Il_glig/lleztfgg_ﬁla Thr

i <210> 2 <211>

e B Rceay oo ey Lys
("R YEPRAY Tt eI A AR PRI hE R R GiniLBOELE Gl-Ala Lys
quEREQENg or a pharmaceutically acceptable sait thereof, an inhibitor of the transcription factor
complex ESX/DRIP130/Sur-2, an inhibitor of HER-2 expression, selected from a group consisting
of the heat shock protein HSPS0 modutator geldanamycin and its derivative 17-
allylaminogeldanamycin and 17-AAG; a protein kinase receptor antagonist which is riot classified
under the synthetic small melecules selected from a group consisting of atrasentan, rituximab,
cetuximab, Avastin'™ (bevacizumab), MC-1C11. erbitux (C-225), DC-1 01,
EMD-72000, vitaxin, and imatinib; a P-glycoprotein (P-gp) inhibitor molecule selected from a
group consisting of zosuquidar (LY 335973), its salts {especially the trichloride salt) and its
polymoerphs, cyciosporin A, verapamil or its Reisomer, tamoxifen, quinidine, d-alpha
tocopheryl polyethylene glycol 1000 succinate, VX-710, PSC833, phenothiazine, GF 120918 (m,
SDZ PSC 833, TMBY, MS-073, 5-9788, SDZ 280-446, XR(9051) and functional
derivatives, analogues and isomers of these; or an antibody targeting the surface molecules of
cancer cells selected frorm a group consisting of apolizumab and 1DOAC3,

74. The compostition of ciaim 79, further comprising 4-{(3-chioro-4-f1uorophenyi)amino}—
8-{{4-(N,N-dimethylamino)-1-oxo-2-bute-n-1 —yl}amino}~7—((8)-tetrahydrofuran-S-yony)~
quinazoline, 4—[(3—c:hIoro~4-fiuorophenyl)amino]—B—{[4(N‘N—dimethyiamino)-1 -oxXo-2-bute-
n—’i—yl]amino}—Tm((S)~tetrahydrofuran»—3—yloxy)—quinazoiine, 4-[(3-chloro-4-fluoro-
phenyl amino]-6-{f4-(homomorphofin-4-yh-1-o0xo-2-buten-1- -yllamino}-7-[(S)-(tetrahydrofuran-3-
yl)oxy]-quinazo!ine,4[(3-chloro-4«f|uoro—pheny%)amino]~6—{[4—{homomorpholin—4-yi)—*£»oxo-2—bu»ter;-
‘i~yl]amino}J—[(S)—(ietrahydrofuran—S—yI)~oxy}—quinazoline, 3-Z-[1 ~(4-(N-{(4-methyi-piperazin-1-
yl)-methylcarbonyl)—N-methyLamino)—emilino- )—T~phenyI—methyIene}—B»methoxycarbony!—Z—
indoiinone, 3—Z«[§—(4-(N~((4-methyl~piperazin—1my!}-methyicaronyl)-l\!hmethyl—amino)-a— nilino)-1-
phenyI—me%hyl@ne}-6»met§"|oxycarbonyi—2~§ndol%none, 3-Z-1 -{4-dimethylaminomethytaniiino)-1-(4-
(2-carboxyethyl)phenyhmethyle- nej-6-fluoro-2-indolinone, or a pharmaceutically acceptable salt
thereof,

75. The use of a compound of any of claims 1-89, in the manufacture of a medicament for
inhibiting PLK protein kinase activity in a patient comprising administering to said patient a
compound of any of claims 1-88.

76. A method of inhibiting PLK protein kinase activity in a biological sample comprising
contacting said biological cample with a compound of any of claims 1-69.

77. The use of a therapeutically effective amount of a compound of any of claims 1-69 or a
composition of any of claims 70-74, in the manufaciure of a medicament for freating a
proliferative disorder, a neurodengenerative disorder, an autoimmune disorder, an inflammatory

gisorder, or an immunologically mediated disorder in
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<211> 19 <212> PRT <213> Artificial <220> <223> PLK Inhibition Assay
<400> 3 Lys Lys Lys lle Ser Asp Glu Leu Met Asp Ala Thr Phe Ala Asp
Gin 151015 Glu Ala Lys <210> 4 PCT/US2007/026190 06-156
PCT.ST25.txt <211> 11 <212> PRT <213> Artificial <220> <223> PLK
Inhibition Assay <400> 4 Lys Lys Lys met AS Ala Thr Phe Ala Asp Gin

1510

a patient,

78. The use according to claim 77, wherein an additional therapeutic agent selected from a
chemotherapeutic or anti-profiferative agent, an anti-inflammatory agent, an immunomodulatory
arimmunosuppressive agent, neurotrophic factor, an agent for treating cardiovascular disease,
an agent for treating destructive bone disorders, an agent for treating liver disease, an anti-viral
agent, an agent for treating biood disorders, an agent for treating diabetes, or an agent for
treating immunodeficiency disorders, is further to be administerad to said patient,
and wharein:

said additional therapeutic agent is appropriate for the disease being treated: and
said additional therapeutic agent is to be administered together with said cormposition as
a single dosage form or separately from asid composition as part of a multiple dosage form.

79. The use of a therapeutically effective amount of a compound of any of claims 1-68 or a
composition of any of claims 70-74 in the manufacture of a medicament for treating an
oncological disease in a patient.

80. The use of claim 79, wherein the oncological disease is selected from the group
consisting of refractory or relapsed muitiple myeloma, acute or chronic myelogenous
ieukaemai, myelodysplastic cyndrome, myeioproliferative syndromes, acute lymphoblastic
leukaemai, Hodgkin's and non-Hodgkin's iymphoma.

81. The use of a compound of any one of claims 1-89 or a compound of any of claims 70-
74, in the manufacture of a medicament for treating solid tumor, melanoma, myeioma, leukaemai,
lymphoma, neuroblastormna, or a cancer selected from colon, breast, gastric, ovarian, cervical,
lung, central nervous system (CNS), renal, prostate, biadder, or pancreatic, in a patient.

82. The use of a compound of any one of ciaims 1-69 or a composition of any of claims 70-
74 in the manufacture of 2 medicament for treating cancer in a patient.

83. The use of claim 82, wherein the cancer is urogenital cancer, lung cancer,
gastrointestinal cancer, head and neck cancer, malignant mesothelioma, breast cancer,
matignant melanoma, childhood cancer and bone or soft tissue sarcoma.

84. The use of a therapeutically
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effective amount of a compound according to any of claims 1-69 or a composition of any of claims
7G-74 in the manufacture of a medicament for treating a disease involving cell proliferation,
migration or apoptosis of cancer cells, or angiogenesis, in a human or non-human mammalian
body, wherein said medicament is to be administerad simultaneously, separately or sequentially.
85. The use of claim 84, wherein the disease is Coeliae disease, diabetes mellitus type
1 (IDDM), systemic lupus erythematosus (BLE), Sjbgren’s syndrome, multiple sclerosis
{MS), Hashimoto’s thyroiditis, Grave’s disease, idiopathic thrombocytopenic purpura, and
rheumatoid arthritis (RA).
86. The use of claim 85, wherein the diseases is rheumatoid arthritis.

87. A process for preparing a compound of formula |

/N\ R?

NC™ WI\?’

Rl
B

.
N
Nog
I

or pharmaceutically acceptable salt thereof, wherein

R'is —H, halogen, C.. aliphatic optionally substituted with 1-3 R®, -O(C .5 aliphatic)
optionally substituted with 1-3 of R® or ~N(H)R;

Each R is independently H, C, aliphatic, aryl, heteroaryl, Cs 5 cycloalkyl, or 4- to 8-
membered heterocyclic ring optionally containing 1-3 groups selected from ——N(R”)-, -0O-, or
-S-; wherein each of the aliphatic, ary, heteroaryl, cycloalkyl, and heterocyclic ring are
opticrally substituied with 1-3 of Q;

tach Q is independently selected from halogen, hydroxyl, C,5 aky, benzyi, oxo, -
CF,,

-CN, -NH;, -N(H)-W, -N(W),, -N(H)-S0,-W, -5{0)2-N{H)-W, -8(0),-N(W),, -C(O}-W, -
C(O)-N(W)z, -N(H}-C{O)-W, -O-C(O)-W, -C(O}-O-W, -SO,-W, SW or -OW:

Two Q can be linked together to form a 4- to 8-membered carbocyclic or heterocyclic
ring optionally substituted with C,_, alkyl or CF5;

Each W is independently selected from —H, C.; atkyl, aralkyl, cycioatkyl or
heterocyclic ring; each Cy4 alkyl, aralkyl, cycioalkyl or heterocyclic ring is optionally substituted
with 1-3 of halogen, -OR®, -CN, Cy.5 alky! or NR™®R'® or

One W, together with the nitrogen atom to which it is attached and a carben atom of R,
form & 4- to 8-membered ring; or

Two W, together with the same or different nitrogen atom or carbon atom io which
they are attached, form a 4- to 8-memberad heterocyclic ring:

Each R' and R" is independently hydrogen or C., alkyl: or
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R'® and R", together with the nitrogen atom to which they are attached, form a 4- to
8-memebered heterocyclic ring, optionally substituted with C, 3 alkyl or CFs;

Two W can be linked together to form a 4- to 8-membered cycloalkyl or
heterocycloalkyl optionally substituted with C).; alkyl or CF3;

R? is -NR'R®, -OR®, -SR®, or -NR'R"";

Fach R is independently halogen, C,.¢ alkyl, aryl, or heteroaryl;

Each R is independently -H or C). aliphatic optionaily substituted with 1-3 of R’;

Each R® is independently C, ¢ aliphatic optionally substituted with 1-4 R ora3-to6-
membered monocyclic or 6- to 10-membered bicyclic ring optionally substituted with 1-4 of
R?., or

R* and R® can be joined together to form a monocyclic or bicyclic ring optionally
substituted with 1-3 R”;

Fach R®is independently H, C\.; alkyl, -L-aryl, or -L-heteroaryl, wherein each of the
C;-C;s alkyl, -L-aryl, or -L-heteroaryl is optionally and independently substituted with 1-3 R

L is Cp.3 alkyl;

Each R’ is independently oxo, alkyl, halogen, -CN, -OR®, -N(R®),, C3-Cg cycloalkyl,
aryl, heteroaryl or a 4-8 membered heterocyclic ring containing 1-3 groups selected from -
NR")-,
~O-, or -S-, wherein each alkyl, cycloalkyl, 4-8 membered heterocyclic monocyclic or
bicyclic ring, aryl, and heteroaryl is optionally and independently substituted with 1-3 RS or

Two R’ on the same atom or adjacent atoms is joined to form a carbocyclic ring or a
4-8 membered heterocyclic ring containing 1-3 groups selected from NER')-, -O-, or =S-,
wherein each of the carbocyclic ring and the 4-8 membered heterocyclic ring is optionally
and independently substituted with 1-3 RE;

Each R® is independently -R, -Q, -R%, -OR’, -N(R"),, halogen, or -CN;

Each R’ is independently -H, -N(R'®),, Ca.6 carbocyclic ring, Cy heterocyelic ring, or
C1.3 aliphatic, wherein Cs4 carbocyclic ring, Cs. heterocyclic ring and C, 5 aliphatic are each
optionally substituted with 1-3 Q; or

Two R’ groups together with the N atom to which they are bound form a 4-8
membered ring containing an additional 1 or 2 groups selected from N(R'")-, -O-, or -8-,
wherein the 4- to 8-membered ring is optionally and independently substituted with 1-3 of W;

Each R'® is independently hydrogen or Cy. alkyl, or

Two R'® groups together with the N atom to which they are bound form a 4- to 8-

membered ring containing 1 or 2 groups selected from NRY, 0, 0r§;

185



WO 2008/079346 PCT/USZ007/026190

Each R' is independently, hydrogen, Q; or C,4 aliphatic or cycloaliphatic, wherein
each C, 4 aliphatic or cycloaliphatic is optionaily substituted with 1-3 of Q;

Q) is Cy6 alkyl, benzyl, -SO»-W, -S(O)-N{H}-W, -S{O)-N{W),, -C(O)-W, -C(O}-
N(W), ~-C(O)-NH)-W, -NED-C(Q)-W, ~-0-C(0)-W, -C(0)-O-W, or -80,-W;

R'® is -H or C-4 aliphatic optionally substitated with 1-3 of R”;

R is -CRPRIC(=O)NRMR';

Each of R and R" is independently H or C, aliphatic optionally substituted with 1-
30fR": or

R'? and R™ can be joined together to form a ring optionally substituted with 1-3 of R%;
or

R!® and R" can be joined together to form a ring optionally substituted with 1-3 of R
and

Each R' and R" is independently H, Cy. alkyl, carbocyelic, or heterocyelic
optionally substituted with 1-3 R"; or

R and R" can be joined together to form a ring optionally substituted with 1-3 of R®,

B{OR),
1
N N
comprising contacting a mixture of a compound of formula 8 Tes & wherein

each R' is independently H, Cy; alkyl, or two R' together with the atoms to which they are
attached fom a 5- or 6-membered ring optionally substituted with 1 to 4 methyl groups, a
N R
X
NG Y

7 and an alkali metal carbonate with a palladium

pyrimidine of formula 7
catalyst in a suitable solvent.

88. The process of claim 87, wherein the palladium catalyst is bis-(tri-ferz-
butylphosphine)palladium(0).

89. The process of claim 87, wherein the pyrimidine is 4-chloro-2-
(methylthio)pyrimidine-5-carbonitrile and the boronate ester is 5-Trifluoromethyl-3-(4,4,5,5-
tetramethyl-1,3,2-dioxoborolan-2-yl}-1-tosyl-1H-pyrrolo[2,3-b]pyridine.

90. The process of claim 87, wherein the suitable solvent is dioxane and the alkali metal

carbonate is potassium carbonate.

91. The process of claim 87, wherein R? is -SCH;, further comprising the steps of
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N
Ny—-5CH,
e

R!
(T
NN
a) oxidizing a compound of formula 26 Tos 26 wherein R' is as

previously described, with chlorine in aqueous ethanol to provide a compound of formula 27

N
N —-S0,CH;
e~

B
e
NTON
Tos 27

b) reacting a compound of formula 27 with a compound of formula R?H, wherein R®
is HNR'R®, HOR® or HSR® and R*, R® and R® are as previously described, in the presence of

N
R?2
el

D
-
NN
microwave irradiation to provide a compound of formula 28 Tos 28,

c} removing the Tos pretecting-group-to-provide compounds of formula L.
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